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DGP03 Keynote: Genomic Epidemiology of SARS-CoV-2: From Variants of
Concern to Understanding Population Transmission Chains
DGP03

Genomic Epidemiology of SARS-CoV-2: From Variants of Concern to Understanding Population Transmission
Chains
A. Dilthey

Heinrich Heine University Düsseldorf, Institute of Medical Microbiology and Hospital Hygiene, Düsseldorf,
Deutschland

Inhalt
Beginning with the initial detection of the novel coronavirus SARS-CoV-2, modern genomic technologies
have played a key role in informing our understanding of the virus, its worldwide spread, and its evolving
pathogenicity. Genomic evidence for multiple independent introduction events in multiple geographical
locations provided important evidence of cross-border transmission networks during early stages of the
pandemic; large-scale viral sequencing also enabled the detection and characterization of emerging
“Variants of Concern” with increased transmissibility and/or pathogenic potential, including the “British”
variant B.1.1.7 and the “South African” variant B.1.351; it remains crucially important for the detection of
immune escape. Intriguingly, viral genome sequencing could also be integrated into the contact tracing and
infection prevent activities of local public health authorities, providing an in-depth understanding of viral
transmission through the population at high resolution and offering opportunities for targeted public health
interventions. Meaningful integration with the activities of local public health authorities, however, presents a
variety of challenges, ranging from logistics to turnaround times and data integration. Early evidence from a
pilot implementation of a system of “real-time” genomic surveillance, implemented in the German city of
Düsseldorf, however, indicates that these challenges can be overcome and enable the detection of
previously unrecognized community transmission infection chains in epidemiologically relevant contexts.
Integrated genomic surveillance could therefore directly contribute to pandemic management and address
key open question questions on viral transmissibility in various contexts; more generally, genomic
epidemiology has already become an essential component of “pandemic preparedness” strategies for the
21st century.
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DGP01.01

Protein kinase A regulatory subunit 1A (PRKAR1A) mutations as frequent driver in sporadic cardiac myxoma
L. Abel1, B. Schneider1, A. Alozie2, J. Claus1, J. Zoll1, P. M. Dohmen2, 3, A. Erbersdobler1, A. Zimpfer1
1Universitätsmedizin

Rostock, Institut für Pathologie, Rostock, Deutschland, 2Universitätsmedizin Rostock,
Herzzentrum, Klinik und Poliklinik für Herzchirurgie, Rostock, Deutschland, 3Faculty of Health Science,
University of the Free State, Department of Cardiothoracic Surgery, Bloemfontein, Südafrika

Question
Cardiac myxomas (CM) are the most common benign primary cardiac tumors which mainly arise within the
left atrium. In fact, they are rare neoplasms comparing to a secondary involvement by extracardiac tumors,
which occurs 20-50 times more often. Approximately 7% of cardiac myxomas are associated with Carney
Complex (CNC), an autosomal dominant multiple neoplasia syndrome often caused by germline mutations in
Protein kinase A regulatory subunit 1A (PRKAR1A). Data regarding PRKAR1A alterations in sporadic
myxomas are variable and sparse, showing PRKAR1A mutations ranging from 0 to 87%. Therefore, the
frequency of the PRKAR1A mutation was investigated in sporadic CM using next generation sequencing
(NGS).
Methods
The study retrospectively collected histological and clinical data from 26 patients with CM. First, a possible
underlying CNC was excluded by clinical evaluation and standardized interviews in each patient. Second,
using a tissue microarray approach, PRKAR1A immunohistochemistry (IHC) analysis was performed and the
reactivity of myxoma cells was graded semi-quantitatively (no loss, partial loss in >70%, complete loss of
protein expression). Subsequently, NGS analysis of PRKAR1A exons 2-11 was conducted in all 26 cases.
Results
The study group included 19 women (73%; median age 62; range 24-77) and 7 men (27%; median age 59;
range 52-78). Partial or total loss of nuclear PRKAR1A protein expression were seen in 2/26 and 0/26 of CM
cases, respectively. Nevertheless, 48% (12/25) of sporadic CM harbored mutations in PRKAR1A. One case
could not be evaluated due to poor DNA quality. Six of the 12 mutant cases showed more than one mutation
in PRKAR1A. Most of the detected mutations lead to a truncation (nonsense or frameshift mutations) or
affect the splice sites.
Conclusion
A relatively high frequency of PRKAR1A mutations in sporadic CM was detected using NGS. These
mutations of PRKAR1A may also represent an important oncogenic mechanism in sporadic myxomas as
already known from CM with CNC. PRKAR1A immunohistochemistry could not serve as a primary screening
tool to identify possible PRKAR1A mutations.
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DGP01.02

Cross-cancer deployment of a Deep learning-based classifier for microsatellite instability in gastric and
colorectal cancer: results from two large multicenter studies
H. S. Muti1, A. Echle1, M. Kohlruss2, G. Keller2, X. Tan3, R. Langer4, B. Dislich5, J.-H. Cheong6, Y.-W. Kim6, H. Kim7, M.C. Kook8, D. Cunningham9, W. H. Allum10, R. E. Langley11, M. Nankivell11, P. Quirke12, J. D. Hayden13, N. P. West12, S.
D. Richman12, G. G. Hutchins12, A. Irvine12, P. A. van den Brandt14, J. Jenniskens14, K. Offermans14, R. Gray15, T.
Yoshikawa16, T. Oshima17, R. Huss18, B. Grosser18, F. Roviello19, A. Quaas20, H. Alakus21, A. Pearson22, M. P. Ebert23,
D. Jäger24, J. Chang-Claude25, H. Brenner26, 27, 28, E. Alwers28, P. Boor29, T. Luedde30, C. Trautwein1, L. R. Heij29, M.
Hoffmeister28, N. T. Gaisa29, H. I. Grabsch12, 31, J. N. Kather1, 12
1University

Hospital RWTH Aachen, Department of Medicine III, Aachen, Deutschland, 2Technische
Universität München, Institut für Allgemeine Pathologie und Pathologische Anatomie, München,
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Linz, Österreich, 5Inselspital, University of Bern, Institute of Pathology and Molecular Pathology, Bern,
Schweiz, 6Center for Gastric Cancer, National Cancer Center, Department of Surgery, Goyang, Korea,
Republik, 7Severance Hospital, Yonsei University College of Medicine, Department of Pathology, Seoul,
Korea, Republik, 8Center for Gastric Cancer, National Cancer Center, Department of Pathology, Goyang,
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Königreich, 10Royal Marsden Hospital, Department of Surgery, London, Vereinigtes Königreich, 11University
College, Medical Research Council Clinical Trials Unit, London, Vereinigtes Königreich, 12Leeds Institute of
Medical Research at St James's, University of Leeds, Pathology & Data Analytics, Leeds, Vereinigtes
Königreich, 13St James’s University Hospital, Department of Oesophago-Gastric Surgery, Leeds, Vereinigtes
Königreich, 14Maastricht University Medical Center+, Department of Epidemiology, Maastricht, Niederlande,
15University of Oxford, Clinical Trial Service Unit, Oxford, Vereinigtes Königreich, 16National Cancer Center
Hospital, Department of Gastric Surgery, Tokyo, Japan, 17Kanagawa Cancer Center, Department of
Gastrointestinal Surgery, Yokohama, Japan, 18University Hospital Augsburg, Institute of Pathology and
Molecular Diagnostic, Augsburg, Deutschland, 19Department of Medicine, University of Siena, Unit of
General Surgery and Surgical Oncology, Siena, Italien, 20University Hospital Cologne, Institute of Pathology,
Cologne, Deutschland, 21University Hospital Cologne, Department of General, Visceral, Cancer and
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Question
Immunotherapy response in gastric and colorectal cancer (GC and CRC) has been associated with
microsatellite instability or mismatch repair deficiency (MSI/dMMR). Deep Learning (DL), an Artificial
Intelligence-based technology, has successfully detected MSI/dMMR in gastrointestinal cancer from
Hematoxylin & Eosin (H&E) slides. However, systematic cross-cancer validation of this new
technology has not been performed.
Methods
We collected 2823 H&E-stained slides from GC patients and 8836 H&E-stained slides from CRC patients
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from all over the world. We trained separate DL models to predict MSI/dMMR status from GC and CRC H&E
slides. MSI/dMMR prediction was performed on manual full-tumor annotations in CRC, whereas GC samples
were not manually annotated. Within-cancer performance was assessed by within-cohort cross-validation
and by external validation, cross-cancer performance was assessed by external validation. The primary
endpoint was the Area Under the Receiver Operating Curve (AUROC).
Results
In GC, DL predicted MSI/dMMR status from routine H&E slides with average AUROCs between 0.54 and
0.84 in internal validation experiments and with AUROCs between 0.72 and 0.86 in external validation
experiments. In CRC, DL MSI/dMMR prediction yielded average AUROCs between 0.74 and 0.92 in internal
validation experiments and an AUROC of 0.95 in an external validation experiment (0.96 after colornormalization). External deployment of the CRC-based MSI/dMMR classifier on two GC cohorts resulted in
AUROCs of 0.744 and 0.814. External deployment of the GC-based MSI/dMMR classifier on one CRC
cohort resulted in an AUROC of 0.623.
Conclusion
MSI/dMMR status can be predicted from routine H&E whole slides in GC and CRC using Deep Learning.
Though classifier accuracy varies between types of gastrointestinal cancer, cohort size and diversity
increase detection performance. Cross-cancer deployment of MSI/dMMR classifiers is feasible, but a CRCbased classifier seems to be more robust than a GC-based classifier. Further investigation of this
interdependence might lead to a better understanding of the mechanisms underneath DL-based molecular
classification systems. After prospective validation, DL might be used for assessment of gastrointestinal
cancer tissue specimens as a high-throughput alternative to conventional molecular methods.
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Metachronous osteosarcoma, a differential diagnosis to be considered in children with an osteosarcoma. A
review of literature and a case from our centre.
J. Gotta1, E. Gradhand1, T. Klingebiel2, K. Bochennek2
1Dr. Senckenbergisches Institut für Pathologie Frankfurt am Main, Pathologie, Frankfurt am Main,
Deutschland, 2Zentrum der Kinder- und Jugendmedizin Universitätsklinikum Frankfurt am Main, Pädiatrische
Hämatologie und Onkologie, Frankfurt am Main, Deutschland

Question
Osteosarcoma is a rare malignancy with an incidence of 0.2-0.3.per 100 000 in Europe. In these patients
there seems to be a small subset with metachronous osteosarcomas (MOS), which means one or more new
non-metastatic tumors develop after the initial treatment.
Due to an increasing number of patients surviving malignant bone tumors, doctors as well as patients should
be aware of the possibility of the occurrence of metachronous osteosarcomas and it should be considered as
a differential diagnosis in osteosarcoma survivors.
Methods
We analysed and compared the data of several articles with sizaeble cohorts for the occurrence of
metachronous osteosarcoma and presented a case from our centre.
In our centre, a ten-year-old girl developed a metachronus osteoblastic osteosarcoma of the left distal femur
approximately five years after successful treatment for osteosarcoma of the right distal femur. The girl was
known in domo after an initial osteosarcoma with multiple relapses.
Results
The literature research showed that metachronous osteosarcoma occur in 3,4-5,4% of osteosarcoma
patients.
The time interval between the diagnosis of the initial osteosarcoma and MOS varied from 0,2-14,3 years
(median 2,5 years). MOS seems to have differences regarding the localization and the metastatic spread as
well as a different survival pattern compared to primary osteosarcoma and osteosarcoma recurrences. The
survival rate (median 4,3 years, range 0-24,6 years) seems to be correlated with the time interval to
diagnosis of MOS. Especially early MOS (<24 months after primary diagnosis) appears to have a poorer
prognosis.The most frequent histopathological subtype was osteoblastic osteosarcoma.
In our patient, the biopsied specimen showed a metachronous osteoblastic osteosarcoma of the
contralateral growth plate of the femur. In the past, the patient had been diagnosed with a pulmonary
metastasized osteosarcoma of the right distal femur and two relapses with multiple lung metastases.
Conclusion
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Our literature review showed that MOS is a rare disease but not as rare as believed. Therefore, the
possibility of the occurrence of MOS on a different site should be considered as a differential diagnosis in
osteosarcoma survivors. MOS seems to have differences regarding the localization and the metastatic
spread as well as a different survival pattern compared to primary osteosarcoma and osteosarcoma
recurrences. Currently, it is not possible to distinguish between late metastasis and second primary
osteosarcoma.
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Can Metformin reduce the risk of placental dysfunction in obese pregnancy? An interventional study in a mouse
model.
A. L. Neweling, T. Kretschmer, M. Wohlfahrt, R. Janoschek, E.-M. Turnwald, E. Hucklenbruch-Rother, J. Dötsch, S.
Appel

Uniklinik Köln -Kinderklinik, Köln, Deutschland

Question
The prevalence of overweight (BMI >25 kg/m2) during pregnancy is increasing globally.[1] It is associated
with a high risk for severe pregnancy related complications for the mother and the unborn child, like
gestational diabetes or abnormal fetal growth. This has been linked with placental dysfunction, partly due to
a state of high oxidative stress and placental inflammation. The ’insulin sensitizer’ metformin with its
antiinflammatory and antioxidative stress potential could reduce this risk, leading to a better placental
function and hence to a better pregnancy outcome.[2]
Methods
In order to address this question, we induced overweight in C57BL/6N female mice with a high fat diet
(HFD), compared to a standard diet (SD) group of lean mice. Additionally, another group was created by
treating HFD mice with metformin after mating until the end of the experiment (gestational day (G)15.5)
(HFD+MF). Besides collecting phenotypical data, we investigated the homeostasis and integrity of
endothelial cells and the vascularisation of the placental feto-maternal transfer zone.
Results
The analysis of phenotypical data showed a significantly reduced dam weight in the HFD+MF group
compared to the HFD group at G15.5, accompanied by a reduction by half of the gonadal white adipose
tissue, which shows the strong effect of metformin on the maternal organism. On the contrary, the reduced
fetal weight at G15.5 in the HFD group was not improved by our medical intervention (HFD+MF).
In histological analyses, we showed an effect of metformin on the feto-maternal transfer zone regarding
endothelial cell homeostasis and vascularization. Acessing the intergrity of endothelial cells on the molecular
level, we detected effects on both endothelial cell marker and cell-cell-interactions.
Conclusion
As a conclusion of our results, we assume that metformin has the therapeutic potential to improve placenta
function in obese mothers and might therefore reduce the risk for the unborn child.
Literaturangaben
[1] Yogev, Y. and P.M. Catalano, (2009), Pregnancy and obesity., Obstet Gynecol Clin North Am, p. 285-
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300, 36 (2)
[2] Esteghamati, A., D. Eskandari, H. Mirmiranpour, S. Noshad, M. Mousavizadeh, M. Hedayati, and M.
Nakhjavani, (2013), Effects of metformin on markers of oxidative stress and antioxidant reserve in patients
with newly diagnosed type 2 diabetes: a randomized clinical trial., Clin Nutr, 179-85, 32 (2)
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Post-transplant lymphoproliferative disorders after solid organ and hematopoietic stem cell transplantation
show differences in the composition of the specific tumor microenvironment.
M. Overkamp1, M. Granai1, 2, I. Bonzheim1, J. Steinhilber1, J. Schittenhelm1, W. Bethge3, L. Quintanilla-Martinez1, F.
Fend1, B. Federmann1
1Institut
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Tübingen, Tübingen, Deutschland, 2Section of Pathology, Department of Medical Biotechnology, University
of Siena, Siena, Italien, 3Innere Medizin II - Hämatologie, Onkologie, klinische Immunologie und
Rheumatologie und Comprehensive Cancer Center, Universitätsklinikum Tübingen, Tübingen, Deutschland

Question
Post-transplant lymphoproliferative disorders (PTLD) are a heterogeneous group of lymphoid or plasmacytic
proliferations occurring under immunosuppression in recipients of solid organ transplantation (SOT) or
allogeneic hematopoietic stem cell transplantation (HCT) and show a frequent association with Epstein-Barr
virus (EBV). Because of the complex immune setup in patients developing PTLD, the characterization of the
tumor microenvironment (TME) is of particular interest to understand PTLD pathogenesis and to elucidate
possible predictive factors and treatment options.
Methods
Our analysis included 48 cases of PTLD occurring after HCT (n=26) or SOT (n=22), including nondestructive (n=6), polymorphic (n=23), monomorphic (n=18) PTLD and classic Hodgkin lymphoma (n=1). 22
cases were selected for a study of the tumor microenvironment which included a detailed
immunohistochemical analysis with a panel of 27 antibodies including double stains and digital image
analysis. Furthermore, EBV status, IGH rearrangements and microsatellite markers to detect donor or host
origin were investigated.
Results
Our findings regarding the composition and clinicopathological features of the PTLD collective were
comparable to published data albeit with a relatively high percentage of polymorphic PTLD (23/48 cases).
EBV was positive in 35/48 cases. We found an inflammatory TME with significant differences in its density
and composition depending on type of transplant, PTLD subtypes and EBV status. PTLD after HCT showed
an enrichment of tumor associated macrophages (TAMs) expressing CD163 (p=0.0022) and Mannose
(p=0.0016). Double stains showed a more frequent M1-polarization of macrophages after HCT (p=0.0321),
representing an inflammatory immune status. We also observed higher counts for TAMs (CD163 (p=0.0008)
and cMaf (p=0.0035)), the T cell compartment (Granzyme B (p=0.0028), CD8 (p=0.01)) and for PD-L1
(p=0.0305)) depending on EBV status.
Conclusion
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PTLD after SOT or HCT show an inflammatory TME characterized by mostly M1-polarized macrophages and
cytotoxic T cells despite the presence of immunosuppression. Status post HCT, EBV positivity and
polymorphic subtype are associated with a predominantly inflammatory TME, indicating a specific response
of the immune system. To elucidate the prognostic significance and possible therapeutic implications of the
TME in PTLD, further studies are warranted.
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Characterization of subcentimeter lesions in the thyroid after the introduction of non-invasive follicular
neoplasm with papillary like nuclear features (NIFTP) -Reclassification of 93 papillary microcarcinomas
D. Rosok, K. W. Schmid, S. Theurer

Institute of Pathology, University Hospital Essen, University of Duisburg-Essen, Essen, Deutschland

Question
In the actual WHO-classification of endocrine organs, encapsulated papillary carcinoma of follicular variant
(EFVPTC) without BRAF-V600E mutation was renamed to non-invasive follicular neoplasm with papillary like
nuclear features (NIFTP). By definition, subcentimeter lesions were primarily excluded. However,
subsequent studies also demonstrated indolent behavior of these tumors.

Aim of this study was to determine the prevalence of NIFTP in subcentimeter lesions, formally diagnosed as
papillary microcarcinoma (mPTC) and to characterize this subtype.

Methods
93 cases of mPTC diagnosed between 2004 and 2018 were reevaluated with criteria according to the WHO
classification of 2017. Immunohistochemical staining with antibodies against BRAF-V600E was performed.
We ascertained the number of NIFTP within subcentimeter thyroid neoplasms and analyzed particular
characteristics of all papillary thyroid carcinoma (PTC) subtypes.

Results
Of 93 reviewed subcentimetric lesions, 17 cases were reclassified as Micro-NIFTP (18,3%). The remaining
76 PTCs were assigned to different PTC variants. The most common variant was the follicular variant with 39
cases (41,9 %). The detailed examination of the gender distribution revealed a clear female predominance in
all cases.
The strongest gender difference was shown by the NIFTP (16 females (94%), 1 male (6%)). The tumor
range was 0,1 – 1cm. Average tumor size was 0,4cm. Micro-NIFTP meet the average with a mean size of
0,39cm. Women had larger tumors than men (p-value= 0.04). In particular, the classic variant was larger
among women (p-value= 0.02). Average age for PTC in all subgroups was 49, mean age of patients with
NIFTP was 53. Desmoplasia was present in 35 cases (37,6%). Prevalence of BRAF-V600E mutation in all
PTC-subgroups was 32,3%. Absence of papillae was associated with BRAF negativity (p-value= 0.001).
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Conclusion
NIFTP makes up almost one fifth of tumors, formerly classified as mPTC. In terms of age and size, NIFTP
does not differ substantially from the other subcentimetral lesions. It is crucial to identify NIFTP correctly,
also as a subcentimeter lesion, to reduce overtreatment of this well-known indolent tumor and diminish
unnecessary strain on the patient.
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High PPARG expression is associated with pulmonal metastasis in colorectal cancer (CRC) and better overall
survival within the subgroup of CRC patients with isolated pulmonary metastasis
C. Woischke1, L. Schöckel1, S. Ormanns1, M. Michl2, V. Heinemann3, T. Schiergens4, P. Kreissl5, F. Glass6, A.
Hölscher6, T. Kirchner1, F. Klauschen1, J. Neumann1
1Pathologisches

Institut der LMU München, München, Deutschland, 2Klinikum der LMU, Medizinische Klinik
und Poliklinik III, München, Dschibuti, 3Klinikum der Universität München,LMU, Medizinische Klinik und
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Question
Worldwide both, CRC as well as diabetes mellitus type 2 (DM 2), represent diseases with high mortality
rates, which are linked on epidemiologic and molecular level. Peroxisome proliferator-activated receptor
gamma-(PPARG) agonists are well-established in the treatment of DM 2. Furthermore they harbor
antitumoral features. Here we examined associations of clinical parameters and PPARG expression in a
matched case-control-study of CRC cases, regarding different metastatic patterns.
Methods
Archival tissue of 246 CRC patients with either non-metastatic CRC (control group; N=82), with exclusive
liver metastasis (group 1; N=82) or with exclusive lung metastases (group 2; N=82) was assessed. Patients
were matched according to T-category, N-stage, grading, sex and primary tumor site. PPARG expression
within the tumor tissue was examined by immunohistochemistry using a rabbit anti-PPARG antibody (LSC368478, 1:100, Biozol). For quantification of PPARG expression the H-Score was applied. Staining was
evaluated independently by two observers blinded to the patients´ clinical outcome.

Results
Isolated pulmonary metastasized CRC displayed significantly higher rates of PPARG expression compared
to non-metastatic CRC (p=0.019), whereas no difference was detected in CRC with isolated hepatic
metastasis (p=0.273). Furthermore within the subgroup of pulmonary metastasized CRC, high PPARG
expression was significantly associated with patients better overall survival (p=0.047).
Conclusion
In summary PPARG does not seem suitable as a marker for overall haematogenous metastasition, but more
likely appears to reveal an organotropic pattern towards the lung. Our findings have important implications
for the subgroup of pulmonary metastasized CRC patients and may be exploited for therapeutic purposes.
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Immunological microenvironment of precursor lesions of pancreatic ductal adenocarcinoma (PDAC)
M. Schulte1, C. Müller1, M. Schlensog1, L. Häberle1, S. Hänsch2, F. Opitz1, I. Esposito1
1Institute
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Question
Pancreatic ductal adenocarcinoma (PDAC) is a highly aggressive disease with a poor prognosis. Its
immunological landscape is known to play a pivotal role in the biological behavior of PDAC. While an
increasing knowledge on the molecular features of PDAC precursors has been gained in recent years, the
immunological microenvironment of PDAC precursor lesions is still lacking a detailed characterization.
In this work, we focus on the analysis of the immunological microenvironment of PDAC precursors in order to
detect early changes that could influence the development of pancreatic cancer.
Methods
Tissue microarrays containing gastric and intestinal intraductal papillary mucinous neoplasms (IPMN, n=51),
pancreatic intraepithelial neoplasms (PanIN, n=32), mucinous cystic neoplasms (MCN, n=9), acinar-to-ductal
metaplasms (ADM, n=16), normal pancreatic tissues (n=69) and PDAC (n=44) from 76 patients were
prepared.
Subsequently, the immune cells were stained using the OPAL™ 7 multiplexed immunofluorescence
approach. This staining technique allows simultaneous detection of multiple markers (CD3, CD4, CD8,
FoxP3, PD1, CD20, CD68, CD163, Tryptase and Granzyme B) within the same tissue based on tyramide
signal amplification. Cell fluorescence was measured by running individually coded macros for each cell type
with automated signal detection and normalization to DAPI+ cells using ImageJ software, followed by manual
validation.
Results
While PDAC samples showed a more immunosuppressive landscape with increased numbers of CD163+
M2-macrophages and FoxP3+ regulatory T-cells, ADM and PanIN high-grade lesions were characterized by
a rather immunoactive landscape with the highest level of immune cell infiltration mainly consisting of
CD3+/CD8+ cytotoxic T cells. Overall, T-cell mediated immune response was predominant in all tissues. Bcell infiltration increased in intestinal IPMN and MCN in the progression from low- to high-grade lesions,
whereas it showed an opposite trend in PanIN and gastric IPMN.
Conclusion
Our results show that the immunological microenvironment of PDAC precursor lesions is highly dynamic and
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heterogenous, suggesting that different immunological mechanisms play a role in pancreatic tumorigenesis.
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Genetic evolution of in situ follicular neoplasia to t(14;18)-positive aggressive B-cell lymphoma
A. Vogelsberg1, J. Steinhilber1, B. Mankel1, B. Federmann1, J. Schmidt1, I. A. Montes-Mojarro1, K. Hüttl2, M. RodriguezPinilla3, P. Baskaran4, S. Nahnsen4, M. A. Piris3, G. Ott2, L. Quintanilla-Martinez1, I. Bonzheim1, F. Fend1
1University Hospital and Comprehensive Cancer Center Tuebingen, Institute of Pathology and
Neuropathology, Tuebingen, Deutschland, 2Robert-Bosch-Krankenhaus and Dr. Margarete Fischer-Bosch
Institute of Clinical Pharmacology, Department of Clinical Pathology, Stuttgart, Deutschland, 3Fundación
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Center, Tuebingen, Deutschland

Question
Diffuse large B-cell lymphoma (DLBCL) NOS is the most frequent type of non-Hodgkin lymphoma (NHL).
DLBCL can arise as a transformation from indolent B-NHL, commonly follicular lymphoma (FL), or manifest
de novo. For de novo DLBCL, no precursor lesion is known. In situ follicular neoplasia (ISFN), a colonization
of germinal centers by monoclonal t(14;18)(q32;q21)+ B-cells in otherwise reactive lymphoid tissues, is an
established premalignant precursor of FL. Given the frequent occurrence of the t(14;18) in both transformed
and de novo DLBCL, particularly of germinal center B-cell subtype, we speculated that some de novo
DLBCL might develop from ISFN without FL as an intermediate step and aimed to investigate the clonal and
genetic evolution from ISFN to DLBCL with and without antecedent FL.
Methods
We searched for DLBCL with available reactive lymphoid tissue from any point in time and identified ISFN by
BCL2 staining and FISH to detect BCL2 rearrangements. The clonal relationship was investigated by
standard clonality analysis, sequencing of the t(14;18) breakpoint and next generation sequencing (NGS)
using the LymphoTrack® assay. 25 genes frequently mutated in FL and DLBCL were analyzed with custom
NGS panels.
Results
Ten paired cases of ISFN and DLBCL were identified, six de novo and four transformed from FL. Three
DLBCL showed MYC rearrangements in addition to the t(14;18), resulting in a diagnosis of high-grade B-cell
lymphoma (HGBL). Identical immunoglobulin and/or BCL2 rearrangements and/or shared somatic mutations
confirmed the clonal relationship of ISFN and DLBCL/HGBL in all cases. CREBBP, KMT2D, EZH2,
TNFRSF14 and BCL2 were the genes most frequently mutated already in ISFN. Based on the distribution of
private and shared mutations in paired samples, two patterns of clonal evolution were evident. In most
cases, the aggressive lymphoma, ISFN and, when present, FL revealed divergent evolution from a common
progenitor, whereas linear evolution with sequential accumulation of mutations was less frequent.
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Figure 1. Overview of clonality results, translocations and non-synonymous variants in ISFN, FL and aggressive B-cell lymphoma
samples.

Conclusion
This study provides first evidence that t(14;18)+ DLBCL and HGBL can arise from ISFN without FL as an
intermediate step and demonstrates that during this progression, similar to the clonal evolution and
transformation of manifest FL, divergent evolution is common.
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Solution to the challenges of automated immune cell detection in the lung – anthracosis
P. Zens1, S. Berezowska1, 2
1Institute

of Pathology, University of Bern, Bern, Schweiz, 2Institut universitaire de Lausanne, Université de
Lausanne, Lausanne, Schweiz

Question
Recent developments of artificial intelligence-based algorithms will facilitate assessment of tumor infiltrating
lymphocytes (TILs) for personalized cancer treatment. Currently, however, there still exist huge
discrepancies in the performance of such algorithms between the developmental and real-life setting. In lung
tissue, besides common artefacts such as inhomogeneous staining, tissue folds or scratches, the presence
of anthracosis poses a problem when applying detection algorithms on immunohistochemical whole slide
images (WSI). We aimed to develop a robust classifier to detect anthracosis pigment in lung tissue in order
for it to be disregarded in further scoring analyses.

Methods
CD8 stained WSI of 100 non-small cell lung carcinomas were digitized using the Pannoramic P250 Flash III
(3DHistech) slide scanner at x20 magnification. Eligible sections represented invasive tumor regions of at
least 100 tumor cells and limited areas of necrosis.
The cohort was divided into 60 WSI for training and 20 each for validation and testing. QuPath 0.2.3 was
used for all digital analyses. The tumor area was manually annotated on each WSI and the build-in
watershed detection was used for nucleus segmentation. Detections were classified as positive/negative
cells, anthracosis and artefacts. The classifier was trained based on a fully connected neural network with 7
layers. The relative error, specificity and sensitivity were used to assess the accuracy of the classifier.

Results
The classifier was trained on a total of 2400 annotations and yielded in an average sensitivity of 95% for the
correct classification of anthracotic pigments. However, it showed high relative error rates and an average
specificity of 86%. The specificity varied considerably between the different WSI. After visual re-evaluation of
the validation and training cohort, low specificity could mainly be attributed to false classification as
anthracosis for detections with only small dots of pigment, predominantly seen in CD8 negative cells, most
probably partly presenting macrophages.
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Conclusion
The new version of QuPath facilitates the training on multiple images as well as the partition of the cohorts
for training, validation and testing. Our anthracosis classifier performed with very high sensitivity. The lower
specificity should not impede CD8-positive cell counting and could potentially be improved by 2 additional
classes: “anthracosis positive”, “anthracosis negative”.
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Kooperatives Vorgehen der Pathologie und Neuropathologie in der COVID-19-Pandemie. Deutsches Register für
COVID-19-Obduktionen und Deutsches Netzwerk für Autopsien in Pandemien (DEFEAT PANDEMIcs)
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Inhalt
Hintergrund: Die Obduktion ist ein wichtiges Instrument zum Verständnis der Pathogenese von
Krankheiten, inklusive COVID-19.
Material und Methoden: Am 15.04.2020 wurde zusammenmit der Deutschen Gesellschaft für Pathologie
und dem Bundesverband der Deutschen Pathologen das Deutsche Register von COVID-19-Obduktionen
(DeRegCOVID) gestartet (www.DeRegCOVID.ukaachen.de) und darauf aufbauend seit 01.09.2020 das
Deutsche Netzwerk für Autopsien in Pandemien (DEFEAT PANDEMIcs) etabliert.
Ergebnisse: Hauptziel des DeRegCOVID ist es, faktisch anonymisierte Daten über idealerweise alle
Obduktionen von COVID-19-Verstorbenen in Deutschland zu sammeln und zur Verfügung zu stellen, um
dem Bedarf an zentralisierter, koordinierter und strukturierter Datenerhebung und Berichterstattung in der
Pandemie gerecht zu werden. Der Erfolg des Registers hängt von der Bereitschaft der jeweiligen Zentren
zur Meldung der Daten ab. Diese hat sich bislang sehr positiv entwickelt und wir danken allen beteiligten
Zentren. Dabei verbleiben die Rechte an eigenen Daten (und dezentral verbleibenden Biomaterialen) bei
den jeweiligen Institutionen. Das Netzwerk DEFEAT PANDEMIcs zielt auf eine Verstärkung der
Harmonisierung und Standardisierung sowie die bundesweite Implementation und Kooperation im Bereich
von Pandemieobduktionen.
Schlussfolgerungen: Die außerordentliche Kooperation in Deutschland im Bereich der Obduktionen
während der COVID-19-Pandemie ist durch den Aufbau des DeRegCOVID, dessen Fusionierung mit dem
Register der Neuropathologie (CNSCOVID19) und dem Aufbau des Netzwerks DEFEAT PANDEMIcs
eindrücklich belegt. Es ist ein starkes Signal für die Notwendigkeit, Bereitschaft und Expertise,mit durch
Autopsie gewonnenen Erkenntnissen zur gemeinsamen Bewältigung gegenwärtiger und künftiger
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Pandemien beizutragen.
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COVID-19: Effects on the Lungs and Heart
M. Kühnel1, C. Werlein1, M. Ackermann2, P. Braubach1, L. Neubert1, C. Walsh3, S. Verleden4, F. Länger1, H. Stark1, A.
Tzankov5, S. J. Mentzer6, D. Jonigk1
1Medizinische

Hochschule Hannover, Institut für Pathologie, Hannover, Deutschland, 2Johannes-Gutenberg
Universität Mainz, Institut für funktionelle und klinische Anatomie, Mainz, Deutschland, 3University College
London, London, Vereinigtes Königreich, 4KU Leuven, Lab of Respiratory Diseases, Leuven, Belgien,
5University Hospital Basel, Institut of Pathology and Medical Genetics, Basel, Schweiz, 6Harvard Medical
School, Boston, Vereinigte Staaten von Amerika

Question
Viral respiratory diseases constitute the most common reasons for hospitalization due to respiratory ailment
with more than half of all acute respiratory illnesses worldwide. Progressive respiratory failure with a
pronounced diffuse alveolar damage has been identified as the primary cause of death in COVID-19. Here
we investigate the molecular and morphological background of COVID-19 in comparison to other viral
infections (e.g. influenza).

Methods
Molecular analyses are carried out using Nanostring gene expression profiling. Complementary protein
analysis was performed using OPAL7 and Akoya multiplex immunofluorescent analysis. Morphology was
assessed by X-ray tomography and scanning electron microscopy.

Results
Taken together, COVID-19 and influenza both lead to diffuse alveolar damage with exudative alveolitis and
organizational phenomena such as organizing pneumonia. COVID-19 can be considered a systemic
vascular disease and thus also shows prominent vascular involvement in the sense of endothelialitis with
systemic thrombotic microangiopathy. This angiocentric inflammation induces an aberrant repair mechanism
with the formation of new vessels by means of intussusceptive angiogenesis. Serious courses of COVID-19
also lead to cardiovascular damage, the full extent of which is still not understood and is primarily
characterized by a discrete infiltration of macrophages, while T lymphocytes are lacking.

Conclusion
COVID-19 can be considered a systemic vascular disease and more research is needed to unravel the role
of intussusceptive neoangiogenesis and its involvement in long term COVID-19 complications.
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An Proteomic Autoantigen Profile of Human Lung Cells Reveals Viral and Host Etiologic Molecular Attributes of
Autoimmunity in COVID-19
M. H. Roehrl1, J. Y. Wang2
1Memorial

Sloan Kettering Cancer Center, Pathology, New York, Vereinigte Staaten von Amerika, 2Curandis,
New York, Vereinigte Staaten von Amerika

Question
COVID-19 is characterized by numerous systemic immune-mediated effects that contribute to prolonged
morbidity even after the acute infection has ended ("long COVID"). We aimed to establish a comprehensive
proteomic COVID-19 autoantigen atlas in order to understand autoimmune sequelae caused by SARS-CoV2 infection.
Methods
We have developed a deep mass spectrometry and dermatan sulfate affinity enrichment strategy to define
the totality of autoantigenic proteins in tissue. We studied human lung cells and used proteomics and
bioinformatics to compare autoantigenic proteins in the lung with proteins that are dysregulated during
SARS-CoV-2 infection.
Results
Based on the unique affinity between dermatan sulfate and autoantigens, we identified 348 proteins from
human lung A549 cells, of which 198 are known targets of autoantibodies. Comparison with current COVID
data identified 291 proteins that are altered at protein or transcript level in SARS-CoV-2 infection, with 191
being known autoantigens. These known and putative autoantigens are significantly associated with viral
replication and trafficking processes, including gene expression, ribonucleoprotein biogenesis, mRNA
metabolism, translation, vesicle and vesicle-mediated transport, and apoptosis. They are also associated
with cytoskeleton, platelet degranulation, IL-12 signaling, and smooth muscle contraction. Host proteins that
interact with and that are perturbed by viral proteins are a major source of autoantigens. Orf3 induces the
largest number of protein alterations, Orf9 affects the mitochondrial ribosome, and they and E, M, N, and
Nsp proteins affect protein localization to membrane, immune responses, and apoptosis. Phosphorylation
and ubiquitination alterations by viral infection define major molecular changes in autoantigen origination.
This study provides a large list of autoantigens as well as new targets for future investigation, e.g., UBA1,
UCHL1, USP7, CDK11A, PRKDC, PLD3, PSAT1, RAB1A, SLC2A1, platelet activating factor
acetylhydrolase, and mitochondrial ribosomal proteins.
Conclusion
This study illustrates how viral COVID-19 infection can alter host cellular proteomes extensively, yield
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diverse autoantigens, and trigger a myriad of autoimmune sequelae that may be the drivers of "long COVID"
in a significant portion of patients.
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Clinical, imaging, serological, and histopathological features of pulmonary longCOVID syndrome - a
manifestation of autoimmune lung disease?
K. Steinestel1, A. Czech1, W. Bloch2, C. Hackenbroch3, D. Gagiannis4
1Bundeswehrkrankenhaus

Ulm, Institut für Pathologie und Molekularpathologie, Ulm, Deutschland,
Sporthochschule Köln, Molekulare und zelluläre Sportmedizin, Köln, Deutschland,
3Bundeswehrkrankenhaus Ulm, Abteilung Radiologie, Ulm, Deutschland, 4Bundeswehrkrankenhaus Ulm,
Klinik für Innere Medizin - Pneumologie, Ulm, Deutschland
2Deutsche

Question
Coronavirus disease 2019 (COVID-19) emerged to a worldwide pandemic in 2020 and there is uncertainty
about possible long-time sequelae. About 10% of patients present with persistent fatigue, muscle weakness,
lung diffusion impairment and chest imaging abnormalities ("longCOVID syndrome") after mild and moderate
course of disease. We have previously reported detection of antinuclear autoantibodies/extractable nuclear
antigens (ANA/ENA) in patients with severe COVID-19. The aim of this small pilot study was to evaluate
possible similarities between lung involvement in longCOVID and in connective tissue disease (CTD).
Methods
We prospectively enrolled 15 previously healthy patients (without a history of autoimmune disease) and with
persistent pulmonal symptoms after mild/ moderate SARS-CoV-2 infection without hospitalization (mean
age, 44.9 yrs). We performed full clinical evaluation including pulmonary function tests, high-resolution
computed tomography (HR-CT) and serology for ANA/ENA (indirect immunofluorescence/ immunoblot). In
10/15 patients, transbronchial biopsies (TBBs) were taken for histopathological assessment of interstitial
lung disease.
Results
All patients (15/15) presented with stress-induced diffusion disorder and disturbed oxygen pulse in
spiroergometry. HRCT pattern showed a combination of bronchial wall thickening and enlarged peripheral
pulmonary arteries. Autoantibodies (ANA titers ≥ 1:320 and/or positive immunoblot for specific ENAs: Scl-70,
PM-Scl, dsDNA, SS-B and Histone) were detected in 6/15 patients. In 8/10 cases, histopathological
assessment of TBBs revealed a cellular NSIP pattern with alveolar hemorrage and/or fibrinous exudate.
Additionally, one TBB showed fibrotic NSIP pattern and another one showed organizing DAD..
Conclusion
While the histopathology of pulmonary longCOVID alone is unspecific, the combination with clinical and
radiological features together with detection of autoantibodies would allow for a diagnosis of "interstitial
pneumonia with autoimmune features" (IPAF). Since IPAF/CTD-ILD might progress to interstitial fibrosis, the
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persistence of autoantibodies and possible fibrotic change should be closely monitored in autoantibodypositive longCOVID patients.
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Updated WHO classification of tumours of the breast
A. Lebeau1, 2
1Institut

für Pathologie, UKE Hamburg, Institut für Pathologie, Hamburg, Deutschland, 2Gemeinschaftspraxis
für Pathologie, Lübeck, Deutschland

Inhalt
Die fünfte Auflage der World Health Organization (WHO)-Klassifikation der Tumoren der Mamma stellt ein
Update der vierten Auflage dar und folgt im Wesentlichen der vorbekannten Systematik. Die histologischen
Merkmale der Läsionen bilden weiterhin die Basis der Klassifikation. Dies gilt auch für die Definition der
verschiedenen invasiven Tumortypen. Allerdings werden zusätzlich verschiedene neue molekulare
Klassifikationen sowie prognostische und prädiktive Faktoren vorgestellt und diskutiert, welche die
Prognose-Abschätzung und Therapieentscheidung verbessern. Im Vortrag werden die wichtigsten
Änderungen der aktuellen WHO-Klassifikation dargestellt. Hierzu zählen die geänderte Definition der
gemischten invasiven Karzinome, die Einführung neuer spezieller invasiver Entitäten, die Streichung
spezieller invasiver Typen und ihre Einordnung als Varianten des invasiven Karzinoms, NST (kein spezieller
Typ), die Typisierung primärer neuroendokriner Neoplasien der Mamma in Analogie zu anderen
Organsystemen, Änderungen der Dignitätskriterien von Phylloides-Tumoren und die geänderte
Subtypisierung des lobulären Carcinoma in situ (LCIS). Neben Verbesserungen der fünften Auflage der
Klassifikation werden auch Schwächen beleuchtet.
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New WHO classification for female genital tumours
D. Mayr

Pathologisches Institut, Ludwig-Maximilian-Universität München, München, Deutschland

Inhalt
Die 5. Auflage der WHO-Klassifikation der Tumoren des weiblichen Genitals (WHO Classification of
Tumours: Female Genital Tumours) verdoppelte seit dem letzten Erscheinen vor sechs Jahren ihre
Seitenzahl. Dies spiegelt die Fortschritte in der Tumorklassifikation durch die Integration weiterer,
insbesondere tumorgenetischer und molekularer Befunde wider, führt damit zu immer mehr definitiven
Diagnosen und ermöglicht so häufiger eine immer besser zugeschnittene Therapie. Die Rückkehr zu manch
früheren Entitäten zeigt jedoch zugleich auch die Problematik der Einteilung einzelner Neoplasien.
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SARS-CoV-2 infects and replicates in cells of the human endocrine and exocrine pancreas
T. F. Barth1, J. A. Müller2, R. G. Groß2, J. Müller3, J. Krüger4, U. Merle5, J. Steinhart6, T. Weil7, L. Koepke7, C. Prelli
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M. Breunig15, B. Grüner16, L. Peters17, M. Schuster18, S. Liebau19, T. Seufferlein15, S. Stenger20, A. Stenzinger21, P. E.
MacDonald22, F. Kirchhoff7, K. M. J. Sparrer7, P. Walther23, H. Lickert24, M. Wagner15, J. Münch7, S. Heller15, A. Kleger15
1University
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4University of Ulm, Department of Internal Medicine I, Ulm, Deutschland, 5University of Heidelberg,
Department of Internal Medicine 4,, Heidelberg, Deutschland, 6University of Ulm, Abteilung für Pathologie,
Ulm, Deutschland, 7University of Ulm, Institute of Molecular Virology,, Ulm, Deutschland, 8University of Ulm,
Central Facility for Electron Microscopy, Ulm, Deutschland, 9University of Ulm, Institute of General
Physiology, Ulm, Deutschland, 10RWTH Aachen University, Institute for Computational Genomics,, Aachen,
Deutschland, 11Helmholtz Zentrum München,, Institute of Diabetes and Regeneration Research,,
Neuherberg, Deutschland, 12Heidelberg University Hospital, Tissue Bank of the German Center for Infection
Research (DZIF), Institute of Pathology,, Heidelberg, Deutschland, 13University of Ulm, Institute of
Physiology, Ulm, Deutschland, 14University of Aachen, Institute for Computational Genomics, Aachen,
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Molecular Medicine, Vienna, Österreich, 19Eberhard Karls University Tübingen,, Institute of Neuroanatomy &
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Hygiene, Ulm, Deutschland, 21University of Heidelberg, Abteilung für Pathologie, Heidelberg, Deutschland,
22University of Alberta, Alberta Diabetes Institute and Department of Pharmacology, Alberta, Kanada,
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Question
The coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), first affects the lung, but may spread to kidneys, heart, brain, gastrointestinal and endocrine
organs in severe cases. Clinical data suggest that a SARS-CoV-2 infection impairs glucose homeostasis,
and cases of new-onset diabetes mellitus upon SARS-CoV-2 infection have been reported. However,
experimental evidence that SARS-CoV-2 can infect pancreatic tissue is lacking.

Methods
We analyzed human pancreas tissue and cells for ACE2 and TMPRSS2 expression by
immunohistochemistry. We exposed human Langerhans islets to SARS-CoV-2 ex vivo and determined viral
infection by staining for SARS-CoV-2 spike and nucleoprotein. Viral replication was monitored by
measurements of viral RNA and infectious titers. In addition, the impact of SARS-CoV-2 on cell morphology
and function was examined by electron microscopy and analysis of stimulated insulin secretion and
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transcriptomics analysis. Finally, we analyzed pancreatic sections of four COVID-19 deceased individuals for
the presence of SARS-CoV-2 nucleoprotein.

Results
Our results show that SARS-CoV-2 infects cells of the human exocrine and endocrine pancreas ex vivo and
in vivo. We further demonstrate that human β-cells express ACE2 and TMPRSS2, and that SARS-CoV-2
replicates in cultured human islets. Infection was associated with morphological, transcriptional and
functional changes, including reduced numbers of insulin secretory granules in β-cells and impaired glucosestimulated insulin secretion. The SARS-CoV-2 nucleoprotein was detected in pancreatic tissue of autopsies
from all four COVID-19 patients investigated.

Conclusion
Our data identify the human pancreas as a target of SARS-CoV-2 infection and suggest that β-cell infection
could contribute to the metabolic dysregulation observed in COVID-19 patients.
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Deciphering the proteome of COVID-19 – a multi-organ proteomic profiling of COVID-19 autopsies
L. Schweizer1, T. Schaller2, J. B. Müller-Reif1, M. Zwiebel1, Ö. Karayel1, S. Dintner2, K. Hirschbühl2, B. Märkl2, M. Mann1,
R. Claus2
1Max-Planck-Institut

für Biochemie, München-Martinsried, Deutschland, 2UKA, Pathologie, Augsburg,

Deutschland

Question
Uncontrolled inflammation appears to be a major hallmark of severe COVID-19. The molecular mechanisms
leading to organ injuries remain unclear. To unravel the biological basis for severe COVID-19, we performed
systematic in-depth proteomic profiling of tissues from patients with fatal outcomes.

Methods
Autopsies were conducted in 19 patients with proven COVID-19. Organ specimens from lung, heart,
mediastinal lymph nodes, blood vessels, brain, liver, spleen, kidney, and adrenal glands were assessed
histologically and tested for SARS-CoV-2 by RT-PCR. Proteome analyses including the generation of deep
libraries of the lungs were conducted on FFPE COVID-19 organ specimens and control samples (healthy
and inflammatory) using Evosep liquid chromatography followed by mass spectrometry.

Results
Proteome analyses of 355 samples from 9 organs were conducted. We identified 9910 unique protein
groups in all organs. Using deep libraries of the lung tissue, we were able to identify 8631 protein groups in
COVID-19 lung samples including SARS-CoV-2 related peptides and 9013 protein groups in control tissues.
The extent of significantly dysregulated proteins was different between COVID-19 specimens ranging from
app. 350 in mediastinal lymph nodes using a q value of 0.05 and a 2-fold change to app. 100 in lungs and
almost no differentially regulated proteins in heart and spleen. Key affected cellular mechanisms and
pathways among all organs included interferon signaling, formation of fibrin clots and the activation of the
complement system. Proteomic profiles of COVID-19 lungs were distinct, sharing most similarity with
influenza controls followed by non-COVID-19 DAD, bacterial pneumonia, UIP and healthy controls in
descending order. When comparing SARS-CoV-2 and influenza pneumonia samples, proteins responsible
for intracellular RNA-localization, vesicle docking and fusion, proline synthesis and collagen protein
production by lung fibroblasts, and organization of the extracellular matrix were affected most significantly.
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Conclusion
The generation of a deep and biologically relevant proteome analysis is possible in a timely manner. Our
analyses show a multi-organ impact of SARS-CoV-2 and identify key mechanisms shedding light on COVID19 biology. Proteome analyses help to identify the unique mechanisms underlying COVID-19 which
constitutes a fundamental prerequisite for possible therapeutic intervention.
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Mcl1DIEC mice: A pre-clinical model of intestinal apoptosis revealing new insights into apoptotic enteropathy and
intestinal carcinogenesis
M. Healy1, 2, Y. Boege1, M. Hodder3, F. Böhm1, M. Malehmir1, A.-L. Scherr4, J. Jetzer1, L. K. Chan1, R. Parrotta1, M.
Gomez de Agüero5, K. Unger6, A. J. Macpherson5, A. E. Moor2, B. Köhler4, O. Sansom3, M. Heikenwalder7, A. Weber1
1University

Hospital Zurich, Department of Pathology and Molecular Pathology, Zurich, Schweiz, 2University
of Zurich, Institute of Molecular Cancer Research, Zurich, Schweiz, 3Cancer Research UK Beatson Institute,
Glasgow, Vereinigtes Königreich, 4Department of Medical Oncology and Heidelberg University Hospital,
National Centre for Tumor Diseases, Heidelberg, Deutschland, 5University of Bern, Universitätsklinik für
Viszerale Chirurgie und Medizin Inselspital, Bern, Schweiz, 6Helmholtz Zentrum München, Research Unit of
Radiation Cytogenetics, Neuherberg, Deutschland, 7Deutsches Krebs-Forschungszentrum (DKFZ), Division
of Chronic Inflammation and Cancer, Heidelberg, Deutschland

Question
‘Apoptotic enteropathy’ refers to a colitis-like pattern of gastrointestinal injury with intestinal epithelial cell
(IEC) apoptosis being the hallmark of disease. While apoptotic enteropathy has long been observed as a
feature of Graft-versus Host-Disease (GvHD) or viral infection, recent clinical findings have highlighted the
emergence of apoptotic enteropathy as a result from drug-induced injury.

Methods
We have created a pre-clinical model of apoptotic enteropathy by generating mice with IEC-specific
disruption of Mcl1 (Mcl1DIEC mice). These mice and littermate controls were raised under normal or germ-free
conditions. Mice were examined endoscopically, calprotectin levels were measured as a marker of intestinal
inflammation, and intestinal epithelial barrier permeability was also determined. Intestinal tissues were
analysed by histology, immunohistochemistry, in situ hybridisation, immunoblots, gene expression and
mutational profiling.

Results
Mcl1DIEC mice spontaneously developed apoptotic enteropathy characterized by diarrhoea, increased IEC
apoptosis, hyperproliferative crypts, epithelial barrier dysfunction and chronic inflammation. Loss of MCL1
retained intestinal stem cells (ISC) in a hyperproliferative state and prevented differentiation. Proliferation of
ISC in MCL1-deficient mice was WNT signaling-dependent and associated with accumulation of DNA
damage. Aged Mcl1DIEC mice developed intestinal tumors with morphological and genetic features of human
colorectal adenomas and carcinomas. Germ-free housing of Mcl1DIEC mice eliminated microbiota-induced
intestinal inflammation, but not tumor development.
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Conclusion
The anti-apoptotic BCL2 family member MCL1 is essential for maintaining intestinal homeostasis and
preventing carcinogenesis. Loss of MCL1 leads to the development of intestinal carcinomas even under
germ-free conditions, thus occurs independently of microbiota-induced chronic inflammation. Our results
demonstrate that persistently increased apoptosis of IEC may be the trigger of WNT signaling-driven bowel
cancer development. These observations have implications not only for understanding intestinal
carcinogenesis but also drug-induced apoptotic enteropathy.
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DNA methylation profiling and mass spectrometry-based proteomics define molecular subtypes of sinonasal
tumors
P. Jurmeister1, S. Glöß2, R. Roller3, S. Schmid2, R. Fritz3, A. Thieme2, C. Friedrich3, I. Hoffmann3, P. Keyl3, P.
Wolkenstein2, P. Martins4, F. Klauschen1, D. Capper2
1Ludwig-Maximilians

Universität München, Pathologisches Institut, München, Deutschland, 2Charité Universitätsmedizin Berlin, Abteilung für Neuropathologie, Berlin, Deutschland, 3Charité Universitätsmedizin Berlin, Institut für Pathologie, Berlin, Deutschland, 4Max-Delbrück-Centrum für
Molekulare Medizin, Berlin, Deutschland

Question
The rarity and complexity of tumors of the sinonasal region present a major challenge for surgical
pathologists. [1] Sinonasal undifferentiated carcinomas (SNUCs) are particularly demanding, due to their
lack of specific morphological and immunhistochemical features. [2] Our goal was to develop a DNA
methylation-based classification algorithm for sinonasal tumors and to provide a comprehensive molecular
characterization of SNUCs.
Methods
We performed DNA methylation analysis of 357 sinonasal tumors as well as mass spectrometry-based
proteomics and DNA sequencing of specimens from selected epigenetic subgroups.
Results
T-distributed stochastic neighbor embedding revealed stable epigenetic groups for nearly every entity
included in this study (Figure 1). SNUCs were assigned to four different clusters. The largest group ("IDH2")
was characterized by recurrent IDH2 R172 mutations, followed by the second group ("SMARCB1") which
showed biallelic loss of the SMARCB1 gene. SNUCs were also assigned to a group enriched by
neuroendocrine carcinomas and olfactory neuroblastomas ("NEC-like") as well as a cluster primarly
containing adenoid-cystic carcinomas ("ACC-like"). SNUCs in the ACC-like group showed recurrent MYB
translocations and subtle gland formation upon histomorphological and molecular reevaluation.
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t-SNE dimensionality reduction analysis of the investigated specimens.

Proteomics analysis reavealed overexpression of proteins that are specifically expressed in neurons and
cells of the diffuse neuroendocrine system (e.g. UCHL1, CRMP1) in both the IDH2 and NEC-like tumor
class. Gene set enrichment analysis suggested neuroendocrine cells for the origin of these tumors.

Volcano plots comparing the proteomic expression profile of normal sinonasal mucosa with different tumor classes

The results from exome sequecing are pending at the time of submission of this abstract.
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Conclusion
DNA methylation-based classification is a promising tool to support the histopathological diagnosis of
sinonasal tumors. Our study provides sound molecular evidence that most tumors with SNUC morphology
are not simply undifferentiated carcinomas but rather represent distinct epigenetic tumor classes with clear
neuroendocrine expression profiles.
Literaturangaben
[1] Virk, J. S. et al., (2020), Sinonasal cancer: an overview of the emerging subtypes, J Laryngology Otology
[2] Stelow, E. B. & Bishop, J. A., (2017), Update from the 4th Edition of the World Health Organization
Classification of Head and Neck Tumours: Tumors of the Nasal Cavity, Paranasal Sinuses and Skull Base,
Head Neck Pathology
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A molecular genetic update from the Swiss SIDS cohort
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Question
Sudden infant death syndrome (SIDS) is defined as the sudden, unexpected death of an apparently healthy
infant younger than one year of age [1]. The cause of death remains unexplained after a thorough
investigation, including an extended autopsy, review of the circumstances of death and the clinical history.
Although the incidence rate of SIDS drastically decreased in the last years, SIDS is still one of the leading
causes of postneonatal infant death in developed countries (between 0.1-0.8 per 1000 live births) [2]. The
occurrence of SIDS is described by a triple risk model involving (i) a critical developmental period, (ii)
exogenous stress factors, and (iii) a vulnerable infant [3]. Since the emergence of massively parallel
sequencing (MPS) technologies, several genetic studies in large SIDS cohorts have shown that up to 20 %
of the SIDS cases can be explained by lethal cardiac diseases, demonstrating that postmortem genetic
testing represents an efficient tool to elucidate potential disease-causing mechanisms that have contributed
to a sudden death event [4]. At the Zurich Institute of Forensic Medicine, University of Zurich, we have a
valuable and large SIDS cohort in which we aimed to identify underlying genetic diseases using MPS.

Methods
Whole-exome sequencing (WES) was performed in 161 SIDS cases. One potential pathogenic variant was
confirmed with functional studies.

Results
Here, we report the outcome of the WES examination with a focus on cardiovascular and metabolic diseaseassociated genes by analyzing single nucleotide variants (SNVs) and structural variants (SVs).
Electrophysiological investigations of a candidate variant in the sodium channel β1B subunit (SCN1B)
identified in a 5-month-old boy confirmed the pathogenicity of the identified variant.

Conclusion
Our results highlight the importance of performing postmortem genetic testing in addition to standard forensic
medico-legal investigations in order to identify possible disease-causing mechanisms in otherwise autopsy-
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negative death cases. Furthermore, functional studies are required and recommended for an evidencebased classification and accurate interpretation of the pathogenicity of variants identified in genetic SIDS
studies.

Literaturangaben
[1] Krous HF et al., (2004), Sudden infant death syndrome and unclassified sudden infant deaths: a
definitional and diagnostic approach, Pediatrics, 234-238, 114 (1), doi:10.1542/peds.114.1.234
[2] Moon RY et al., (2007), Sudden infant death syndrome, The Lancet, 1578-1587, 370 (9598),
doi:10.1016/s0140-6736(07)61662-6
[3] Filiano JJ, Kinney HC, (1994), A perspective on neuropathologic findings in victims of the sudden infant
death syndrome: the triple-risk model, Biol Neonate, 194-197, 65 (4)
[4] Tester DJ et al. , (2018), Cardiac Genetic Predisposition in Sudden Infant Death Syndrome, J Am Coll
Cardiol , 1217-1227, 71 (11), doi:10.1016/j.jacc.2018.01.030
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Galectin1 overexpression in PIK3CA-dependent hepatocarcinogenesis: a potential therapeutic target.
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Question
Aberrant activation of the PI3K/AKT/mTOR pathway is a hallmark of hepatocarcinogenesis. In a small
hepatocellular carcinoma (HCC) subset, PI3K/AKT/mTOR signaling dysregulation depends on
phosphatidylinositol 3-kinase catalytic alpha polypeptide (PIK3CA) mutations. This study aimed to
investigate the pathogenicity of PIK3CA-mutations in mice and identify early oncogenic effectors of mutant
PIK3CA.
Methods
Plasmids expressing oncogenic forms of PIK3CA (H1047R or E545K mutants) were delivered to the mouse
liver by tail vein hydrodynamic injection combined with Sleeping Beauty–mediated somatic integration (SBTHTVI). Resulting preneoplastic and neoplastic lesions were subjected to gene expression microarray
analysis. The putative PIK3CA target gene Galectin1 (Gal1) was further characterized by in vitro studies.
Results
Transfection of either PIK3CA E545K or H1047R mutants via SBT-HTVI was sufficient to induce
hepatocellular carcinomas in mice. A stepwise hepatocarcinogenesis from singular pericentral lipid-rich
preneoplastic hepatocytes to clusters, expansive preneoplastic lesions, and HCCs was observed. In PIK3CA
H1047R injected mice, HCCs were detected in the 12 months injection group, while PIK3CA E545K
injections resulted in tumor occurrence as early as 3 months after SB-HTVI. Histologically, a predominant
lipid-rich phenotype characterized all tumorigenesis stages, as confirmed by Sudan III staining and electron
microscopy. Immunohistochemically, preneoplastic lesions and tumors displayed high levels of the lipid
master regulators Fatty acid synthase and Stearoyl-CoA desaturase-1. Gal1 was commonly overexpressed
in PIK3CA-driven preneoplastic and neoplastic liver lesions by gene expression microarray analysis
compared with age-matched controls. Gal1 overexpression in both tumors and preneoplastic lesions was
confirmed by Western blotting and immunohistochemistry. SCD-1 was negatively regulated by siRNAmediated silencing of Gal1. Co-inhibitory treatment with Alpelisib and OTX-008 resulted in synergistic
cytotoxicity in HLE and PLC/PRF/5 HCC cell lines.
Conclusion
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We demonstrate the PIK3CA E545K and H1047R mutant forms' oncogenic potential in vivo. Induced
hepatocellular carcinomas showed a concomitant upregulation of lipogenesis and Gal1 expression. The
regulation of SCD-1 by Gal1 and the synergism of Alpelisib and OTX-008 in HCC cell lines suggest Gal1 as
a therapeutic target in HCC.
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Research in pathology – today and beyond
W. Weichert

Institut für Pathologie, Technische Universität München, München, Deutschland

Inhalt
Forschung in der Pathologie, insbesondere auch durch Pathologinnen und Pathologen selbst, hat eine lange
Tradition und führte immer wieder zu bahnbrechendenden Entdeckungen in der Medizin. Ziel der Forschung
war und ist hier zumeist ein tieferes phänomenologisches und mechanistisches Verständnis von
Erkrankungen zu erlangen um deren Pathogenese besser zu verstehen, aber auch Ansatzpunkte für neue
Therapiemöglichkeiten aufzuzeigen und - insbesondere - neue diagnostische Instrumente zu entwickeln mit
denen Patientinnen und Patienten einer besser auf ihre individuelle Krankheitskonstellation zugeschnittenen
Behandlung zugeführt werden können. Grundsätzlich lassen sich, neben zahlreichen weiteren kleinen
Ansatzpunkten, für die Zukunft momentan drei größere Felder abgrenzen, in denen die Pathologie – jenseits
klassisch morphologischer Forschung - aktiv ist und sich auch zukünftig zentral einbringen sollte. Das erste
Feld befasst sich mit der phänomenologischen molekularen Beschreibung von Erkrankungen unter
Anwendung von -omics Technologien häufig unter besonderer Integration mit klassischer Morphologie zu
komplexen morphomolekularen Charakterisierungsansätzen. Das zweite Feld fokussiert auf die Anwendung
computergestützter Technologien (Künstliche Intelligenz, weitere), sowohl auf Morphologie als auch auf die
genannten molekularen Datensätze und die Integration mit weiteren diagnostischen Modalitäten, wie z. B.
Bildgebung. Der dritte Bereich umfasst die mechanistische prä- und co-klinische Modellierung von
Erkrankungen insbesondere auch unter Entwicklung und Nutzung neuer intelligenter humaner
Modellsysteme. All diese Forschungsansätze stellen unterschiedliche Schwerpunktbereiche dar, die aber
optimalerweise auch verschränkt zur Anwendung kommen können und sollten. Wo ein junger Forscher nun
persönlich seine Schwerpunkte setzt, ist letztlich eine Frage von Interesse, Neigung, Vorkenntnissen und vor
Ort zur Verfügung stehender Expertise. Die richtige Auswahl des eigenen Forschungsfeldes aus der
Plethora der zur Verfügung stehenden Möglichkeiten ist eine Kunst und sollte mit Sorgfalt erfolgen, um für
sich persönlich das Gebiet zu identifizieren, das die größte und nachhaltigste Faszination ausübt und die
Begeisterung für die medizinische Forschung ein Leben lang erhält.

51

DGP09

Junges Forum: Digitale Lehre in der Pathologie

DGP09.03

Digital pathology in training and post-graduate education. The Göttingen experience
P. Ströbel

Institut für Pathologie, Universitätsklinikum Göttingen, Göttingen, Deutschland

Inhalt
Dieser Beitrag aus einem bereits weitgehend digitalisierten universitären Institut geht davon aus, dass die
Zukunft der Pathologie digital sein wird und die Tätigkeit am Mikroskop in den nächsten Jahren zumindest
weitgehend durch die Arbeit am Bildschirm ersetzt werden wird. Die Digitalisierungskosten werden mit der
Verbreitung der Technik, technologischen Innovationen und durch maßgeschneiderte Lösungen für
Einrichtungen unterschiedlicher Größe und mit unterschiedlichen Anforderungen absehbar sinken.Die
ortsunabhängige Verfügbarkeit aller zu einem Patienten gehörigen Präparate erlaubt die flexible Gestaltung
von Arbeitsprozessen: Konsultationen und Supervision, Vertretungen im Urlaubs- und Krankheitsfall werden
vereinfacht, das Arbeiten an mehreren Standorten oder im Home Office wird ermöglicht. Zur Erleichterung
der täglichen Arbeit stehen morphometrische Werkzeuge zum Ausmessen von Abständen (z.B. Tumordicke,
Präparateränder etc.) oder Flächen zur Verfügung. Ferner besteht die Möglichkeit zur individuellen
Annotation, zur Zuordnung von Fällen zu frei definierbaren Gruppen (z.B. Fallkonferenzen oder
Tumorboards), sowie zu simultaner Ausrichtung oder Übereinanderlegen von Immunfärbungen.Die
Verfügbarkeit validierter und für die Diagnostik zugelassener KI-Algorithmen wird dazu führen, dass ihr
Einsatz von Klinikern und Patienten erwartet werden wird. Es ist daher erforderlich, dass diese Entwicklung
aus der Pathologie aktiv mitgestaltet wird.
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AG Informatik, digitale Pathologie und Biobanking

AG01.01

Better than humans? - AI & digitalization. An overview of current developments.
A. Reiterer

Albert-Ludwigs-Universität Freiburg, Institut für Nachhaltige Technische Systeme INATECH, Freiburg,
Deutschland

Inhalt
Der Vortrag gibt einen Überblick über aktuelle Entwicklungen im Bereich der KI. Dabei werden die
Grundlagen unabhängig vom Anwendungsfeld präsentiert. Ein Ausschnitt eines ausgewählten
medizinischen Themas rundet den Beitrag ab.
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Digitalization of the workflows in pathology – process analyses as a fundamental approach for a successful
roadmap (PathoScan)
T. Niedermair1, B. Müller2, D. Vermeulen2, K. Steiger3, C. Delbridge3, K. Evert1, K. Utpatel1, M. Babel1, F. Heimberg4, M.
Mayer4, T. Eixelberger5, V. Bruns5, P. Schüffler3, W. Weichert3, M. Evert1, C. Brochhausen1
1Institute

of Pathology and Central Biobank Regensburg, University and University Medical Centre
Regensburg, Regensburg, Deutschland, 2PreciPoint GmbH, Freising, Deutschland, 3Technical University of
Munich (TUM), Institute of Pathology, Munich, Deutschland, 4HTI Smart Automation, Ebersberg,
Deutschland, 5Fraunhofer Institute for Integrated Circuits, Erlangen, Deutschland

Question
Digital microscopy is considered to be a crucial component in digitalization of pathology departments.
However, digital microscopy is only one component on the way to fully digitized workflows in pathology and
its integration is complex. The project PathoScan (funded by the Bavarian State Ministry of Economics and
VDI/VDE/IT, ESB074/005) address the challenge to integrate digital microscopy in the laboratory workflow in
pathology. Therefore, comprehensive process analyses were performed with respect to the specific
conditions and requirements of different institutes.
Methods
With our project partners, we analysed all the processes during sample acquisition, macroscopic or gross
preparation, histological processing and staining, microscopy and reporting as well as back-office processes
at the Institutes of Pathology of the University Regensburg and the Technical University of Munich with
respect to personnel and responsibilities, laboratory equipment, IT, workflows and turnover times. To that
end, classical methods from economic sciences and data visualization were applied to build a matrix for all
processes as a base to derive the degree of maturity in digitalization.
Results
As a result of the process analyses we established a matrix to record the digitalization status of an institute
systematically. Based on this, we were able to create a scoring-system for the degree of maturity in
digitalization of each process with the following grades: process is completely analogue (0), process is
supported by IT but not fully digitized (1), major part of the process is digitized (2), process is completely
digitized according to the recent state of technique (3). This scoring system represents the basis for
appropriate further steps in digitalization.
Conclusion
Our process analyses clearly demonstrate that digital microscopy is intensively interacted with numerous
processes in pathology. The scoring of the degree of maturation helps to find a roadmap for digitalization
according to the specific conditions at an institute of pathology. The digitalization of all pathological
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workflows needs a professional change management and training processes for the laboratory staff.
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Digital annotations in conventional light microscopy with automatic transfer to whole slide images
T. Bisson1, 2, R. Kiehl1, R. Carvalho1, P. Hufnagl1, 2, 3, N. Zerbe1, 2
1Charité

- Universitätsmedizin Berlin, corporate member of Freie Universität Berlin and Humboldt-Universität
zu Berlin, Institute of Pathology, Berlin, Deutschland, 2University of Applied Sciences (HTW) Berlin, Dept. of
Applied Informatics, Berlin, Deutschland, 3Berlin Institute of Health at Charité - Universitätsmedizin Berlin,
Berlin, Deutschland

Question
Pathology is moving from conventional light microscope (CLM) to whole slide image (WSI). While
WSI has been shown to be non-inferior to the CLM, certain cellular details can be lost with
digitization. In a CLM, pathologists use fine focus adjustment to see these details. For validation, the
USFDA developed the eeDAP system that aligns glass slide and WSI using a stage controller[1].
While having similar accuracy to a CLM, it requires pathologists to work in a WSI-driven way, which
is different from a CLM. Google’s augmented reality microscope (ARM)[2] overlays information onto
the current view, but annotations are not transferable to a WSI. To enable unbiased digital data
acquisition in CLM, the usual workflow should be maintained while ensuring transferability of
annotations to WSI.
Methods
Therefore, our setup consists of a CLM with camera, computer with two monitors and a Wacom
Cintiq Pro 16 tablet.
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Setup to create digital annotations using a CLM. Left: monitor with iSTIX software and keyboard for class modifiers; back: monitor with
region of interest; front: microscope with camera; right: stylus and Wacom tablet for annotations.

On the middle monitor is an overview of the slide to be annotated, with a region of interest outlined
for CLM review. The iSTIX software allows users to track field of view, current location and regions
that have already been viewed. In addition, the live image from the camera is shown on the tablet.
When a structure of interest is found on the CLM, a point annotation is made with the stylus on the
tablet. The position is recorded and a screenshot of the camera image is captured. Different classes
can be assigned by pressing predefined keys. Registration of screenshots to WSI ensures that the
object location identified in CLM can be automatically transferred to WSI.
Results
Using mitoses as an example, we demonstrated that digital annotations can be made directly in CLM
and then transferred to WSI. With our setup, pathologists can navigate freely while using iSTIX to
check if there are any areas that have not yet been viewed. We found that this can take several
seconds per mitosis annotation.
Conclusion
To our knowledge, among the systems for validation that integrate CLM and WSI, the one presented
here comes closest to the way that pathologists work. The additional mental effort and multitasking
required appears acceptable to us, given the advantages of a microscope-driven workflow with free
navigation and fine focus adjustment.
Literaturangaben
[1] Gallas, Brandon D., et al., (2014), Evaluation environment for digital and analog pathology: a platform for
validation studies, Journal of Medical Imaging, Bellingham, Washington, 037501, Bd. 1, Nr. 3
[2] Chen, Po-Hsuan Cameron, et al., (2019), An augmented reality microscope with real-time artificial
intelligence integration for cancer diagnosis, Nature Medicine, 1453-1457, Bd. 25, Nr. 9
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Comparison of Sectioning-free Multiphoton Histology to H&E FFPE Imaging
M. Strauch1, J. P. Kolb1, C. Rose1, N. Merg2, J. Hundt2, M. Brand3, J. Wenzel3, C. Kümpers4, S. Perner4, S. Karpf1, R.
Huber1
1Institut für Biomedizinische Optik, Universität zu Lübeck, Lübeck, Deutschland, 2Lübecker Institut für
Experimentelle Dermatologie, Universität zu Lübeck, Lübeck, Deutschland, 3Institut für Experimentelle und
Klinische Pharmakologie und Toxikologie, Universität zu Lübeck, Lübeck, Deutschland, 4Institut für
Pathologie, Universitätsklinikum Schleswig-Holstein, Lübeck, Deutschland

Question
The routine pathology workflow relies on labour and time-intensive paraffin sectioning. Fast frozen sections
are the main alternative but with lower quality. We want to evaluate, whether multiphoton microscopy [1]
could provide a fast alternative to paraffine or frozen sectioning by creating H&E images without cutting the
tissue.
After showing that it is possible to create H&E images of bulk tissue samples without sectioning using the
fluorescent dyes acridine orange and sulforhodamine 101, we reproduce the results with H&E. To compare
the quality of our multiphoton images to the classic methods, we image formalin-fixed, paraffine-embedded
(FFPE) sections with both techniques.
Methods
First, we preselect the area of interest by cutting a small piece ~5mm-1cm of bulk tissue from the sample.
Second, the tissue is stained in acridine orange and sulforhodamine 101 or in haematoxylin and eosin (H&E)
to highlight the cellular structures. Dehydrating or sectioning is not necessary. Third, the pieces of bulk tissue
are scanned by our self-built multiphoton microscope [2]. Fourth, the digital multiphoton images are colorised
and combined on a computer to create a large and zoomable H&E image.
Results
The figure shows comparison of a light microscopy image of a FFPE fixed piece of porcine kidney stained
with H&E to a multiphoton image of the same slide taken with our microscope. The colouring is created
digitally and can be adjusted to the user’s preferences. The multiphoton image shows largely the same level
of detail, however there are still a few stitching artifacts due to the data processing.
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H&E stained FFPE tissue section of porcine kidney imaged using light microscopy on the left and multiphoton microscopy on the right

Conclusion
We showed that multiphoton microscopy can create H&E-like images without sectioning the tissue. Two
different staining protocols have been tested to acquire high quality images. In the future we want to improve
our measurement speed and start first experiments using human tissue. The potential combination with other
imaging modalities (fluorescent lifetime imaging [3]) and applying AI algorithms on the digital data might
allow us to increase the diagnostic accuracy of our method.
Literaturangaben
[1] W. Denk, J.H. Strickler, and W.W. Webb, (1990), Two-photon laser scanning fluorescence microscopy,
Science, 73-76, https://science.sciencemag.org/content/248/4951/73
[2] Sebastian Karpf, Matthias Eibl, Benjamin Sauer, Fred Reinholz, Gereon Hüttmann, and Robert Huber,
(2016), ), Two-photon microscopy using fiber-based nanosecond excitation, Biomedical Optics Express,
2432- 2440, https://www.osapublishing.org/boe/abstract.cfm?uri=boe-7-7-2432
[3] Matthias Eibl, Sebastian Karpf, Daniel Weng, Hubertus Hakert, Tom Pfeiffer, Jan Philip Kolb, and Robert
Huber, (2017), Single pulse two photon fluorescence lifetime imaging (SP-FLIM) with MHz pixel rate,
Biomedical Optics Express, 3132-3142, https://www.osapublishing.org/boe/abstract.cfm?uri=boe-8-7-3132
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Ultrahigh content imaging for spatial resolution of biobank´s archival and in vitro primary resources
K. Bankov, P. J. Wild

University Hospital Frankfurt, Senckenberg Institute of Pathology, Frankfurt am Main, Deutschland

Question
High content molecular research methods enable fast and rapid data generation and subsequent analysis
and interpretation. Next to the technical confirmation translational and biological confirmation using larger
independent cohorts of primary archival or in vitro derived experimental models is needed. Spatial profiling
might potentially add a higher scientific resolution in terms of expression, cellular interaction, or cell-ofinterest enrichment. Therefore, two pilot studies have been set up to assess the potential of ultrahigh content
imaging using a new platform.

Methods
Both, primary archival tissue and a published coculture model consisting of primary cells and immortalized
cells have been considered to address FFPE samples and in vitro experimental set ups as a major resource
of the local biobank. Ultrahigh content imaging technology MACSIMA by Miltenyi Biotec based on cyclic
staining and immunofluorescence acquisition was used to acquire up to 40 targets of interest.
Results
Ultrahigh content imaging using MACSIMA qualifies for spatial expression studies using bio samples of
different origin and composition. The gentle cyclic staining protocol preserves the tissue throughout the
staining procedure. FFPE sections such as used in routine staining protocols can be applied as well as
Formalin-fixed in vitro models. The staining process itself requires less operating time but sufficient
computing capacities.
Conclusion
A new way to explore the spatial expression such as the MACSIMA platform could compute segmented
regions of interest dependent on their expression allocating signalling of interest to regions of interest.
Ultrahigh content imaging goes beyond technical validation and allows to re-assess selected findings in the
context of tissue composition. It enables the localization of target molecules on a subcellular and intercellular
level such as the identification of tissue hotspots defined by its expression, composition, and computed
segmentation. Tissue heterogeneity can be addressed to identify regions of exceptional signalling response
and progress. This method can be applied in multiple scenarios in translational science from hypothesisdriven research to biobank screening approaches.
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Neuroendocrine neoplasms of the thymus and lung: two birds of one feather?
H. Bohnenberger1, S. Küffer2, T. Oellerich3, P. Ströbel4
1Universitätsmedizin

Göttingen, Institut für Pathologie, Göttingen, Deutschland, 2Institut für Pathologie,
Universitätsmedizin, Göttingen, Deutschland, 3Universitätsklinikum Frankfurt, Klinik für Hämatologie und
Onkologie, Frankfurt, Deutschland, 4Institut für Pathologie, Universitätsklinikum Göttingen, Göttingen,
Deutschland

Inhalt
Neuroendokrine Tumoren der Lunge (LNET) und des Thymus (TNET) werden nach aktueller WHOKlassifikation nach identischen Kriterien in typische und atypische Karzinome sowie groß- und kleinzellige
neuroendokrine Karzinome unterteilt. Morphologisch und immunhistochemisch sind LNET und TNET nicht
zu unterscheiden, obwohl wichtige klinisch-epidemiologische Unterschiede existieren. Neuere molekulare
Daten zu TNET konnten zeigen, dass a) TNET in 2 große molekulare Gruppen (low-intermediate vs. high
grade) zerfallen, b) die histologische WHO-Klassifikation diese molekularen Gruppen nur unvollständig
widerspiegelt und c) eine "intermediäre" Gruppe von "NET-G3" Tumoren existiert, die von high grade
neuroendokrinen Karzinomen molekular und immunhistochemisch gut abgrenzbar ist. Obwohl derartige
Tumoren sehr wahrscheinlich auch in der Lunge vorkommen, deuten bisherige Daten darauf hin, dass "NETG3" vermutlich häufiger im Thymus auftreten. In einer aktuellen vergleichenden Studie von LNET und TNET
unserer Gruppe konnten wir anhand proteomischer Analysen und Genexpressionsdaten erstmals
nachweisen, dass low grade LNET und TNET sich signifikant unterscheiden, während high grade NET
beider Organe ein identisches Profil aufwiesen. Pulmonale NET-G3 waren in unserer Serie nicht enthalten;
die thymischen NET-G3 lagen im gleichen Cluster wie low grade NET.
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Interstitial Lung Disease in Infancy and Early Childhood
F. Länger1, N. Schwerk2, M. Ackermann3, C. Werlein1, D. Jonigk1
1Medizinische

Hochschule Hannover, Institut für Pathologie, Hannover, Deutschland, 2Medizinische
Hochschule Hannover, Pädiatrische Pneumologie, Hannover, Deutschland, 3Klinikum Wuppertal, Institut für
Pathologie, Wuppertal, Deutschland

Question
Diffuse, interstitielle Lungenerkrankungen des Säuglings- und Kindesalters (chILD) zeigen ein vom
Erwachsenalter deutlich abweichendes Krankheitsspektrum. Die etablierten Klassifikationen trennen dabei
zwischen für das frühe Kindesalter typischen und ILD ohne spezifischen Bezug zum Kindesalter. Die
Einordnung beruht dabei auf einer synoptischen Betrachtung der Befunde von Klinik, Bildgebung, Genetik
und Pathologie. Dieser Beitrag soll typische Lungenbefunde und ihre Einordnung in die EU chILD
Klassifikation aus der Medizinischen Hochschule Hannover vorstellen.

Methods
Es erfolgte eine retrospektive Analyse aller Lungenbiopsien von Patienten unter 10 Lebensjahren aus den
Jahren 2015 bis 2020 am Institut für Pathologie der Medizinischen Hochschule Hannover. In die Auswertung
einbezogen wurden alle Patienten mit ausreichender klinischer Dokumentation in der Klinik für Pädiatrische
Pneumologie der Medizinischen Hochschule Hannover und /oder dem EU chILD Register in München.
Results
Aus dem Spektrum der chILD überwiegen an der MHH deutlich diffuse Wachstumsstörungen des
Lungenparenchyms (A2 Kategorie), Mutationen mit Surfactant Dysfunktion (A4 Kategorie) und ILD mit
strukturellen, vaskulären Veränderungen (B4 Kategorie). Als morphologische Muster stehen dabei ein
alveolärer Reifungsarrest, eine alveoläre Simplifikation, eine interstitielle Verbreiterung mit/ohne
Inflammation, eine intraalveoläre Obliteration oder granulomatöse Entzündung im Vordergrund. Die
nosologische Zuordnung gelingt nur im Kontext ergänzender klinischer, radiologischer und genetischer
Befunde.
Conclusion
Diffuse, interstitielle Erkrankungen des Säuglings- und frühen Kindesalters zeigen ein von dem des
Erwachsenalters deutlich abweichendes Erkankungspektrum. Wesentlich für die Klassifikation ist die
interdisziplinäre Bewertung der Befunde durch ein Team erfahrener Pädiater, Pneumologen, Radiologen,
ggf. Humangenetiker und Pathologen.
Eine Lungenbiopsie kann eine spezifische chILD Diagnose bei bislang unklarem Befund errreichen und zu
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einer spezifischen Therapie beitragen. Die häufigsten morphologischen Muster dieser Altersgruppe sind die
alveoläre Simplifikation, chronische Pneumonitis des Kindesalters und die pulmonale alveoläre Proteinose
welche jeweils nur im klinischen Kontext spezifisch zugeordnet werden können.
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Spatial distribution of immune checkpoint proteins in different morphological subtypes of NSCLC
adenocarcinoma
S. Müller, S. Mayer, P. Möller, T. F. Barth, R. Marienfeld

Universität Ulm, Institut für Pathologie, Ulm, Deutschland

Question
Adenocarcinoma of the lung, is classified into different subtypes according to the predominant growth pattern
such as lepidic, acinar, papillary, solid or micropapillary,. Morphological heterogeneity results in different
molecular features, and is discussed as reason for treatment failure using small molecule inhibitors or
immune checkpoint inhibitors. For successful therapy of immune checkpoint inhibitors the expression and
distribution of the involved immune checkpoint proteins is essential. Therefore, we aimed to investigate the
distribution of five prominent immune checkpoint proteins in regard of the histological growth patterns of lung
adenocarcinoma.
Methods
We performed immunohistochemical staining of 84 tumor segments from 22 resected tumor samples to
evaluate the expression of PD-L1, PD-1, Nectin-2, PVR, and TIGIT in distinct growth patterns of lung
adenocarcinoma.
Results
We determined a distinct heterogeneity between and within different tumor segments regarding
morphological growth patterns. Furthermore, expression of immune checkpoint proteins varied between
different growth pattern areas as well as within one distinct growth pattern. Expression of PVR was
significantly higher in solid compared to acinar growth pattern (p= 0.00736). Of note, we detected TIGIT not
only on tumor
infiltrating lymphocytes but also on cells of adenocarcinoma, whereas non-neoplastic lung tissue was
consistently TIGIT-negative.
Conclusion
The immune checkpoint protein distribution in histologic subtypes of pulmonary adenocarcinoma displays an
considerable intra- and intertumoral heterogeneity implying the requirement of a multiregion analysis when
determining the expression status of PD-1:PD-L1 as wells as the TIGIT:PVR/Nectin-2 checkpoint proteins as
predictive markers.

64

AG Thoraxpathologie

AG02.05

Characterization of the tumor microenvironment in lung adenocarcinoma by single-cell RNA sequencing
P. Bischoff1, A. Trinks1, B. Obermayer2, J. P. Pett2, A. Lehmann1, P. Jurmeister1, A. Elsner3, T. Dziodzio3, J.-C.
Rückert3, J. Neudecker3, C. Falk4, D. Beule2, C. Sers1, M. Morkel1, D. Horst1, N. Blüthgen1, F. Klauschen1
1Charité - Universitätsmedizin Berlin, Institut für Pathologie, Berlin, Deutschland, 2Charité Universitätsmedizin Berlin, Core Unit Bioinformatics, Berlin, Deutschland, 3Charité - Universitätsmedizin
Berlin, Chirurgische Klinik Campus Charité Mitte / Campus Virchow-Klinikum, Berlin, Deutschland,
4Medizinische Hochschule Hannover, Institut für Transplantationsimmunologie, Hannover, Deutschland

Question
Recent developments in immuno-oncology demonstrate that not only cancer cells, but also features of the
tumor microenvironment guide precision medicine. Still, the relationship between cancer cells and their
microenvironment remains poorly understood. A comprehensive and in-depth characterization of the tumor
microenvironment is challenging since its cell populations are diverse and can be important even if scarce.
Recently developed single-cell approaches can help to overcome this limitation.
Methods
We applied single-cell RNA sequencing to tumor tissue samples of 10 lung adenocarcinoma patients and
matched normal lung parenchyma. Tissue samples were enzymatically dissociated to single-cell
suspensions, mRNA molecules were tagged with cell-specific barcodes, and sequenced by next-generation
sequencing. Single-cell gene expression profiles were analyzed using the R package "Seurat".
Results
On the single-cell level, the highly heterogeneous gene expression patterns of carcinoma cells reflected
histological grade and activity of relevant oncogenic pathways. Furthermore, our analysis revealed the
heterogeneous cellular composition of the tumor microenvironment across patients featuring two distinct
microenvironmental patterns. We identified a prognostically unfavorable group of tumors with a
microenvironment composed of cancer-associated myofibroblasts, exhausted CD8+ T cells, proinflammatory
monocyte-derived macrophages and plasmacytoid dendritic cells (CEP² pattern) and a prognostically
favorable group characterized by myeloid dendritic cells, anti-inflammatory monocyte-derived macrophages,
normal-like myofibroblasts, NK cells and conventional T cells (MAN²C pattern).
Conclusion
Our results show that single-cell gene expression profiling allows to identify patient subgroups based on the
tumor microenvironment beyond cancer cell-centric profiling. This can provide additional prognostic
information, help to predict therapy response, and reveal possible target cell populations within the tumor
microenvironment of lung adenocarcinomas.
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Mutational landscape of non-small cell lung cancer with MET gene alterations
S. Lohfink-Schumm1, N. Pelusi1, A.-L. Wulf1, H. Schorle1, D. Skowasch2, C. Pizarro2, J. Schmidt3, Y.-D. Ko4, P.
Brossart5, G. Kristiansen1, V. Tischler1
1Universitätsklinik
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Innere Medizin Sektion Pneumologie, Bonn, Deutschland, 3Universitätsklinik Bonn, Klinik und Poliklinik für
Allgemein-, Viszeral-, Thorax- und Gefäßchirurgie Sektion Thoraxchirurgie, Bonn, Deutschland, 4JohanniterKlinikum Bonn, Haematologie und Internistische Onkologie, Bonn, Deutschland, 5Universitätsklinik Bonn,
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Question
Background and Aims:
MET overexpression in solid tumours drives cell proliferation, motility, and invasiveness. A substantial
number of non-small cell lung cancer (NSCLC) harbor MET alterations, however, the optimal CNV cutoff for
therapy and the effect of co-mutations are still unclear. We aimed to describe the molecular heterogeneity of
NSCLC with MET alterations.

Methods
Material and Methods:
A cohort of unselected consecutive 364 NSCLC samples was analysed by next generation sequencing
(EGFR, BRAF, NRAS, KRAS, MET, TP53, PIK3CA, ERB, RET, KEAP1, MAP2K1, PTEN, FGFR4, STK11,
NTRK, ROS, ALK)) and MET FISH analysis.

Results
Results:
81 tumors demonstrate MET alterations (22.3% of NGS cases), mostly increased MET GCN (90.1% of MET
alterations). 83.9% of these show co-mutations. High level MET amplification was found in 10/81 cases
(12.4%), intermediate level in 8/81 cases (9.9%), low level in 50/81 cases (61,7%) and top-level amplification
in 5/81 cases (6.2%). 55.6% of MET alterations harbour TP53 mutation. 33.3% of MET alterations show
KRAS mutations.
In the low level MET amplification group 16,0% showed exclusive MET amplification without any other gene
variants. Intermediate level cases showed 100% co-mutations. Most frequently TP53 mutation (62,5%)
occurred, second most KRAS mutation (50%) followed by EGFR mutation (37.5%).
In the high level MET amplification 80% have mutations in gene TP53 and 30% in gene KRAS as well as
one EGFR, one BRAF, and RET variant. One case (10%) had no other gene alterations. Five cases fullfilled
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the criteria of top level MET amplification. Three of them (60%) exhibited co-mutations (TP 53- 3 cases,
BRAF- 1 case). 6/81 (7,4%) of the samples beared a MET mutation. Four of them showed an exon 14
skipping mutation with 50% co-mutation (additional two cases with MET variants of unknown significance):
One case with mutation in KRAS and TP53 with high level amplification. One case with mutation in TP53, no
MET-gene amplification. Two of them showed no accompanying variants.

Conclusion
Conclusions:
NSCLC with MET alterations show a complex pattern of concurring mutations in typical driver genes. Comutations in other oncogenic driver genes like KRAS and tumor suppressors like TP53 are estimated to
affect MET inhibition. Further work will focus on the comparison of copy number variations detected by FISH
with those based on NGS.
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Histological Features of Paediatric Acute Liver Failure - Experiences from a Tertiary Referral Center for
Paediatric Liver Disease in the UK.
J. Stahlschmidt

St James's University Hospital, Dept. of Histopathology and Molecular Pathology, Leeds, Vereinigtes
Königreich

Inhalt
Das pädiatrische akute Leberversagen (pALV) repräsentiert die Endstufe verschiedenster pathologischer
Ätiologien, die innerhalb von Tagen bis Wochen zu einer lebensbedrohlichen Multisystemerkrankung mit
oder ohne einer hepatischen Enzephalopathie führen können.

Die Ätiologie des pALV ist weit gefächert und nicht nur abhängig vom Alter des Kindes, sondern auch der
geografischen Herkunft. Generell sind die non A-E Hepatitiden/seronegativen Hepatitiden am häufigsten
vertreten. Ein Großteil des neonatalen ALV beruht auf einer fetalen alloimmunen Lebernekrose (GALD),
gefolgt von metabolischen und infektiösen Ursachen bei Säuglingen. Bei älteren Kindern sind
Virushepatitiden und medikamentöse/toxische Ursachen häufig. Im Teenageralter sind der Morbus Wilson
und autoimmune Ätiologien zu finden. Andere Ursachen sind Infektionen, Ischämien und maligne (onkohaematologische) Erkrankungen.

Bei der Pathogenese spielt die hepatozelluläre Nekrose, die die Rate der Hepatozytenregeneration
übersteigt, eine zentrale Rolle. Differentialdiagnostisch sollte eine bereits bestehende chronische
Lebererkrankung immer vorweg ausgeschlossen werden. Die "Pediatric Acute Liver Failure (PALF) Study
Group" (NIH) entwickelte diesbezüglich einen klinische Kriterienkatalog für den angloamerikanischen Raum
(Squires RH et al., J Pediatr 2006; 148:652-8).
Bei der pathomorphologischen Diagnose ist die Möglichkeit, dass die Biopsie nicht repräsentativ ist ist immer
mit zu berücksichtigen. Durch die nicht spezifische Nekrose kann die Aussagekraft der Leberbiopsie im
pALV auch begrenzt sein. Die histologische Diagnose stellt in jedem Fall nur einen Baustein bei der
Diagnosefindung dar. In den meisten Fällen (mit bestehender Koagulopathie) ist eine Leberbiopsie sogar
kontraindiziert.

In diesem Vortrag werden anhand von Fallbeispielen verschiedene Präsentationsformen des pALV
präsentiert, mögliche Differentialdiagnosen diskutiert und die Möglichkeiten aber auch Grenzen der
bioptischen Diagnosesicherung beim pALV vorgestellt.
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Therapeutic targeting of cytokinesis triggers mitotic catastrophe in genomically silent childhood cancer
T. Grünewald1, 2
1Deutsches

Krebsforschungszentrum (DKFZ) & Hopp-Kindertumorzentrum Heidelberg (KiTZ), Abteilung für
Translationale Pädiatrische Sarkomforschung, Heidelberg, Deutschland, 2Pathologisches Institut,
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Question
Chromosomal instability (CIN) is a hallmark of cancer. Yet, many childhood cancers, such as Ewing sarcoma
(EwS), feature remarkably ‘silent’ genomes with minimal CIN. In this study, we explored whether excessive
CIN-induction may be employed as a new treatement strategy for EwS and investiagted critical determinants
to predicit its efficacy.

Methods
We used an integrative approach combining a large variety of genetic, functional, and pharmacological in
vitro and in vivo assays .
Results
Here, we show in the EwS model how uncoupling of mitosis and cytokinesis via targeting protein regulator of
cytokinesis 1 (PRC1) or its activating polo-like kinase 1 (PLK1) can be employed to induce fatal genomic
instability and tumor regression. We find that the EwS-specific oncogenic transcription factor EWSR1-FLI1
hijacks PRC1, which physiologically safeguards controlled cell division, through binding to a proximal
enhancer-like GGAA-microsatellite, thereby promoting tumor growth and poor clinical outcome. Via
integration of transcriptome-profiling and functional in vitro and in vivo experiments including CRISPRmediated enhancer editing, we discover that high PRC1 expression creates a therapeutic vulnerability
toward PLK1 inhibition that can repress even chemo-resistant EwS cells by triggering mitotic catastrophe.
Conclusion
Collectively, our results exemplify how aberrant PRC1 activation by a dominant oncogene can confer
malignancy but provide opportunities for targeted therapy, and identify PRC1 as important determinant to
predict the efficacy of PLK1 inhibitors being in clinical trials.
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Molecular analyses of a stage IV neuroblastoma over time of disease, including primary diagnosis, metastases
and relapse.
J. Gotta, S. Gretser, M.-C. Demes, E. Gradhand

Dr. Senckenbergisches Institut für Pathologie Frankfurt am Main, Pathologie, Frankfurt am Main,
Deutschland

Question
The clinical and biological heterogeneity of neuroblastoma (NB) leads to a wide range of outcomes, ranging
from spontaneous regression to unstoppable progression despite intensive therapy.
Due to better access for testing genetic alterations which can be used in targeted therapies, there is always
hope that the outcome for high-risk NB patients can be improved. Therefore, molecular pathology
investigations gain more and more importance. We present a case of a two-year-old girl with a NB and
consecutive metastases, relapses and finally death of disease. We obtained the parental consent to examine
the tumours for their molecular changes.

Methods
The two-year- old girl was admitted to hospital for an increasing mass in the epigastric region.
A biopsy was performed and sent for histological investigation. On the paraffin embedded tissue
histochemical and immunohistochemical stains were performed. Later, biopsies of the recurrent tumours,
after therapy and samples from the autopsy were taken and examined.
Finally, molecular testing was performed on all the different samples using the Oncomine Comprehensive
Assay v3 (ThermoFisher) (OCA) including 161 of the most relevant cancer genes.

Results
All surgical specimens showed a poorly differentiated stroma-poor NB with small blue round cell tumour cells
and minimal neuropil. The tumour cells showed a strong expression of Ki67, CD56 as well as a low
expression of Chromogranin A and Synaptophysin. There was no expression of Desmin, WT1, CD99 and
LCA. The FISH analysis revealed an N-myc- amplification, which was confirmed in all following tumour
biopsies by the OCA.

Conclusion
We present the case of a two-year-old girl with stage 4 NB at diagnosis. Extensive molecular testing was
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undertaken on all tumour samples. To our knowledge, there is no publication about a patient having all NB
tumours (primary tumour, metastases and relapse tumour at death) molecularly analysed.
Despite the initially found N-myc-amplification, we could not detect any other significant genomic alterations
even after several changes of the therapeutic regimen.
This is an exemplary case for a therapy resistant tumour progression. We could not identify an alternative
target with the OCA to at least delay the progress of the NB. The patient died of the disease at the age of
four. This case shows no significant molecular changes concerning the 161 most relevant cancer genes
gained within the relapsed tumour which unfortunately also included no gain of possible therapy targets.
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A Nutritional Intervention Experiment in a Mouse Model as a Possible Strategy to Reduce Placental Dysfunction
in Maternal Obesity
C. Wölpert1, E.-M. Turnwald1, M. Wohlfarth1, T. Kretschmer2, R. Janoschek1, E. Hucklenbruch-Rother1, J. Dötsch1, S.
Appel1
1Uniklinik

Köln, Kinderklinik, Köln, Deutschland, 2Helmholtz-Zentrum für Umweltforschung – UFZ,
Umweltimmunologie, Leipzig, Deutschland

Question
Maternal obesity during pregnancy leads to increased complications in both mother and child [1]. A key role
especially in fetal care and outcome throughout pregnancy is played by the placenta, which forms the fetomaternal transfer zone [2][3]. Obesity itself can induce a placental damage. This is, amongst others, caused
by an increased number of proinflammatory cytokines which destroy cell-to-cell-contacts and induce
apoptosis in endothelial cells [4][5][6]. Moreover, the number of trophoblasts decreases and vascular
damage within the placenta occurs [7].
With the intention of preventing placental dysfunction in obesity, the effect of a nutritional intervention during
pregnancy and its effect on the function of the placenta has been investigated.
Methods
Therefore, a mouse model was established, including three different groups. We had healthy, lean control
mice (SD = standard diet), obese mice who received a high fat diet before and throughout pregnancy (HFD =
high fat diet) and the intervention group of obese mice receiving the standard diet as soon as they were
mated to become pregnant (NI = nutritional intervention). The phenotypic data were analyzed, followed by a
detailed analysis of the placenta with regard to placental dysfunction. Via immunofluorescence staining, the
number of proliferating, apoptotic and senescent endothelial cells were determined. During stereological
examinations, the volumes of the placental zones as well as the vascular structure were examined. At the
molecular level, qPCRs and Western blots were performed to determine endothelial cell and cell-to-cell
contact marker.
Results
We detected a positive effect of nutritional intervention on phenotypic parameters such as mothers body and
fat weight and fetal weight. On the molecular level, we found interesting effects such as obese mothers have
been shown to have alterations in endothelial cell markers that could be improved by nutritional intervention.
Conclusion
To sum it up, a nutritional intervention in pregnancy has the potential to improve the condition of an obese
mother and her unborn child and could thus prevent obesity related complications.
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Reduction of placental dysfunction in maternal obesity. A physical exercise intervention during pregnancy in a
mouse model.
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Question
The number of obese women of childbearing age is increasing[1]. This poses a major challenge, as obesity
is not only unfavorable for the pregnant woman herself but also endangers fetal health. The placenta,
connecting mother and fetus, takes on a vital exchange function during pregnancy. Many pregnancy
complications caused by obesity are due to impaired placental function[2][3].
An important therapeutic approach for controlling overweight is physical activity. The positive effects of
physical exercise during pregnancy have been widely acknowledged[4]. However, molecular changes and
mechanisms of a possible improvement of placental function by physical exercise remain largely unknown.
This project is based on a mouse model and aims to elucidate the effects of sport during pregnancy on
phenotypic parameters of mother and offspring, placental morphology, vascularization and endothelial cell
homeostasis especially in the murine labyrinth (feto-maternal transfer zone).

Methods
Four different groups of female C57BL/6N mice were generated: The control group (SD) received a standard
diet throughout the whole experiment. In a second group obesity was induced by feeding a high fat diet
(HFD). After mating, these two groups were each divided into subgroups: one without intervention (SD, HFD)
and one that performed voluntary wheel running throughout gestation (SD RUN, HFD RUN). On gestational
day (G) 16 pregnant dams were sacrificed for organ removal.
Stereological analyses were applied to study morphology of the placenta and the vasculature of the
labyrinth. We performed immunofluorescence staining to evaluate the effect of physical exercise on
endothelial cell homeostasis (proliferation, apoptosis, senescence). Furthermore, western blot analysis was
used to examine protein level of endothelial cell and adherens junction markers to study endothelial cell
integrity.

Results
We found that fetuses of HFD-fed dams develop a growth restriction on G16 while sport could improve fetal
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weight (HFD RUN). In the placenta of obese dams, impaired endothelial cell homeostasis and altered fetal
vasculature and endothelial integrity were revealed, while sport could partially improve placental function.

Conclusion
Overall, physical exercise seems to be a useful therapeutic approach to alleviate obesity related pregnancy
complications by affecting maternal, fetal and placental parameters.

Literaturangaben
[1] Mensink, G. B. Schienkiewitz, A. Haftenberger, M. Lampert, T. Ziese, T. Scheidt-Nave, C., (2013),
Overweight and obesity in Germany: results of the German Health Interview and Examination Survey for
Adults (DEGS1), Bundesgesundheitsblatt Gesundheitsforschung Gesundheitsschutz, 786-794, 56(5-6)
[2] Challier, J. C. Basu, S. Bintein, T. Minium, J. Hotmire, K. Catalano, P. M. Hauguel-de Mouzon, S.,
(2008), Obesity in pregnancy stimulates macrophage accumulation and inflammation in the placenta,
Placenta, 274-281, 29(3)
[3] Malti, N. Merzouk, H. Merzouk, S. A. Loukidi, B. Karaouzene, N. Malti, A. Narce, M., (2014), Oxidative
stress and maternal obesity: feto-placental unit interaction, Placenta, 411-416, 35(6)
[4] Barakat, R. Perales, M. Garatachea, N. Ruiz, J. R. Lucia, A., (2015), Exercise during pregnancy. A
narrative review asking: what do we know?, Br J Sports Med, 1377-1381, 49(21)

75

AG Kinder- und Fetalpathologie

AG03.06

Importance of autopsy in a case of a genetically diagnosed Fuhrmann syndrome
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Question
Fuhrmann syndrome, characterized by fibular a- or hypoplasia, femoral bowing and poly-, syn- or
oligodactyly is a rare occurrence (approx. 1 to 1.000.000) with only few cases published worldwide. AlAwadi/Raas-Rothschild (AARR) syndrome is defined as a phocomelia syndrome with limb/pelvic
hypoplasia/aplasia, renal anomalies (horseshoe polycystic kidney) and abnormal facial features including
cleft palate, hypertelorism and micro-retrognatia. The genetic mutation for both syndromes is located on
WNT7A-gene at locus 3p25.1 with an autosomal-recessive trait. It codes for the WNT7A-protein which is
discussed to lead to the dysfunction. We present a case of a women G5/P1, the parents being consanguin.
One newborn, delivered by sectio died 2 days post partum. No autopsy was performed. In the two following
pregnancies Fuhrman Syndrome was genetically diagnosed, again no autopsy was done. We present the
third following pregnancy, delivered again under the prenatal genetic diagnosis of Fuhrmann-Syndrome.

Methods
Macroscopical, radiological and histological examination of a fetus of the 15th gestational week.
Results
Macroscopically a phokomelia of the lower limbs was the dominant pathomorphological symptom. Radiology
confirmed the following skeletal malformations: missing ulnae, oligo- and syndactyly, highly hypoplastic
pelvis and aplasia resp. shortening of the lower limbs. Autopsy revealed additional malformations in form of a
split uvula, diaphragmal aplasia, consecutive herniation of the left liver lobe, the spleen and the stomach into
the thorax, a two-part pancreas and an extralobar lung sequester on the left side. Histology, though slightly
hampered by autolysis, displayed organs’ development according to gestational age. Likewise, the brain was
developed according to gestational age.
Conclusion
Our case presents the skeletal and internal malformations typical for a Schinzel Phokomelia syndrome (= AlAwadi/Raas-Rothschild syndrome). As Al-Awadi/Raas-Rothschild (AARR) syndrome and Fuhrmann
syndrome are both located on the same gene, exclusive genetic diagnosis can be misleading. Furthermore,
this case demonstrates that only by autopsy the correct syndrome could be diagnosed.
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Impacts of Different Cardioplegic Solutions on the Ischemic Myocardial Capillary Endothelium
C. Preusse1, A. M. Müller2
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Question
Today, the vast majority of open heart procedures is performed by isolated electro-mechanical cardiac arrest
combined with use of heart-lung machine. Heart arrest leads to myocardial ischemia. For tissue protection
the heart is perfused by cardioplegic solution, of which different ones are in use. Hence it could be assumed
that all cardioplegic solutions exert the same protection on the myocardium. On the basis of this assumption,
we investigated morphologically capillary endothelium in an experimental study on adult mongrel dogs, since
insufficient protection of the capillary endothelium may lead to impaired postischemic microcirculation.
Methods
After standardized premedication, i.v. anesthesia and endotracheal intubation all dogs (mean bw 33 kg)
underwent median thoracotomy. After appropriate preparation, a sufficiently long cardioplegic perfusion of
the heart was carried out using following cardioplegic solutions: St. Thomas' solution (STH), Kirklin solution
(KIS), HTK solution. In the fourth group pure ischemic cardiac arrest (ISA) was performed. All four groups
consisted of 3 dogs each. After extirpation, all hearts were continuously incubated at 25°C for up to 6 hours
and samples were taken from the left ventricle at defined times (every 10 min to 30 min) for morphological
analyses of the capillary endothelium. By electron microscopy the following parameters were analyzed:
intracellular edema, numbers of granules, diameters of vesicles, thickness of endothelial cells and basal
membrane. Additional to morphological evaluations interstitial pH was continuously measured by pH-glass
electrodes.

Results
During 180-min-ischemia basal membrane increased from 80 nm to 161 nm, in KIS from 87 nm to 215 nm, in
STH from 81 nm to 164 nm, in HTK from 80 nm to 97 nm. Per 250 mitochondrial cuts 17 granules were
detected in ISA, 29 in STH, 27 in KIS and 37 in HTK. In STH and KIS, pronounced intracellular edema was
detected when compared to HTK. In KIS, development of endothelial edema was accelerated and
intensified. Considering myocardial acidosis, smallest decrease was seen in HTK, largest decrease in ISA.
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Conclusion
With regard to protection of capillary endothelium STH and KIS are less effective than HTK. Such an
effective protection has an impact on early post-ischemic recovery, since the endothelium is less impaired
the more undisturbed is the postischemic microcirculation. Reasons for the differences in endothelial
protection among all groups will be discussed.
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Skin Infections: Instructive Cases and helpful Clues
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Inhalt
Erregerbedingte Hauterkrankungen gehören zu den häufigen Problemen der dermatologischen Praxis.
Daher ist bei Hautbiopsien mit entzündlichen Infiltraten immer auch an eine erregerbedingte Genese zu
denken. Nicht immer stellen sich jedoch die Erreger in der HämatoxylinEosin-Färbung dar und auch
histochemische und immunhistochemische Färbungen können bei erregerarmen Manifestationen falsch
negativ sein. Daher ist es wichtig, das morphologische Spektrum der erregerbedingten Hauterkrankungen
auch mit selteneren Varianten gut zu kennen. Anhand von Fallbeispielen soll auf weniger bekannte
Reaktionsmuster häufiger Infektionserkrankungen (z.B. Herpes, Cosacki, Borreliose, Lues, Skabies) und
auch auf einige Raritäten (z.B. Rickettsiose, Lepra) aufmerksam gemacht werden. Der Stellenwert von
molekularbiologischer Diagnostik am Paraffinmaterial wird hierbei kritisch erörtert.
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Cutaneous lymphomas - an update 2021
W. Kempf
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Inhalt
Kutane Lymphome umfassen ein klinisch, histologisch und immunphänotypisch breites Spektrum
lymphoproliferativer Erkrankungen. Im Gegensatz zu nodalen Lymphomen überwiegen bei den primär
kutanen Lymphomen die T-Zell-Lymphome, welche ca. 70% aller primär kutanen Lymphome ausmachen.
Hierbei stehen die Mycosis fungoides (MF) und die kutanen CD30-positiven lymphoproliferativen
Erkrankungen im Vordergrund. Die MF ist durch zahlreiche klinische, histologische und phänotypische
Varianten gekennzeichnet, wobei insbesondere die follikulotrope MF von Bedeutung ist. Hierbei konnte in
neueren Studien eine prognostische Unterteilung in eine frühe indolente und eine fortgeschrittene
aggressive Verlaufsform mit entsprechenden histologischen Korrelaten nachgewiesen werden. Mit der
Einführung neuer zielgerichteter Therapieformen gewinnt der immunhistochemische Nachweis von
Zielstrukturen eine besondere Bedeutung, worauf anhand der CD30-Färbung bei der Färbung eingegangen
wird. Bei den primär kutanen CD30-positiven LPD zeigt die lymphomatoide Papulose (LyP) ein sehr breites
histologisches Spektrum mit sechs definierten Typen zeigt, welche in zur Abgrenzung gegenüber
aggressiven T-Zell-Lymphomen von Bedeutung sind. Die Gruppe der primär kutanen peripheren T-ZellLymphome ist bezüglich des biologischen Verhaltens und der Prognose äusserst heterogen. Es wird speziell
auf die in der revidierten WHO-Klassifikation (2017/2018) neu aufgenommene provisorische Entität des
primär kutanen akralen CD8-positiven T-Zell-Lymphoms eingegangen und dessen Abgrenzung von anderen
CD8-positiven lymphoproliferativen Erkrankungen der Haut aufgezeigt. Bei den kutanen B-Zell-Lymphomen
(CBCL) stehen im Vordergrund das kutane Marginalzonenlymphom (PCMZL), das primär kutane
Keimzentrumslymphom und das diffuse grosszellige B-Zell-Lymphom (DGBZL) vom Bein-Typ. Beim kutanen
Keimzentrumslymphom konnten. neuere genetische Untersuchungen konnten zwei Subgruppen
identifizierten. Das mukokutane EBV-assoziierte Ulcus ist durch eine rasch grössenprogrediente Ulzeration
und eine ausgeprägte Pleomorphie der Tumorzellen in einem dichten Begleitinfiltrat charakterisiert. Die
Erkrankung tritt gehäuft bei Patienten unter immunsuppressiver Therapie auf und zeigt eine gute Prognose.
Der Stellenwert der klinisch-pathologischen Korrelation der differentialdiagnostischen Abgrenzung der
Lymphomtypen und der diagnostischen Zuordnung wird aufgezeigt.
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Establishing an immune diagnosis of metastatic melanoma with digital pathology
B. Sobottka1, M. Nowak1, A. Frei1, M. Haberecker1, S. Merki1, Tumor Profiler Consortium, M. Levesque2, R. Dummer2,
H. Moch1, V. H. Koelzer1
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Question
CD8+ tumor-infiltrating T cells can be regarded as one of the most relevant predictive biomarkers in immuneoncology. Highly infiltrated tumors, referred to as inflamed (clinically “hot”), show the most favorable
response to immune checkpoint inhibitors in contrast to tumors with a scarce immune infiltrate called immune
desert or excluded (clinically “cold”). Nevertheless, quantitative and reproducible methods examining their
prevalence within tumors are lacking. We therefore established a computational diagnostic algorithm to
quantitatively measure spatial densities of tumor-infiltrating CD8+ T cells and classify metastatic melanoma
into clinically relevant immune phenotypes.
Methods
CD8+ T cell densities were quantified by digital pathology in consideration of the three known tumor
compartments in 114 metastatic melanomas of the Swiss Tumor Profiler cohort. Pre-analytical and analytical
workflow robustness was confirmed in 33 samples of an independent retrospective validation cohort.
Results
CD8+ T cells densities were measured by digital pathology with high reproducibility in the discovery and
validation cohort. Infiltrates were separately assessed based on spatial localization and localized to defined
tumor compartments as recommended by the International Immuno-Oncology Biomarker Working Group.
The introduction of the intratumoral tumor center compartment proved to be most relevant for establishing an
immune diagnosis in metastatic disease, independent of metastatic site. Cut-off values for reproducible
classification were defined and successfully assigned densities into the respective immune diagnostic
category in the validation cohort.
Conclusion
We provide a robust diagnostic algorithm based on intratumoral and stromal CD8+ T cell densities in the
tumor center compartment that translates spatial densities of tumor-infiltrating CD8+ T cells into the clinically
relevant immune diagnostic categories “inflamed”, “excluded” and “desert”. The consideration of the
intratumoral tumor center compartment allows immune phenotyping in the clinically highly relevant setting of
metastatic lesions, even if the invasive margin compartment is not captured in biopsy material.
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Clinical, histopathological, molecular-cytogenetical features and association with Epstein-Barr-virus of a large
cohort of cutaneous diffuse large B-cell lymphomas
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Question
Diffuse large B-cell lymphomas (DLBCL) presenting in the skin are rare. The frequency of Epstein-Barr-virus
(EBV) association is hitherto unknown. So far published molecular and immunophenotypic studies contain
relatively low case numbers.
Methods
A cohort of 138 patients with DLBCL occurring in the skin were identified in the files of the Lymph Node
Registry Kiel over a period from 2001-2019. We reviewed the diagnosis and documented the clinical
features. Cell of Origin (COO, as germinal center B-cell-like, GCB and non-GCB) was analyzed by
immunohistochemistry. MYC, BCL2, IGH and BCL6-breaks were analyzed by fluorescence in situ
hybridization (FISH) and EBV status by in situ hybridization (EBER).
Results
62 patients were male and 76 female (m:f = 1:1.2). Median age was 80 years (range 34-99). The site of skin
involvement was the leg in 48% (n=66), trunk 19% (n=26), arms 12% (n=16), head 10 % (n=14) or unknown
in 12% (n=16). Formalin fixed and paraffin embedded (FFPE) tissue specimen were available for 113 cases.

Immunhistochemical analysis of COO assigned 25% (22/87) to the GCB and 75% (65/87) the non-GCB
subtype. EBV-association was detected in only 2% (2/87 evaluable cases). One EBV-positive case arose in
a patient with a previous history of angioimmunoblastic T-cell lymphoma. The second EBV+ case lacked
further clinical information.
FISH demonstrated a MYC-break in 18% (16/88), BCL2 in 4% (3/69), BCL6 in 12% (7/58) and IGH in 26%
(14/53). Combining all available FISH-data a double-hit with MYC and BCL2 or BCL6-break was found in 3%
(3/90).
Conclusion
Our large series of cutaneous DLBCL confirms several findings previously reported in the literature, such as
the advanced age of the patients, the female predominance and the preferential presentation on the leg as
well as the prevailing non-GCB phenotype. We find a higher frequency of MYC-breaks as previously
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reported. In addition, we demonstrate for the first time that EBV-association of these lymphomas is rare.
This well-characterized cohort will serve as a valuable collective for future research on this rare subtype of
DLBCL.
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Deep learning based semantic segmentation to assist dermatopathological assessment of Basal Cell Carcinoma
(BCC)
D. Otero Baguer1, 2, J. Le'Clerc Arrastia1, N. Heilenkötter1, L. Hauberg-Lotte1, N. Duschner2, S. Hetzer2, J. Schaller2, P.
Maass1
1Universität

Bremen, Zentrum für Technomathematic (ZeTeM), Bremen, Deutschland, 2Dermatopathologie
Duisburg Essen, Essen, Deutschland

Question
Accurate and fast assessment of Basal Cell Carcinoma (BCC) resection margins is an essential part of a
dermatopathologist's clinical routine. In this work, we successfully develop a deep learning method that can
support dermatopathologists in providing fast, reliable, and reproducible decisions.
Methods
The study includes 650 Whole Slide Images (WSI) with 3443 tissue sections in total. Two clinical
dermatopathologists annotated the data, marking tumor tissues' exact location on 100 WSI. The rest of the
data, which only contains ground-truth section-wise labels, is used to validate and test the models. The first
and most crucial step we do is to automatically highlight where the tumors are located with the highest
probability. That also allows the pathologist to interpret the computer-based decisions. To this end, we
perform semantic segmentation on tiles of the WSI, and combine them to create a large heatmap. In the
study, we also compare several UNet-like neural network architectures in terms of speed and segmentation
accuracy. Finally, based on the heatmaps, we perform automatic classification of the tissue sections.

Results
The results were obtained in the form of a blind study, i.e., the sections' ground-truth labels did not exist yet
during training. Initial labels were generated using our model, which were then revised and corrected by the
dermatopathologists. In this context, the model achieved very promising results with more than 96%,
accuracy, sensitivity, and specificity.
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Generated heatmap for a section from the test data. On the right, highlighted regions show tumor parts that were detected by our
model..

Conclusion
The results in this work show the potential of deep learning methods to assist dermapatopathological
assessment of BCC. The proposed methods may be used as a starting point to develop an AI-guided
framework to assist dermatopathologists in completing routine tasks with maximum efficiency.
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Prognostic Impact of Tumor Cell Budding In HPV-positive and HPV-negative Head and Neck Squamous Cell
Carcinoma
F. Stögbauer1, S. Beck2, M. Jesinghaus1, 3, A. Stenzinger2, 4, P. Schirmacher2, 4, W. Weichert1, 3, M. Boxberg1, 3, J.
Budczies2, 4
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Pathologie, DKTK Partner München, München, Deutschland, 4Deutsches Konsortium für Translationale
Krebsforschung (DKTK), Heidelberg, Deutschland

Question
In previous studies a tumor cell budding (TCB) based grading scheme including budding activity (BA) and
minimal cell nest size (MCNS) predicted survival in HPV-negative head and neck squamous cell carcinoma
(HNSCC). However, applied cut-off values for BA and MCNS were determined arbitrarily and data
concerning HPV-positive HNSCC were lacking. To contribute to fill these gaps, we evaluated TCB in the
TCGA HNSCC cohort.
Methods
Analyses were conducted in 331 digitalized HE-stained slides from the TCGA HNSCC cohort (n=45 HPVpositive and n=286 HPV-negative tumors). BA was defined as the number of detached tumor cell (TC)
clusters of four or less TC from the tumor mass. MCNS was defined as the size of the smallest invasive cell
nest. BA and MCNS were evaluated in a single high-power field (HPF, 97464 µm2 = field diameter 0.55mm
in light microscopy) and in 10 HPF. BA cutpoints were defined by inspection of the histogram and compared
to previously established values. Overall survival (OS) was analyzed using the Kaplan-Meier estimator and
Cox proportional hazard models.
Results
BA was confirmed as prognostic parameter whereas MCNS did not provide additional prognostic
information. Optimal prognostic stratification was obtained for a cutpoint of 6 tumor buds/10 HPF yielding a
two-tiered grading system (TCB-high vs. TCB-low). OS was shortened in TCB-high compared to TCB-low
patients (HR=1.64, p=0.002). Stratifying the cohort with respect to HPV-status, BA was a prognostic marker
in both HPV-negative and HPV-positive tumors (HR=1.48, p=0.03 and HR=5.05, p=0.001). Furthermore, BA
remained a prognostic marker in a multivariate analysis including correction for age, gender, smoking status,
localization, AJCC stage, tumor margin status and HPV-status (HR=1.72, p=0.004). BA obtained from the
evaluation of 1 HPF and 10 HPF were strongly correlated (Pearson R=0.88).
Conclusion
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Using a new, optimized cutpoint for BA, the prognostic impact of TCB could be confirmed for HPV-negative
HNSCC and for the first time demonstrated for HPV-positive HNSCC. Inclusion of MCNS did not give
additional prognostic information. High correlation of TCB obtained from the evaluation of 1 HPF and 10 HPF
indicates the applicability of the TCB-based grading for both resection and biopsy specimens. In future,
analysis of digitalized slides combined with artificial intelligence-based identification of the tumor cells could
pave the way for automated TCB-determination.
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High-resolution mass spectrometry identifies new immunohistochemical markers to differentiate primary
squamous cell carcinomas of the lung and metastasis of squamous cell carcinomas of the head and neck
A. Richter1, J. Joost1, A. Fichtner1, P. Brockmeyer2, P. Kauffmann2, H. Schliephake2, S. Küffer1, A. HammersteinEquord3, H. Urlaub4, 5, T. Oellerich6, 7, P. Ströbel1, H. Bohnenberger1, F. Bremmer1
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Thoracic and Cardiovascular Surgery, University Medical Center, Göttingen, Deutschland, 4Bioanalytical
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Question
The differentiation between primary squamous cell carcinomas of the lung (SQCLC) after head and neck
squamous cell carcinoma (HNSCC) and metastasis of a head and neck squamous cell carcinoma
(metHNSCC) is difficult due, among other things, to missing biomarkers. However, this would be important
for the prognosis and the proceeding therapy.

Methods
We performed stable isotope labeling by amino acids in cell culture (SILAC)-based mass spectrometry on
squamous cell carcinoma cell lines of the lung and the head and neck. The detcted proteins were analysed
by immunohistochemistry on 98 SQCLC, 96 HNSCC and 12 lung tumors of unknown origin after primary
HNSCC.

Results
We identified proteins with SILAC-mass spectrometry, which are significantly different regulated in SQCLC
and HNSCC. We chose CAV1, CAV2, LGALS1 and LGALS7 as immunohistochemical markers from the 397
differentially regulated proteins.These data were statistically analyzed and thus CAV1 and LGALS7 were
chosen together in an antibody-panel.
Conclusion
In summary, we were able to establish immunohistochemical markers that can be used to differentiate
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between squamous cell carcinomas of the lung (SQCLC), the head and neck (HNSCC) and their pulmonary
metastases (metHNSCC). We concluded that CAV1 and LGALS7, especially in combination as an antibody
panel, represent promising marker candidates to differentiate between SQCLC and HNSCC.
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TRIM24 as a new prognostic biomarker in HNSCC
L. Klapper1, J. Ribbat-Idel2, P. Kuppler2, F.-O. Paulsen2, K.-L. Bruchhage3, D. Rades4, A. Offermann2, J. Kirfel2, B.
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Forschungszentrum Borstel, Borstel, Deutschland
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Question
TRIM24 is expressed in many cancer entities and often associated with a poor clinical outcome. Head and
neck squamous cell carcinoma (HNSCC) is one of the most common cancers world-wide. The treatment of
HNSCC is often difficult and associated with severe side-effects while the prognosis is still rather poor. We
investigated if TRIM24 plays a role for the prognosis of HNSCC patients and could therefore be used as a
prognostic biomarker.
Methods
We evaluated the TRIM24 expression in FFPE tissue of HNSCC primary tumors, local recurrences and
metastases by immunohistochemical staining. The results were afterwards correlated with clinicopathological
features of our well-characterized cohort of 341 patients of which 75 (22%) developed al local recurrence.
Results
TRIM24 was expressed in the nuclei and in the cytoplasm of HNSCC tissue. We could show that TRIM24
was expressed independently of the T Stage und UICC Stage. Primary tumors of patients who developed a
local recurrence in the following years, were significantly more often stained positive for TRIM24 than
primary tumors which did not develop a local recurrence (p = 0.001). Overall survival (p = 0.002) and
progression-free survival (p < 0.001) were significantly worse in patients with positive stained tumors and we
could show the independence from other prognostic factors. Furthermore, the time until the development of a
recurrence was shorter in patients with TRIM24 positive tumors (p = 0.003).
Conclusion
TRIM24 might be a new prognostic biomarker for survival and the development of a local recurrence in
HNSCC patients. It may help to improve the early detection of local recurrences in HNSCC patients who
could be included in more frequent follow-up examinations.
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NR2F6 as a Prognostic Biomarker in HNSCC
J. Ribbat-Idel1, L. Klapper1, P. Kuppler1, F.-O. Paulsen1, K.-L. Bruchhage2, D. Rades3, A. Offermann1, J. Kirfel1, B.
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Question
Head and neck squamous cell carcinomas (HNSCC) are among the most common cancers worldwide. They
are associated with a poor prognosis for patients. NR2F6 (Nuclear Receptor Subfamily 2 Group F Member 6)
has been identified as an immune checkpoint molecule in tumor-infiltrating T lymphocytes. NR2F6 is
associated with a poor outcome in various cancers. The prognostic role of NR2F6 in HNSCC has not been
described yet.
Methods
We used a large, representative and clinically well-characterized cohort of 383 HNSCC patients, of which
22.4% developed a local recurrence. The NR2F6 expression was analyzed by immunohistochemistry and
was thereafter correlated with clinicopathological characteristics of HNSCC patients.
Results
We observed a higher NR2F6 expression in primary tumors from patients who develop a local recurrence
than in primary tumors which do not develop a local recurrence. Furthermore, a high NR2F6 expression is
associated with poorer recurrence-free survival. We did not find a correlation with overall survival. NR2F6
expression was found to be independent of T stage and UICC stage.
Conclusion
NR2F6 might serve as a new prognostic biomarker for the early detection of local recurrences in HNSCC
patients. Therefore, it may help to improve the identification of patients who would benefit from more
frequent follow-up examinations.
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TGFBR3-PLAG1 rearranged salivary gland carcinomas – novel clinicopathological insights into a distinct group
of neoplasms
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Question
Fusions involving the PLAG1 gene have been reported in a high proportion of pleomorphic adenoma (PA) of
the salivary glands, as well as in carcinoma ex pleomorphic adenoma (CEPA), and in myoepithelial
carcinomas (MECA). TGFBR3-PLAG1 fusions have been specifically described in de novo MECA of the
salivary glands, and less commonly in MECA ex PA. To date, only six cases harboring this fusion have been
described in the literature. To expand the clinicopathological spectrum of this kind of neoplasms, we report
on clinicopathological features of three novel cases.
Methods
Clinicopathological features including clinical presentation, imaging properties, morphological,
immunohistochemical and molecular profile of n=3 cases treated at the University Hospital Zurich were
obtained. Gene fusions were detected by our customized salivary gland neoplasm specific NGS panel
(“SalvGlandDx”).

Results
All neoplasms were located in the deep lobe of the parotid gland, and showed an overall well-circumscribed,
however, polylobular growth. Cells were bland, with predominantly myoepithelial, partly oncocytoid
morphology, whereas focal ductal differentiation and a distinct sclerotic background could be noted. A
recurrent fibrous pseudocapsule was evident; however, all cases lacked a chondro-myxoid matrix and
showed at least focal areas of minimal infiltration into adjacent salivary gland tissue. One case additionally
showed prominent sclerotic areas of Her2/neu positive high-grade transformation, and metastasized to
regional lymph nodes. 18F-FDG PET scan was performed in two cases and revealed remarkable FDG
accumulation in the lesions. There is no evidence of disease recurrence after a follow-up of 1 – 27 months.
Conclusion
This case series indicates the deep lobe of the parotid gland as primary predilection site for this type of
neoplasm. A remarkable morphological overlap reminiscent of cellular pleomorphic adenoma, including

92

encapsulation and focal ductal differentiation, and a minimal invasive component consisting of low-grade
myoepithelial differentiated cells was noted in all cases. Furthermore, these data corroborate the current
knowledge of the TGFBR3-PLAG1 fusion to be a strong oncogenic driver, which is in addition highlighted by
one case that showed high-grade transformation. In conclusion, molecular detection of a TGFBR3-PLAG1
fusion in a salivary gland neoplasm should besides classical MECA raise concern for a distinct type of
malignant neoplasm.
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"Pathologists as Persecutees of National Socialism. 100 Portraits": Presentation of the commemorative book
N. Biermanns, D. Groß

Uniklinikum Aachen, Institut für Geschichte, Theorie und Ethik der Medizin, Aachen, Deutschland

Inhalt
Der Vortrag stellt das Gedenkbuchprojekt „Pathologen als Verfolgte des Nationalsozialismus. 100 Portraits“
vor. Ausgangspunkt des Vorhabens war der Entschluss der DGP, die Geschichte der Fachgesellschaft
sowie die Verfolgung, Vertreibung und Entrechtung von Pathologen im „Dritten Reich“ aufarbeiten zu lassen
und die Opfer des NS-Regimes in das kollektive Gedächtnis der Pathologen zu rücken.

Das Referat versteht sich als eine Art Werkstattbericht und besteht aus zwei Teilen:

Vorgestellt werden zunächst die für die Wahl der 100 biografischen Portraits maßgeblichen
Einschlusskriterien, die Konzeption und die Systematik der einzelnen Biografien sowie die bei der
Projektarbeit aufgetretenen quellenkundlichen und methodischen Hürden und Limitationen.

Der zweite Teil des Vortrags stellt sodann die Frage nach den übergreifenden Gemeinsamkeiten der
untersuchten Personengruppe. Ziel ist es, ein charakteristisches „Profiling“ zu erstellen; dabei gilt es
einzelne, besonders aussagekräftige oder prototypische Biografien näher zu beleuchten.
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Design and application of a sensitive barrier for prevention of respiratory virus transmission (e.g. SARS-CoV-2)
in nursing homes: an ethical requirement at the interface between pathology and health sciences.
U. Herold-Brinck1, H. Abou Daher1, A. Al-Salemi1, R. Heier1, O. Savvides2
1European Medical School Oldenburg-Groningen, Oldenburg, Deutschland, 2Institut für Geschichte der
Universität Oldenburg, Oldenburg, Deutschland

Question
Already in the first half of the year 2020 it was foreseeable that nursing homes would be overwhelmed by
COVID-19 in the event of a second wave of infections in Germany. The question was whether getting
support from technically and ethically interestet cooperation partners could benefit their situation.

Methods
We initiated an interdisciplinary cooperation connecting the experience in infection-protected handling of
infectious agents in pathology (EMS, Bremerhaven health department) and the psycho-social competence of
care experts in caring for elderly and demented patients (Lotte-Lemke nursing home and Nursing Academy
Bremerhaven). The aim was to construct and examine a practical means that allows almost risk-free social
and physical interaction such as hugging between visitors and nursing home residents.

Results
A flexible, stable, sound and light permeable plastic membrane with openings for sleeves made of dense
cotton was designed in cooperation with an experienced tailor (Uca, Bremen). The validation of product
safety (stability, extensive impermeability to pathogens) was achieved in compliance with the requirements of
the Bremerhaven Health Department and employees of the hygiene department of the Bremerhaven
Reinkenheide Hospital. The playful use of the sensitive barrier by demented people was integrated into the
daily routine of being visited by relatives, motivated by functional fear with respect to the coronavirus and the
desire of decent physical contact.

Conclusion
The sensitive barrier is a practical means to enable residents of nursing homes and their visitors to have very
safe physical contact, conversation and visual contact in visiting situations during a virus driven pandemic.
Even used on a voluntary basis, it is a practical alternative to rapid tests and classic hygiene procedures.
Taking into account complete prohibition of visits, uncontrolled access of visitors, limitation of physical and
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social contacts and limited ressources for corona testing of employees, the sensitive barrier is beneficial
beyond its primary function as an effective means against direct viral transmission.
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Expression of the immune checkpoint regulator VISTA in pre-treatment breast carcinoma biopsies and
corresponding post-treatment resection specimens: Correlation with PD-L1 and therapy response
B. von Kameke1, C. Halske2, H.-M. Behrens2, M. T. van Mackelenbergh1, C. Röcken2, D. Bauerschlag1
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Pathologie, Christian-Albrechts-Universität, Kiel, Deutschland

Question
V-domain immunoglobulin (Ig)-containing suppressor of T-cell activation (VISTA) is a promising novel
negative checkpoint inhibitor of the B7 family. VISTA-induced T cell activation seems to be indispensable
from the PD-1/PD-L1 pathway, which indicates that the combined VISTA / PD-1 blockade could be a new
option for future cancer treatment We here aimed to evaluate VISTA expression in a caucasian cohort of
pre-treatment and corresponding post-treatment breast carcinoma (BC) specimens, testing the following
hypotheses: Is VISTA expressed in BC, is it correlated with PD-L1, does neoadjuvant chemotherapy
influence VISTA expression and is VISTA expression prognostically relevant.
Methods
VISTA expression was analyzed on a caucasian cohort of 30 pre-treatment BC biopsies and corresponding
post-treatment resections specimens using immunohistochemistry (clone D1L2G). Tumor proportion score
(TPS), immune cell score (ICS) and combined positivity score (CPS) were evaluated as previously
described[1]. Staining results were correlated with PD-L1 expression (clone E1L3N) and therapy response.

Results
VISTA expression was detected in 4 of 29 cases (13.8%) in tumor cells and in 26 of 29 cases (89.7%) in
immune cells of pre-treatment BC biopsies. In post-treatment resection specimens, VISTA was expressed in
2 of 29 cases (6.9%) in tumor cells and in 23 of 29 cases (79.3%) in immune cells. Both VISTA- and PD-L1ICS was significantly higher in therapy-naive BC biopsies compared to resection specimens after
neoadjuvant therapy (p=0.001 each). VISTA expression in immune cells did not correlate with PD-L1 in pretreatment BC biopsies (p=0.747) but in post-treatment resection specimens (p<0.001). A high VISTA
expression in immune cells of therapy-naive BC biopsies was observed more often in BCs with a partial or
complete response to neoadjuvant therapy .

Conclusion
This is the first evaluation of VISTA expression in a caucasian cohort of BC. We hereby show that VISTA is
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expressed in BC tumor cells and immune cells and that expression changes under neoaduvant therapy. The
different expression profiles of VISTA und PD-L1 in therapy-naive BC indicate diverging immune evasion
mechanisms and make BC an interesting target for novel combined immune checkpoint inhibitor treatments.
The impact of VISTA expression as an prognostic indicator for response to neaodjuvant therapy should be
further evaluated.

Literaturangaben
[1] H.-U. Schildhaus, (2018), Der prädiktive Wert der PD-L1-Diagnostik, Springer Medizin, Der Pathologe,
498-519, 39(6), 2021-03-06, doi: 10.1007/s00292-018-0507-x.
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Epigenetic regulation of the putative breast cancer metastasis suppressor gene SCN4B
L. Hilgers1, A. Hartmann2, P. A. Fasching3, S. Villwock1, L. Moll1, S. Roger4, R. Knüchel-Clarke1, F. Steib1, E. Dahl1
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Onkologie, Institut für Pathologie, Uniklinik RWTH Aachen, Aachen, Deutschland, 2Institut für
Pathologie, Universitätsklinikum Erlangen, Erlangen, Deutschland, 3Frauenklinik, Universitätsklinikum
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Question
Breast cancer is still the leading cause of cancer deaths in women worldwide. While SCN4B is considered to
be a novel metastasis suppressor gene in breast cancer, very little is known about its epigenetic regulation –
in particular its downregulation in cancer tissue. In this study we explored SCN4B epigenetic regulation by
promotor methylation and histone deacetylation and the clinical properties of breast tumors showing loss of
SCN4B.

Methods
First, SCN4B promoter methylation and gene expression were studied using data from the TCGA-BRCA
data set. Next, SCN4B methylation and expression levels were investigated in breast cancer cell lines as
well as FFPE tissue by pyrosequencing and qPCR, respectively. Additionally, cell lines were treated with
methyltransferase inhibitor 5-Aza-2’-deoxycytidine (AZA) and histone deacetylase inhibitor trichostatin A
(TSA) to investigate possible re-expression of SCN4B. To study clinical consequences of SCN4B
downregulation a tissue micro array (TMA) containing 420 breast cancer samples (Bavarian breast cancer
cohort) was stained with a SCN4B antibody and evaluated using IRS classification.

Results
TCGA data clearly showed higher SCN4B methylation levels in breast cancer tissues compared to normal
tissue (p < 0.001) as well as lower SCN4B mRNA expression (p < 0.001) in cancer – with moderate
correlation between the two. Concordantly, breast cancer cell lines and first data from FFPE cancer tissues
showed high promotor methylation levels. After AZA and TSA treatment, cell lines exhibited increased
SCN4B mRNA expression up to 200-fold. TMA staining showed significantly longer local recurrence-free
survival (p = 0.014), as well as an apparent benefit for metastasis-free survival (p = 0.051) for tumors
retaining SCN4B protein expression, as well as correlations between SCN4B protein expression and several
clinicopathological parameters such as molecular subtype where loss of SCN4B was particularly substantial
in triple negative breast cancer (TNBC). Interestingly, Ki67 was inversely correlated (p < 0.01) with SCN4B
expression.
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Conclusion
Our findings indicate that SCN4B is a novel metastasis suppressor gene that is epigenetically downregulated
in breast cancer, especially in TNBC. Interfering with the cellular signaling pathways normally suppressed by
SCN4B may open new avenues to treat triple negative breast cancer.

100

AG Gynäko- und Mammapathologie

AG07.03

Mechanisms of recurrence and poor survival in high-grade serous ovarian carcinoma
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Question
Aim. In patients suffering from high grade serous ovarian carcinoma (HGSOC), recurrence is a common and
prognostically negative factor, whose mechanisms are only poorly understood. Therefore, the aim of this
study was to analyze the differences between primary and recurrent HGSOC in order to explore a selection
process for protein biomarker identification.
Methods
Methods. We analyzed paired primary and recurrent tumor samples of 19 HGSOC patients using NGSbased targeted RNA-sequencing for differential expressed gene (DEG) analysis. To incorporate survival
analysis into our selection process, we conducted a Kaplan-Meier Plotter analysis using a publicly available
dataset (1[22277193]). Interesting biomarkers found by this procedure were evaluated on the protein level by
immunohistochemistry (IHC) using paired TMA samples of 64 patients. Digital pathological analysis was
performed semi-automatically in QuPath (2[29203879]). Protein expression levels were evaluated both in the
tumor compartment and the tumor microenvironment (TME), calculating a H-Score (0-300).

Results
Results. Based on targeted RNA sequencing, the DEG analysis resulted in 233 DEGs (adj.p ≤0,05,
log2FC>0,8). After analysis of the prognostic impact for progression free survival (PFS) on the mRNA level,
41 genes remained significant (Bonferroni, p ≤ 0,0002). Of these, eight markers (HMGCS2, FABP4, AHRR,
GREM1, ITGA5, COL5A2, WNT9B and SFRP2) were chosen for IHC validation. For three markers,
differential expression within the tumor compartment could be validated on the protein level. The expression
of AHRR was higher in the primary tumors compared to the recurrences (p<0,001, n=49). ITGA5 (p=0,048,
n=51) and GREM1 (Z = -4,124, p<0,001, n=51) were found to be expressed higher in the recurrent tumors.
Conclusion
Conclusion. The results of this study point at a relevance of proteins engaged in the processes of
extracellular matrix organization (GREM1; ITGA5) and metabolic pathways (AHRR) in recurrent HGSOC.
Further studies using larger cohorts will have to show whether these markers correlate with clinical-
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pathological features and whether they could function as protein-based prognostic biomarkers in primary
HGSOC.

BMBF supported this study under the Transcan project TH4Respons, grant no.: JTC 2014-121.
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Placental histo-morphology of healthy post-date pregnancies and associated placental biomarkers
B. Mitlid-Mork1, 2, G. Turowski2, 3, S. Bowe1, A. C. Staff1, 2, M. Sugulle1, 2
1Oslo

University Hospital, Division of Obstetrics and Gynaecology, Oslo, Norwegen, 2University of Oslo,
Faculty of Medicine, Oslo, Norwegen, 3Oslo University Hospital, Department of Pathology, Oslo, Norwegen

Question
Histo-morphological studies of healthy post-date placentas are scarce. We aimed at describing the placental
histo-morphology in healthy post-date pregnancies with normal delivery outcomes and the association with
maternal circulating Placental Growth Factor (PlGF) and soluble fms-like tyrosine kinase-1 (sFlt-1), as well
as the sFlt-1/PlGF ratio.

Methods
Post-date placentas (gestational week ≥40+2, n=87) were macroscopically and histo-morphologically
assessed by two physicians according to the Amsterdam Workshop Consensus Group criteria. Inter-rater
agreement was evaluated by Kappa score. Maternal serum PlGF and sFlt-1 concentrations sampled close to
delivery were available. Comparisons between groups were made by Mann-Whitney U test.

Results
Signs of delayed maturation and maternal vascular malperfusion were present in the majority of the postdate placentas. About half of the placentas showed signs of acute chorioamnionitis as well as increased
syncytial knotting and fibrin. In placentas with increased presence of intervillous fibrin, median maternal PlGF
level was significantly lower (p=0.004), median sFlt-1 level higher and sFlt-1/PlGF ratio significantly higher
(p=0.002) compared to those with normal fibrin amounts. Increased placental syncytial knotting was
associated with lower median levels of PlGF and higher median sFlt-1levels and sFlt-1/PlGF ratio compared
to those with normal knotting.

Conclusion
Our standardized morphological study of post-date placentas in clinically healthy women with uncomplicated
pregnancies and normal delivery outcomes displayed delayed maturation and signs of maternal vascular
malperfusion in the majority of the placentas. Dysregulated maternal placental biomarkers were associated
with increased intervillous fibrin and syncytial knotting, compatible with their association to placenta
dysfunction in general.
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Characteristic histo-morphology of the post-date placentas (HE stain). A; distal villous hypoplasia, B; increased syncytial knotting, C;
increased intervillous fibrin, D; acute chorioamnionitis, E; delayed villous maturation.
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Question
The discovery of dysregulated molecular pathways is crucial for understanding the process of breast cancer
tumorigenesis and for developing new therapeutical approaches. Besides gene copy number alterations
(e.g. HER2) and mutations (e.g. PIK3CA, ESR1) epigenetic alterations significantly contribute to
dysregulated molecular pathways. Here we describe a systematic way to discover novel class II tumor
suppressor genes (i.e. those genes silenced by DNA methylation and not by genetic alterations) in different
breast cancer subtypes. Our research focus is on triple negative cancer, a sub-entity in which only 20% of
patients show complete response to current chemotherapy regimens.
Methods
Gene expression data (RNA-Seq) for 1102 breast cancer samples along with 113 normal breast tissue
samples was downloaded from the Cancer Genome Atlas (TCGA) database. Raw counts were normalized
using the trimmed mean of M-values (TMM) method and differential gene expression (DGE) analysis was
performed using Limma-Voom. To adjust for multiple testing the Benjamini and Hochberg method was used.
450k methylation array, expression, and survival data were acquired from Xenabrowser based on TCGA
breast cancer data. Candidate class II tumor suppressor genes were selected for further analysis based on
the following criteria: a) association of gene expression with longer overall survival, b) genes containing
definite CpG islands in their proximal promoter region and c) genes encoding proteins with known
involvement in important signaling pathways of the cancer cell.
Results
DGE analysis revealed 1273 genes that were significantly (p<10-50) downregulated at logFC1,5 in breast
cancer – including FLRT2 (p=1.6x10-69), SEMA6A (p=1.8x10-57), IRX1 (p=4.3x10-57) and PIGR (p=1.1x10-53).
Methylation levels at CG-sites in the promoter region of IRX1 (cg10530883, cg09232937) and PIGR
(cg20953047, cg12751565) were significantly (p<10-4) higher in tumors. Survival data concluded that longer
overall survival was associated with high PIGR expression.
Conclusion
Gene promoter DNA methylation is a common epigenetic event, taking place in the early phase of
tumorigenesis and evolving with clear dynamics in the course of cancer progression. We have identified a
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set of putative class II tumor suppressor genes and will characterize their tumor biological function at the
molecular and cellular level. We hope to define novel molecular pathways that may explain the diverse
behavior of individual tumors in the current molecular subgroups.
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A Europe-wide external quality assessment of the reproducibility of mRNA-based testing of ESR1, PGR, ERBB2,
and MKI67 expression in invasive breast cancer
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Question
Protein expression of estrogen receptor (ER), progesterone receptor (PgR), Ki-67, and HER2 using
immunohistochemistry (IHC) together with HER2 in situ hybridization (ISH) are utilized to classify invasive
breast cancer (IBC) into prognostic and predictive molecular subtypes. However, IHC evaluation may be
hampered by (pre-)analytical errors and for some biomarkers; optimal IHC cut-offs are still under discussion.
Gene expression assays could offer a reliable alternative to measure mRNA expression of these four
markers (ESR1, PGR, ERBB2, and MKI67). In this first Europe-wide external quality assessment (EQA)
study, we investigated the performance of the mRNA-based Xpert® Breast Cancer STRAT4 (CE-IVD*) in five
European pathology laboratories as well as the coordinating center (CC) pathology laboratory.
*CE-IVD. In vitro diagnostic medical device. Not available in all countries. Not available in the U.S.
Methods
The cohort comprised ten pre-therapy IBC core biopsies (six ER+/PR+ with varying Ki-67, two HER2+, two
triple negative IBC), diagnosed in the CC and containing sufficient formalin fixed and paraffin embedded
tissue. IHC/ISH data for ER, PR, HER2, and Ki-67 were extracted from the original pathology report. For
each case, STRAT4 (ESR1, PGR, ERBB2, and MKI67 mRNA-based test) was performed in the CC with
STRAT4 results matching the IHC/ISH subtyping. Five European pathology laboratories took part in the
harmonization study. Each site received one H&E stained slide and one unstained slide for STRAT4 testing.
STRAT4 binary (positive or negative) mRNA results of each marker (ESR1, PGR, ERBB2 and MKI67) were
compared with gold standard IHC/ISH performed by CC. 80% of all results acquired at each site had to
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agree with the gold standard to pass the EQA.
Results
The EQA was passed by all centers, with overall accuracy of single analyses of 96.5%. Sensitivity, specificity
and accuracy of ESR1 and ERBB2 mRNA were 100% for all samples. In contrast, PGR expression was
discordant negative for one case by two sites and MKI67 discrepant negative for two cases (respectively by
four and one sites). These cases had STRAT4 expression values close to mRNA test cut-offs and
immunohistochemically, they presented with heterogeneous low positive PgR and heterogeneous Ki-67
staining, respectively.
Conclusion
Our EQA shows that STRAT4 mRNA assay may be a reproducible method to evaluate ER, PgR, HER2, and
Ki-67 status. However, cases with expression values close to assay cut-offs should be carefully reviewed.
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A remarkable tumor-specific feature of follicular lymphoma
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Inhalt
Indolent B-cell lymphomas often closely resemble their normal cell counterparts, and follicular lymphoma
(FL) is no exception. Three critical changes drive FL development; two are genetic and include the t(14;18)mediated BCL-2 expression, and mutation of one or more epigenetic regulators. The third is an essential
post-translational modification of the key B-cell receptor, surface Ig. During somatic hypermutation,
sequence motifs which allow addition of glycans are introduced into the IGV regions and are selected by FL
cells, but not by normal B cells (1). These tumor-specific motifs are preserved during ongoing hypermutation,
are present at different tissue sites, and persist over time, even after transformation (2). The added glycan is
unusual in terminating at mannoses and appears to have two functions: the first is to block access to the
antigen-binding sites, as verified by crystal analysis of mannosylated FL-derived Fab. The second is to allow
interaction of the surface Ig with the M2 macrophage-expressed lectin, DC-SIGN (3). Expression of DCSIGN is upregulated by IL-4, likely produced by local Tfh cells. The interaction provides a low-level signal to
the FL cells, and macrophages are located close to proliferating tumor cells (4). Once anchored in in this
favorable microenvironment, FL cells are able to accumulate further mutations and to be protected from
relevant environmental antigens. A identical feature is seen within the EZB subset of DLBCL. The tripartite
interaction between FL cells, macrophages and T cells represents an opportunistic exploitation by tumor
cells to survive and proliferate in a hostile germinal center. Blocking of the binding to DC-SIGN by specific
antibody dislodges FL cells from this binding and offers a novel therapeutic strategy.

1. Küppers R, Stevenson FK. 2018. Critical influences on the pathogenesis of follicular lymphoma.
Blood;131(21):2297-2306.
2. Odabashian M, Carlotti E, Araf S, Okosun J, Spada F, Gribben JG, Forconi F, Stevenson F, Calaminici M,
Krysov S. 2020. IGHV sequencing reveals acquired N-glycosylation sites as a clonal and stable event during
follicular lymphoma evolution. Blood; Jan 13. Epub ahead of print
3. Linley A, Krysov S, Ponzoni M, Johnson PW, Packham G, Stevenson
FK. 2015. Lectin binding to surface Ig variable regions provides a universal persistent activating signal for
follicular lymphoma cells. Blood ;126(16):1902-10.
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Functional investigation of the IGF1R-PYK2 axis in Multiple Myeloma
S. Keppler1, S. C. Heredia-Guerrero1, M. Schwarzfischer1, H. Starz1, O.-J. Bayrhof2, J. Pickert1, T. Nedeva1, A. Krügl1, H.
Einsele2, R. C. Bargou3, A. Rosenwald1, T. Stühmer3, E. Leich-Zbat1
1University of Würzburg, Institute of Pathology, Würzburg, Deutschland, 2University Hospital Würzburg,
Department of Internal Medicine II, Würzburg, Deutschland, 3University Hospital Würzburg, Comprehensive
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Question
Almost 100% of multiple myeloma (MM) carry a mutation within the context of receptor-tyrosine kinase (RTK)
and adhesion-signaling. IGF1R is among the most frequently mutated RTKs and the focal adhesion-kinase
PYK2 can be potentially activated by RTKs and receptor adhesion-molecules. To study the interaction
between IGF1R and PYK2 in MM cells, we investigated the functional effects of WT and mutant IGF1R and
PYK2 on RTK-signaling.
Methods
A CRISPR/Cas9-mediated IGF1R-knockout was performed in L363 and U266 cells. Moreover, L363-C/C9,
AMO1 and JJN3 cells were stably transfected with IGF1RWT and IGF1Rmut1/mut2 via Sleeping Beauty and RTK
signaling studied in the absence or presence of IGF1. Finally, IGF1R- and PYK2-knockdown was conducted
in 7 and 6 MM cell lines, respectively, and the IGF1R-inhibitor Linsitinib applied to untransfected and IGF1Rtransfected MM cells.
Results
Growth was reduced after IGF1R-knockout in L363 and U266 cells and the number of dead cells was
strongly increased in U266-C/C9 cultures compared to WT U266. However, no increase in proliferation rates
was observed in MM cells overexpressing IGF1RWT or IGF1Rmut1/mut2. Nevertheless, expression of IGF1RWT
led to increased levels of pMEK1/2 and pERK1/2 in L363-C/C9 and AMO1 cells. The expression of
IGF1Rmut2 increased this effect in L363-C/C9 cells and this was especially prominent after IGF1 stimulation in
IGF1R-mutant expressing AMO1 and L363 cells, although absent in JJN3. IGF1R-activation led to PYK2activation in all IGF1R-transfected MM sublines. IGF1R-knockdown entailed reduced MEK-ERK- and/or
AKT-signaling and - where detectable - reduced PYK2-activation in all MM cell lines. PYK2 knockdown in
MM cell lines, however, had no effect on MEK-/ERK- and AKT-signaling. Linsitinib treatment of AMO1 and
L363 C/C9 cells led to reduced IGF1R-, ERK-, MEK-, and AKT-activation at ≥0.4µM.
Conclusion
In conclusion, IGF1Rmut1/mut2 had an impact on survival signaling and PYK2-activation in MM. However,
effects differed among cell lines. Moreover, while IGF1R-knockdown resulted in reduced MEK-, ERK-, AKT-
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and PYK2-activation, no influence on classical RTK-signaling and IGF1R-activation was observed upon
PYK2-knockdown. Future analyses of WT and mutant IGF1R and PYK2 overexpressing cell lines - including
in vitro drug screens - will have to show, if a direct link between IGF1R and PYK2 exists, which survival
pathways are affected by PYK2 and if subgroups of MM patients may profit from treatment with IGF1R/RTKinhibitors.
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High-level expression of the chemokine CCL3 governs the composition of the microenvironment and usage of
signaling pathways in CLL
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Question
B cell chronic lymphocytic leukemia/small lymphocytic lymphoma (CLL/SLL) is characterized by the
accumulation of clonal B cells in the peripheral blood, the bone marrow and the lymph nodes (LN). In recent
years, the LN have been identified as key site in the pathogenesis of CLL ([1]), where the tumor cells receive
proliferative and survival signals via B cell receptor (BCR) stimulation, cytokines and interaction with
accessory cells in the tumor microenvironment ([2]). In previous experiments, we found that the chemokine
CCL3 is secreted by CLL cells upon BCR stimulation ([3]) and fosters their interaction with the
microenvironment by attracting additional immune cells, especially T cells ([4]). We aim to further elucidate
the interactions of CLL cells with their microenvironment, specifically as a function of CCL3 expression.

Methods
We investigated 26 LN infiltrated by CLL/SLL with the NanoString nCounter® PanCancer Immune Profiling
Panel. This panel allows gene expression profiling of 770 genes associated with immune response.
Unfortunately, we have no therapeutic data; however, all samples stem from the pre-ibrutinib era.

Results
On the gene expression level, we found a high variability in the levels of CCL3 mRNA (ranging from a
relative expression of 28 -1387). We dichotomized the samples in 10 cases with high CCL3 expression and
16 with low CCL3 expression. We found 113 genes highly significantly (p <0,001) differentially expressed
between the two groups (Figure1).
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Figure 1 . Heatmap of the top 50 features from the NanoString nCounter® PanCancer Immune Profiling Panel

In pathway analyses, we identified a predominance of immune response pathways including
cytokine/cytokine receptor and Toll-like receptor signaling and we are currently working on corroborating our
data with complementary methods.
Conclusion
In conclusion, our results indicate that high expression levels of CCL3 in lymph nodes infiltrated by CLL/SLL
leads to differences in the composition of the microenvironment with an increased number of infiltrating T
cells and differential usage of immune-signaling pathways.
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The “Burkitt-like” immunophenotype and genotype is rarely encountered in diffuse large B cell lymphoma and
high grade B cell lymphoma, NOS
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Question
Burkitt-Lymphoma (BL) is an aggressive B-cell lymphoma in need for intensified chemotherapy; hence, an
exact diagnosis is important. An immunophenotype of CD10+, BCL6+ and BCL2- in concert with a single
MYC rearrangement (MYCR) and MYC-IGH fusion in the large majority of cases is characteristic, but not
regarded as specific. High grade B-cell lymphoma, not otherwise specified (HGBL, NOS) and diffuse large Bcell lymphoma (DLBCL) with morphological similarities to BL (e.g. starry sky pattern) open a differential
diagnosis to BL. We were interested in the distinctiveness of the typical BL-like immunophenotype combined
with single MYCR for an unequivocal diagnosis of BL. The aim of this study was, therefore, to clarify the
frequency of the BL-typical „immuno-genotype“ in non-BL aggressive B-cell lymphomas and hence, to
answer the question how specific this constellation is for a diagnosis of BL.
Methods
We investigated 982 DLBCL from patients enrolled in prospective multicenter clinical trials of the German
High Grade Lymphoma Study Group, and 32 HGBL, NOS and 5 atypical BL for their immunophenotype and
genotype. Immunohistochemical stainings for CD10, BCL6 and BCL2 and FISH for MYC-BAP and MYC-IGH
were performed. Lymphomas with a “BL-typical” immunopheno-genotype were in addition investigated by
OncoScan copy number variation (CNV) analysis and mutational analysis by next generation sequencing
(NGS).
Results
Only 9/982 DLBCL classified by an expert panel of haematopathologists (0.9%) displayed a single MYCR
and were CD10+, BCL6+ and BCL2-. In a similar fashion, only one out of 32 HGBL, NOS (3%) displayed the
“Burkitt-like” genetic/ immunophenotypic constitution. The samples of non-BL showing the BL-typic
immunopheno-genotype, interestingly, harboured higher CNVs by OncoScan analysis (mean 7.3
CNVs/sample; range: 2-13 vs. 2.4; range 0-6) and were also distinct from - also the pleomorphic - BL cases
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regarding their mutational spectrum by NGS analysis.
Conclusion
This implies that the characteristic immunophenotype of BL, in concert with a single MYCR, is uncommon in
these aggressive lymphomas, and that this constellation favours BL. Therefore, in a setting of an aggressive
lymphoma with - also slightly varying - morphological features of BL and these genetic and
immunophenotypic features, BL can be safely diagnosed.
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Question
High-grade B-cell lymphoma with TdT expression is a rare subtype of mature aggressive B-cell lmyphomas
with only partially elucidated pathogenesis. A recent study of Ok et al. investigating a limited number of 13
TdT expressing high-grade B-cell lymphoma cases proposed a group-based classification system with
distinctive subgroups of TdT-positive high-grade B-cell lymphoma[1]. Among these, follicular lymphoma (FL)
followed by TdT-positive aggressive B-cell lymphoma is probably the most elaborated and acknowledged
group and Ok et al. reported three cases of this subgroup. Here, we present a case report of a 38-year-old
Caucasian woman suffering from FL with secondary transformation into a TdT-positive high-grade B-cell
lymphoma after first-line therapy with Obinutuzumab(G)-CHOP.
Methods
For pathological assesment, standard methods were used such as immunohistochemistry, and molecular
(i.e. FISH and NGS) analyses. The results were interpreted in the overall clinical context.
Results
We present a case report of a of a 38-year-old Caucasian woman diagnosed with FL, followed by
transformation into a TdT-positive aggressive B-cell lymphoma with BCL2 and MYC rearrangements after GCHOP therapy of FL. This particular combination of events is -to our knowledge- the first report of its kind.
The clinical course of our clinicopathological well-documented case clearly indicates, that FL may rapidly
transform into a TdT-positive high-grade B-cell lymphoma, in this case with BCL2 and MYC rearrangements,
despite novel targeted therapeutic approaches, such as obinutuzumab. This aggressive clinical course is
underlined by a newly diagnosed lymphoma manifestation of the mamma in July 2020.
Conclusion
Regarding the poor prognosis and limited therapeutical options, further investigation are needed to elucidate
the tumor biology of this transformation-type high-grade B-cell lymphoma. In addtion, the demonstrated TdT
expression in such high-grade B-cell lymphomas could also represent a diagnostic pitfall in the daily
pathological diagnostic routine, in particular in respect to the pitfall diagnosis of acute lymphoblastic leukemia
/ lymphoma.

118

Literaturangaben
[1] Ok CY, Medeiros LJ, Thakral B, Tang G, Jain N, Jabbour E, Pierce SA, Konoplev S , (2019), High-grade
B-cell lymphomas with TdT expression: a diagnostic and classification dilemma., Mod Pathol, 48-58, 32 (1)

119

AG Hämatopathologie

AG08.06

Large cell variant of gastric marginal zone B-cell lymphoma is different from nodal and extranodal DLBCL based
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Question
Extranodal marginal zone B-cell lymphoma (MZBL) of the mucosa-associated lymphoid tissue (MALT) is an
indolent lymphoma mostly affecting the gastrointestinal tract. Clonal malignant progression with an
aggressive nature is described. The large cell MZBL (LC-MZBL) is currently regarded as a ‘‘diffuse large Bcell lymphoma (DLBCL) in the presence of accompanying MALT lymphoma’’ by the WHO. Our previous work
has shown that LC-MZBL is distinct from the DLBCL based on morphology, immunohistochemistry,
chromosomal imbalance profiling, and expression profiling.1-5The aim of the current study is to study DNA
methylation differences between LC-MZBL and DLBCL.
Methods
The genome wide DNA methylation profile of 19 LC-MZBL was recently published.4 The cohort was
expanded to include 23 extranodal and 30 nodal DLBCL (6, TCGA Research Network). In addition we
included published data of benign B-cell populations from various differentiation stages (n=93).7-10

Results
In the first step, the global DNA methylation levels were studied. The LC-MZBL showed a higher mean DNA
methylation value in comparison to extranodal DLBCL(p=0.0091) and nodal DLBCL(p=0.0001). To study the
cell of origin based on DNA methylation profiles, we used the 1517 loci described to be differentially
methylated during B-cell differentiation.8 With respect to cell of origin, LC-MZBL, nodal and extranodal
DLBCL were similarly distributed over the continuum of benign B-cells of intermediate to high maturity. To
identify differences between the LC-MZBL and DLBCL, we performed a supervised analysis (ANOVA,
σ/σmax>0.4, q<0.0001) which identified 964 loci to be differentially methylated between the LC-MZBL,
extranodal and nodal DLBCL. The nodal and extranodal DLBCL could not be distinguished from each other
based on these 964 loci. We further compared LC-MZBL with extranodal DLBCL in a supervised analysis (ttest, σ/σmax>0.4, q<0.001), which identified 1007 differentially methylated loci. Similarly, we identified 598 loci
to be significantly differentially methylated between the LC-MZBL and nodal DLBCL in a supervised analysis
(t-test, σ/σmax>0.4, q<0.00001).
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Conclusion
The DNA methylation profiles of extranodal and nodal DLBCL are similar. We could identify loci being
significantly differentially methylated between LC-MZBL and DLBCL (both nodal and extranodal).
Classification experiments based on DNA methylation data will further support the view that LC-MZBL is a
distinct category.
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Simultaneous follicular lymphoma grade 3B/diffuse large B-cell lymphoma is a molecularly homogeneous
diseases and does not reflect transformation
K. Koch, J. Richter, C. Hänel, W. Klapper

Department of Pathology, Hematopathology Section, University Hospital Schleswig-Holstein, Kiel,
Deutschland

Question
Follicular lymphoma grade 3B (FL3B) is a rare B-cell lymphoma with follicular growth pattern that is
cytologically exclusively composed of centroblasts. Frequently, FL3B coexists with diffuse large B-cell
lymphoma (DLBCL) in the same lymph node. DLBCL mirrors FL3B cytology and solely differs by its diffuse
growth pattern. To address the question whether concurrent DLBCL represents a progression/transformation
of FL3B we separated both lymphomas and analyzed for mutations, chromosomal abberations and gene
expression (Nanostring).

Methods
Tissue specimen of FL3B were identified in the files of the Lymph Node Registry Kiel and reevaluated for
growth pattern. Lymphomas with IRF4 translocations were excluded. Areas with FL3B and DLBCL were
analyzed separately after macrodissection. Features of the microenvironment were analyzed by gene
expression profiling (GEP). Molecular features of the tumor cells were analyzed by Fluorescence in situ
hybridization (FISH) and targeted Next Generation Sequencing (NGS).

Results
We identified three growth patterns (follicular, fused follicles and diffuse) suggestive of an architectural
continuum between FL3B and DLBCL. 17 specimen with simultaneous FL3B and DLBCL were available for
molecular analysis. Eleven cases showed chromosomal breaks by FISH (5 BCL6, 4 BCL2 and 2 MYC). No
differences between FL3B and DLBCL were detected in 16/17 specimen. Just in one case a BCL6 break
differed between both lymphomas components (detectable in FL3B but not in DLBCL). GEP revealed higher
expression of genes associated with germinal center microenvironment (TFH, FDC), innate immunity and cell
trafficking (CXCL7, CCL21) in FL3B. DLBCL expressed higher levels of extracellular matrix components e.g.
collagen. No gene expression differences were detected in genes associated with transformation of low
grade follicular lymphoma (NFKB, TP53). 59 variants affecting 25 genes were identified by NGS (0 to 13
variants per case). KMT2D was the most frequently altered gene (9 variants in 6 cases). 50/59 [jr1] variants
occured simultaneously in the FL3B and the DLBCL component of the same patient. In 14/16 [jr2] cases with
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available data [jr3] exclusively the same genetic variants were detected in both components.
Conclusion
These findings support the hypothesis that FL3B is molecularly stable in most cases independent of follicular
or diffuse growth. Thus, diffuse growth (classified as DLBCL) does molecularly not reflect a process of
transformation/progression of FL3B.
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Mutation profile analysis of gastric marginal zone B-cell lymphoma reveals diverging genetic lesions in clonally
related samples
R. Dugge, R. Marienfeld, P. Möller, T. F. E. Barth

Institute of Pathology, Ulm University, Ulm, Deutschland

Question
Extranodal marginal zone B-cell lymphoma (MZBL) of the mucosa-associated lymphoid tissue (MALT) is an
indolent lymphoma mostly affecting the gastrointestinal tract. Clonal malignant progression with an
aggressive nature is described. There are few studies regarding mutational profiling of gastric MALT
lymphoma by a restricted gene panel based approach.[1][2][3] Here we performed whole exome sequencing
for two paired samples to identify somatic mutations and to study the clonal evolution.

Methods
Whole exome sequencing was performed using the Agilent SureSelect v6 exome target enrichment kit for
paired large cell component of a composite MALT lymphoma (ComLC) and a composite MALT with both
small and large cell components (Com(SC+LC); and for paired SC-MZBL with different localizations from the
same patient (ComSC-1, -2); non-neoplastic tissue was included as control. The clonality was analyzed by
PCR targeting IgH rearrangements. The sequencing data was analyzed using the CLC Genomics
Workbench 20.0.3. The reads were mapped to human reference genome hg19. The built-in workflow to
identify somatic variants from tumor normal pair (WES) was used with default settings. Of the identified
variants, we focused on the variants which were reported to be pathogenic or likely pathogenic in the
ClinVar.

Results
In our preliminary analysis we identified 28 known pathogenic variants as defined by ClinVar entries, some of
which included genes of ABC transporters like ABCD1, ABCA4 and ABCC2, as well as genes of central
carbon metabolism in cancer like MAP2K1, PTEN, IDH1, and MSH6 as a mismatch repair gene.
Interestingly, ComSC-1 and -2 did not have overlapping pathogenic mutations. These samples had the same
histology, however different localization. Similarly, ComSC+LC-3 and ComLC-6 did not have any pathogenic
mutation in common. These samples had different histology and localizations.

Conclusion
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This indicates that the lymphoma cells have a highly heterogenous genetic constitution. There are subclones
present in the evolution and progression of extranodal marginal zone B-cell lymphoma. These mutations can
influence the cells differently and therefore contribute to functional heterogeneity. Further analysis focusing
on additional mutations not reported in ClinVar is necessary to identify overlapping mutations in the paired
samples.
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Mitochondrial Changes in Atrial fibrillation – Proof of Concept on Ultrastructural Changes
R. Schönmehl1, A. Mamilos1, M. Babel1, T. Niedermair1, S. Pabel2, D. Hollemann3, C. Schmid4, S. Sossalla2, C.
Brochhausen1
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Question
Patients with heart failure (HF) often revealed Atrial fibrillation (VHF). However, the pathophysiological
mechanisms of normofrequent arrhythmia in AF on the human ventricle are not fully understood. There is
evidence that mitochondria may play a relevant role in the cellular pathomechanisms. In the present pilotstudy we established a protocol to quantify the number and the area of mitochondria via transmission
electron microscopy (TEM).

Methods
We analysed left ventricular myocardium from patients with sinus rhythm (SR, n=4) and persistent
normofrequent VHF (n=4). Samples were acquired from non-failing hearts from heart surgery for aortic
stenosis. Samples were processed for TEM analyses according standardized automated methods. A distinct
pattern of analytical fields (500 µm² per sample) was classified at the intercalated discs. The number and the
size of the mitochondria as well we the square-area covered by mitochondria were measured by using image
analysis tools from ImageJ. For statistical analyses Mann Whitney Test was used.
Results
Using ImageJ we found statistical significant differences in the size of the mitochondria with significant
smaller mitochondria in VHF compared to SR. In contrast, the number of mitochondria and the square-area
covered by mitochondria revealed no statistical significant differences.
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Fig.: Measurement fields for the analyses of the mitochondrial size (left) and statistical analyses of the mitochondrial size with significant
smaller mitochondria in VHF compared to SR (p=0,037).

Conclusion
Our pilot-study presents an easy to perform and reliable method to analyse number and size of mitochondria
in myocardium biopsies via TEM. VHF specimens showed significant smaller mitochondria compared to SRspecimens. In ongoing studies, we analyse the potential impact of oxidative stress on the mitochondria size
especially with view to fission and fusion mechanisms in mitochondria.
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Cytopathology of neuroendocrine neoplasms（NENｓ）
R. Y. Osamura

Nippon Koukan Hospital, Department of Diagnostic Pathology, Kawasaki, Japan

Inhalt
WHO Classification and Grading of neuroendocrine neoplasms(NENs) was first established in the pancreas
and the digestive tract(WHO Blue Books 2010,2017,2019). NENs are composed of well differentiated
neuroendocrine tumor(NET) and poorly differentiated neuroendocrine carcinoma(NEC). The NET is further
graded(G) to G1,G2,G3 according to the Ki-67 labeling indices < 3%, 3-20%, >20% respectively. NEC is
poorly differentiated and usually Ki-67 index is over 20%. When we look at the morphology in our pathology
practice, we first decide whether the tumor is well differentiated(NET) or poorly differentiated(NEC).
Insulinoma-associated protein 1（INSM1）is a new neuroendocrine marker which can be applied for
immunohistochemical staining for histology and cytology of the tumors. NET and NEC are the tumors with
primarily different genomic background, i.e. mutations in ADXX/ATRX for NETs and that in Rb1 and p53 for
NECs. NETs show higher incidence of positive SSTR2 which is used as a biomarker for octreotide therapy.
Distinction between NET G3 and NEC is very important to predict prognosis and therapy. Cytological
specimens, both smears and cell blocks(CB) such as EUS-FNA, are used for the diagnosis of pancreatic
lesions. Recently cytological specimens are known to be good sources for immunohistochemistry and
molecular(genomic) analysis. Differential diagnoses for pancreatic NETs include (1) solid pseudopapillary
neoplasm(SPN), (2)acinar cell carcinoma(ACC) and (3)serous cystic neoplasm(SCN). Differentiation of
NETs from these lesions are important for prognosis and therapy. Some of these lesions mimic each other,
both histology and cytology, and differentiation with appropriate biomarkers is important. When NENs are
mixed with epithelial neoplasms of various kinds ,they are designated as mixed neuroendocrine nonneuroendocrine neoplasms(MiNEN). The counterpart of NET or NEC can be adenocarcinoma, adenoma and
others. The NET or NEC component can metastasize to the liver. Cytology also can contribute to the
diagnosis of MiNEN if we recognize both types of tumor cells.
Recently, attempts have been made to extend this NET, NEC grading system to the other organs, such as
pituitary, thyroid, lung,, liver, kidney, adrenal and breast as .”Common Classification( Mod Pathol 2018)” or
“Universal Nomenclature”(Endocr Relat Cancer 2020).
Conclusion:Cytopathology is expected to contribute to diagnoses and therapy of NENs with appropriate
classification and grading.

128

AG Zytopathologie

AG10.02

The International System for Reporting Serous Fluid Cytopathology: diagnostic categories and clinical
management.
F. Schmitt1, 2, 3
1Medical Faculty of Porto University, Pathology, Porto, Portugal, 2IPATIMUP, Unit of Molecular Pathology,
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Inhalt
Effusions can develop inside serous cavities in several pathologic states, both neoplastic and nonneoplastic. They are easy to drain and can provide useful diagnostic information. However, the reported
diagnostic efficacy of these specimens has not been uniform across different laboratories. To standardize
practices, the international system for reporting serous fluid cytology (TIS) was developed.TIS has set the
basic principles for laboratory handling of serous effusion specimens, defined the adequacy criteria, and set
a standardized reporting terminology with well-defined criteria for each diagnostic category. These include
nondiagnostic, negative for malignancy, atypia of undetermined significance, suspicious
for malignancy, and malignant. Each can provide useful inherent information for appropriate clinical
management and follow-up, with a defined expected diagnostic category incidence and risk of malignancy.
TIS has emphasized the role of ancillary tests in arriving at the correct interpretation within each category.
Because of the well-documented outcomes in the adoption of uniform cytology terminology, we recommend
the use of TIS and its use will be paramount to improving the diagnostic yield in this area of cytology.
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Urothelial cancer organoids: a tool for bladder cancer research
R. P. Meijer

UMC Utrecht, Department of Oncological Urology, Utrecht, Niederlande

Inhalt
Bladder cancer ranks among the top-ten of most common tumor-types worldwide and represents a growing
healthcare problem, accounting for a large part of total healthcare costs1,2. Chemotherapy is effective in only
1 out of 4 patients, while causing severe side effects3. Tumor pathogenesis and drug resistance mechanisms
are largely unknown. As a result, five-year-survival of muscle invasive bladder cancer, including metastatic
disease, remains approximately 35%4. Precision medicine is failing in bladder cancer, as bladder tumors are
genetically and molecularly very heterogeneous5. Currently, therapeutic decision-making depends on
assessing a single fragment of surgically acquired tumor tissue. This single tissue fragment does not
adequately represent the heterogeneity the tumor, including tumor pathogenesis and drug-resistance
development. New pre-clinical model-systems for bladder cancer are indispensable to tailor therapeutic
strategies tailored to individual patient- and tumor-characteristics. Organoids are small 3D-tissue cultures
that simulate small-size organs ‘in a dish’ and tumoroids are a special type of cancer organoids (i.e.
malignant tissue)6.

Since 2016, we have initiated a collaboration with the renowned Hubrecht Institute to provide proof of
concept of tissue-based bladder tumoroids mimicking parental tumors7. We have developed a living biobank
containing bladder organoids and tumoroids grown from over 50 patient samples, which reflects crucial
aspects of bladder cancer pathogenesis. Histological and immunofluorescence analysis indicated that
heterogeneity and subclassification of tumoroids mimicked those of corresponding ‘parental’ tumor samples7.
Thus, urothelial tumoroids mimic crucial aspects of bladder cancer pathogenesis. Research with urothelial
tumoroids will open up new avenues for bladder cancer pathogenesis and drug-resistance research and
precision medicine approaches.
Literaturangaben
[1] Antoni S, Ferlay J, Soerjomataram I, et al., (2017), Bladder Cancer Incidence and Mortality: A Global
Overview and Recent Trends., European Urology, 96-108, 71(1)
[2] Sievert KD, Amend B, Nagele U, et al, (2009), Economic aspects of bladder cancer: what are the
benefits and costs? , World Journal of Urology, 295-300, 27(3)
[3] Yin M, Joshi M, Meijer RP, et al. , (2016), Neoadjuvant Chemotherapy for Muscle-Invasive Bladder
Cancer: A Systematic Review and Two-Step Meta-Analysis. , Oncologist, 708-15, 21(6)

130

[4] Aben KKH, van der Heijden AG, Kiemeney LALM. , (2015), Trends in incidentie, prognose en sterfte bij
spierinvasief blaascarcinoom. , Tijdschrift voor Urologie. , 5:9
[5] Robertson AG, Kim J, Al-Ahmadie H, et al., (2017), Comprehensive Molecular Characterization of
Muscle-Invasive Bladder Cancer., Cell, 540-56 e25, 171(3)
[6] Drost J, Clevers H., (2017), Translational applications of adult stem cell-derived organoids. ,
Development, 968-75, 144(6)
[7] Mullenders J, de Jongh E, Brousali A, et al. , (2019), Mouse and human urothelial cancer organoids: A
tool for bladder cancer research. , PNAS, 4567-4574, 116(10)

131

AG Uropathologie

AG11.02

Impact of extracellular matrix composition and mechano-transductive signalling on urothelial bladder
organoids.
M.-A. Calba, C. Van Wymersch, J. Maier, A. Sammarco, M. Rogg, C. Schell, M. Werner

Institut für klinische Pathologie, Freiburg im Breisgau, Deutschland

Question
Organoid culture models emerge as novel and valuable tools to elucidate complex physiological as well as
pathophysiological conditions. Only very recently few approaches have been published for urothelial
organoids. Since bladder organoids might serve as an excellent system to investigate urothelial carcinoma,
we hypothesized that current culture approaches do not reflect changes in the extracellular milieu occuring
during carcinogenesis. Therefore we aimed to dissect the contribution of the extracellular environment on
growth and inherent differentiation properties.

Methods
Murine urothelial organoids isolated from wild type or genetic reporter mice (UpkIICre*mT*mGFP) were
analyzed using histology, immunofluorescence microscopy, electron microscopy and RNASeq for
transcriptome profiling.

Results
Employing a set of differentiation markers for urothelial epithelium we observed expression of typical
cytokeratins in an organotypic localization pattern. Comparative analysis of primary urothelial cells derived
from genetic reporter mice demonstrated the basal origin of urothelial stem cells. The basal-luminal
differentiation of urothelial organoids was supported by ultrastructural studies demonstrating zonula
occludens junctions towards the inner aspect of organoids. To test the impact of extracellular matrix (ECM)
ligands, urothelial cells were exposed to fibronectin, collagen IV, collagen I and Matrigel in 2D. Here, we
observed pronounced alterations in terms of cellular morphology and growth behaviour depending on
respective ECM-ligands and cultivation periods. These findings were corroborated in 3D culture conditions
where transcriptomic profiles significantly differed between organoids cultured in either collagen I or basment
membrane like gels, respectively. To dissect the contribution of mechano-transductive signalling on growth
and differentiation profiles of urothelial organoids we targeted the YAP/TAZ and RHOA/ROCK/MyosinIIsignalling axis by phamacological perturbation. Inhibition of YAP/TAZ signalling resulted in a blunted
impairment of proliferation and differentiation capabilities of respective organoids.
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Conclusion
Our observations indicate a significant effect of respective ECM-ligands and mechanotransductive properties
on growth and differentiation of urothelial organoids. These findings will help to optimize future studies for
modeling complex processes such as carcinogenesis in primary patient derived samples.
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Phenotypic characterization of tumor infiltrating T-cells in invasive urinary bladder cancer employing multiplex
imaging
L. Fuchs1, C. van Wymersch1, P. Zareba1, A. Sammarco1, M. Werner1, N. Pinter1, M. Grabbert2, M. Rogg1, C. Schell1
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Question
Urinary bladder carcinoma is characterized by a pronounced peritumoral immune cell infiltration. In line with
that, application of immune checkpoint inhibitors has revolutionized therapeutic regimens of urothelial
carcinoma. However, prediction of therapy response or non-response still remains largely elusive. Here, we
aimed to develop a detailed phenotypic characterization of T-cell populations employing multiplex imaging.
Methods
A cohort of 70 cases with muscle invasive urothelial carcinoma (>pT2) were stratified based on immune cell
infiltration densities. Selected subsets with high levels of infiltrating immune cell populations were further
analyzed employing a non-proprietary multiplex immunofluorescence tissue imaging approach (4i tissue
imaging - 7plex - AE1/AE3, CD3, CD8, CD4, PDL-1/CD274, PD1/CD279, IL2RB/CD122). Image cytometry
on single cell levels were performed for co-registered image data sets.
Results
Virtual sub-segmentation of individual cases into tumor and stroma/interface regions revealed no major
differences for overall CD8+ T-cell infiltration densities. Further co-expression analysis of intra-tumoral CD8+
T-cells demonstrated that only 0.1% expressed IL2RB (indicating a non-exhausted T-cell phenotype). On the
contrary, 19% of intra-tumoral CD8+ T-cells expressed PD1 and 48 % PDL1, both markers of the immune
inhibitory axis. Interestingly, we detected also a further subgroup of 22% PD1 and PDL1 double positive
CD8+ T-cells. Within the peri-tumoral interface region image cytometry detected more PD1 positive T cells
(33%), though there were less PDL1 (19%) and PD1/PDL1 double-positive T cells (7%). Further spatial
analysis revealed differential localization patterns for PDL1 positive CD8+ T cells. 15% of all classified T-cells
(CD4+, CD8+ and/or CD3+) intra-tumoral were categorized as PDL1+ T cells, whereas only 5 % of the peritumoral T-cells exhibited this expression pattern. Similar results were observed for the PD1/PDL1 doubleexpressor phenotype (intra-tumoral 22%, peri-tumoral 7 %) whereas the infiltration of CD8+ PD1+ T cells has
been merely the same with 6 % intra-tumoral and 8 % peri-tumoral.

Conclusion
Our data support the versatility and validity of a non-proprietary multiparametric tissue imaging approach.
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Tissue image cytometry serves as an excellent tool for spatial segmentation and might help in detailed
molecular classification of the tumor microenvironment in urothelial carcinoma.
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An international validation study of automated cancer detection in prostate biopsies
Y. Tolkach1, V. Ovtcharov2, A. Pryalukhin3, W. Hulla3, M.-L. Eich1, P. Caie2, E. Runde2, R. Büttner1
1University
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Österreich

Question
Digital pathology provides an opportunity for computational analysis of histological slides and the
standardized automation of some pathological tasks. The reporting of prostate cases is time consuming due
to the large number of slides per case. In this retrospective study, we validate a deep learning-based tool for
prostate cancer detection from patient biopsy samples.
Methods
A prostate cancer deep learning-based detection tool was previously developed and implemented in HALO
AI® and HALO AP® software (Indica Labs, Albuquerque, US). Two external validation cohorts of patients,
with multifocal prostate biopsy, were analyzed from two high-volume pathological institutes: Cohort 1/Dataset
1 (Cologne, n full cases = 65) digitized by Hamamatsu S360 scanner, Cohort 2 (Wiener Neustadt, n full
cases = 57) digitized by Hamamatsu S360 scanner (Dataset 2) and Leica GT450 scanner (Dataset 3).
Results
Similar high accuracy metrics were received for all three datasets implying good generalization among cases
from different institutes and digitized by different scanner systems, summarized in Table 1. Provided are
basal accuracy metrics without any forms of stain or color normalization for any of the datasets. Domain
adaptation strategies for institution and scanner system improve the generalization and final accuracies.
Several cores were detected where tumor was missed by pathologists (Cohort 1: n=7, Cohort 2: n=5). The
average analysis time was 1 minute / core in Cohort 1, and 2 minutes / core for Cohort 2.

Biopsy cores, n
(with tumor / in
total)

Overall
accuracy

Sensitivity

Specificity

Negative
predictive
value

Dataset 1

320 / 1220

0.941

0.97

0.93

0.99

Dataset 2

176 / 693

0.942

0.94

0.94

0.98

Dataset 3

173 / 667

0.946

0.91

0.96

0.97

Pooled

669 / 2580

0.942

0.95

0.94

0.98

Table 1. Metrics of prostate cancer detection accuracy in patient biopsy samples
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Conclusion
The prostate cancer detection tool reported high accuracy for prostate cancer detection in biopsy cases
during external validation; independent of the institute or scanner used. It is fully integrated into Indica Labs’
digital pathology platform and can assist pathologists in the form of pre-screening or quality control during
analysis of prostate biopsy cases.
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The new WHO classification of bone tumors
D. Baumhoer

Institut für Pathologie, Universitätsklinikum Basel, Basel, Schweiz

Inhalt
Die neue und fünfte Auflage der WHO Klassifikation für Knochen- und Weichteiltumoren ist Mitte 2020
erschienen und enthält zahlreiche Änderungen und Neuerungen. Der Vortrag gibt einen Überblick über die
neue Klassifikation der Knochentumoren und stellt die in der täglichen Diagnostik relevanten Änderungen
vor. Es werden außerdem konzeptionelle Änderungen und neue Erkenntnisse in der molekularen
Pathogenese von Knochentumoren diskutiert.
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From “Arbeitsgemeinschaft Knochentumoren” [AGKT]: H3.3 p.G34W-mutated Giant Cell Tumors of Bone
without Giant Cells are expanding the spectrum of Giant Cell Tumor of Bone – presentation of three cases
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4Knochentumor-Referenzzentrum am Institut für Pathologie, Universitätsspital Basel, Basel, Schweiz,
5Abteilung für Diagnostische und Interventionelle Radiologie, Universitätsklinikum Ulm, Ulm, Deutschland,
6Radiologie Raboisen 38, Hamburg, Deutschland, 7Klinik für Unfall-, Hand-, Plastische und
Wiederherstellungschirurgie, Universitätsklinikum Ulm, Ulm, Deutschland, 8Abteilung für Allgemeine
Orthopädie und Zentrum für Endoprothetik, Schön Klinik Hamburg Eilbek, Hamburg, Deutschland, 9Abteilung
VIII Diagnostische und Interventionelle Radiologie, Bundeswehrkrankenhaus Hamburg, Hamburg,
Deutschland, 10Berliner Institut für Gesundheitsforschung und Zentrum für Regenerative Therapie, Charité
Universitätsmedizin Berlin, Berlin, Deutschland

Question
Giant cell tumor of bone (GCTB) is a locally aggressive and rarely metastasizing neoplasm of the bone. It is
composed of neoplastic mononuclear stromal cells, which are characterized by a diagnostic H3F3A gene
mutation, admixed with macrophages and eponymous osteoclast-like giant cells. We present three cases of
GCTB that contain immature osteoid and lack giant cells. These morphological aspects resemble the
morphological changes observed in GCTB after denosumab treatment, however the patients presented here
did not receive any denosumab therapy. [1]
Methods
In each case the mutational status of H3F3A gene was analyzed by Sanger sequencing using standard
procedures. Immunohistochemistry (G34W, CD68, KI-67) was performed on formalin-fixed and paraffin
embedded tissue.
Results
All three reported lesions were located in the meta-/epiphysis of long bones. Matching histologic aspects
were lack of giant cells and isomorphic fibrocytic spindle cells with intermingled collagen-rich bundles and
formation of immature osteoid. A focal absence of giant cells has been described in GCTB, however the
general lack of giant cells and especially formation of immature osteoid is not common and thereby different
from conventional GCTB. [1]
Malignant entities, such as low-grade osteosarcoma and malignant GCTB, are excluded since radiological
progression is absent, cellular atypia are lacking and KI-67 index is below 1%. An additional feature of one
case is the detection of interspersed foam cells, which are a diagnostic feature of formerly so called benign
fibrous histiocytoma (BFH). In the current WHO edition from 2020, this entity was removed and BFHs of the
epiphysis are now generally regarded as GCTB. [1]
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The imaging was compatible with the diagnosis of GCTB even if it was not the first suspected diagnosis in 2
cases.
Conclusion
GCTB is a heterogenous neoplasia since it may present with “extensive necrosis, […] aneurysmal change,
collections of foamy macrophages, and reactive/reparative non-mutant fibrous tissue” [1]. Our cases expand
the spectrum of these heterogenous group of H3F3A-mutated neoplasm as “GCTB with complete absence
of giant cells”. The diagnosis of GCTB with immature osteoid and without giant cells is a pitfall and demands
the use of the monoclonal G34W-antibody RM263 in such unclear bone lesions to define this neoplasm as
“GCTB without giant cells” [2].
Literaturangaben
[1] Flanagan, A. M.; Larousserie, F.; O´Donnell, P. G.; Yoshida, A., (2020), Giant cell tumour of bone, WHO
Classification of Tumours Editorial Board, Soft tissue and bone tumours. 5th ed., Lyon (France)
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Fourfold malignancy in association with GIST – a case report.
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Question
Synchronous occurence of gastrointestinal stroma tumors (GIST) with other primary malignancies is well
known. Co-occurence with gastrointestinal carcinomas is reported in about 47% of the cases[Lit1].
Metachronous occurence of GIST with other neoplastic lesions accounts for about 11%[Lit2]. The
synchronous and additionally metachronous occurence of more than three malignancies associated with
GIST is very rarely reported in literature.

Methods
The middle-aged patient presented with a gassy abdomen. Biopsies revealed adenocarcinoma of the colon
and imaging identified additionally a stalked 8.5 cm tumor of the stomach wall. Right hemicolectomy and
resection of the stalked tumor followed. Five years later, he noticed a tight swelling of the left thumbball
without evidence of trauma, due to a 5 cm tumormass. Magnetic resonance imaging furthermore revealed a
thickening of the distal urether wall. Alltogether, surgeries provided tissue of the colon, stomach, the
thumbball and urinary bladder.
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Figure 1. GIST and carcinoma of the colon ascendens (A) and MPNST (B).

Results
Histology of the colon revealed I.) adenocarcinoma II.), regarding the tumor of the stomach wall, a high risk,
cKIT mutated GIST, resulting in therapy with imatinib. The tumor of the thumbball five years later, turned out
to be III.), a malignant peripheral nerve sheath tumor (MPNST) with rhabdomyosarcomatoid differentiation,
where surgery and radiochemotherapy were performed. IV.) high grade urothelial carcinoma of the ureter
was diagnosed and treated by mitomycin instillation.
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Figure 2. Adenocarcinoma of the colon (A), GIST with DOG1 IHC insert (B), MPNST with rhabdomyoblast insert (C) and urothelial
carcinoma of the distal ureter wall (D).

Conclusion
Here, we report the case of a fourfold malignancy, associated with GIST, where adenocarcinoma of the
colon and GIST occured synchronous. Five years after initial diagnosis of GIST, the patient developed a
MPNST and additionally urothelial carcinoma. The combination of these malignancies with respect to the
timeline, represents a special case of multiple malignancies associated with GIST and are pending to be
further examined by molecular diagnostics.

Literaturangaben
[Lit1] Diamantis, (2018), Gastrointestinal stromal tumors and synchronous intra-abdominal malignancies:
Review of the literature., BAKIS Productions LTD, Journal of the Balcon Union of Oncology, 1573-1579,
Dec;23(6)
[Lit2] Pandurengan, Survival of patients with multiple primary malignancies: a study of 783 patients with
gastrointestinal stromal tumor. , Elsevier, Annal of Oncology, 2107-2111, Oct;21(10)
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IGF-IR/PI3K/AKT-dependent regulation of β-catenin in synovial sarcoma
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Question
Synovial sarcoma is an aggressive soft tissue tumor which particularly occurs in young adults. Given high
rates of local recurrences and metastases, clinical outcome in patients with advanced disease is poor. For
the development of novel therapeutic strategies, a precise understanding of the molecular mechanisms
involved in synovial sarcoma tumorigenesis and progression is essential. The molecular hallmark of synovial
sarcoma is a specific reciprocal t(X;18) translocation, resulting in the fusion protein SS18-SSX, which acts as
a transcriptional dysregulator. SS18-SSX-dependent upregulation of IGF-II in synovial sarcoma cells has
been described before, protecting the tumor cells against apoptosis and leading to proliferation through
oncogenic activation of IGF-IR and its downstream targets. Furthermore, an aberrant activation of the
WNT/β-catenin signaling pathway, including nuclear β-catenin accumulation, associated with elevated TCF
transcription factor activity and high expression levels of β-catenin targets, was reported to be of particular
importance for synovial sarcoma cell proliferation. As the mechanism of β-catenin activation in synovial
sarcoma is still elusive, this work aims to examine if aberrant IGF-IR/PI3K/AKT-signaling exerts regulatory
effects on the WNT/β-catenin pathway.
Methods
A comprehensive set of synovial sarcoma specimens was subjected to immunohistochemical analyses of
IGF-IR and β-catenin. In human synovial sarcoma cell lines the transcriptional activity of β-catenin upon IGFIR-pathway modulation was analyzed via i) immunoblotting of phosphorylated β-catenin and ii) WNT/βcatenin downstream targets as well as iii) TCF luciferase reporter activity.
Results
In primary synovial sarcoma tissue specimens, both, activation patterns of IGF-IR signaling and elevated
levels of nuclear β-catenin were detectable by immunohistochemistry. Stimulation with recombinant IGF-II
resulted in enhanced transcriptional activity of β-catenin demonstrated by elevated expression of active βcatenin and its downstream targets. Conversely, modulation of the IGF-IR/PI3K cascade by RNAi-mediated
knockdown or pharmacologic inhibition (BMS-754807 and BKM120) resulted in decreased β-catenin
transcriptional activity and suppression of synovial sarcoma cell viability.
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Conclusion
These data imply that the IGF-IR/PI3K/AKT pathway is crucially involved in β-catenin activation in synovial
sarcoma and thus represents an attractive target for pharmacological intervention.
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Inhibition of the polycomb repressive complex 2 leads to downregulation of H3K27me3 with heterogenous effect
on TBXT and HOX gene expression in chordomas
E. Mantel, C. Seeling, P. Möller, T. Barth, K. Mellert

Universitätsklinik Ulm, Institut für Pathologie, Ulm, Deutschland

Question
Chordomas are rare bone tumors that mainly arise along the spine. A hallmark of this tumor entity is the
expression of the TBXT gene resulting in measurable amounts of Brachyury within the nuclei of the cells.
Brachyury is an essential transcription factor for notochord formation implicating that chordomas derive from
remnants of the notochord.
The polycomb repressive complex 2 (PCR2) catalyses the triple methylation of the lysine residue 27 at the
histone 3 (H3K27me3) being a modification responsible for the repression of corresponding target genes.
This epigenetic modification can be removed by the demethylases UTX and JMJD3. Both an enhanced and
a diminished activity of the PRC2 can result in a dysregulation of the expression of tumor suppressors or
oncogenes and therefore can induce tumor development as described for several tumor entities.
The aim of the study was to identify possible impact of the H3K27me3 modification on potential key player
proteins (e.g. Brachyury) in chordomas.

Methods
The cell lines U-CH1, MUG-Chor1, UM-Chor1 and U-CHCF365 were treated with EED226 or GSK-J4.
EED226 is an allosteric inhibitor of the PRC2 whereas GSK-J4 inhibits the demethylases UTX and JMJD3.
Cell viability was measured using MTS assay. Induced differences of target gene expression were measured
by quantitative rt-PCR (mRNA levels) and Western Blot (protein levels).

Results
We show that the three main components of the PRC2 were detectable in the seven tested cell lines both on
mRNA and protein levels. Treating the cells with EED226 resulted in a clear reduction of H3K27me3. A
treatment with GSK-J4 only slightly enhanced the amounts of triple methylated H3K27. Cell viability was not
affected by altering the amount of H3K27me3. Furthermore, Brachyury levels remained constant
independent from the usage of the inhibitors. On the other hand treatment of the cell line U-CH1 with
EED226 resulted in an upregulation of the genes HOXA7, HOXA9 and HOXA10.
Conclusion
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The expression of the key player gene TBXT was not changed by modulating the H3K27me3 modification.
This indicates that TBXT is either not a target gene of the PRC2 or further pathways are used to maintain
TBXT expression in chordoma.
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Giant cells of various lesions are characterized by different expression of Runx2, Osteopontin and MHC class II
V. Hild, P. Möller, T. Barth
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Question
Giant cells (GC) are thought to originate from the fusion of cells from the monocytic lineage. The genesis of
GC is associated with inflammation e.g., foreign body granuloma, sarcoidosis and tuberculosis. GC may also
arise against the background of neoplastic lesions like giant cell tumour of bone and aneurysmatic bone cyst.

Methods
In order to identify similarities and differences of GC of multiple origins, we used immunohistochemistry for
profiling of various lesions. We included tissue with GC from foreign body granuloma (n=4), tuberculosis
(n=3), sarcoidosis (n=3), sarcoid like lesions (n=2), placenta (n=3), osseous callus (n=5), non-ossifying
fibroma (n=3), juvenile xanthogranuloma (n=1), fibroid epulis (n=3), giant cell tumour of tendon sheath (n=3),
giant cell tumour of bone (n=11), aneurysmatic bone cyst (n=7), chondroblastoma (n=3) and brown tumour
(n=2).
We studied two molecules (Runx2 and Osteopontin) important in osteoblast development, bone formation
and remodelling, as well as MHCII as a primary mediator during immune response.

Results
In giant cell tumours of bone, Runx2 is positive in the cytoplasm of GC and osteoblasts. Other lesions of the
bone, such as aneurysmatic bone cyst, brown tumour, chondroblastoma and osseous callus do not express
Runx2 in GC. Inflammatory lesions like tuberculosis, sarcoidosis, sarcoid like lesions and foreign body
granuloma as well as GC of fibrous epulis and Hofbauer cells of placenta show a heterogenous expression
of Runx2, while GC of juvenile xanthogranuloma, non-ossifying fibroma and giant cell tumour of tendon
sheath are Runx2-negative.
OPN was detected in GC of osseous callus, foreign body granuloma, fibroid epulis, giant cell tumour of bone
and giant cell tumour of tendon sheath, while GC in juvenile xanthogranuloma are OPN-negative. Hofbauer
cells of placenta and GC of sarcoidosis, tuberculosis, non-ossifying fibroma, aneurysmatic bone cyst,
chondroblastoma and brown tumour showed a heterogenous expression of OPN.
Expression of MHCII is positive in GC of tuberculosis, sarcoidosis, and foreign body granuloma, while it is
absent in osteoclasts of osseous callus.
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Conclusion
The data point to different origins and/or functions of giant cells despite their similar aspects and therefore
reflect the different nature of the lesions. Establishing a profile of giant cell containing lesions is crucial to
further analyse the origin and function of these cells and may help to diagnose these partially overlapping
morphologies.
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Esophageal adenocarcinoma: understanding the molecular basis of differential treatment response
C. Jonas1, T.-P. Yang2, S. Hoppe1, S. Neiß3, S.-H. Chon3, W. Schröder3, C. Bruns3, R. Büttner1, Y. Zhao3, H. Alakus3, A.
Quaas1, M. Peifer2, A. Hillmer1
1Universitätsklinikum

Köln, Institut für Pathologie, Köln, Deutschland, 2Center for Molecular Medicine,
Translational Genomics, Köln, Deutschland, 3Universitätsklinikum Köln, Allgemein-, Visceral- und
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Question
Esophageal cancer is the eighth most common cancer worldwide, and the sixth most common cause of
cancer-related death. The most prevalent subtype of esophageal cancer in Western countries is esophageal
adenocarcinoma (EAC). Neoadjuvant radiochemotherapy is standard of care but the response varies
dramatically, ranging from primary resistance to major (10 % remaining vital tumor) and even complete
response. In this study, we address the clinically relevant question: what is the molecular nature of
resistance? This will provide the opportunity to investigate the selection for and evolution towards resistance.
Methods
To address this, we macro-dissected the residual vital tumor of 23 major responders after treatment and
compare these resistant clones with the paired treatment naïve primary biopsies by whole exome- and RNAsequencing.
Results
With these analyses we show that post therapy (resistant) tumors are characterized by upregulation of
extracellular matrix (ECM) genes. MMP2, THY-1/CD90, POSTN were highly expressed and are associated
with tumor-associated fibroblasts. Studies by Guo et al. have shown that there are two molecular subtypes I
and II of EAC whereby subtype I seems to be less sensitive to chemotherapy. We identified these subtypes
within our cohort of treatment naïve samples.
Conclusion
With these analyses, we will understand which processes determine resistance and the course of relapse
after radiochemotherapy. We will identify biomarkers that discriminate clinically relevant patient groups and
potentially provide new targets for intervention.
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KRAS/GNAS-testing by deep targeted NGS improves the EUS-guided workup of suspected mucinous
neoplasms of the pancreas
D. Schmitz1, D. Kazdal2, M. Allgäuer2, M. Trunk3, S. Vornhusen3, A.-M. Nahm1, M. Doll1, S. Weingärtner1, V. Endris2, R.
Penzel2, M. Kirchner2, R. Brandt2, O. Neumann2, H. Sültmann4, J. Budczies2, P. Kienle1, R. Magdeburg1, S. Hetjens5, P.
Schirmacher2, 4, F. Bergmann2, J. Rudi6, A. Stenzinger2, 4, A.-L. Volckmar2
1Department
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Pathology, SYNLAB GmbH Mannheim, Mannheim, Deutschland, 4German Cancer Consortium (DKTK),
Partner Site Heidelberg, and German Cancer Research Centre (DKFZ), Heidelberg, Deutschland,
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Theresienkrankenhaus and St. Hedwigsklinik, Heidelberg, Deutschland

Question
Pancreatic cysts or dilated pancreatic ducts are often found by cross-sectional imaging, but only mucinous
lesions can become malignant. Therefore, distinction between mucinous and non-mucinous lesions is crucial
for adequate patient management.
Methods
We performed a prospective study including targeted NGS of cell-free DNA in the diagnostic EUS-guided
workup. Pancreatic cyst(s) or main duct fluid obtained by EUS-guided FNA was analysed by CEA, cytology
and deep targeted NGS of 14 known gastrointestinal cancer genes with a limit of detection down to variant
allele frequency of 0.01%. Results were correlated to histopathology and clinical follow-up
Results
93 patients with pancreatic cyst(s) and/or a dilated pancreatic main duct (≥5 mm) were screened. 51 patients
had to be excluded, mainly due to inoperability or small cyst size (≤ 10 mm). 42 patients were enrolled for
further analysis. A final diagnosis was available in 24 cases including 7 negative controls. In 37/42 (88.1%)
of patients a KRAS- and/or GNAS-mutation was diagnosed by NGS. 30.0% of the KRAS-mutated and 11.8%
of the GNAS-mutated lesions harbored multiple mutations. KRAS/GNAS-mutations were detected in all
histologically proven mucinous neoplasms but in none of the non-mucinous lesions. KRAS/GNAS-testing by
NGS, cytology, and CEA had a sensitivity and specificity of 100% / 100%, 50% / 100% and 58.3% / 85.7%,
respectively. Tests were discordant in 11/24 (45.8%).
Conclusion
In conclusion, KRAS/GNAS-testing by deep targeted NGS is a suitable method to distinguish mucinous from
non-mucinous pancreatic lesions, suggesting its usage as a single diagnostic test. Results must be
confirmed in a larger cohort.
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High expression of the class II tumor suppressor ITIH5 is associated with significantly better survival in
cholangiocellular carcinoma (CCA)
N. Ortiz Brüchle1, M. Onyuro1, V. J. Dreyer1, J. D. P. Engels1, T. Longerich2, T. Lüdde3, S. H. Loosen3, U. Neumann4, L.
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Question
CCA is a rare but aggressive malignancy, which arises from the biliary epithelium. There is increasing
evidence that the neoplastic transformation in CCA is accompanied by a number of epigenetic alterations.
The putative tumor suppressor gene ITIH5 encodes a hyaluron-binding extracellular matrix (ECM) protein
that is downregulated in multiple solid tumors by promoter DNA hypermethylation, its loss being associated
with cellular reprogramming towards more aggressive phenotypes and poor patient prognosis. Here, we
present the first investigation on the functional and clinical impact of ITIH5 expression in CCA.
Methods
We examined ITIH5 mRNA expression and CpG hypermethylation using data from The Cancer Genome
Atlas (TCGA). In addition, ITIH5 protein expression was evaluated by immunohistochemistry (IHC) using a
tissue micro array (n=104). Applying real time PCR and pyrosequencing we have also started to analyze
ITIH5 expression and methylation in a set of CCA cell lines.
Results
TCGA data analysis indicated a very strong upregulation (>100 fold) of ITIH5 mRNA in CCA (n=36)
compared to normal tissue (n=9). Abundant ITIH5 mRNA expression was associated with favorable survival
(p=0.038). These observations could be confirmed on protein level as IHC demonstrated that ITIH5 protein is
only weakly expressed in within the normal bile duct. However, 26% of CCAs exhibited very abundant ITIH5
protein upregulation, that was like mRNA expression associated with favorable overall survival (p=0.02).
Furthermore, ITIH5 expression correlated with absence of perineural invasion (p<0.001), Non-Klatskin tumor
(p<0.001) and low UICC stage (p=0.005). Interestingly, in two CCA cell lines (EGI-1 and CCC-5) we
determined loss of ITIH5 mRNA and protein expression accompanied by nearly complete methylation of the
ITIH5 promoter. First in vitro experiments using stably transfected CCA cell lines are underway to decipher
the effect of forced ITIH5 expression in these cellular models of CCA.
Conclusion
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CCA is the first tumor entity described so far, where ITIH5 is strongly upregulated in the tumor compared to
normal tissue. We are currently investigating the further significance and cause of ITIH5 expression
upregulation during the development of CCAs. Although it sounds somewhat paradoxical that a typical class
II tumor suppressor gene is activated in the tumor, the clear correlation between ITIH5 expression and
favorable survival indicates that this finding may open new avenues to treat this aggressive cancer.
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Identification of a unique gene signature for partial epithelial-mesenchymal transition in colorectal cancer cells
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Molecular Biology and Genetics, Ankara, Türkei, 4Orta Dogu Teknik Universitesi, Cancer Systems Biology
Laboratory (CanSyl), Ankara, Türkei

Question
Epithelial-mesenchymal transition (EMT) is a key developmental process involved in migration, metastasis
and chemoresistance of cancer cells. While recent studies have identified a hybrid state in this process,
called “partial EMT”, the mechanisms underlying this condition remain poorly understood. Here we aimed to
identify the key gene signature of partial EMT induced by starvation in various colorectal cancer (CRC) cell
lines.

Methods
HCT116, DLD1, and HT29 cells were used in this study. EMT characteristics were confirmed by assessment
of cell morphology using confocal fluorescence microscopy and by western blotting. Different inhibitors for ECadherin degradation were tested. Functional characterization was conducted using 3D spheroid forming
assay and 2D in vitro studies upon nutritional starvation along with drug resistance studies. The effects of
starvation were evaluated in vivo using the chorioallantoic membrane (CAM) model. An RT-qPCR array was
used to screen for deregulated genes, and the significant genes were used in univariate cox regression to
determine their prognostic value on the CRC dataset GSE39852. LASSO and MyStepwise with cox
regression were used to establish a gene signature by training, testing and cross-validating a multivariate
cox regression model.

Results
Starved CRC cells developed a spindle shape-like morphology accompanied by a loss of functional ECadherin. This reversible process was independent of canonical EMT transcription factors and could be
attributed to internalization and processing of E-cadherin. Starvation-induced partial EMT could be reverted
by the proteasome inhibitor MG132. Starved CRC cells were more sensitive to 5-FU when they were cotreated with MG-132. A PCR array revealed significant changes in a number of genes associated with an
early EMT stage. Three of these genes (EGFR, SERPINE1 and SOX10), which could be validated by RTqPCR and in vivo, were used to train a multivariate cox regression model and to create a gene signature for
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calculating a risk score for CRC patient stratification. Our model shows that a higher risk score was
associated with poor disease-free survival (DFS), independent of several clinical variables. The low and high
risk scores were significantly associated with Consensus Molecular Subtype (CMS) CMS1 and CMS4,
respectively.

Conclusion
Identifying molecular targets during the early stages of metastasis will help to establish novel cancer therapy
regimes aimed at preventing EMT and overcoming drug resistance.
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Deep-Learning-based biomarkers in gastrointestinal cancer
J. N. Kather
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Intensivmedizin, Aachen, Deutschland

Inhalt
Bildanalyse mittels Deep Learning ermöglicht die Automatisierung einzelner pathologischer Arbeitsschritte,
wie beispielsweise die Erkennung tumorbefallener Lymphknoten oder die Quantifizierung histologischer
Strukturen. Darüber hinaus können mittels Deep Learning jedoch auch direkt prognostische und prädiktive
Informationen aus histologischen Bildern abgeleitet werden. Im Kontext gastrointestinaler Tumoren wurde
vielfach gezeigt, dass Deep Learning prognostisch relevante Muster erkennen kann, die über etablierte
Marker hinausgehen. Zusätzlich kann Deep Learning hier molekulare Veränderungen direkt aus HESchnitten erkennen, und somit prädiktive Marker für einzelne Therapieansätze liefern. Eine Voraussetzung
für die Weiterentwicklung dieser Methoden ist die enge Zusammenarbeit von Forscherinnen und Forschern
mit histopathologischem, klinischem und technischem Hintergrund. In diesem Vortrag werde ich den Stand
der Technik der Deep Learning-Methoden und das Potenzial für die Zukunft erläutern und zur Diskussion
stellen.
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Clonal hematopoiesis in lung cancer patients - detection of false-positive findings in liquid biopsies by parallel
sequencing.
J. Fassunke, A. Trunk, E. Binot, M. Ball, S. Merkelbach-Bruse

Uniklinik Köln, Institut für Pathologie, Köln, Deutschland

Question
In clonal hematopoiesis, clonal, molecular genetic, or cytogenetic changes are present in blood or bone
marrow cells (clonal hematopoiesis of indeterminate potential, CHIP). In this case, signs of hematologic
neoplasia are absent. The incidence of CHIP increases with age. While CHIP is detected only in rare cases
in individuals under 40 years of age, clonal hematopoiesis occurs in 3.5-10% of patients 60 years of age and
older. Thus, analysis of circulating tumor cell DNA (ctDNA) from plasma cannot distinguish whether detected
mutations are of somatic origin or result from clonal hematopoiesis.
A sample cohort of 92 plasma and corresponding buffy coats from lung cancer patients was collected. It was
examined with a very sensitive parallel sequencing technique whether the detected variants of the ctDNA
analysis are somatic mutations or possibly derive from clonal hematopoiesis. The distinction between
somatic mutation or clonal hematopoiesis is of great therapeutic value.

Methods
To verify possible clonal hematopoiesis, we collected plasma and blood mononuclear cells (PBMC) from the
buffy coat of the same patient and stored them at -80°C until analysis. The ctDNA and DNA extraction was
performed semi-automatically with type appropriate kits. We used two hybridization-based parallel
sequencing assays from different companies.
Results
The sequencing results of the buffy coats are compared with sequencing results of the ctDNA to confirm or
exclude the presence of clonal hematopoiesis. Results were also collated with patients’ age or previous
sequencing analysis if available.

Conclusion
The sensitivity of hybridization-based parallel sequencing is well suited for detection of clonal hematopoiesis,
because it can occur in low allele frequencies. One of the used assays had slight advantages with regard to
turn around time and costs. We recommend to analyze not only the patients ctDNA but also the DNA from
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the buffy coats to provide the patient with the best possible therapy.
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Validation of the AVENIO NGS Oncology Assays for FFPE tissue specimen and liquid biopsy (cfDNA) analyses
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Question
Whilst NGS-based mutation analyses in cancer tissue specimens are “state of the art” in routine molecular
diagnostics, this is not the case for liquid biopsy derived cellfree DNA samples. Here, we tested a
commercial NGS-based approach for FFPE tissue specimens and liquid biopsy cfDNA analyses.

Methods
The AVENIO workflows (Roche) were tested on (non-matched) FFPE tissue specimens of solid tumors
(n=27; Avenio Surveillance), liquid biopsy plasma samples from lung and colorectal tumor patients (n=29;
Avenio Targeted or Surveillance) and an additional matched peural effusion (n=1; Avenio Surveillance) with
known mutational status. In addition, reference standards for FFPE (HD798, HD803; Horizon) and cfDNA
(HD786; Horizon) were included. 2/27 tissue specimens were from the same patient. Replicate analysis was
performed with the reference cfDNA. In 6 patients, two (n=5) and four (n=1) follow-up cfDNA samples were
available. Library preparation, multiplexing (optimal read pairs: FFPE: 10M/Surveillance; cfDNA:
20M/Targeted and 30M/Surveillance), sequencing (NextSeq 550Dx, Illumina) and data analysis (AVENIO
Oncology Analysis Software) was performed according to the AVENIO workflows.

Results
NGS Quality metrics of FFPE tissue specimens fulfilling the DNA input amount showed mean read pairs of
19M and a mean unique depth of 2052. The known mutation status (n=6 wildtype; n=19 with diverse
SNVs/indels, n=2 with ALK Fusions) was validated. Also the FFPE reference standards yielded according
data.
NGS quality metrics of cfDNA samples were fulfilled for the Targeted (mean read pairs 21M; mean unique
depth 4619) and Surveillance panel (mean read pairs 32M, mean unique depth 4275). Independent
replicates of the reference cfDNA confirmed the reproducibility as well as the limit of detection at 1% allele
frequency for SNVs and indels. The known mutation status (n=12 wildtype, n=12 SNVs/indels in BRAF and
EGFR, and n=3 ALK and ROS1 fusions) was validated per patient. Furthermore, the same mutations were
detected in cfDNA samples (n=8) subjected to both Targeted and Surveillance Panels. Finally, QuIP round
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robin PIK3CA cfDNA and RfB round robin BRAF/EGFR/KRAS cfDNA tests were successfully performed in
2020 using the Avenio workflow.

Conclusion
This study shows that the Avenio workflows are suitable for tissue specimens and liquid biopsy, respective
cfDNA analyses. Further work regarding the integration of joint processing of tissue specimens and liquid
biopsy samples is however required.
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Germline Finding in Tumor-only panel sequencing: Results of a single-center study
S. Dintner1, M. Schlesner2, M. Harloff3, T. Schaller1, M. Frühwald4, M. Trepel5, B. Märkl1, M. Kuhlen4, R. Claus5
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Question
It is increasingly common in oncology practice to perform tumor only NGS using multi-gene panel testing. For
pathogenic variants it is often unclear whether they are of somatic or germline origin. To identify pathogenic
variants, some clinical labs sequence both a tumor and related normal sample. This enables the
identification of pathogenic germline variants (PGVs) and opens a new field of cancer medicine including
cancer risk assessment, individualized therapies and targeted efforts in cancer surveillance and prevention.
However, there are significant obstacles to instituting large-scale tumor–normal sequencing for any
institution. The ESMO Precision Medicine Working Group published consensus recommendations on
germline-focused analysis. In order to test these recommendations on the tumor-only sequencing at our site,
we analyzed our multi-gene panel data with germline-focus in this study.
Methods
All patients with solid tumor malignancy who underwent tumor-only NGS at UKA between May 2018 and Dec
2020 were reviewed. Genomic sequencing of 83 cancer related genes was performed using the AmpliSeq
for Illumina Focus, HotSpot, BRCA1/2 and the Agilent HRR Panel. Tumor-only NGS results were reviewed
for PGVs using the following filter criteria: Pathogenic variants with a VAF ≥ 40%, a VAF/tumor purity ratio ≥
50% and CNVs.
Results
Among 2057 patients suspicious PGVs were detected in 408 patients (20%) and were prevalent across
patient ages (3-91 years) and cancer types, including cancers known to be strongly associated with germline
variance (breast, colorectal) as well as others (lung, and ovary). Certain genes were not included,
considering the high prevalence previously associated with syndromes. Therefore, 250 relevant changes
could be described in 46 genes. The identified variants were strongly associated with genes with a high
germline conversion rate (HRR genes) as well as others (EGFR, IDH1, CTNNB1). In selected cases, the
suspicious PGVs were successfully verified by normal sample analysis.
Conclusion
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The findings of this study suggest that tumor-only sequencing using multi-gene panels enables the
identification of PGVs. The analysis of normal samples following tumor sequencing often produces findings
that may impact patient care. Current guidelines and tumor testing approaches appear to capture many, but
not all, of these germline findings, reinforcing the utility of germline focused analyzing of tumor-only
sequencing in appropriate patients.
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Testing homologous recombination DNA repair deficiency using three different analysis methods
C. Albig, E. Mayr, W. Weichert, N. Pfarr

Institut für Allgemeine Pathologie und Pathologische Anatomie, Technische Universität München, München,
Deutschland

Question
Defects of homologous recombination repair genes, such as BRCA1/2, result in the cells in activation of
alternative DNA repair pathways with lower fidelity, causing an increased mutation rate and cancer
development. Approximately 50% of ovarian cancers exhibit homologous recombination DNA repair
deficiency (HRD) in the absence of BRCA1/2 mutations. Recent studies demonstrated that HRD-high breast
and ovarian cancer exhibit greater responses to agents targeting this pathway, such as ADP ribose
polymerase inhibitors (PARPi) and platinum containing therapies. Therefore, HRD mutation testing is
promising as predictive biomarker for patient selection receiving PARPi and other DNA damaging agents. To
address this, clinical tests based on an HRD index score using loss of heterozygosity (LOH), telomeric allelic
imbalance (TAI), and large scale transitions (LSTs) were established to predict the presence of HRD.
Recently, a commercial assay was approved including a genomic instability biomarker as companion
diagnostic for HRD assessment in advanced ovarian cancer. However, several different testing methods are
also capable to assess genomic instability and to calculate HRD score.

Methods
Here, we wanted to compare the capability of different methods such as low-pass whole genome sequencing
(WGS; DNA TrueQuant Library Preparation Kit), single-nucleotide polymorphism genotyping array (Infinium
CytoSNP-850K v1.2 BeadChip) and amplicon based panel sequencing (AmoyDx HRD Focus Panel) to
measure genomic instability in a small patient cohort. Genomic instability testing is performed on tumor only
DNA from formalin-fixed paraffin-embedded tumor samples. In parallel, all samples were analyzed applying
the TruSight Oncology 500 panel to assess mutation status of homologous repair genes. All test systems
were analyzed on a NextSeq550Dx instrument. Tumor ploidy and copy number profiles were calculated
using the software Control-FREEC for low-pass WGS and ASCAT for CytoSNP array. The three measures
HRD-LOH, TAI and LST to calculate an HRD score were analyzed using the software scarHRD while the
panel sequencing data were analyzed by AmoyDX’s proprietary software solution.
Results
We found that all three assays produced similar HRD scores. However, a larger patient cohort will be needed
to determine thresholds for each assay to predict HRD.
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Conclusion
We conclude that also other assays as the so far approved could potentially be suitable candidates for HRD
testing in a routine diagnostic setting.
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Variant Workshop 2020- Prototype for a future quality circle
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Question
Tailored therapies have become the gold standard for many cancer patients. The basis for this is the
molecular pathological characterization of tumors, which is mainly carried out using next-generation
sequencing (NGS)-based multiparameter analysis. Correctly specified and interpreted sequence variants
and RNA fusions which are evaluated carefully regarding their importance for tumor biology are of high
clinical value for optimal personalized therapy options for cancer patients.
The aim of the workshop was to take stock of the standardized naming, interpretation and evaluation of the
results of NGS-based multiparameter analysis within the molecular pathology diagnostics community and to
develop a joint conceptual design for variant evaluation.

Methods
In preparation for the fall meeting of the Working Group Molecular Pathology 2020, files comprising
information on sequence variants and fusions of 12 cases were issued to 20 registered participants from 12
different institutions. For five cases fastq- and bam-files were provided for bioinformatic analysis, for another
seven cases, chromosome coordinates of already detected variants plus bam-files as well as lists of different
fusions were made available. The task was to specify the nine variants and three fusions regarding gene,
transcript and exon numbering according to HGVS nomenclature as well as to perform further interpretation
with regard to tumor cell content, allele frequency, entity/organ, and drug classes.
Results
The submitted data were compiled and presented in a separate three-hours workshop of the fall meeting and
discussed with the participants. After the workshop, the participants received a summary of the anonymized
answers of the participants as well as a list of the most used databases/sources.

Conclusion
The workshop offered a very good common platform for exchange and understanding of the current status of
variant interpretation. The designation according to the HGVS nomenclature and interpretation of variants
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and fusions are already very well implemented in molecular pathology diagnostics. Further harmonization
and standardization of variant naming, interpretation and evaluation are required steps in face of increasing
complexity of molecular diagnostics. Prospective activities should include variant assessment in report
generation, bioinformatic aspects, such as the handling of population databases and comprehensive cloud
services, and the integration of evidence levels.
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Detection of homologous recombination deficiency (HRD) in ovarian cancer - decentral validation of the Myriad
HRD assay
C. Denkert

Institut für Pathologie, Philipps-Universität Marburg, Marburg, Deutschland

Inhalt
Für das Ovarialkarzinom wurde Ende 2020 als zusätzliche Therapieoption die Erhaltungstherapie mit einer
Kombination aus Olaparib und Bevazizumab zugelassen. Olaparib ist ein Medikament aus der Gruppe der
PARP-Inhibitoren, das die Reparatur der Tumor-DNA hemmt und damit die Tumorzellen abtötet. Die
neuartige Therapie bewirkt eine deutliche Verbesserung der Überlebenszeit und hat damit große Vorteile für
die Patientinnen. Olaparib wirkt nur dann, wenn entweder eine BRCA-Mutation oder eine anderweitige
Störung der DNA-Reparatur (die sogenannte BRCAness) vorliegt. Die Zulassung erfolgte auf Basis der
klinischen Daten der Paola-1 Studie, in der der Myriad HRD Assay als diagnostischer Test verwendet wurde.
In Paola-1 konnte gezeigt werden, dass ca 50% der Patientinnen mit Ovarialkarzinom auf der Basis dieses
Tests identifiziert werden können und entweder eine BRCA1,2 Mutation oder einen anderweitigen HR-Defekt
aufweisen. Für die molekulare Pathologie ergeben sich aus der Zulassung neue Möglichkeiten, aber auch
Herausforderungen. Denn es gibt zum ersten Mal einen molekularen Assay im Companion Diagnostic
Bereich, der nicht auf Einzelmutationen fokussiert, sondern globale strukturelle Veränderungen der DNA
misst, die einen Hinweis auf eine bestehende Defizienz der Doppelstrang DNA Reparatur geben. Am Institut
für Pathologie der Universität Marburg wird seit 2020 der Myriad HRD Test in der molekularen Pathologie
etabliert und validiert. Ziel ist es, in einem Pilotprojekt zu zeigen, wieweit der Test in der dezentralen
Molekularpathologie ausserhalb des Myriad-Zentrallabors einsetzbar ist. Der aktuelle Stand der Validierung
und die zusätzlichen Möglichkeiten für die molekulare Pathologie werden in der Präsentation dargestellt.
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Technologies for detection of homologous recombination DNA repair deficiency for use in routine diagnostics
N. Pfarr

Institut für Pathologie, Technische Universität München, Molekularpathologie, München, Deutschland

Inhalt
DNA double strand breaks may result in either cell death or in development of cancer. There are two
mechanisms in cells to repair these double strand breaks, the error-free homology repair mechanism and the
more error-prone non-homologous end joining (NHEJ) repair mechanism. Alterations in homology repair
genes, such as BRCA1/2 among others, result in the cells to use this second mechanism leading to
accumulation of DNA losses, inversions, translocations, duplications and so on.
The deficiency of homology recombination repair (HRD) is a common feature across different entities.
Approximately 50% of ovarian cancers exhibit homologous recombination DNA repair deficiency (HRD) in
the absence of BRCA1/2 mutations and might therefore be sensitive to PARP inhibitor therapy.
Detection of genomic instability might be performed using different genomic technologies, such as
commercially offered centralized assays (Myriad MyChoice, Foundation One assay) or other techniques
which already are available or in development (SNP-based arrays, whole exome/genome sequencing, panelbased assays). Most of these assays can be used to predict a HRD index score based on the number of loss
of heterozygosity (LOH), telomeric allelic imbalance (TAI), and large scale transitions (LSTs). Implementation
of these techniques in routine setting might be challenging due to several reasons. Here an overview of the
most common assays and the challenges for implementation in routine diagnostic will be addressed.
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Identifying homologous recombination deficiency in cancer: RAD51 as a functional biomarker
M. Vreeswijk

Leiden University Medical Center, Department of Human Genetics, Leiden, Niederlande

Inhalt
Recent studies have shown that the efficacy of PARP inhibitors is related to tumor-specific defects in
homologous recombination (HR) and extends beyond BRCA1/2 deficient tumors. A robust method to identify
HR-deficient (HRD) tumors is therefore of utmost clinical importance. In addition to DNA-based HRD tests,
functional tests that assess the ability of replicating tumor cells to accumulate RAD51 protein at sites of DNA
damage have been developed. A major advantage of these RAD51-based tests is their ability to determine
the current HR status of the tumor, irrespective of underlying genetics.

The REcombination CAPacity test (RECAP), which requires ex vivo irradiation of fresh tumor tissue, has
been successfully applied for the analysis of HR in breast, ovarian and endometrial cancer and was shown
to identify HRD tumors beyond those carrying pathogenic BRCA1/2 variants (1-3). Logistic limitations of the
RECAP test, i.e. the requirement of fresh tumor specimens and the ex vivo induction of DNA damage,
complicates implementation of the RECAP test as an HRD-test into the clinic. Recently, a RAD51-based
functional HRD test for diagnostic formalin-fixed paraffin-embedded (FFPE) specimens (RAD51-FFPE test)
was described (4, 5). This opens the door to its utilization as a biomarker for HRD in the clinic and we have
taken two crucial steps towards this goal. Firstly, we optimized co-immunofluorescence (co-IF) staining
protocols and specified quality assessment criteria to establish optimal test parameters for the RAD51-based
test on diagnostic FFPE specimens (RAD51-FFPE test) for endometrial and ovarian carcinomas since
aforementioned studies have been performed on breast cancer only. Secondly, the threshold for functional
HRD was calibrated by performing a side-by-side comparison of RAD51-FFPE and previously published
RECAP data of matching EC (n=25) and OC (n=49) tumor specimens. This resulted in an improved RAD51FFPE test capable of identifying tumors with functional HRD with high sensitivity, a prerequisite to study the
performance of the RAD51-FFPE test as a predictive test for treatment response in future studies.
1Meijer

TG et al., Clinical cancer research 2018;24(24):6277-87; 2De Jonge MM et al., Clinical cancer

research 2019;25(3):1087-97; 3Van Wijk LM et al., Cancers 2020;12(10); 4Castroviejo-Bermejo M et al.,
EMBO Mol Med. 2018;10(12); 5Cruz C et al., Ann Oncol. 2018;29(5):1203-1
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Validation of an Artificial Intelligence (AI) assistance tool for the whole slide HER2 gene amplification status
analysis of breast cancer samples using fluorescence in situ hybridization (FISH)
F. Zakrzewski1, 2, S. Schmell1, 2, I. Kaiser1, R. Pohlers1, R. Mantey1, S. Zeugner1, U. Sommer1, 2, D. E. Aust1, G. B.
Baretton1
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Question
In many breast cancer samples, it is necessary to evaluate the amplification status of the HER2 (human
epidermal growth factor receptor 2) oncogene in order to obtain the correct cancer therapy. Detection of
amplification is usually done by fluorescence in situ hybridization (FISH) on cancer tissue sections and
enumeration is performed manually by the pathologist using a standard fluorescence microscope, which is a
time-consuming step. Moreover, only 20 interphase tumor nuclei are randomly evaluated. We address the
question of whether AI support could help pathologists optimize this process in terms of speed, nuclei
quantity, and overall quality.
Methods
Whole slide scanning of fluorescently labeled tumor sections from breast cancer specimens was performed
using a high throughput fluorescence scanner. Whole slide images (WSIs) represented a 3D volume of
breast cancer tissue merged into a 2D image with dimensions up to 50k x 50k pixels or more. Fluorescence
WSIs were used as input to a deep learning (DL) based pipeline for (1) tumor and non-tumor nuclei
segmentation and (2) signal detection of HER2 gene and CEN17 (centromeric satellite probe of
chromosome 17) reference signals. WSIs and DL predictions, as well as postprocessing statistics such as
HER2/CEN17 ratios for customizable regions of interests (ROIs), were accessible via a web-based graphical
user interface (GUI) using a standard browser.
Results
We analyzed numerous fluorescent WSIs for their HER2 gene amplification status with (1) traditional manual
evaluation by a pathologist using a fluorescence microscope and (2) with our DL pipeline and present a
comprehensive comparison between the two approaches.
Conclusion
The application DL largely supports pathologists in analyzing HER2 gene amplification status in breast tumor
samples. It promises to improve performance in terms of speed, accuracy, number of nuclei being analyzed
and quality. Specifically, thousands of tumor nuclei can be analyzed in customizable ROIs along the entire
tumor slide in just a few seconds, far exceeding the recommended manual count of 20 tumor nuclei. In
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addition, the web GUI can serve as a complement to the traditional fluorescence microscope for manual
evaluation of DL-based analysis.
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CNN vs Siamese network vs Triplet loss function for unsupervised clustering of pathological images
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Question
Manual detection and analysis of tumors in high-resolution pathological images is highly demanding and
labor-intensive. Recognition of histomorphological features such as tumor size, vascular invasion, tumor size
is an essential task and also subjective. Deep learning methods have demonstrated state-of-the-art
performance in Biomedical imaging and digital pathology image analysis. It is proved that Deep conventional
Neural networks (DCNN) provide remarkable performance in classification, segmentation, detection, and
clustering tasks. But, DCNN has proven difficulties with smaller datasets and class imbalance. Our research
aims to compare the performance of a novel CNN network with a Siamese network (SN) and triplet loss
function.

Methods
Whole-slide images of patients were collected. These images are further divided into small image sections
by selecting desired Region of Interest (ROI). Thousands of generated images are then used to train the
classical CNNs Inception V3, Inception V2, Resnet, Alex-Net, U-net. On the other hand, the SN with two or
more identical neural subnetworks uses only two input images to find the similarity of the inputs by
comparing its feature vectors. Triplet loss function is an enhancement of SN where three input images are
fed to the network to compute the loss of estimation results of three input samples. The anchor image is a
sample from a data set, a positive image is a sample from the same dataset as the anchor image and the
negative image is a sample from another dataset. This network learns both positive and negative distances
simultaneously.

Results
The obstacles of classical CNN like scarcity of labeled data, unavailability of large datasets, the class
imbalance can be overcome with SN and Triplet Loss. The other two networks have a crucial advantage
over classical CNN that is their capability to discriminate new images without retraining the network. In SN, if
two input samples belong to the same category, they are clustered as near and gives a similarity score for
the two images. In the triplet loss function, the network learns both positive and negative distances
simultaneously.
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Conclusion
CNNs have played a vital role in digital pathology, including tumor detection and segmentation. However,
typical CNNs require large labeled datasets for training purposes. Hence direct application CNNs is not
feasible for high-resolution pathological images. On contrary, SN and Triplet loss function performs well with
smaller datasets and with better accuracy.

173

Poster Informatik, digitale Pathologie und Biobanking

P01.03

InDiPath-Integrative digital pathology network - A step towards digitization in comprehensive health care
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Question
Health insurance aims to potentially increase the effectiveness and efficiency and also contribute to
enhancing the quality of patient care. The digitization of image data is well advanced in the consumer world
and parts of medical care. Expansion of digital pathology enables the establishment of regional networks
among the pathological institutes, and their cooperation with other hospitals and resident physicians. This
facilitates optimal networking with doctors in direct patient contact to improve medical and therapeutic care.

Methods
InDiPath implements a network for the exchange of histopathological image data. A direct interaction
between the hospital and pathology information systems is realized by the establishment of an interinstitutional communication pipeline and a standardized order entry system. This platform and location
independent system allow the cooperation partners and doctors to submit their requirements directly to an
InDiPath partner. Depending on the volume of requests, pathological institutes deploy their staff on a scaled
basis to be able to pass on free capacities to InDiPath partners or to request the corresponding ones from
them. The order entry system is implemented via a web-based interface, taking into account data protection
and IT security requirements. Then the order entry system shall be evaluated between the two initial network
locations to ensure the full operability of the desired functionalities.

Results
The transmission times and the processing times in the institutes are significantly shortened by the digital
transfer of both relevant clinical data and the virtual slides. The pathological experts within the connected
network are available for a quick consultation. This not only shortening of the treatment-free interval for the
individual patient significantly but also contribute to a qualitative histopathological diagnosis in the sense of
quality assurance, which is available to every citizen in the region covering InDiPath as part of the basic
medical care.
Conclusion
Digitization in pathology offers enormous potential to economize processes both locally in pathology
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institutes and a regional or nationwide network. InDIPath ensures the enhancement of the safety of the
individual patients in addition to a faster diagnosis. It also helps pathological institutes to optimize personal
resources and their workflows.
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Single slide n-dimensional multiplexing and intelligent image analysis to understand immunological tumor
heterogeneity
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Question
We use advanced diagnostic tools such as multiplexed immune and transcriptional phenotyping along with
digital imaging and machine intelligence to reproducibly assess multiple (bio)markers at a time and on a
single tissue slide to precisely quantify functionally distinct immune cells as well as their spatial distribution
and contextual relationships in different tissue compartments (tumour-stroma-separation). The approach
aims to predict combination therapies as individual treatment options in any line of treatment.
Methods
We apply multiplexing technologies to visualize biomarker candidates on a single slide with the assistance of
machine intelligence including images digitization, computer-based image analysis, and further (molecular)
data breakdown through machine learning tool and validated algorithms eventually for clinical utility.
Results
Yet each tumor is unique at its primary site and site of metastasis, also depending on pre-treatment
regimens or genetic alterations, such as chromosomal instability or acquired mutations. The relevance to
understand the entire tumor heterogeneity and its "hot" or "cold" immune environment along with its
contextual relationship requires the spatial quantification of different immune and tumor cells along with the
genetic background of the individual cancer. Tumor heterogeneity also includes (epi)genetic aberrations
(point mutations, deletions, insertions, fusions, inversions, copy number variations) and stochastic plasticity.
Type, number, and homogeneity of genetic alterations vary from tumor entity to entity and can undergo
changes under therapy. Melanoma and lung cancers can harbor high numbers of homogeneous mutations
and seems to influence the immunity in tissue. Tumors like glioma starts with few genetic alterations and
acquires a high number of aberrations, which results in substantial heterogeneity.
Conclusion
The availability of digital tools in histopathology allows interpreting the high-dimensional complexity of the
spatial and immunogical heterogeneity in tissue and integrating big (molecular) data to select the best and
most effective treatment including combination and advanced therapies. However, expert pathologists'
validation is warrented and necessary to reach clinical utility.
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Vascular characterization of proliferative lesions in murine liver using computational approaches
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Question
Nowadays, one of the common fields of interest amongst researchers are liver diseases and their
pathologies. Rodent models are widely used to investigate hepatocarcinogenesis. Various models with
different backgrounds exist and the morphological diagnosis of hepatocellular carcinoma (HCC) as
compared to other proliferative liver lesions in rodent models such as focus of cellular alteration (FCA) can
be challenging. The vasculature in malignant tumors can be quite unique and in other entities might help to
find the right diagnosis. The focus of this research is to better characterize these main two types of
proliferative lesions by investigating the vasculature in the HCC and FCA.
Methods
Formalin fixed paraffin-embedded samples of 25 genetically engineered mice (GEMM) for liver
tumorigenesis were used. The liver lesions detected in these slides were analyzed by two experienced liver
and comparative pathologists and diagnosed according to existing guidelines. The vasculature was
characterized by immunohistochemistry including stainings for CD31, alpha-SMA, Desmin, Collagen IV and
Mib1 (SP6). Computational analysis of vessel detection, structure and distribution was performed by using
the following programs: Aperio ImageScope software (Version 12.4.0.7018, Leica Biosystems) using the
algorithm, ‘Positive Pixel Count v9’ and Definiens Tissue Studio using the algorithm, ‘Marker area
quantification’.
Results
262 FCA lesions and 36 HCC lesions were investigated so far. Analysis included microvessel density (MVD)
using CD31 and Collagen IV stainings and pixel analysis of alpha-SMA and Desmin as well as the count of
Ki67 nuclei in parenchymal cells. Furthermore, the size of the vessels were used to automatically define 3
groups of vessels. A heatmap with the distribution of the vessels in correlation to their size was assessed.
HCC lesions showed a low number of large vessels but higher area covered by large vessels. FCA lesions
presented with a lower number of large vessels. The expression of alpha-SMA, KI-67 postive cells and
Desmin was low in both groups. Collagen IV presented with a similar distribution as CD31.
Conclusion
Our preliminary results indicate, that computational assisted evaluation of the vasculature might be a helpful
tool for more reliable diagnosis of proliferative lesions in rodent liver tumor models.
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Teaching international biobanking to medical students: Precision Medicine International (eduBRoTHER)
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Question
Almost all medical students will encounter the work of both tissue and liquid clinical biobanks in their future
career. However, the subject of biobanking and precision medicine is not yet integrated in the most medical
curricula. The EU-funded project eduBRoTHER draws on that lack of professional input.
Methods
The biobanks of Regensburg and Pilsen are cooperating since 2017 in the project BRoTHER (Biobank
Research on Telemedical Approaches for Human Biobanks in a European Region), and have made valuable
experiences in different formats of biobank education due to the BRoTHER summer school and a voluntary
student exchange programme. Based on these experiences, topics of interest could be detected and further
evolved to establish a biobank education program in the regular curriculum of medicine.
Results
Since winter semester 20/21, students at the medical faculties in Pilsen and Regensburg are offered a new
course that focuses on the topics biobanking and precision medicine. It pursues the innovative approach of
combining e-learning methods with practical experiences in the biobanks of the two cities. During the
semester, the students work individually on 16 e-learnings. Topics include tissue preparation, data
management, digitalisation and image analysis. In the end of each semester, they will meet in one biobank
location for hands-on trainings regarding tissue handling and immunoanalytical methods. In addition to the
subject specific input, the students have the possibility to see two different biobanks at work and experience
intercultural exchange.
The ongoing Covid19-pandemic presents both an opportunity and a problem for the course. On one side, the
digital learning experience suits the current approach of distanced education of both faculties. On the other
hand, the practical courses as well as the aspect of international exchange had to be compensated by digital
solutions as well.
Conclusion
To our knowledge, eduBRoTHER represents the first course of international biobanking integrated in the
regular curriculum of medicine. The degree programmes Molecular Medicine and Medical Informatics at the
UR accepted the course as well. The participants showed great interest in both biobanking and precision
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medicine, especially regarding the pathological aspects of biobanking. With the results of the feedback from
the students, we will further adjust the course. Due to the positive feedback, the partners are working on
opening the course to a broader audience.
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Question
Biobanks are gaining increasing importance by providing high-quality samples for ongoing and future
research projects in the fields of basic, translational, epidemiological research and Precision Medicine. To
obtain equal and comparable levels of high-quality biospecimen and associated data, the ISO 20387:2018
norm “Biotechnology — Biobanking” was created. Goal of the central biobank Regensburg (ZBR) is the
accreditation according to the new norm to make biobanking in Regensburg valid and reliable. Therefore, the
ZBR is adapting and changing procedures to integrate the requirements into the workflow during ongoing
biobank procedures.
Methods
Three categories were created: “Easy”, “Changing/Adaption” and “Needs”. The existing Standard Operation
Procedures (SOPs) were revised on basis of ISO 20387:2018 and categorized. Workflows were analyzed
and modified. Additional guidelines (OECD Guidelines or ISBER Best Practices) were taken into
consideration and GBN quality management (QM) documents were used supportively.
Results
We identified existing SOPs in the category “Easy”, as documents for impartiality and confidentiality or
sample reception and preservation methods, that already met the requirements or where only minor changes
were necessary. In the “Changing/adaption” category, we included SOPs as job description or MaterialTransfer-Agreement, where changes in workflows were necessary or when newly required SOPs could be
implemented without difficulties. The category “Needs” included SOPs were additional infrastructure or
workflows were needed, which might take more time for implementation (Audits, new IT infrastructure).
Conclusion
Precise identification of all process and the examination of all SOPs is crucial for adapting all workflows and
documents with smallest effort. Additionally, modifications in the processes need to be implemented in
accordance with cooperating hospitals and partners. In summary, implementation of the ISO 20387:2018 is
possible during ongoing biobanking operations, but some modifications might take time to put all innovations
into practice.
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Question
The expansion of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infections still concerns
the neighboring regions Germany and Czech Republic. Biobanks play a key role for research fighting the
pandemic as they collect and provide biomaterial, including from Covid-19 patients. This might lead to
logistic difficulties and financial burdens. To address economic and logistic details of new sample workflows,
the Tissue Bank of the Central Biobank Regensburg (Tissue Bank) and the biobank at the University
Hospital Pilsen (Biobank Pilsen) started an economic evaluation and comparison of their workflows and
collection strategy to be prepared for similar situations in the future.
Methods
A questionnaire was built as a base for workflow comparison, followed by a deeper economic evaluation.
PBMC collection process at the Tissue Bank Regensburg and Serum and Plasma workflow at the Biobank
Pilsen were chosen for economic evaluation. Both partners investigated percentage costs of each step in
biobanking-workflows.
Results
Comparison of the data revealed different basic orientations: The Biobank Pilsen collects and stores liquid
biospecimen at -80°C as part of projects or study cohorts, whereas the Tissue Bank Regensburg focusses
on the collection and storage of tissue samples in the gas phase of liquid nitrogen, that are mostly leftovers
of the routine. At both biobanks, “Cancer” is the main focus/collection strategy regarding biomaterial
collection. Similar strategies were used to set up a pandemic-related biomaterial collection workflow.
Percentage of costs per patient are similar with respect to the blood collection process. Costs for clinic staff
for blood collection accounts for more than two third at both locations, whereas equipment costs were less
pronounced. Likewise, costs for staff accounted for more than half regarding sample processing workflows.
Less than one third of costs within the sample processing workflow was payed for sample
isolation/preparation at both locations.
Conclusion
Analyzing and comparing economical burdens and logistical difficulties will make the reaction to similar
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situations as the Covid-19 pandemic faster and more effective. Collaboration of the biobanks will be possible
even with closed borders due to establishment of standardized operating procedures and a functioning
digital infrastructure. With this, partners can build a foundation for effective cross-border help during future
pandemics.
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Robust AI-based classification of diagnostically relevant cells in hematology
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Question
AI-based analysis methods have shown great promise at recognizing and classifying malignant and nonmalignant samples across a variety of disease entities. In particular, convolutional neural networks have
become the leading method for image data in both histo- and cytopathology in recent years [1]. For
cytomorphologic evaluation in hematology, these algorithms reach the level of trained experts at recognizing
myeloblasts in peripheral blood [2]. While these methods do not require hand-crafted feature selection to
perform morphologic classification, their performance is closely connected to features of the training data,
and has to be thoroughly tested for robustness before use on data from different centers. Here, we report on
recent progress in digital classification algorithms for peripheral blood and bone marrow cells, and describe
the evaluation of model robustness with respect to typical image perturbations modes such as defocussing,
brightness variation and stain variabilities.

Methods
We test the robustness of trained convolutional neural networks by systematically simulating image
corruptions that are typical of digital pathology data using methods developed for perturbing natural images
[3]. Models are evaluated based on this perturbed input (
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Simulated perturbation on a myeloblast image.

). For the perturbation modes that are found to deteriorate model performance, we re-train the neural
network models using data augmentation techniques, thus increasing robustness and generalizability of the
algorithms.
Results
We find that currently available neural networks are robust to some perturbations, such as defocussing and
image compression, but suffer from others, e.g. variations in background brightness when trained on data
from a single center.
By retraining the models, we can increase the performance on systematically perturbed data, e.g. from an
ROC-AUC of 0.77 to 0.99 for severe brightness changes in myeloblast recognition.

Conclusion
Relatively simple augmentation and retraining techniques can suffice to make neural network algorithms
robust, allowing their multi-domain application in hematopathology.

Literaturangaben
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acute myeloid leukaemia with convolutional neural networks., Nat Mach Intell, 538–544, 1, 2021-03-06
[3] Hendrycks, D. and Dietterich, T. , (2019), Benchmarking Neural Network Robustness to Common
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Quality assessment of breast cancer biobank samples – RNA and DNA comparison after long term storage in 80°C and liquid nitrogen
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Question
Tumour biobanks store tissue samples to promote research for new predictive and prognostic biomarkers as
well as therapeutic candidate molecules. In this context, RNA sequencing and omic-analyses results in new
therapeutic strategies. Up to now, the optimal storage protocols are a matter of debate especially with view
to the storage temperature. We analysed parallel samples from the same tumour, stored at − 80 °C and in
the vapour phase of liquid nitrogen (VPLN), with almost identical pre-analytical conditions.
Methods
Biobank tissue specimens from breast cancer stored for 10 years in -80°C or in the VPLN were analysed.
The samples were obtained from the same surgical tumour resection (n=16) and stored either in -80°C
(n=16) or in VPLN (n=16). The two storage facilities were located in the same building. Thus, pre-analytical
conditions were almost identical. We performed molecular analyses to test RIN and DIN values. Histological
analyses after H&E staining and ultrastructural analyses via transmission electron microscopy (TEM) were
done to compare morphological features.
Results
RNA isolated from breast cancer samples revealed statistically significant higher RIN- values after 10 years
of storage in the VPLN compared to storage at − 80 °C. In contrast, no significant difference was found
regarding the DIN-values after DNA isolation. Histologically, a brightening of the nuclear centre mimicking
eosinophilic inclusions in -80°C was found in contrast to a normal staining behaviour after storage in the
VPLN. Furthermore, distinct retraction artefacts were found more often in samples stored at − 80 °C. TEM
revealed no clear-cell–cell borders and less electron dense debris accumulated in cell nuclei in the -80°C
stored samples. In contrast, VPLN stored samples showed well detectable cell–cell borders with intact
nuclei, membranes and desmosomes.
Conclusion
We demonstrate relevant differences in the RNA-quality with significant higher RIN-values in samples stored
by the VPLN-protocol compared to the − 80 °C protocol after 10 years. Morphological changes of the
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nucleus and cytoplasm in the samples stored at − 80 °C gave insights to degenerative effects. Our findings
give evidence that tissue banking under VPLN conditions might be more suitable for molecular and structural
downstream analyses for precision medicine. Finally, our results indicate that exact point-to point
documentation beginning at the sample preparation is mandatory.
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Deep learning-assisted differential detection of pancreatic intraepithelial neoplasia
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Question
Pancreatic ductal adenocarcinoma (PDAC) represents the fourth leading cause of cancer-related deaths with
a 5-year survival rate of 5%. The most common PDAC precursor lesions are pancreatic intraepithelial
neoplasia (PanIN). Diagnosis of PanIN from a histopathological image remains the ‘gold standard’ in
pathology, as the existing imaging modalities cannot accurately identify them pre-operatively. To address
this challenge, we propose a deep learning-based method for detection and grading of PanIN lesions.
Methods
Whole slide images (WSI) were acquired by digitising hematoxylin and eosin-stained human pancreatic
sections using an Aperio AT2 slide scanner, at 40x magnification. A deep neural network model
(DeepLabv3) developed on tiles (size 1024x1024) from the WSI was trained to classify lesions into high or
low grade PanIN. The training and testing data set comprised of 10 and 27 WSI respectively. The outputs
were compared to pathologists’ prediction.

Results
Concordance of algorithm with pathologist annotation results to detect high/low grade PanIN showed 91.56%
sensitivity and 85.68% specificity. In some cases, acinar cell foci or invasive carcinoma regions were
misclassified as high grade PanINs by the algorithm.
Conclusion
This algorithm provides quantification-based segmentation and classification of PanIN, facilitating early
detection of precursors to PDAC. Further improvement of the performance for PanIN detection as well as for
identification of invasive carcinoma is under process. In addition, we will extend the application for differential
diagnosis of precursor neoplastic lesions including intra ductal papillary neoplasm and mucinous cystic
neoplasm. Our approach promises a comprehensive, early detection solution for PDAC precursors in
patients.
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Question
Fibrosis represents a relevant response to the implantation of biomaterials, which occurs not only at the
tissue-material interface (fibrotic encapsulation) but also within the void fraction of complex 3-dimensional
(3D) biomaterial constructions (fibrotic ingrowth). Usual evaluation of the biocompatibility mostly depicts
fibrosis at the interface of the biomaterial using semiquantitative scores. In this context, the relations
between encapsulation and infiltrating fibrotic growth are poorly represented. Virtual pathology and digital
image analysis (DIA) provide new strategies to assess fibrosis in a more differentiated way.
Methods
As one task of an experimental animal study we used digital image analysis to quantify the fibrotic reactions
to filamentous scaffolds after 25 days of subcutaneous implantation. We performed computer assisted, semiautomatic CPA analyses with the open source image analysis software ImageJ (version 1.49, National
Institutes of Health, USA). Furthermore, we measured fibrous capsule thicknesses (FCT) around the
scaffolds with digital image analysis tools. The digital image analyses were compared with the
semiquantitative ratings.
Results
Histologically, the fibrotic capsule was formed by multiple collagen layers with parallel orientation around the
surface of the whole scaffold. In contrast to the fibrous encapsulation, the organization of collagen bundles
within the void space of the filament scaffold, representing the fibrotic ingrowth, was complex with a tortuous
and convolved architecture in between the filaments of the scaffolds. The Comparison of the
semiquantitative analysis method with the quantitative digital image analysis methods revealed significant
bivariate correlations (Spearman’s rank correlation). Median CPA values correlated significantly with
semiquantitative fibrotic ingrowth ratings (r=0.568, p=0.001) at a significance level of p<0.01 (2-tailed). Also
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median FCT values and semiquantitative encapsulation ratings correlated significantly (r=0.605, p<0.001) at
a significance level of p<0.01 (2-tailed).

Conclusion
With this work, we present a model of digital image analysis to quantify fibrosis response on 3D biomaterials.
We were able to demonstrate that the application of digital image analyses are well suited as additional
fibrosis evaluation strategies for new biomaterial constructions.
Especially the CPA method can contribute to a better understanding of the fibrotic interactions between 3D
scaffolds and the host tissue responses.
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Potential role of Tenascin C (TNC) in human non-small cell lung cancer progression
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Question
Tenascin C (TNC) is an extracellular matrix protein and a potential biomarker affecting progression of
different tumor types, such as pancreatic and lung cancer. In this study, we investigated the functional role of
TNC in adenocarcinomas of the lung.
Methods
TNC protein expression was evaluated by IHC using a cohort of 130 patients including lung
adenocarcinomas (LUAD), tumor-adjacent normal lung tissues and metastasis. Based on the independent
The Cancer Genome Atlas data set, we examined that TNC mRNA expression correlates to EGFR protein
expression as well as mutational status of EGFR. LUAD cell lines (with/without EGFR mutation) were tested
for their adhesion and invasion capabilities during exposure to medium collected from human lung fibroblast
(HLF) after siTNC knockdown. Actin cytoskeleton remodeling was investigated using Alexa488-linked
Phalloidin.
Results
IHC staining of TNC disclosed a significant increase of TNC level in primary tumor samples and metastasis
compared to normal lung tissue and showed TNC expression in peritumoral stromal cells. Furthermore,
correlation analysis demonstrated a significant correlation of TNC mRNA expression and EGFR protein level
as well as increased TNC mRNA expression in cases with higher EGFR copy number in the TCGA data set.
In line with these results, the motile EGFR-mutated H1975 LUAD cell line demonstrated a significant
decrease in cell invasion when cultured with TNC-depleted HLF medium and displayed a smaller
lamellipodia perimeter plus smaller surface area after treatment with TNC-depleted HLF medium. No change
in cell invasion or actin regulation was detected in the EGFR- wildtype H1666 LUAD cell line. The
Rac/CDC42 signaling pathway, among others, regulates Lamellipodia formation. qRT-PCR of genes
involved in Rac/CDC42 signaling pathway showed reduced expression levels in H1975 cells after treatment
with TNC-depleted HLF medium. Moreover, boyden chamber assays with H1975 cells indicated a decreased
invasion after Rac or CDC42 inhibitor treatment, which mimics the effect of TNC depletion.
Conclusion
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Increased TNC level is observed in the peritumoral stroma of LUAD samples and correlates with EGFR
aberrations. Inhibition of TNC in lung fibroblasts leads to reduced invasiveness of LUAD cells harboring
EGFR mutation. This study provides evidence that TNC expression might be a biological relevant factor in
LUAD progression in an EGFR-dependent manner and regulates tumor cell invasion by reinforcement of
Rac/CDC42 signalling.

191

Poster Thoraxpathologie

P02.02

Cancer-associated fibroblasts regulate kinase activity in MPM cell lines and thereby dictate cell fate and
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Question
Malignant pleural mesothelioma (MPM) is a rare type of cancer with an infaust prognosis. Our understanding
of the underlaying effect has increased greatly by the identification of some of the major components of the
apoptotic program and the processes regulating their activation. Kinases that have been suggested to play a
role in apoptosis are the mitogen-activated protein kinase (MAPK) family, specifically p42/44 ERK, p38
MAPK and c-Jun N-terminal kinase (JNK), cyclic AMP-dependent protein kinase (PKA), protein kinase B
(PKB), or AKT and protein kinase C (PKC).
We aim to uncover the potential role of CAFs playing in MPM progression by analyzing the impact of this
complex, symbiotic interaction has on kinase-related cell signaling in vitro, hopefully paving the way for new
therapeutic targets.

Methods
We simulated paracrine signaling in vitro by treatment of MPM cell lines with conditioned medium (CM) from
our selected fibroblasts (FB) and vice versa. NCI-H2052 (epithelioid), MSTO-211H (biphasic) and NCIH2452 (sarcomatoid) cell lines represented MPM variations, while embryonal myofibroblast cell lines IMR-90
and MRC-5 were selected since presenting a CAF-like phenotype (15, 16). In addition, differences in
proliferation rates, migratory behavior, apoptosis, necrosis and viability were measured as part of previous
studies and used as covariate for data analysis.
Kinase activity of treated samples, as well as control cells (conditioned medium from the cell line itself), were
preserved by creating a total of 17 samples (5 Control + 2 of each MPM + 3 of each FB) and subsequently
analyzed using the PamStation12 (PamGene).

Results
Gene set enrichment analysis (GSEA) revealed significant associations with the MAPK- Rap1- as well as the
Fc receptor signaling pathway, being activated in MPM cell lines treated with FB CM. In addition, cell-state
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effects (apoptosis, cell viability) are based on specific kinase-mediated signaling pathways. Fibroblast
conditioned medium causes increased CDK4 phosphorylation which resulted in increased migration of MPM
cells.

Conclusion
The tumor microenvironment, in particular CAFs seem to have strong impact on kinase-mediated signaling
pathways, affecting viability and cell-invasive behaviour of MPM cells. The present data may improve the
understanding of underlaying cellular mechanisms and open new possibilities for modern therapeutic
approaches for this severe disease.
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Malignant Pleural Mesothelioma
S. Borchert

Institut für Pathologie, Universitätsklinikum Essen, Essen, Deutschland

Question
Malignant pleural mesothelioma is a rare disease with poor prognosis. While cisplatin is the standard
chemotherapeutic agent and a hallmark for pleural mesothelioma therapy, the response rate is only about
14%. The reasons for the poor efficacy remain unknown. To overcome this unsatisfying situation, the aim of
this thesis was to investigate alterations in DNA-damage response, associations to the role of
metallothionein and the interaction between metallothioneins, TP53 and zinc on platin-based chemotherapy,
elucidating the mechanisms of drug-resistance.

Methods
Numerous methods focusing on a broad screening of 105 pleural mesothelioma patients on different levels
including gene/protein expression, copy number alterations, epigenetics and miRNA regulation were
performed. Several treatment approaches were investigated in mesothelioma cell lines with known
responsiveness to cisplatin-based chemotherapy. Additionally, protein analysis including kinase activity
profiling was performed, aiming to understand the mechanisms of therapy-induced apoptosis and to find
potent predictive markers.

Results
We could observe alterations in gene expression of DNA damage repair key players and their regulation,
having strong influence on clinical outcome of patients. We could enhance response to cisplatin resistant
cells, exhibiting a distinct expression pattern of homologous recombination repair genes, by the PARPinhibitor olaparib. Furthermore, we could enhance response to cisplatin by simultaneously inhibition of the
TP53-regulating protein MDM2 with nutlin-3A and therefore restored TP53 function of apoptosis induction.
Metallothionein 2A plays a crucial role in cisplatin resistant mechanisms, since knockdown experiments
resulted in higher response rates to cisplatin in our cell lines. The induction of metallothioneins by zinc
caused resistance to cisplatin and thus, exposition to heavy metals during cisplatin treatment like cadmium in
cigarettes has fatal consequences for smoking patients. In addition, tyrosine kinases are affected by cisplatin
therapy.
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Conclusion
Our findings carry the potential for accurate patient stratification. These signatures, including the pathways
investigated, may be implemented in a sophisticated companion diagnostic panel. Therefore, alternative
therapeutic approaches with synergistic effects to standard chemotherapy in some instances, hopefully
enhance clinical outcome and management of pleural mesothelioma in the future.

195

Poster Thoraxpathologie

P02.04

Comprehensive molecular profiling of malignant pleural mesothelioma: a proof-of-concept study
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Question
Malignant pleural mesothelioma (MPM) is an aggressive cancer derived from mesothelial cells of pleural
origin with poor prognosis and overall survival of 8-36 months. The prevalence of genetic alterations as well
as the molecular pathogenesis of MPMs is still largely unknown. In a prospective proof-of-concept study we
comprehensively analyzed 31 MPM samples on the DNA- and RNA-level.
Methods
We analyzed FFPE MPM biopsies of 31 patients with a median age of 65 years by immunohistochemistry for
PD-L1 and BAP1 and capture-based sequencing with TruSight Oncology 500 panel, Illumina. Additionally,
samples were subjected to Nanostring analysis for focused RNA expression profiles applying the PanCancer
IO360 panel. Immunohistochemistry was used to corroborate key findings.
Results
24 of the analyzed samples showed an epithelioid histological subtype, 4 the biphasic subtype, 1 the
sarcomatoid subtype and 2 could not be clearly assigned to a specific subtype. TMB was generally low (0.78
– 7.04 mutations/MB; median=2.11) and all cases were microsatellite stable (MSS). The most frequently
mutated genes were BAP1, ATM, TP53, KMT2C, NF2, JAK3, LATS2, NF1 and RANBP2. Most prevalent
mutations were deleterious BAP1 variants (n=11). Additionally, copy number variations (CNVs) in BAP1
indicating a whole-gene deletion were detected in 5 samples. A loss of BAP1 could be verified in 10 of the 16
samples with BAP1 loss or deleterious mutations by immunohistochemistry. CNV deletions were also found
in CDKN2A (n=11) as well as in CDKN2B (n=10). The immunohistochemical staining of PD-L1 showed that
only 3 samples had a PD-L1 expression over 50%. RNA expression analysis and immunohistochemical
profiling of the tumor microenvironment (TME) are ongoing.
Conclusion
Our proof-of-concept study demonstrates that integrated comprehensive DNA- and RNA-profiling of MPM
biopsies is feasible in a prospective diagnostic setting. Most of the analyzed samples were epithelioid MPMs
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with low TMB, MSS and a weak PD-L1 expression. Integrated data on the TME and their association with
genetic data will be presented at the conference.
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Cancer associated fibroblasts and malignant pleural mesothelioma: revealing the role of the tumor
microenvironment on tumor progression
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Question
Malignant pleural mesothelioma (MPM) is a rare and aggressive tumor arising from the pleura and is
associated with poor prognosis. The tumor is mainly caused by asbestos. Most MPM show resistance to
standard-of-care treatment options and thus making new therapeutic approaches essential. Tumor stroma as
main part of the tumor microenvironment (TME) contains many components that promote tumor growth, such
cancer associated fibroblasts (CAFs). The present study wants to expose role and biological background of
the TME in MPM.

Methods
FFPE-specimens of the 77 MPM patients were analyzed by digital gene expression analysis using the
NanoString nCounter® Technology with an appertaining custom designed code set, including 76 key players
of cell cycle, PI3K-, MAPK, Wnt-, TGF-β-signaling pathways as well as certain growth factors and markers
for CAF. Immunohistochemical examination with Ventana Benchmark Ultra System was performed for the
presence of predetermined markers.

Results
The genes ACTA2, FAP, IGF1, CDKN1A, CCND1, SMAD7, FN1, TGFBR1, CTNNB1, MAPK1 as well as
VEGFC show direct correlation to the emphasis of desmoplasia. In the presence of CAFs, the genes ACTA2,
WNT3, FAP, MAPK1, MET and CTNNB1 are upregulated. When MYT1, KDR, PIK3R1, PIK3R4 and SOS1
are expressed, the overall survival (OS) is worsened, whereas the expression of VEGFC, FAP and CDK4 is
associated with prolonged OS. The mTOR-, ErbB- and Wnt-signaling pathways are activated and the p53signaling pathway was deactivated.
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Conclusion
TME and in particular CAFs play a crucial role in tumor progression and influence prognosis of MPM. The
signaling pathways for cell cycle, canonical Wnt, ErbB signal transduction and mTOR present to be most
affected. Furthermore, CAFs appear to have a major impact on the prognosis of MPM patients. Blocking the
signaling pathways and inhibiting the factors secreted by CAFs are potent therapeutic strategies to improve
the prognosis of MPM patients in the future.
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Digital gene expression analysis reveals differences in immunogenicity based on subtypes of malignant pleural
mesothelioma.
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Question
Malignant pleural mesothelioma (MPM) is an aggressive malignancy arising from the pleural cavity and is
predominantly association with asbestos exposure. Median survival ranges from 14 to 20 months after initial
diagnosis. Survival outcomes can depend heavily on the morphological subtype with epithelioid MPM being
described as having a better outcome than the more aggressive sarcomatoid subtype. The recent phase 3
CONFIRM trial showed significant improvements in patient’s survival for epithelioid MPM that received the
immune checkpoint inhibitor nivolumab. In Light of these results, we compare differential expression of
genes regarding the immune response and tumor microenvironment between epithelioid and sarcomatoid
MPM.

Methods
FFPE-based specimen of 22 MPM were analyzed retrospectively. 12 MPM presented with sarcomatoid
differentiation, while the remaining 10 cases displayed an epithelioid pattern. Gathered clinical data included
time to death as well as clinical response to therapy, which was assessed radiologically (modRECIST). RNA
was isolated using the Maxwell RSC RNA FFPE protocol according to the manufacturer’s instructions. Gene
expression was examined with the NanoString nCounter platform utilizing the PanCancer Immune Profiling
Panel, covering 770 immune-related genes and 30 reference genes. In the end, an explorative data analysis
encompassing differential gene expression analysis, gene set enrichment analysis (GSEA) and KEGG
pathway analysis was performed using the R programming environment (v. 4.0.2).
Results
304/698 expressed genes differed significantly between epithelioid and sarcomatoid MPM. Phagocytosis,
Antigen processing and presentation to cytotoxic T cells showed signs of overexpression exclusive to
sarcomatoid mesothelioma. Cytokine-induced cell-cell interaction on the other hand appeared to be strongly
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affected by the epithelioid subtype.
Conclusion
MPM subtypes commonly shape the immune system in the tumors favor via interactions in the tumor
microenvironment. Sarcomatoid MPMs modulate the immune response by upholding inflammation and
recruitment of antigen presenting cells including macrophages. Epithelioid MPMs on the other hand are
characterized by a rich cytokine network, also leading to an inflammatory reaction. This work underlines the
specific role of the immune system within the different histologic subtypes of MPM, thereby also uncovering
potential targets for immunotherapeutic approaches.
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Mitogen signal associated pathways energy metabolism regulation as well as mediation of tumor
immunogenicity play important roles in cellular response of pleural mesotheliomas to cisplatin-based treatment
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Question
Malignant pleural mesothelioma (MPM) is a rare malignant tumor, associated with asbestos exposure, with
infaust prognosis and overall survival still below 20 months in treated patients. Platinum is currently still the
backbone of the chemotherapy protocols, despite the recent introduction of immunotherapy. The reasons for
the rather poor efficacy of platinum-compounds in MPM remain largely unknown. Therefore, we aimed to
analyze differences in a key signaling pathways and biological mechanisms in therapy-naïve samples and
samples after chemotherapy in order to evaluate the effect of platinum-based chemotherapy.
Methods
The study cohort comprised 24 MPM tumor specimens, 12 from therapy-naïve and 12 from patients after
platinum-based therapy. Tumor samples were screened using the NanoString nCounter platform for digital
gene expression analysis with an appurtenant custom-designed panel comprising a total of 366 mRNAs
covering the most important tumor signaling pathways. Significant pathway associations were identified by
gene set enrichment analysis using the WEB-based GEne SeT AnaLysis Toolkit (WebGestalt)
Results
We have found reduced activity of TNF (normalized enrichment score: 2.03), IL-17 (normalized enrichment
score: 1.93), MAPK (normalized enrichment score: 1.51), and relaxin signaling pathways (normalized
enrichment score: 1.42) in the samples obtained after platinum-based therapy. On the other hand, AMPK
(normalized enrichment score: -1.58), mTOR (normalized enrichment score: -1.50), Wnt (normalized
enrichment score: -1.38), and longevity regulating pathway (normalized enrichment score: -1.31) showed
significantly elevated expression in the same samples.
Conclusion
We could proof our hypothesis of a directed cellular response to platin induced (oxidative) cell stress. Our
results are paving the ground for a better understanding of cellular response and escape mechanisms,
carrying a high potential for improved clinical management of patients with MPM.
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Cancer-Associated Fibroblasts and their Influence on Cancer Progression and Motilityin Malignant Pleural
Mesothelioma
A. Mathilakathu1, M. Wessolly1, E. Mairinger1, A. Nath1, H. Beckert2, D. Kreidt1, N. Klopp1, B. Hegedus3, J. Steinborn1,
T. Hager1, S. Borchert1, K. W. Schmid1, F. Mairinger1
1Institut

für Pathologie, Universitätsklinikum Essen, Essen, Deutschland, 2Ruhrlandklinik - Westdeutsches
Lungenzentrum, Universitätsklinikum Essen, Essen, Deutschland, 3Thoraxchirurgie und thorakale
Endoskopie, Ruhrlandklinik, Westdeutsches Lungenzentrum, Universitätsklinikum Essen, Universität
Duisburg-Essen, Essen, Deutschland

Question
Malignant pleural mesothelioma (MPM) is an aggressive malignancy heavily associated with asbestos
exposure, originating from the serous membrane covering the thoracic cavity. Median survival ranges from 9
to 15 months after initial diagnosis and barely differ from a palliative care approach, since long time therapy
responses are seldomly durable. Since cancer associated fibroblasts (CAFs) are considered to be key
players in the establishment as well as emergence of the tumour microenvironment, essentially contributing
to MPM progression, we strived to further investigate the specific effects they assess on MPM, thereby
uncovering new promising targeted therapy approaches.
Methods
Three different MPM cell lines, one for each histological subtype, were treated for 24h with conditioned
medium (CM) from two different fibroblast cell lines, acting as our CAFs, and vice versa. CM was gathered
after incubating cells for 48h in their respective RPMI medium. After treatment, we examined cell viability,
necrosis, and apoptosis rate in an enzyme-activity based approach. Invasive capabilities and cell motility
were assessed utilising a cell migration and invasion assay. Finally, RNA originating from FFPE specimens
of all available samples was isolated and subjected to digital gene expression pattern analysis (NanoString).
Exploratory data analysis including gene set enrichment (GSEA) as well KEGG pathway analysis were
performed within the R programming environment (v. 4.0.2).
Results
Mesothelioma cells treated with fibroblast-derived CM displayed significantly increased cell viability and
invasive capabilities. KEGG pathway analysis revealed drastic changes in cell cycle activity, especially in
G2-, S-, and M-phase. Furthermore, apoptotic signals were seemingly impaired. While the canonical TGF‐β
signaling showed signs of inactivation, TGF‐β itself uncanonically activated PI3K/Akt, MAPK, and Ras
pathways, ultimately resulting in a strong viability increase.
Conclusion
Our results underline the tumour supportive effect of CAFs in mesothelioma, while also shedding light on the
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specific pathways affected through this symbiotic interaction. Our
work helped us gain new insights into this devastating malignancy, paving the way for new therapeutic
targets concerning the tumour microenvironment of MPM.
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ABCA3 deficiency – Aggravating factor for neonatal respiratory distress syndrome (RDS) in sepsis?
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Question
Surfactant deficiency due to ABCA3- (ATP-binding cassette transporter A3) mutation can manifest at
neonatal age usually with a fatal course or in later childhood with less severe interstitial lung disease.
Methods
Case report: We present an infant born at a gestational age of 34 weeks by caesarean section after
premature rupture of membranes and elevated maternal CRP levels peripartum. Due to initial respiratory
distress the neonate was admitted to the ICU. Laboratory and microbiological findings were inconspicuous.
After 24 hrs he moved to the intermediate care unit. On day 7, symptoms of fulminating distributive shock
appeared with laboratory signs of sepsis (IL-6 > 1000 pg/ml, leucopenia, metabolic acidosis, DIC). Antibiotic
therapy was started immediately. Blood cultures were negative. On day 8 the child died due to
cardiorespiratory failure.
Results
Postmortem revealed a eutrophic boy without malformations. No septic foci were detectable. Only
conspicuous finding was pulmonary interstitial thickening with scattered lymphocytes, type II pneumocyte
hyperplasia and desquamative macrophages. Electronmicroscopy displayed electron-dense lamellar bodies
in type II pneumocytes, characteristic for ABCA3-mutation. Despite the absence of a pathomorphological
equivalent for sepsis, the clinical signs of septic shock could not be ignored. Cardiorespiratory
decompensation due to distributive shock in combination with, resp. aggravated by surfactant deficiency
caused by ABCA3- mutation was discussed as cause of death.
Conclusion
ABCA3 is a lipid transporter in type II pneumocytes and essential for surfactant homeostasis. Typical
histological changes in lungs of affected newborns are interstitial thickening with type II pneumocyte
hyperplasia and mild interstitial inflammation, also known as chronic pneumonitis of infancy, with or without
pulmonary alveolar proteinosis or desquamative interstitial pneumonia. Electron-dense lamellar bodies,
detectable by ultrastructural analysis, appear to be highly specific for ABCA3 mutations.
The aetiology of acute respiratory failure in newborns and neonatal RDS is very diverse. In case of
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unexplained RDS gene mutations affecting surfactant production should be considered. Ancillary methods
like electron microscopy and genetic analysis can be useful if histology is non-specific. In the presented case
we discuss ABCA3-mutation at least as additional resp. aggravating factor for the fatal course.
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Question
Umbilical cord tumors are rare findings.
Case report: We present the case of a prenatally diagnosed umbilical tumor of a newborn girl (gestational
age: 37+1 weeks, 2900gr). Ultrasound revealed a solid mass unrelated to the abdominal cavity except a
single vessel leading to the intestine, and an umbilical hernia. Clinically a hamartoma was suspected. After
delivery by cesarean section parts of the gut retracted spontaneously from the umbilical hernia.
Ultrasonographically the internal organs showed no abnormalities, especially no malrotation of the gut.
The 3 cm measuring umbilical tumor was surgically excised, together with the umbilical cord. The tumor
tissue, macroscopically resembling liver tissue, was sent for histological analysis.

Methods
Pathological examination of the placenta was performed according to local standards.

Results
Histologically the specimen displayed trabecularly arranged hepatoid cells (HepPar1 positive) with regular
sinusoids (CD31 positive) and disseminated portal fields with CK7 positive bile ducts as well as disseminated
hematopoietic foci (GLUT-1 pos, Glycophorin C and MPO pos), concordant with fetal hematopoiesis in fetal
liver tissue. Centrally located was edematous mesenchymal stroma with dilated lymph vessels (D2-40), a
prominent blood vessel and encircling bile ducts, resembling a larger edematous portal field.
Conclusion
Within the rare group of umbilical cord tumors, angiomyxomas and teratomas represent the main diagnoses.
Up to now, only 20 cases of liver tissue in the umbilical cord have been published. Some of them describe
the complete liver being present within the umbilical cord. Hence in these cases an omphalocele has to be
considered as differential diagnosis. But though our case has features of an omphalocele as well, liver tissue
was located in the wall of the hernia sac,,not within the lumen. Etiologically, different hypotheses are
discussed for this entity: failed retraction of liver tissue herniated into the umbilical cord simultaneously with
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the intestine during early embryonal development, development of liver tissue from umbilical cord
mesenchymal stroma cells and a hamartomatous development.
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Question
Ovarian tumours are rare in children or adolescent girls (incidence: approximately 2.6 /100,000). Epithelial
ovarian tumours account for only 8-10% of them, most of them being mature teratoma or benign functional
cysts. Probably therefore there are only few reports of ovarian mucinous cystadenoma (OMCA) in
(premenarchal) girls. We present a case of a 13-years old girl with an OMCA of about 5 cm, resected under
the diagnosis of an ovarian torsion.
Methods
Pathological examination was performed according to local standards.
Results
Histologically the cystic wall was lined by PAS-positive cylinder epithelium. Neither multilayered epithelium
nor dysplasia was observed, matching the histological criteria of a benign OMCA. Molecular pathology
revealed wild type sequences of the studied K-RAS (exons 2,3,4) and GNAS (exon 8) genes.
Conclusion
Benign OMCA, primarily found in adult women between the 3rd and 6th decade, are rare in children. Probably
therefore there are only limited data about their incidence and characteristics especially in adolescent
children. Yet OMCA is reported to be more common and larger during puberty in comparison to younger
children, due to ovarian gonadotropin stimulation. Furthermore an association with syndromes is discussed,
like juvenile polyposis syndrome (JPS), caused by 10q23 microdeletion. Cuatrecasas et al noticed K-RAS
point mutations in most of the mucinous ovarian tumors with a slight preference of the borderline/malignant
mucinous ovarian tumors: 58% of mucinous cystadenomas, 86% of mucinous borderline tumors and 85% of
mucinous carcinomas. Another study revealed rare GNAS -variants in OMCA of children and adolescents.
Clinical and histological criteria of OMCA are identical in adults and children/adolescents. Nevertheless,
differences between the pediatric and premenarchal children are reported. The most common histological
type of the lining epithelium in children is the endocervical type (as in our case), while in adolescents it is the
intestinal type. Despite the little knowledge about their behavior, OMCA tend to be larger than other ovarian
cystic tumors, which might explain the higher tendency for rupture or ovarian torsion. Recurrence is rare
though pure cystectomy or intraoperative rupture of the cystic wall are risk factors for recurrence. As ovary-
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sparing surgical approaches seem to have the same results than oophorectomy, this therapeutic approach is
recommended.
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Rare placental choristomas with typical hepatic eosinophilic cells as well as clear cell variants
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Question
Choristomas are rare findings in the placenta. Two different subtypes have been assumed so far, i. e.
"hepatic" and "adrenocortical-like” cell proliferations. Lately, new investigations and our own observations
showed that even the "adrenocortical-like" nodules are immunohistochemically positive for hepatic markers
and therefore represent clear cell variants of hepatic choristomas.
The aim of this study was to systematically re-evaluate all reported cases and two own cases.

Methods
A systematic literature review was conducted and two own cases were included. Size/localization, cell
morphology and immunohistochemistry were evaluated. Patterns of associated placental, fetal and maternal
aberrations were assessed in order to determine whether these choristomas are clinically relevant.

Results
Typical hepatic cell proliferations were characterized by cords/columns and/or nests of cuboid cells with
eosinophilic cytoplasm and round to oval small nuclei; sinusoid-like capillaries were located between the
hepatoid cells. The clear cell variant was characterized by cells with glycogen-rich granular to clear
cytoplasm and round to oval small nuclei; very small and narrow capillaries were located between the clear
cells. Focal intrasinusoidal hematopoiesis may be present in both typical hepatic choristomas and in the
clear cell variant. In all cases, no portal tracts with bile ducts were present.
Immunohistochemistry of hepatic markers has been performed in a subfraction of typical hepatoid lesions
and clear cell cases. The latter lesions were both positive for Hep-Par-1 or Arginase 1.
Gestational age ranged from 15 weeks to 41 weeks. The majority of lesions were <1.0cm (n=35/38, 92%)
and two hepatic cell proliferations manifested within chorangiomas (n=2/38, 0.5%).
Maternal age ranged from 17 to 44 years. No maternal risk factors showed a specific association.
Twin/triple pregnancies occurred in six cases (n=6/38, 16%). Moreover, there were heterogeneous
malformations in fetuses (n=4/38, 11%).
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Conclusion
Hepatic cell proliferation in the placenta is considered to be a choristoma based on focal epigenetic changes
and not a neoplasia. Previously as “adrenocortical-like” clear cell proliferation designated lesions are most
likely glycogen-rich variants of hepatic choristomas. No association with a particular disease pattern or risk
profile was found.
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Question
Solid pseudopapillary neoplasm of the pancreas (SNP) is a rare entity representing 0.9% to 2.7% of
pancreatic neoplasms. They mostly occur in young women (median age: 28 years; range 7-79 years). SNPs
are rare in children, despite being the most frequent pancreatic neoplasm in pediatric patients. We report a
case of a 13 year-old girl with such cystic lesion of the pancreatic tail.

Methods
Pathomorphological examination was performed according to local standards.
Results
Clinical history
MRI showed a T2 hyperintense, poorly circumscribed, encapsulated lesion involving the pancreatic tail. After
interdisciplinary discussion spleen sparing open surgical resection of the pancreatic tail was performed.

Pathomorphological findings
The max. 6.8 cm measuring, encapsulated specimen showed a white solid cut surface with central
hemorrhage. Microscopically the tumor had a thin capsule and showed a papillary, focally solid, and cystic
architecture. The cystic spaces were filled with blood.
Immunohistochemically the tumor cells stained positively for VIP, CD10, SMAD4, Beta-Catenin, LEF-1
vimentin, SOX11, Cyclin D1, Alpha 1-Antitrypsin, progesterone, CK AE1/3 and androgen receptor and
negatively for glucagon, CK19, synaptophysin, AFP, E-cadherin, chromogranin, and estrogen receptor. Ki67
labeled scattered nuclei ( ~ 3/HPF). On a molecular level, the tumor showed CTNNB1 mutation in exon 3.

Conclusion
Solid pseudopapillary neoplasm of the pancreas is a rare entity in children with good prognosis and 5 year
survival rates of 95%. In a meta-analysis of 523 pediatric patients, 83% were female and the median age
was 13.6 years (range: 5-23 years). Surgical resection is the treatment of choice. In the seldom case of
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metastasis, adjuvant chemotherapy or radiation is considered. On a molecular level, activating CTNNB1
mutation in exon 3 is the only described alteration in SNPs, resulting in aberrant beta-catenin production.
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Desmoplastic stromal reaction in papillary thyroid carcinoma shapes infiltrating immune cells into upholding
constant inflammation, resulting in increased lymph node infiltration
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Question
While immune cells like cytotoxic T-cells und natural killer cells are well known for their tumor killing activity,
also other “non-immune” cells regulate tumor associated inflammation. Especially cellular components of the
desmoplastic stroma reaction (DSR), a well-known phenomenon in various carcinomas, are known to
support tumor immunogenicity by the release proinflammatory cytokines. In thyroid tumors such as papillary
thyroid carcinoma (PTC), a remarkable portion of samples present with DSR. Revealing the specific
immunological processes influenced by those will gain new insights in PTC biology with high diagnostic and
therapeutic potential.
Methods
Within this retrospective study, we analyzed 30 formalin-fixed, paraffin embedded PTC specimens as well as
three normal thyroid tissue controls. Digital gene expression analysis was performed using the NanoString
nCounter platform, utilizing the PanCancer Immune Profiling Panel covering 770 immune-related genes as
well as 30 reference genes. An explorative data analysis including gene set enrichment analysis (GSEA) and
KEGG pathway analysis was performed with the R programming environment (v. 4.0.2).
Results
In 19 PTC (63%), DSR could be detected. Differential gene expression analysis revealed a strong
association between DSR and increased immune activity. Seven associated genes (TAB1, C7, NOTCH1,
RORA, USP9Y, IL11RA, ZNF346) showed elevated and five genes (ITCH, CD46, PSEN1, ALCAM and
ALAS1) reduced gene expression levels in samples presenting spread to regional lymph nodes. GSEA
showed enrichment of the signaling pathways for hematopoietic cell lineage, chemokine signaling, leukocyte
transendothelial migration, phagosome activity and ECM-receptor interaction in PTC with DSR.
Conclusion
This work highlights how DSR plays a pivotal role in PTC by shaping infiltrating immune cells to primarily
uphold inflammation in a tumor-favorable way by attracting monocytes, which become tumor associated
macrophages (TAM), to the tumor side. Cell-cell communication between fibroblasts and immune cells via
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chemokines and ECM have been identified as key factors in this process, leading to elevated
transendothelial migration of infiltrating immune cells as well as an overall altered composition of the cell
infiltrate as identified by GSEA. In PTC developing DSR, targets such as FAP or CXCR4 could serve as
potent diagnostic and predictive immunohistochemical markers for e.g. endo-radiotherapy as already proven
in various other tumor entities.
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Formation of desmoplastic stroma in papillary thyroid carcinoma (PTC) is a directed process based on the
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Question
Desmoplastic stromal reaction (DSR) occurs in numerous tumor entities including papillary thyroid carcinoma
(PTC) and has been shown to exert prognostic relevance in a variety of these. The mechanism of its
formation has not been conclusively clarified, with cancer associated fibroblasts (CAF) being considered to
play a pivotal role. Revealing the specific underlaying biological processes of DSR formation will gain new
insights in PTC biology with high diagnostic and therapeutic potential.
Methods
32 routinely formalin-fixed and paraffin-embedded (FFPE) tumor tissues of different variants of PTC as well
as 11 normal thyroid tissues serving as control were analyzed retrospectively. Gene expression patterns
were screened using the NanoString nCounter platform for digital gene expression analysis with a customdesigned panel comprising a total of 366 mRNAs spanning the most important tumor signaling pathways.
Results
DSR is a common event in various types of thyroid cancers and is formed by FAP positive CAFs. Overall, 8
samples (27%) showed no morphological detectable DSR. 11 (37%) presented a low amount of DSR (120%). The remaining 11 samples (37%) showed significant manifestation, with 6 samples (20%) presenting
intermediate (21-50%) and 5 samples (17%) presenting high quantity of DSR (>50%). Constitutive activation
of MAPK signaling via BRAF mutation reveals a major impact on gene expression of CAF-associated genes
in the development of DSR. FOXO as mediator of various signaling pathways such as TGF-β, PI3K-Akt,
JAK-STAT or MAPK plays an important role in CAF genesis. A strong expression of the most important
members of these pathways and their downstream signaling could be proved in PTC with associated DSR.
Conclusion
Although CAFs have been described as a major component of DSR in different malignancies, we are hereby
the first to prove CAFs as origin of DSR in PTC. We could identify a FoxO-mediated activation of PI3K-AktMTOR as well as non-canonical TGF-β signaling together with growth factor-mediated MAPK activation as
main driving forces for DSR. Our findings reveal a new, previously undescribed positive feedback loop
between BRAF mutated tumor cells and DSR, resulting in tumor progression and metastasis. We could verify
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DSR being rather a directed process than a coincidence. Especially FAP positive CAFs have been proven as
potent therapeutic and diagnostic markers, paving the ground for improved clinical management in particular
for patients suffering from PTC.

218

Poster Kopf-Hals-Pathologie

P05.03

miRNA expression profiles correlate with the emphasis of desmoplastic stroma reaction in papillary thyroid
carcinoma (PTC), revealing a link between miR-34a and PTC progression by influencing CAF-associated
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Question
miRNAs function as negative endogenous geneexpression regulators by binding complementary sequences
in target mRNAs, resulting in selective degradation or steric inhibition of their translation on a regulatory
level. Aberrant miRNA expression has been reported to cause various diseases, including multiple
malignancies. In cancer pathogenesis, miRNAs often function as tumor suppressors, while also frequently
acting as tumor promoters, depending on the cellular context and targeted genes. In the present study, we
aimed to investigate the specific role of miRNAs in the formation of desmoplastic stroma reactions (DSR)
present in papillary thyroid carcinoma (PTC) as the most common endocrine malignancy.
Methods
21 formalin-fixed paraffin-embedded (FFPE) PTC specimens, as well as normal thyroid tissue from three
patients were investigated. miRNA expression analysis was performed using digital expression analysis
(NanoString) by selecting a commercially available CodeSet including probes and miRTags for 800 major
known miRNAs described in association with carcinogenic events. Exploratory data analysis including gene
set enrichment (GSEA) as well KEGG pathway analysis were performed within the R programming
environment (v. 4.0.2).

Results
Analysing the different miRNA-expression profiles for each considered grade of DSR (negative, low,
moderate, high) revealed a direct correlation of miR-34a as well as miR-598 expression levels with DSR
progression. In the initial phase of desmoplasia formation, miR-598, miR-302d, miR-574 and miR-34a were
upregulated, whereas miR-126 showed reduced expression. Later on, when the stroma remodeling process
has been completed, upregulation of miR-15a, miR-26b, miR-34a, miR-16 and miR-22, as well as a
downregulation of miR-299 and miR-593 could be observed.
Conclusion
We hereby are the first to show miRNAs playing a significant role in DSR development and formation via
CAFs in this extension in PTC. Besides directly mediating structural changes of the actin cytoskeleton, cell
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cycle progression and overall tumor progression, the revealed changes in miRNA expression pattern
influence cell-cell interactions and communication, while also modulating the immune response. These
findings shed new light on the complex emergence of DSR in PTC, highlighting miRNAs as attractive
diagnostic and predictive biomarkers for improving patient care.
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Increased number of tumor-infiltrating lymphocytes (TILs) and high PD-L1 expression correlate with lymph node
metastasis, high-grade morphology and shorter metastasis-free survival in patients with Acinic Cell Carcinoma
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Question
The purpose of this study was to evaluate the number of TILs and the extent of PD-L1 expression in Acinic
Cell Carcinoma (AciCC) of the salivary glands, to correlate the results with clinico-pathological parameters
and to assess its prognostic impact on the clinical follow-up.

Methods
The current study included a cohort of 36 primary AciCCs with long-term clinical follow-up. To characterize
the immune cell subtypes, immunohistochemical staining was performed using T-cell markers (CD3, CD4
and CD8) and a B-cell marker (CD20) on tumor tissue sections. The number of TILs was quantitatively
evaluated using a software for digital bioimage analysis (QuPath). Immunohistochemical PD-L1 staining
(clone 28-8) was used to assess PD-L1 expression on the tumor cells and on immune cells employing
established scoring criteria: Tumor Proportion Score (TPS), Immune Cell Score (IC-Score) and Combined
Positive Score (CPS).

Results
There was a significant correlation between the number of TILs and the expression of PD-L1. High-grade
morphology and positive nodal status were significantly associated with a higher number of TILs and with a
higher expression of PD-L1.
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Higher PD-L1 expression (CPS) was significantly associated with the presence of lymph node metastases (p=0.028)

Representative example of an AciCC (x400). A, H&E staining. B, Anti-CD3 staining. C, Anti-CD20 staining. D, Anti-PD-L1 staining.

Moreover, increased counts of TILs showed a tendency towards shorter metastasis-free survival, while PDL1 CPS was significantly associated with poor prognosis regarding metastasis-free survival (p=0.049).
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Conclusion
The present study is the first to demonstrate an association between TILs, PD-L1 expression, unfavorable
tumor biology and clinico-pathological characteristics in AciCCs.[1]
The correlation between unfavorable clinico-pathological parameters and increased immune cell infiltration
indicates a significant interaction between the tumor cells and the immune system. Our study suggests that
the clinical course of AciCCs is significantly influenced by the host immune response against the cancer
cells, in addition to the intrinsic tumor biology, and might constitute the basis for immunological therapy
attempts.
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Question
Polymorphous adenocarcinoma is characterized by cytological uniformity but morphological diversity, and an
infiltrative growth pattern. Major salivary glands are an uncommon location, with the palate being the most
frequent site.

Methods
We report the case of a 75 year old patient with a tumour of the right submandibular gland. The patient had a
resection of the right cheek region in 2012 with the diagnosis of adenoid cystic adenocarcinoma. Currently,
the histology shows a malignant epithelial neoplasia with a solid growth pattern, locally at the margin with a
cystic-glandular configuration. Histologically, the 2012 neoplasm was identical to the current picture. On
immunohistochemistry, the tumour cells show positivity for S-100 and nuclear expression for p63 and Sox10.
The immunostains MUC4, GCDFP, PD-L1, GATA3, calcitonin and DOG1 are negative. CD117 staining is
negative, as it was then. In addition, NTRK staining shows marked membrane positivity, with FISH analysis
showing no NTRK fusion even after two repeats. No mutation is detectable by NGS.

Results
The case was sent for an external second opinion. The final diagnosis was a tumour from the spectrum of
polymorphous adenocarcinomas. Although the current WHO classification makes no distinction between the
previously so-called polymorphic low grade adenocarcinoma and the low-malignant, cribriform
adenocarcinoma and combines both under the heading of polymorphic adenocarcinoma, our case
represents the variant known to be more aggressive than polymorphic low-grade adenocarcinoma, with
frequent lymphogenic metastasis or recurrence.

Conclusion
The overall survival of patients with polymorphous adenocarcinoma is generally acceptable. However, in one
third of cases there is a local recurrence within 5 years of diagnosis. These tumours are G1 by definition, as
long as there is no high-grade secondary phenomenon. In our case, there was a differential diagnosis
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between adenoid cystic carcinoma and secretory carcinoma. While many cases of salivary gland tumours
are readily to diagnose there remains a certain number of cases where consultation opinion by an expert
should considered.
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Question
A choristoma is benign lesion which is usually not located in the middle ear. There are no tendencies for
growth or malignancy observed. It mostly occurs in the midline, rarely in other regions such as the middle ear
(10 case reports are published so far). In the middle ear choristomas consist of salivary glands, sebum or
glial tissue.
Methods
We consider a case from the ENT clinic with the surgical, radiological and pathological aspects. In addition,
we have reviewed the literature for differential diagnoses and discussion of the results.

Results
A 55-year-old woman with left-sided deafness since the age of 5 presented herself to an ENT doctor. Due to
recurrent otorrhea, imaging was performed using CT and MRI. After a mastoidectomy during childhood, a
mass that is almost isointense to the brain tissue was visualized on the left caudal Os temporale. The
indication for surgical opening of the mastoid cavity was made. Intraoperatively the mastoid cavity was
completely filled with soft tissue, therefore a cholesteatoma in chronic otitis media was suspected.
Histologically, encapsulated glial cells with lots of nerve fibers were seen. S100 positivity confirmed the
diagnosis of glial choristoma.

Conclusion
The etiology of choristomas is not clear yet. There seems to be an association with previous operations or
inflammations. Some authors assume a congenital tumor. In this case, the patient had previously a
mastoidectomy due to a left-sided labyrinthitis with resulting deafness during childhood. These are two
corresponding risk factors. A congenital tumor would have been noticed during the first surgery at this
location.
Differential diagnoses such as herniation of brain tissue, so called encephalocele or heterotopic glial should
be considered. The previous surgery could have been a possible cause, but there is no evidence of a
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herniation neither by CT or MRI, nor during operation. The suspected cholesteatoma was excluded
histomorphologically and immunohistochemically with negativity of P40 and positivity of S100. In conclusion,
considering all aspects, it is a benign glial choristoma.
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Detection of cellular senescence reveals the existence of senescent tumor cells within primary breast
carcinomas and within their corresponding lymph node metastases
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Question
Oncogene-induced senescence is considered to act as a barrier to tumorigenesis by arresting cells at risk of
malignant transformation. Nevertheless, numerous findings suggest that senescent cells may conversely
promote tumor progression trough the senescence-associated secretome (SASP) they produce [1]. Some
studies reveal a central role of senescent tumor cells for cancer progression by fostering the metastatic
process by their SASP through different mechanisms in different stages of the metastatic process such as
facilitating collective invasion, enhanced vascular invasion of tumor cells and anoikis resistance within
disseminated tumor cell clusters [2]. Some investigations also suggest that senescent cells can protect tumor
cells from anti-tumor immune response. However only one study has been performed to elucidate the
degree to which senescent tumor cells exist within untreated human primary breast carcinomas [3].
Methods
In the present study, we analysed the appearance of senescent tumor cells within invasive primary breast
carcinomas and their corresponding lymph node metastases by the use of SAβ-galactosidase (SAβ-gal)
staining and other senescence markers such as Ki67, p21, p53 and p16 within invasive breast carcinomas
and lymph node metastasis from 11 untreated patients.

Results
Detection of cellular senescence revealed similarities in the appearance and amount of SAβ-gal+ tumor cells
between primary tumors and their corresponding metastases. Analysis of 63 further lymph node metastases
also revealed the existence of senescent tumor cells within metastatic lesions.
Conclusion
These findings might point to potential role of senescent tumor cells during breast cancer metastasis and
raise the question whether targeting of senescent tumor cells with anti-senescent drugs might be important
option to improve treatment of breast and other cancers.
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Question
Endometrial carcinoma (EC) is the most common gynecologic malignancy worldwide. The vast majority of
EC represent endometrioid histology, including its variants. Well established histopathologic parameters for
the prognostication of EC are tumor type, tumor stage including depth of myometrial invasion,
lymphovascular involvement as well as tumor grade in endometrioid type. More recently, pattern of
myometrial invasion has been recognized as possible prognostic factor. Additionally to the most common
conventional expansile and infiltrative pattern, rarer patterns as microcystic elongated and fragmented
pattern (MELF) and minimal deviation-like pattern (MDA) may occur in endometrioid type EC. These types of
pattern of invasion may correlate to lymph node involvement and may represent a diagnostic challenge.
Especially in MDA-type endometrioid EC the knowledge about histopathological characteristics are limited.
Methods
Examining cases of MDA-type endometrioid EC regarding its clinicopathologic features and morphologic
appearance in hysterectomy specimens with immunohistochemical evaluation of steroid hormone receptor,
vimentin and CK 7 expression.
Results
Eighteen cases of endometrioid adenocarcinoma of MDA-type or with a component of minimal deviation
pattern of at least 10% have been diagnosed at our institution in the years 2005 to 2020. MDA-like pattern of
invasion was defined as regular, rounded and often widely spaced glands invading the myometrium without
or with minimal accompanying desmoplastic stromal or inflammatory response. The mean age of the patients
was 71.2 years (range 46-88 years), 7/18 patients showed at least one risk factor of the classic "triple
syndrome" obesity, diabetes and hypertension. Within the most cases (15/18) the tumor was confined to the
uterus (pT1a and pT1b) with a mean tumor size of 4.4 cm (range 1.5-10.8 cm); 6/18 cases showed
lymphovascular space involvement (LVSI), but lymph node involvement was not seen. In 10/18 cases
myometrial invasion was underestimated macroscopically. Immunhistochemically the majority of cases
showed strong positivity for steroid hormone receptors (14/18), vimentin (12/18), and CK 7 (13/18).
Conclusion
MDA-like PI of endometrioid EC represents the rarest type of infiltrative growth in EC, with similar age, tumor
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size and stage distribution compared to other PI in EC. In more than 50% of the cases depth of invasion was
underestimated macroscopically. For molecular subtyping additional studies are required.
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Question
Malignant tumors of the breast represent the most common tumor entity in women 2011-2015 in North
America. Triple negative breast carcinoma (TNBC) is the subtype with the worst outcome. Blockade of
hormone receptors or epidermal growth factor type 2 receptor are not therapeutic options for this entity. The
tumor microenvironment, which is formed in the vicinity of the tumor and consists of fibroblasts, extracellular
matrix and cells of the immune system, has gained importance as a therapeutic target in recent years.
Cancer-associated fibroblast express, beside other proteins, the fibroblast activation protein (FAP). This
protein is expressed almost exclusively in the context of tumor tissue and FAP-specific inhibitors have
already been used for diagnostic imaging of tumors after radioactive labeling. In this study 36 triple negative
breast carcinomas were investigated with regard to their FAP expression by immunohistochemistry (IHC)
and molecular pathology.
Methods
Formalin-fixed, paraffin embedded (FFPE) tumor specimens from 36 TNBC were screened for FAP
expression using FAP IHC. In addition, all samples were analyzed for their mRNA pattern using digital gene
expression analysis (NanoString nCounter platform) with a custom-designed CodeSet including a total of
209 target as well as 9 reference genes. FAP protein expression was evaluated microscopically using semiquantitative IHC scoring via Allred Score. Exploratory data analysis including gene set enrichment (GSEA)
as well KEGG pathway analysis were performed within the R programming environment (v. 4.0.2).
Results
By IHC, positive FAP expression was detected in 25 of the 27 evaluable TNBC samples, 19 of which showed
an Allred score of ≥ 5. These results were also confirmed by digital gene expression analysis. Increased FAP
expression was associated with histological stromal desmoplasia. Furthermore, decreased gene expression
of the non-canonical TGF-ß-signaling pathway and activation of the PI3K-AKT-signaling pathway were
found, which may have implications for cell cycle and apoptosis.
Conclusion
Moderate to high FAP expression could be detected in a large proportion of TNBC by both
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immunohistochemistry and molecular pathology. TNBC thus represent a potential target for FAP-specific
tumor diagnosis and therapy such as radioligand therapy.
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Question
There are many morphologic faces of endometrial carcinomas. Based on earlier reports, more recently
mesonephric-like adenocarcinomas with recurrent KRAS-mutations and unique immunohistochemical
features had been described.
Methods
Here we report an additional case of the lower uterine segment associated with breast cancer.
Results
A 56-years old women presented with palpable breast lesion. Core needle biopsy represented a ductulolobular carcinoma of the breast (G1, luminal A). Clinical workup represented uterine tumor of the lower
uterine segment (LUS). The uterine tumor showed mixed morphology with tubulo-glandular, solid,
glomeruloid and endoemtrioid-like features. On immunostains there was limited expression of ER and PR,
but positivity for CD 10, TTF-1, PAX-8, vimentin and in lesser extent for CK 7, GATA-3 was negative. p16
represented patchy and p53 wild-type as well as retained staining for all 4 all MSI-markers. Solid tumor panel
analyses on NGS represented k-ras (G12D) and PIK3CA (E726K) mutations, but no mutation for CTNNB-1
and TP53. Additional analysis of the breast cancer represented no alterations of n-ras, braf or POLE.
Conclusion
With a reporetd frequency of 0.7% ML-AC fulfill the criteria for rare disease. Because of its rarity, the
diagnosis of ML-AC may be challenging. Here we report the first case of LUS. At that localization, HPVindependent mesonephric cervical carcinoma must be excluded. Initial morphologic hallmarks for ML-AC are
mixed morphology, including endometriod features and negative or limited positive staining for ER and PR.
ML-AC express a mix of Müllerian (PAX-8, CK 7) and mesonephric (CD 10, TTF-1, GATA-3) markers with
retained MSI-proteins and p53wt as well as p16non-block staining. Pathogenetically ML-ACs are Müllerianderived with a mesonephric phenotype, On molecular level, about 2/3 showed KRAS-alteration at G12V, but
mutations were also reported at G12A; G12C and. As in the present case there are no POLE-mutation within
the limited number of cases. So, ML-AC represent NSMP-endometrial cancers. But, ML-AC represent
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aggressive tumors with distant metastases, mostly within the lungs. In one series 17/23 patients died of the
disease with median PFS of 18.2 months compared with 183 months for endometrioid and 67.1 for serous
tumors.
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Question
Dissociative tumor growth and strong peritumoral stromal remodelling has been shown to be associated with
epithelial-to-mesenchymal transition (EMT) in vulvar squamous cell carcinoma (VSCC). Furthermore, there is
mounting evidence that EMT plays an essential role in lymphatic spread. Data on vulvar carcinoma are
limited.

Methods
32 VSCC (16 with and 16 without inguinal lymph node metastases) as well as their lymph node deposits
were immunohistochemically analysed for the expression of EMT-markers (vimentin, cyclin D1, e-cadherin).
EMT-immunostaining was correlated to lymph node involvement. Additionally, the micro-anatomical staining
pattern for EMT markers comparing the tumor center with the front of invasion was analysed in each tumor.

Results
There was no difference in the expression of EMT-markers comparing pN0- and pN1-VSCC. The vast
majority of VSCC represented positive staining for vimentin and cyclin D1 at the front of invasion in 100%
and 84.4% of the VSCCs, respectively. 68.7% showed negative or reduced staining for e-cadherin in this
micro-anatomical localization. Tumor cells within the lymph node metastases showed positive staining for ecadherin in 75% and for cyclin D1 in 49% of the cells but were negative for vimentin in 13 out of 16 cases
(81.3%).

Conclusion
The present study shows no differences in the expression of EMT-markers between node positive and
negative VSCCs within the primary tumor. The evaluation of immunostaining within the micro-anatomical
context indicates that an EMT-phenotype is restricted to the tumor cells at the front of invasion. Paired
analyses of vulvar carcinomas
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Pure pathologic response (PPR) is associated with improved overall survival (OS) in patients (pts) with
advanced systemic mastocytosis (AdvSM) receiving avapritinib (ava) in the phase 1 EXPLORER study
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Question
AdvSM is a clonal hematologic neoplasm driven by KIT D816V. Measures of AdvSM response, including the
International Working-Group for Myeloproliferative Neoplasms Research and Treatment and European
Competence Network on Mastocytosis (IWG-MRT-ECNM) criteria, are based on mast cell (MC)-related
organ damage (C-findings) improvements and reductions in measures of MC burden. However, C-findings
may not be an adequate surrogate for OS. We evaluated whether PPR was more closely correlated with OS
vs the modified IWG-MRT-ECNM (mIWG-MRT-ECNM) criteria.
Methods
Post-hoc analysis of the phase 1 EXPLORER study of ava in AdvSM evaluated responses lasting ≥12 weeks
by mIWG-MRT-ECNM and PPR criteria, which required ≥1 evaluable C-findings (mIWG-MRT-ECNM) and
presence of bone marrow MC aggregates and/or serum tryptase ≥20 ng/mL (mIWG-MRT-ECNM and PPR)
at baseline. By PPR, morphologic complete remission (CR) is absence of bone marrow MC aggregates,
serum tryptase <20 ng/mL, and full (or partial [CRh]) hematologic recovery; morphologic partial remission
(PR) is ≥50% reduction in bone marrow MCs and serum tryptase level. OS was analyzed by Kaplan–Meier
method and comparisons made by log-rank test.
Results
At May 27, 2020, 69 pts with AdvSM had enrolled: 8 aggressive SM (ASM), 48 SM with an associated
hematologic neoplasm (SM-AHN), and 13 mast cell leukemia (MCL). Overall, 12 (17%) pts were not
mIWG-MRT-ECNM-response evaluable (RE) and 4 (6%) had insufficient follow-up.
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In 53 RE pts (3 ASM, 37 SM-AHN, and 13 MCL), the overall response rate (ORR) was 75% by mIWG-MRTECNM criteria (15% CR, 21% CRh, 34% PR, and 6% clinical improvement [CI]). ORR was 77% by PPR
criteria (23% CR, 24% CRh, and 30% PR). In total, 64 pts were PPR-evaluable, including 11 lacking
evaluable mIWG-MRT-ECNM C-findings (3 CR, 3 CRh, 3 PR, and 2 stable disease).

By mIWG-MRT-ECNM criteria, the 2-year OS rate for responders (CR/CRh/PR/CI) was 85% vs 59% for nonresponders (P=0.083; Figure). By PPR, the 2-year OS rate for responders (CR/CRh/PR) was 86% vs 58%
for non-responders (P=0.013; Figure).
Conclusion
In EXPLORER, response assessment using the PPR criteria increases the evaluable population,
significantly correlates with OS, and should be explored as a potential primary endpoint for future trials.
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Question
Burkitt Lymphomas (BL) are mature aggressive Non-Hodgkin Lymphoma (NHL) common in children (up to
30% of all NHLs) but rare in adults (1-2% of all NHLs). Almost all patients carry a chromosomal translocation
involving MYC, relocated downstream to an immunoglobulin (Ig) promoter region. However, additional
genetic alterations are required for malignant transformation.
The aim of this study was to investigate the molecular characteristics of BL in adult compared to childhood
patients, in order to get further insight in the biology of adult BL.

Methods
Formalin-fixed paraffin-embedded tissue biopsies of 95 paediatric and 71 adult BLs were identified. All
diagnoses were confirmed by an expert hematopathologist in accordance to the 2017 WHO Classification.
We performed fluorescent in-situ hybridisation (FISH), immunohistochemistry (IHC), gene expression
classification and targeted next generation sequencing. By gene expression classification, the samples were
assigned to the molecular Burkitt (mBL) or non-molecular Burkitt lymphoma (non-mBL) group as described
previously (Masque-Soler, 2013 Blood). Using this classification, a subgroup of cases cannot be classified
with certainty and are assigned to an intermediate group.

Results
By gene expression, 35/44 adult lymphomas were assigned to the mBL and 9/44 to the intermediate group.
None of our samples were assigned to the non-BL group. The proportion of the intermediate group cases
was higher in paediatric (7/18, 39%) compared to adult patients (9/44, 20%, p=0.02, Fischer’s exact test).
FISH and IHC results for standard diagnostic markers, like CD10, CD20, and BCL2 gene expression yielded
similar results between both age groups. Despite the phenotypical similarities between adult and childhood
BLs, we identified SOX11 to be differentially expressed between both age groups. 33/87 (38%) paediatric
compared to 6/49 (12%) adult BL patients expressed SOX11 in tumor cells (p=0.001474, Fisher´s exact
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Test). Mutations of genes known to be recurrently mutated in BL are currently under investigation and data
will be presented at the meeting.
Conclusion
Our data confirm similar molecular characteristics of adult and paediatric BL. However, we identified that
SOX11 expression is significantly associated with younger patient age. Additional, studies to understand the
molecular function of SOX11 in the context of BL are needed in order to identify underlying molecular
differences in tumor evolution.
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The PTP1B mutant PTP1BΔ2-4 is a positive regulator of the JAK/STAT signalling pathway in Hodgkin
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Question
The neoplastic Hodgkin/Reed-Sternberg (HRS) cells of classical Hodgkin lymphoma (cHL) depend on
chronic activation of the Janus kinase (JAK)/signal transducer and activator of transcription (STAT) signalling
pathways to maintain survival and proliferation. Accumulating reports highlight the importance of the
inactivation or reduced expression of negative JAK/STAT regulators such as the protein-tyrosine
phosphatase 1B (PTP1B/PTPN1) in this process. Here, we identified truncated PTP1B variants with a lack of
several exon sequences and report their impact on JAK/STAT signaling, proliferation, and survival.

Methods
PTP1B levels in cHL cases was determined by immunohistochemistry analyses. Expression analysis of
PTP1B mRNA variants was done by semiquantitative RT-PCR. Impact of PTP1BΔ2-4 on JAK/STAT
signaling was determined, using ectopically transfected HEK293 cells and stably transfected L-428 cells
either expressing PTP1BWT, PTP1BC215S, PTP1BΔ6 or PTP1BΔ2-4. Functional analysis was performed using
immunoblot analysis, immunoprecipitation, phosphatase assays, luciferase reporter analysis and EMSA. The
impact of the PTP1B variants on cell proliferation and survival was examined by MTS assays.

Results
Various PTPN1 mRNA variants as well as truncated PTP1B proteins were identified in cHL cell lines and
primary cHL tumour samples, lacking either one or several exon sequences. Here we show that one mutant,
PTP1BΔ2-4, is not only a catalytically inactive variant, but also augmented the IL-4-induced JAK/STAT
activity. Furthermore, PTP1BΔ2-4 exhibits oncogenic potential by the increased proliferation of L-428 cells
stably expressing ectopic PTP1BΔ2-4 as well as the increased resistance against chemotherapeutic agents.
In contrast to PTP1BΔ6, hetero-dimer formation of PTP1BΔ2-4 with PTP1BWT is not enhanced leaving
PTP1BWT activity unchanged. These results argue for a different molecular mechanism of JAK/STAT
modulation by PTP1BΔ2-4. Collectively, the data indicates that PTPN1 variants missing one or more exon
sequences have the potential to create PTP1B gain-of-function variants with oncogenic features by
augmenting JAK/STAT signalling in cHL.
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Conclusion
We describe the impact of the deletion of exon 2 to 4 of PTP1B rendering PTP1BD2-4 into a positive
JAK/STAT regulator. Our results highlight the relevance of in-depth functional analysis of exon-deleting
mutants capable of converting a tumour-suppressor into a protein with pro-oncogenic properties.
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Clinical and histopathological presentation of the Ulm Cohort of Marginal Zone B-cell Lymphomas and its
blastic variant.
F. Spada1, T. Barth1, A. Grunenberg2, C. Buske2, P. Möller1
1Universitätsklinikum

Ulm, Pathology, Ulm, Deutschland, 2Universitätsklinikum Ulm, Experimentelle
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Question
Nodal marginal Zone B-cell Lymphoma (MZBL) is supposed to arise from the marginal zone of lymph nodes.
Due to the absence of defining markers the identification of MZBL rely mainly on exclusion of other small cell
B-cell lymphomas. Blastic-variants of nodal marginal B-cell lymphoma may occur and have to be
distinguished from DLBCL.
Methods
We present a cohort of nodal MZBL composed of 20 patients with classical NMZBL and 20 patients blastic
NMZBL. We performed classical histology accompanied by immunohistology. We further included clinical
data of 44 nodal and 17 nodal blastic patient from the National Registry of Marginalzone B-cell lymphoma.

Results
The average age is 69,9 years, with higher age at diagnosis for the small cell group (71,5 years of age) as
compared to the blastic group (65,9 years of age). Classical NMZBL is characterized by small cells
expansion of the marginal zone accompanied by occasional colonization of the follicle; the blastic variant
presents with a vaguely diffuse pattern frequently overrunning the marginalzone. CD10 is negative for the
majority in both subgroups (75% in classical and 85% in blastic) while Bcl-2 is positive for more than 80% in
both groups. CD23 is negative in 75% in the classical group, as compared to 50% of the blastic group.
MUM1 and Bcl-6 are negative in 70% in the classical group, in the blastic group MUM1 is positive in 47%
and Bcl-6 is positive in 45%. CD5 is positive in 50% of blastic samples, and classical cohort is negative for
95%. Ki-67 is significantly higher in the blastic group (p< 0,0001) with an average above 50%, while the
classical group shows an average Ki-67 below 20%. From the clinical data analysis did not emerge any
significant difference between the blastic and the classical subgroup regarding clinical parameters. We
observed a tendency for a higher complete remission for classical patients with a second-line therapy and a
correlation with presence of autoimmune diseases in the same group. The only clear discriminator between
the two groups is the proliferation rate, significantly higher (p< 0,0001) in the blastic group (Mean 35% Ki-67)
compared to the classical group (Mean 10% Ki-67).
Conclusion
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There is an urgent need for further markers for diagnosis of blastic NMZBL especially with regard to DLBCL.
Therefore, we are collecting tissue blocks and clinical data for these patients, to perform further molecular
analysis such as methylation studies in order to define further discriminators.
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CDK6 protein expression as a marker in multiple myeloma
J. Steinhart1, P. Möller1, J. Krönke2, 3, T. F. E. Barth1
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Question
Multiple myeloma (plasma cell myeloma according to WHO) is genetically and clinically heterogenous;
treatment improved during the last few years by introduction of new drugs including proteasome inhibitors
and immunomodulatory drugs (IMiDs) like lenalidomide. Cycline-dependent kinase 6 (CDK6) is an important
cell cycle regulator found activated in many types of cancer and CDK6 inhibitors are approved therapeutics
for breast cancer. Here, we investigated protein expression of CDK6 in multiple myeloma and its association
with disease status, genetic alterations and outcome.
Methods
We performed immunohistochemical stainings for CDK6 of 204 FFPE tissue samples from 148 multiple
myeloma patients at variable stages. We visualized plasma cells by using a double-staining method for
CDK6 and CD38. IHC data was compared with Western Blot and Immunofluorescence data. CDK6
expression was correlated with clinical data like stage, outcome, and survival and with cytogenetic
aberrations determined by fluorescence in situ hybridization and other immunohistochemical markers.
Results
In the overall cohort we found that CDK6 is gradually higher expressed as disease progresses: While CDK6
expression was low in monoclonal gammopathy of undetermined significance (MGUS), the expression was
abundant at relapse. Further, extramedullary dissemination of myeloma revealed a higher amount of CDK6
compared to medullary located myeloma. Conversely, the samples of patients in remission showed
considerably less CDK6 expression than the samples of patients at all other stages.
Evaluation of paired pre-treatment and post-treatment samples out of this cohort showed that CDK6
expression was higher in those patients treated with IMiD-containing regimens as compared to other
regimens.
Notably, the mean level of CDK6 tended to be higher in samples with high-risk cytogenetic aberrations
compared to other cytogenetic aberrations.
Conclusion
CDK6 expression in multiple myeloma is associated with aggressiveness of disease and may provide a
potential drug target in treatment of resistant multiple myeloma.
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A novel genetic mouse model for nephrotic syndrome reveals associated dysbiosis of the gut microbiome and
extramedullary hematopoiesis
M. Rogg1, J. Maier1, A. Sammarco1, M. Helmstädter2, G. Walz2, M. Werner1, C. Schell1
1Institute

of Surgical Pathology, Faculty of Medicine, Medical Center - University of Freiburg, Freiburg,
Deutschland, 2Department of Medicine IV, Faculty of Medicine, Medical Center - University of Freiburg,
Freiburg, Deutschland

Question
Glomerular kidney disease with associated nephrotic syndrome (NS) results in significant morbidity in
affected patient populations. NS is a complex systemic disease with implications for essential homeostatic
functions. Despite its clinical relevance well-established genetic mouse models are largely missing. Here, we
aimed to develop and characterize a novel inducible murine model of nephrotic syndrome allowing for
analysis of systemic effects of prolonged proteinuria.

Methods
We generated a novel inducible podocyte specific transgenic mouse (Epb41l5fl/fl*Nphs1-rtTA-3G*tetOCre) to
model nephrotic syndrome in adult mice. Animals were systematically characterized using histology, digital
pathology, electron microscopy, immunofluorescence and clinical chemistry. Microbiome analysis and
iterative indirect immunofluorescence imaging (4i) for multiplex immunofluorescence analysis of tissue
sections were applied.

Results
Inducible podocyte specific knockout of Epb41l5 in mice results in a fast onset podocytopathy and FSGS like
glomerular sclerosis phenotype. Transgenic mice developed hallmark characteristics of severe NS (including
proteinuria, hypoalbuminemia and dyslipidemia) but exhibited non-overt CKD phenotypes. Analysis of the
gut microbiome demonstrated distinct dysbiosis in nephrotic mice. Microbiome diversity was reduced, and
relative abundance of phylum level operational taxonomic units (OTUs) was shifted from Firmicutes to
Bacteroidetes OTUs. Detailed analysis revealed highly significant enrichment of Alistipes OTUs. Moreover,
respective NS mice developed marked organ pathologies such as pronounced splenomegaly. NS stimulated
extramedullary hematopoiesis of the spleen characterized by prominent expansion of red pulp macrophages
(RpMΦ) and erythroblast linage cells. Multiplex immunofluorescence imaging demonstrated RpMΦ
proliferation and mTOR activation as a correlating factor of hematopoietic niche expansion.
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Conclusion
Here, we describe a novel inducible podocyte specific model for nephrotic syndrome in adult mice. Induced
Epb41l5fl/fl*Nphs1-rtTA-3G*tetOCre transgenic mice developed hallmark features of severe NS but showed
only minimal overlapping CKD phenotypes. We utilized this model to analyze the impact of NS on
microbiome composition and organ pathologies including extramedullary hematopoiesis of the spleen,
demonstrating the versatility of this model for nephrotic syndrome related research.
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Venous thoracic-outlet syndrome with acute thrombosis of subclavian vein (Paget-von-Schroetter‘s syndrome)
– case report and current literature
K. Korsake1, F. Meyer2, J. Dillner1, A. Udelnow1, M. Powerski3, Z. Halloul1
1Otto-von-Guericke University of Magdeburg with University Hospital, Division of Vascular Surgery, Dept. of
General, Abdominal, Vascular and Transplant Surgery, Magdeburg, Deutschland, 2Otto-von-Guericke
University of Magdeburg with University Hospital, Dept. of General, Abdominal, Vascular and Transplant
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Question
Paget-von-Schroetter‘s syndrome is the acute thrombotic occlusion of the subclavian or axillary vein. It
results from microtrauma or intimal tears of the vein and presents clinically with venous swelling, prominence
of the upper arm veins as well as infraclavicular or axillary pain. Chronic pathological changes of the axillary
and subclavian veins due to anatomical changes in the upper thoracic aperture are referred to as venous
thoracic outlet syndrome (TOS).
Aim: To investigate the rare case of a PSS with the individual case-specific clinical symptom severity based
on relevant references from the scientific medical literature and the gained experience in the diagnostic and
therapeutic case management including the outcome and prognostic evaluation.
Methods
Scientific case report
Results
Case presentation: A 30-year-old hobby athlete complained of swelling and pain in the right arm which had
suddenly appeared the day before, with a slight bluish-livid discoloration of the skin. Duplex ultrasonography,
CT and MR angiography as well as venography revealed thrombosis of the right subclavian vein in case of
thoracic outlet syndrome. Due to the acute event, indication for drug-induced intravenous thrombolysis with
Actilyse® (alteplase; Boehringer Ingelheim Pharma GmbH & Co. KG, Ingelheim/Rhein, Germany) was seen,
which was locally applied via a catheter through brachial vein, Residual thrombi in the subclavian vein and
obstruction to the subclavian vein were detectable, which was dilated with image-guided balloon.
Anticoagulation was initiated with Xarelto® 20 mg daily (rivaroxaban, Bayer AG, Leverkusen, Germany).
Control investigation after 3 months revealed a significantly reduced symptomatology. The conservative
therapy will be continued with reduction of sports activities and additional rivaroxaban for at least 6 months.
As a possible cause, a hard and repeated activity of the upper extremities due to extensive work-out was
found.
Conclusion
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Paget-von-Schroetter‘s syndrome is a very rare disease. It can be treated conservatively, interventionally
and with surgical intervention. In acute severe thrombosis, fibrinolysis should be performed with plasminogen
activators. In severe cases of compression, a surgical correction should be discussed.
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Successful maintenance of renal function by creating aortorenal prosthetic bypass in case of manifest renal
artery main stem occlusion
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Question
To illustrate the benefit of surgical renal artery revascularization under defined selective conditions
(sequential approach, proof of a residual perfusion preserving the renal parenchyma, interdisciplinary
vascularmedical decision-making, vascularsurgical expertise and experience in the perioperative
management), especially in renal artery occlusion based on selective references from the literature and own
clinical experiences in the patient management.
Methods
Two scientific case reports
Results
(complex findings and patient-, diagnosis-, diagnostic-, treatment- and outcome-related key points & clinical
case report):
- Surgical reconstruction was a suitable instrument in the indicated cases with reasonable prospect for
preservation of renal organ and function as well as for reducing the long-term consequences of a specific
occlusion situation.
- Criteria for a successful renal artery reconstruction are the length of the kidney to be preserved, a sufficient
collateral blood flow and a functioning renal parenchyma.
- The usefulness of revascularization/reconstruction is determined either by the option of a rapid reestablishment of an appropriate arterial supply in a fresh occlusion or by a persistent (residual) perfusion of
renal parenchyma, the clinical or imaging assessment of which is an extremely challenging aspect for the
interdisciplinary vascular physician with regard to the estimation of a promising vascular intervention (since in
some cases, it cannot be reliably detected/objectified).
- Extraordinary cases: 1. After endovascular treatment of a proximal suture aneurysm at the infrarenal site
following implantation of a bifurcational prosthesis in a 59-year-old patient in a foreign hospital, an occlusion
of both renal arteries occurred due to prosthesis migration. Despite prolonged renal insufficiency,
implantation of a supracoeliac aortodextrorenal bypass to the right kidney preserved the renal function and
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prevented permanent dialysis.
2. After open surgical treatment of a juxtarenal abdominal aortic aneurysm by resection and interposition of a
tubular prosthesis the left renal artery was occluded. The left renal artery was treated radiologically with a
stent and the perfusion and function of the left renal artery was restored.
Conclusion
Optimized arterial perfusion of the kidney (especially via the main current path) makes it possible to
preventively preserve renal function or even to restore the kidney’s function.
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A multi-analytic and comprehensive approach to predict chemotherapy response in urothelial bladder cancer
H. Reis1, C. Oláh2, S. Ting1, O. Módos3, K. Witzke4, P. Nyirády3, B. Sitek4, A. Kiss5, B. Hadaschik2, M. Hoffmann6, T.
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2University

Question
As the number of treatment options for advanced urothelial bladder cancer (aBC) increase, therapy
prediction becomes more relevant. Beside established predictive biomarkers in aBC, such as PD-L1 tissue
expression in immune therapy or FGFR3 alterations in erdafitinib-treatment, no biomarkers are routinely
available in chemotherapy prediction. As several such predictive biomarkers have been suggested and
molecular knowledge has rapidly increased due to transcriptomic studies, we aimed to create a robust,
cheap and simple but yet sufficiently comprehensive marker set for prospective clinical validation in a multianalytic, multi-center and third-party founded project.
Methods
We approached the topic in a 3-tiered system. Tier 1 (proteomic analyses) is based on detection of own
biomarkers in a proteomic setup with sensitized cell-lines, serum and urine using mass-spectrometry, ELISA
and functional analyses while tier 2 (validation of published markers) is based on the validation of published
protein biomarkers in large tissue microarray (TMA) cohorts of chemotherapy treated and untreated aBC.
Tier 3 (molecular subtyping) is based on the selection of genes from transcriptomic studies to establish a
small but yet sufficiently comprehensive marker panel for molecular subtyping, which is analyzed in own
cohorts using RT-qPCR and NanoString analyses. Finally, all data from the tiers is combined for prospective
clinical validation.
Results
In tier 1, first promising biomarkers have been detected for further validation, while validation studies for
MMP-7, survivin, HMGA2, STIP1, and other biomarkers have already been published from the validation
efforts in tier 2. In tier 3, the selected gene marker panel (67 genes) has been tested and validated in silico
using TCGA data with promising agreement figures and has additionally been tested in an own cohort
(n=100 fresh frozen aBC samples) with prognostic relevance (p=0.003).
Conclusion
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In this multi-analytic and comprehensive approach to predict chemotherapy efficacy in aBC, we (1) by our
proteomic approach identified novel predictive marker candidates and (2) validated formerly published
markers. Moreover, (3) we established a condensed and simple marker set and evaluation method for
molecular subtype classification. Further ongoing analyses are conducted to define a robust, cheap and
simple test potentially suitable for routine clinical use.
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A new technological approach in pathology: Mass spectrometry imaging-based metabolomics in the detection
of tissue-based diagnostic biomarkers using the example of urachal cancer
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Question
Urachal cancer with urachal adenocarcinoma (UrC) as the most common type is a rare but aggressive
cancer. UrC cannot be discriminated from other adenocarcinomas of differential diagnostic interest like
colorectal adenocarcinomas (CRC) based on histomorphology alone and immunohistochemical stains are of
little diagnostic utility. As this differential diagnosis has profound therapeutic implications, diagnostic
biomarkers are needed. We therefore aimed to detect such by integrating spatial information from digital
pathology of scanned and annotated slides with mass spectrometry imaging-based metabolomics, thus
allowing for a multimodal approach.

Methods
A cohort of formalin-fixed and paraffin-embedded (FFPE) samples of CRC (n=27) and UrC (n=19) was
collected, tissue micro-arrays (TMAs) were constructed and after staining, H&E-slides were scanned and
annotated by a pathologist. An algorithm was trained on annotation data for automized discrimination of
tumorous and non-tumorous tissue and merged with spatial data obtained from the subsequent TMA-slides
after matrix-assisted laser desorption/ionization (MALDI)-Orbitrap-mass spectrometry imaging (MSI).
Metabolic differences between UrC and CRC were calculated.

Results
With an area under the curve (AUC) of 0.9 in general and 0.78 for the analyte taurine (diagnostic accuracy of
71%), potential diagnostic biomarkers were detected. Outliers were mostly of the mucinous subtype.

Conclusion
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We were able to demonstrate that MALDI-MSI is feasible using FFPE tissue in this setting with the potential
to combine spatial digital histopathological and metabolomics data. As we detected an AUC of 0.78 with a
diagnostic accuracy of 71% for a single analyte (taurine), we identified a promising diagnostic biomarker. It
awaits further validation, but already holds the promise of surpassing the moderate capabilities of
immunohistochemistry in the differential diagnostic dilemma situation of discriminating UrC and CRC.
Although in its present form the study should be viewed as a proof-of-concept study, it presents a new
adoption of this technology that has not been used in this scenario. It therefore might be interesting also for
similar research questions in other fields of pathology.
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Immunohistochemical evaluation of therapeutic targets in non-urothelial bladder cancer
S. Wucherpfennig1, M. Rose1, A. Maurer1, M. A. Cassataro1, R. Morsch2, E. Hammad2, P. H. Baldia1, T.-A. Vögeli2, R.
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1Institut für Pathologie, Uniklinik RWTH, Aachen, Deutschland, 2Klinik für Urologie, Uniklinik RWTH, Aachen,
Deutschland

Question
Targeted therapy has been implemented in the treatment of various types of cancer, however, data of
protein expression of potential targets in different histological variants of bladder cancer is limited. Thus, we
evaluated protein expression of commonly used cancer targets to give first insight whether patients with
variant bladder cancer could benefit from targeted therapies.
Methods
Tissue microarrays of 18 small cell neuroendocrine carcinomas (SCC), 40 adenocarcinomas (AC)/urachal
carcinomas (UrC) and 121 cancers with squamous differentiation (Sq-BLCA), i.e. urothelial cancers with
substantial squamous-differentiation and pure squamous cell carcinomas, were immunohistochemically
stained for hormone receptors AR (AR441) and ER (1D5), receptor tyrosine kinases EGFR (E30),
ERBB2/HER2 (Polyclonal) and FGFR3 (B-9), programmed death-ligand 1 PD-L1 (22C3), DNA mismatch
repair proteins MLH1 (G168-15), PMS2 (A16-4), MSH2 (G219-1129) and MSH6 (44) and Nectin-4
(EPR15613-68). Subsequently protein expression was evaluated using clinically validated scores. In
addition, public datasets from the Cancer Genome Atlas (TCGA) network were used for in silico analysis.
Results
Looking at receptor tyrosine kinases, we found EGFR expression in all histological variants of bladder
cancer. A particularly strong expression was seen in Sq-BLCAs (62%, 75/121). This variant was also positive
for FGFR3 in 28% (30/106) of samples including 14% (15/106) of FGFR3 high expressing tumors. In silico
analysis of the TCGA data revealed 13% (6/46) FGFR3 mutations in squamous differentiated bladder
cancers. HER2 expression was found only in single cases in all variants. Deficiency of DNA mismatch repair
proteins was detected in only 2 of 111 cases (2%) of Sq-BLCAs. Positive PD-L1 staining was determined in
a few cases in Sq-BLCA (20%, 22/108) and SCC (11%, 2/18). Few SCCs and ACs/UrCs were positive for
androgen receptor (22%, 4/18 and 15%, 6/40, respectively). Nectin-4 was strongly expressed in every
variant.
Conclusion
Our data reveal strong nectin-4 expression in all investigated histological variants of bladder cancer, arguing
for widespread possible anti-nectin-4 based drug conjugate therapy. Additionally, anti-EGFR therapy and
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immune checkpoint inhibitors might be promising therapeutic options in Sq-BLCA. Finally, we also promote
anti-FGFR3 therapy in mixed and pure Sq-BLCA, since FGFR-inhibitor treatment has become the first
clinically approved targeted therapy in BLCA.
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Association of ERBB2 amplifications and PIK3CA mutations in upper tract urothelial carcinoma
B. Schneider, M. Schmitt, A. Erbersdobler, A. Zimpfer
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Question
Upper tract urothelial carcinomas (UTUC) are a small subset of urothelial carcinomas and with an incidence
of about two cases per 100.000 per year a rare disease. At the time of diagnosis, 60 % of tumors show
invasive growth and 7% have already metastasized, so the prognosis is quite dismal. Standard therapeutic
regimens are limited and contain primarily nephroureterectomy with bladder cuff and cisplatin-based
combination chemotherapy as first-line strategy in the adjuvant setting and in metastasized UTUC.
ERBB2 is a druggable target, amplified and overexpressed in several cancers, which shows a good
response to ERBB2-targeted therapy (Trastuzumab) in many cases. In ERBB2 overexpressed UTUC, the
response is rather low. As shown previously in ERBB2 amplified breast cancer, one reason for resistance of
ERBB2-specific therapy are mutations in downstream genes of the PI3K-AKT signaling pathway, mostly in
PIK3CA.
This study elucidates the association of ERBB2 amplification and PIK3CA mutation in UTUC, highlighting the
PI3K-AKT signaling pathway as a putative target for specific therapy.
Methods
FFPE samples containing tumor material from UTUC 224 cases of the years 1999 – 2019 were taken from
the archive of the Institute of Pathology. Tissue micro arrays (TMAs) were built from these tumor samples
showing several representative regions for each case. Fluorescence in situ hybridization was performed on
these TMAs to determine the ERBB2 copy number.
For cases showing amplification or gain of ERBB2, Sanger sequencing of PIK3CA exons 9 and 20 was
performed.
Results
From 224 cases analyzed by FISH, 25 (11.2%) were positive for ERBB2 amplification or gain. Sequencing
analysis was successful in 17 samples. Nine of them showed a PIK3CA mutation (52.9%), mostly in exon 20,
but none of them was in the known hotspot regions. Nevertheless, databases and/or prediction tools attested
them mostly pathogenic potential.
Conclusion
Compared to the frequency of PIK3CA mutations of UC in the literature with reported rates below 30% of
UC, the proportion of PIK3CA mutations in ERBB2 positive UTUC is significantly higher. The high PIK3CA
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mutation rate of ERBB2 amplified UTUCs might be an explanation for the dismal response to ERBB2specific targeted therapy. It also highlights the PI3K-AKT signaling pathway as potential target for specific,
individualized therapy beyond systemic chemotherapy.
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Expression of Prostate-specific Membrane Antigen (PSMA) in papillary renal cell carcinoma (pRCC)
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Question
Die Expression des membrangebundenen Glykoproteins PSMA ist nicht nur spezifisch für die Prostata,
sondern wird ebenfalls im neovaskularisierten Endothel von verschiedenen Tumoren gefunden. Dazu
gehören unter anderem das Mammakarzinom, das kolorektale Karzinom, das nicht-kleinzellige
Lungenkarzinom sowie verschiedene Typen des Nierenzellkarzinoms (NZK). Die 68Ga-PSMA-labeled hybrid
Bildgebung (CT/ MRI) wird zur Detektion von PSMA-positiven Primärtumoren und deren Metastasen mit
einer hohen Sensitivität und Spezifität eingesetzt. Therapeutische Ansätze wie die Lutetium-177-PSMA
radionuclid Therapie oder Antikörper, die PSMA als Zieltarget haben, werden derzeit in klinischen Studien an
PSMA positiven Tumoren getestet. Ziel dieser Studie war es, die Expressionshäufigkeit von PSMA beim
papillären NZK (pNZK) zu ermitteln.

Methods
Es wurden n=374 Patienten mit einem pNZK (Typ 1 n=245 (65,5%); Typ 2 (n=129 (34,5%)) in einer
multizentrischen PANZAR Kohorte analysiert. Die Immunhistochemie wurde an formalin-fixiertem, Paraffineingebettetem Primärtumorgewebe durchgeführt (Antikörper: Anti-PSMA, clone 3E6, M3620, DAKO). Die
Ergebnisse wurden mit den klinischen Daten korreliert. Die statistische Analyse wurde mit SPSSv25
durchgeführt.

Results
Bei den Typ1 pNZK zeigten 3/245 (1,2%) eine positive PSMA-Expression, wohingegen 0/129 (0,0%) der Typ
2 pNZK positiv mit dem PSMA-Antikörper reagierten. In allen 3 Fällen war die PSMA- Expression bei
Tumoren im Stadium pT1 cN0 cM0, Tumorgrad G2 (ISUP-Grading) nachweisbar.

Conclusion
Im PANZAR-Kollektiv konnte keine signifikante PSMA-Expression im pNZK nachgewiesen werden. Die
PSMA-gezielten Therapiestrategien sollten daher nur bei ausgewählten Fällen zum Einsatz kommen.
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Classification of Renal Tumor Subtypes using Mass Spectrometry Imaging - Preliminary Study
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Question
Renal cell tumors represent a group of histologically and molecularly heterogeneous diseases. Besides the
three major subtypes: clear cell renal cell carcinoma (ccRCC), papillary renal cell carcinoma (pRCC) and
chromophobe renal cell carcinoma (chRCC), many more malignant and benign tumors exist. Mass
Spectrometry Imaging (MSI) enables the direct assessment of spatial molecular arrangements in tissue
sections. We used MSI capabilities to discern between different renal cell carcinoma (RCC) specimens.
Methods
MSI measurements of two mixed tissue microarrays (TMAs) comprising duplicate samples from 85 patients
(28 ccRCC, 20 chRCC, 18 pRCC, 19 oncocytomas) were subjected to on-tissue tryptic digestion and used
for building novel machine learning models (70% training, 30% testing, 10-fold cross-validation). These
models were employed to classify samples from kidney tumor resections that were measured on a Bruker
RapifleX MALDI-TOF mass spectrometer. The slides were then stained with hematoxylin and eosin for
histopathological annotation and comparison with the model’s predictions. Data analysis was performed by
using SCiLs Lab, FlexImaging 5.0 (Bruker), and statistical analysis were carried out on R.
Results
On-tissue tryptic digestion revealed on average hundreds of tryptic peptides in the mass range from m/z6003000. When building the classification models based on mixed TMAs, we achieved classification accuracies
above 97% (Linear Discriminant Analysis), and above 99% for Random Forest, k-Nearest Neighbors and
Support Vector Machine. The models exhibit specificity and sensitivity above 98%. These models were used
to classify novel RCC samples, and the outcome was compared with the matching H&E staining.
Conclusion
The results show that MSI can be utilized to classify different renal tumor tissue samples. This preliminary
work consolidates the capabilities of this technique, which offers great promise in the field of Pathology.
Further identification of tissue molecular features could enable a better understanding of this heterogeneous
disease and potentially result in a faster and more accurate tumor subtyping using less tissue material.
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Question
Nivolumab, an immune checkpoint inhibitor (ICI) has been established for first line therapy in clear cell renal
cell carcinoma (ccRCC). Compared to conventional treatment with a single tyrosine kinase inhibitor (TKI), the
combination of nivolumab with TKI shows a favorable impact on progression free and overall survival.
However, a significant amount of ccRCC patients delevops ICI-related adverse effects and still, there is no
approved biomarker for patient stratification. Thus, we aimed to establish an ex vivo tissue slice culture
model of ccRCC and to elucidate the impact of nivolumab on tumor infiltrating immune cells.

Methods
Fresh tumor tissue of ccRCC (n=12) was incubated with the ICI nivolumab in an ex vivo tissue slice culture
(TSC) model. After cultivation tissue slices were formalin fixed, immunohistochemically stained for tumor
infiltrating T-cells, cytotoxic T-cells (CTL) and programmed death receptor 1 expressing immune cells (PD1+
IC) and the corresponding proliferative fractions. Slides were analyzed via digital image analysis.

Results
The tissue slices could be cultivated up to 72 h. After incubation with nivolumab, the PD1 expression on
tumor infiltrating immune cells was significantly reduced (p<0.01). Density and proliferation of tumor
infiltrating T-cells and cytotoxic T-cells showed an inter-individually variable, nivolumab-dependent
regulation.

Conclusion
In this study, we could demonstrate nivolumab-dependent effects on PD1+ IC and on tumor infiltrating Tcells and CTL in TSC of ccRCC. These alterations are comparable with results from other scientific studies
about changes in immune cell proliferation in peripheral blood in response to nivolumab. Therefore, TSC is a
suitable model to study nivolumab effects on ccRCC. In the future, TSC could be used to test the response
of individual patients to nivolumab.
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Question
The role of tumor associated macrophages (TAM) in clear cell renal cell carcinoma (ccRCC) is not well
defined. We aimed to evaluate TAM and immune checkpoint markers (IC) in a monocentric ccRCC
collective.
Methods
A total of 130 metastasized RCCs (all re-evaluated according to actual ISUP criteria) were included in our
study. One representative paraffin block per case was stained for H&E combined with Elastica van Gieson
and immunohistochemical stains were performed using an automated platform (Ventana Ultra): CD68,
CD204, PD-L1, PD-1, PD-L2, HLA-DR. From the cases included, patients undergoing immune oncological
therapies (IO, checkpoint inhibition or cytokine therapy) were divided into good responders (>18 months;
n=15) and poor responders (<3 months; n=15) to IO (9 female, 21 male, mean age 59.7 years). Stained
sections were scanned and whole slide images were annotated utilizing the digital image analysis software
QuPath (tumor: vital, regression, necrosis, bleeding, angioinvasion, cyst formation, capsule; renal (cortex,
medulla) and extrarenal tissue). Quantification of macrophages was performed with a pixel-based approach
in each region of interest (ROI) separately, displayed as % of positively stained area. IC positivity was
evaluated using standard methods (IC, TPS, CPS); eye-balling (%-positivity) was applied for HLA-DR
expression.
Results
Within vital tumor, mean macrophage densities ranged from 0.2% to 4.1% (CD68), TAM densities from
0.02% to 3.4% (CD204). Macrophage (CD68) densities were higher in poor vs. good response group in
extrarenal tissue (0.7% vs. 0.3%) and capsule (1.2% vs. 0.5%, p<0.05). PD-L2 and CD204 negatively
correlated in extrarenal tissue. No differences were detected for PD-L1, PD-1, PD-L2 (most cases showed
very low expression levels) and HLA-DR between the response groups. HLA-DR within tumor correlated with
patient age (r=0.42, p<0.05). PD-L1 expression (IC, CPS) was increased in higher grade ccRCC (p<0.05).
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Conclusion
Macrophages show a high prevalence in metastasized ccRCC. The densities of macrophages in vital tumor
do not differ between IO response groups. Small sample size was a limitation of the present study.
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Question
Tripartite motif (TRIM) family proteins are crucial post-translational protein modifiers and thereby involved in
various biological processes including cancer-related cellular features. The molecular mechanisms driving
prostate cancer (PCa) metastasis to the bone are incompletely understood, however, recurrent and
targetable genetic alterations are lacking in the majority of cases. Therefore, we aimed to explore the
expression and potential functional relevance of 71 TRIM family members in bone metastatic PCa.
Methods
We performed transcriptome analysis of all human TRIM family members as well as of 770 cancer-related
genes in 30 localised prostate cancers and 30 PCa bone metastases using Nanostring system. KEGG,
STRING and Ubibrowser were used for further bioinformatic gene correlation and pathway enrichment
analyses.
Results
Compared to localised tumors, TRIM5, TRIM23, TRIM21, TRIM33, TRI36 and TRIM44 are underexpressed
in bone metastases while TRIM10, TRIM50, TRIM71, TRIM42, TRIM40, TRIM67, TRIM77, TRIM66 and
TRIM4 show higher levels. Distinct TRIM proteins are linked to TNF-, TGFbeta-, PI3K/AKT- and HIF-1signaling as well as to features required for metastasis such as proteoglycan regulation, platelet activation,
adhesion and ECM-interaction based on correlation to cancer-related genes. The identification of TRIMspecific E3 ligase-substrates in Ubibrowser revealed insight into functional connections to oncogenes, tumor
suppressor genes and cancer-related pathways including androgen receptor- and TGFbeta signaling, cell
cycle regulation and splicing.
Conclusion
In summary, this is the first study which characterises all human TRIM family proteins in PCa bone
metastasis using comprehensive transcriptome and bioinformatic in silico analyses. Under- and
overexpression of distinct TRIM members and their correlation to cancer-related signaling highlight their
involvement in PCa metastasis. Further, our results give evidence for post-translational protein modification
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to be an important mechanism for the regulation of oncogenes, tumor suppressor genes and pathway
molecules, and therefore to serve as therapeutic targets for patients suffering from bone metastases of the
bone.

267

Poster Uropathologie

P11.10

Gene expression analysis of prostate cancer lung metastases
K. Hempel1, A. Saraji1, J. Stegmann-Frehse1, K. Duan1, A. Offermann1, R. Kruper2, C. Watermann1, D. Jonigk3, 4, M.
Kühnel3, 4, J. Kirfel1, S. Perner1, 2, V. Sailer1
1University

Hospital Schleswig-Holstein, Campus Luebeck, Institut für Pathologie, Lübeck, Deutschland,
Center Borstel, Leibniz Lung Center, Institut für Pathologie, Borstel, Deutschland, 3Hannover
Medical School, Institut für Pathology, Hannover, Deutschland, 4Biomedical Research in Endstage and
Obstructive Lung Disease (BREATH), German Center for Lung Research, Biomedical, Hannover,
Deutschland
2Research

Question
Prostate cancer (PCa) is the most frequent non-cutaneous cancer in men. Most men will survive their
disease but in case of metastatic disease no curative option is available. Most men with metastatic PCa have
bone metastases. Lung metastases are rare and the molecular events which contribute to the development
of PCa lung metastasis are not well studied. Since PCa is mostly characterized by chromosomal aberrations
rather than recurring mutations, we therefore aimed to characterize the transcriptome of PCa lung
metastases utilizing digital gene expression analysis.

Methods
A cohort of 24 patients with pulmonary metastasis PCa and available formalin-fixed paraffin-embedded
(FFPE) material was selected. mRNA for digital gene expression analysis using NanoStringTM technology
was isolated from FFPE blocks of PCa lung metastasis by using the MaxwellTM RSC. mRNA was quantified
by QubitTM 2.0 fluorometer and quality control was performed using digital QC nSolver software as provided
by NanoStringTM. mRNA expression of 770 cancer related genes in PCa lung metastases was compared to
mRNA expression of the same genes in primary PCa. Several advanced bioinformatics tools (KEGG,
PANTHER, Metascape and GO) were applied for data enrichment and annotation.

Results
Altogether 322 genes were differentially expressed with 234 genes significantly upregulated and 78 genes
downregulated in PCa lung metastases compared to primary PCa. All differentially expressed genes were
manually annotated and enriched using several bioinformatics tools thus creating a data platform namely,
manually annotated and curated Nanostring-data platform for DEGs in PCa bone metastases vs. primary
PCa (MACNP-LM).
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Conclusion
Transcriptome analysis in rare pulmonary metastatic disease from PCa revealed several dysregulated
pathways. Amongst others, pathways implicated in angiogenesis as well as cell cycle regulation were
activated in PCa lung metastases. Ongoing in vitro functional validation with selected candidate genes will
provide further evidence of the underlying tumor biology.
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Question
The main objective of radical prostatectomy in tumor patients is an optimal oncologic outcome while
preserving the physiological functions of the patient. To assure a positive outcome, intraoperative frozen
section during radical prostatectomy is seeing a broader usage . Being a complex procedure, it is considered
to be associated with high demand for time and resources and is therefore only performed at tertiary care
centers. Nevertheless, detailed data concerning the process in the pathologic laboratory are not available.
The objective of this study is to present the necessary means for implementation of the procedure and
identify crucial factors for optimization of the process.
Methods
From the beginning of 2019, radical prostatectomy specimens for frozen section were processed as
follows:The whole specimen was inked by the surgeon using different colors who then took tangential discs
of about 3–4 cm in diameter and about 1,5 cm thickness from the dorso-lateral regions of the prostate. The
cut-surface was inked in yet another color. The pathologist then serially sectioned the discs into slices of 4
mm thickness perpendicular to the color-marked surfaces. They were snap frozen and finally procressed by
3–5-µm step section followed by rapid hematoxylin and eosin staining.In 2019 and 2020 353 bilateral frozen
section specimen were examined.
Results
On average 10.5 (SD ±2,6) sections were prepared for each patient. Regarding positive margins the
sensitivity proved to be 0.97 (7/214) and the specificity 0.99 (1/139). In 2020 the average turnaround time in
the laboratory was 38.2 (±9.4) minutes. Several factors influencing the turnaround time were identified and
divided into adjustable and non-adjustable factors. Significant adjustable factors for faster turnaround time
proved to be having two instead of one technical assistant/kryostat (46.11 min vs. 39.13 min; p<0.01), and
having the reviewing pathologist present at the frozen section work place (42.96 min vs. 38.71 min; p<0.01).
Non –adjustable factors directly involved the status of the margin.
Conclusion
Intraoperative frozen section in radical prostatectomy can successfully be implemented with high sensitivity
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and specificity in the routine work-flow of a pathologic laboratory. Significant adjustable factors for
decreasing turnaround time, namely the amount of technicians/kryostats and presence of the staff
pathologist were identified to optimize the implementation process.
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Question
Histologic examination of transurethrally obtained prostate tissue is performed to exclude incidental prostate
carcinoma. The S3 guideline recommendation is intended to ensure a rational balance between diagnostic
safety and extent of tissue embedding. However, its consistent application leads to a high workload and high
costs, especially for modern surgical procedures (laser enucleation). Therefore, the influence of the
examined tissue volume on the carcinoma detection rate was investigated and a cost-benefit analysis was
performed.

Methods
Retrospectively, two cohorts were studied. In cohort A (n=299), tissue embedding was incomplete and
examination was performed by 9 pathologists, including 2 uropathologists. In cohort B (n=121), tissue
embedding was complete and examination was performed by 5 pathologists, including 2 uropathologists.

Results
Comparison of the two cohorts showed an increased amount of tissue resected in cohort B (mean 54,2 g,
95% CI 48.0 – 60.3 vs. 41.0 g, 95% CI 36.3 – 45.2; p < 0.05). No differences were seen with regard to the
PSA quotient (p=0.322) or the number of preoperative prostate biopsies (p= 0.99). In cohort B, more tissue
blocks were examined (mean 17.6, 95% CI 15.5 – 19.8 vs 9.6, 95% CI 8.8 – 10.2; p<0.05), a higher
proportion of examinations were performed by a uropathologist (88.2% vs 41.1%; p<0.05) and carcinomas
were found more frequently (19.0% vs 7.7%; p<0.05).
After virtual downsampling by considering only the first 10 blocks/patient, 96% of carcinomas were detected
both in cohort A + B. No Gleason pattern > 3 tumor or stage > T1a was missed. After examination of a
maximum of 12 capsules (cohort A) and 18 capsules (cohort B), respectively, a detection rate of 100% was
achieved. Application of the current guideline recommendation to material obtained by classical sling
resection resulted in 80.48% tissue embedding. With laser enucleation (HoLEP), the rate increased to
97.55%. Based on reimbursable costs (GOÄ 1x), consistent application of the S3 guideline recommendation
leads to a (non-reimbursable) cost increase of a factor of 3.4.
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Conclusion
The S3 guideline recommendation corresponds to a nearly complete tissue embedding. A more limited
tissue embedding is possible, especially in combination with uropathologic expertise, without loss of
diagnostic confidence. Workload and costs can thus be significantly reduced.
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Question
The bone is the most common metastatic site of prostate cancer (PCa) providing an advantageous
microenvironment for PCa cells. Bone metastases (BM) differ from primary PCa both genetically and
phenotypically, and characterization of BM provide evidence for the development of novel therapeutic
targets.
Methods
In this study, we performed a comprehensive transcriptome analysis of PCa BM and primary tumors, and
compared the expression of 770 cancer-related genes. RNA was extracted from formalin-fixed and paraffin
embedded tissue of 30 BM and 28 primary tumors using Maxwell® RSC RNA FFPE Kit, quantified by
QubitTM 2.0 and analyzed using the cancer-progression panel of NanoString™. Bioinformatic analyses by
Metascape, Panther, STRING and Pubmed were applied for data integration and interpretation.
Results
Most differentially expressed genes in BM compared to primary PCa are associated to extracellular matrix
(ECM) modulation, organization and interaction as well as blood vessel development, adhesion, cell motility
and growth factor response. Top up-regulated genes in BM are bone sialoprotein 2, chondroadherin, matrix
metalloproteinases, sphingosin-1-phosphate phosphatase and collagens encoding structural proteins. Other
differentially expressed genes include FGF2 mediating growth factor signaling, FOXC2 mediating TGFβ
signaling and PTX3 linked to NF-κB signaling.
Conclusion
Results from this study provide a large, well-characterized data platform indicating differentially expressed
genes in BM compared to primary PCa which have been annotated and bioinformatically integrated. Genes
associated to modulation of the bone microenvironment and metastatic niche formation have been found to
be deregulated in BM suggesting them to be further explored as potential therapeutic targets for men
suffering from metastatic PCa.
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Question
Prostate specific membrane antigen (PSMA-) PET has become a promising tool in staging and restaging of
prostate carcinoma (PCa). However, specific primary tumor features might impact accuracy of PSMA-PET
for PCa detection. We investigated histopathological parameters and immunohistochemical PSMA
expression patterns on radical prostatectomy (RPE) specimens and correlated them to the corresponding
68Ga-PSMA-11-PET

examinations.

Methods
RPE specimen of 62 patients with preoperative 68Ga-PSMA-11-PET between 2016 and 2018 were analyzed.
WHO/ISUP grade groups, growth pattern (expansive vs. infiltrative), immunhistochemical PSMA
heterogeneity, intensity and negative tumor area (PSMA%neg) of the dominant tumor lesion on RPE was
analysed and correlated with spatially corresponding SUVmax on 68Ga-PSMA-11-PET in a multidisciplinary
analysis. Correlations were calculated using Mann–Whitney U and Kruskal–Wallis tests. Receiver operating
characteristic (ROC) curve analysis was used to estimate an optimal cut off.
Results
All tumors showed medium to strong membranous (2-3+) and weak to strong cytoplasmic (1-3+) PSMA
expression. Heterogeneously expressed PSMA was found in 38 cases (61%). Twenty-five cases (40%)
showed at least 5% and up to 80% PSMA%neg. PSMA%neg ≥ 20%, infiltrative growth pattern and ISUP/WHO
grade group 2 and 3 correlated significantly with lower SUVmax values. A ROC curve analysis revealed 20%
PSMA%neg as an optimal cutoff with the highest sensitivity and specifity (89% and 86%, AUC 0.923) for a
negative PSMA-PET scan.
Conclusion
We describe PSMA%neg ≥ 20%, infiltrative growth pattern and ISUP/WHO grade group 2 / 3 as parameters
associated with a lower 68Ga-PSMA-11 uptake in prostate cancer. These findings can serve as fundament
for future biopsy-based biomarker development to enable an individualized tumor-adapted imaging
approach.
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Question
Germ cell tumours are the most common solid tumours in you men of age 14‐44 years. Yolk‐sac tumours
(YSTs) occur in newborns and infants as well as in young adults. Adult patients with YSTs have a poor
prognosis, as these tumours are often therapy‐resistant and count for many germ cell tumour related deaths.
It is therefore of great importance to better understand the biology of this tumor entity. However, the
molecular and (epi)genetic mechanisms that control development of YST are poorly understood
Methods
To understand the molecular and (epi)genetic mechanisms regulating YST formation we performed meta‐
analysis of high‐throughput data of gene and microRNA expression, DNA methylation and mutational
burden. These findings were validated by qRT‐PCR. To examine these results on human tumor samples of
GCT immunohistochemical analyses of 65 seminomas, 33 embryonic carcinomas, 7 adult YST, 4 teratomas,
114 mixed germ cell tumours and 3 paediatric YST were performed.

Results
In our investigations we identified FOXA2 as a putative key driver of YST formation, subsequently inducing
AFP, GPC3, APOA1/APOB, ALB and GATA3/4/6 expression. Interestingly, the WNT‐, BMP‐ and MAPK
signalling‐related genes were up‐regulated in YST’s. In contrast, pluripotency‐ and (primordial) germ cell‐
associated genes were down‐regulated in YST’s. All investigated yolk sack tumours were nuclear positive for
FOXA2, whereas all other investigated germ cell tumours were negative for FOXA2. These findings could be
approved in mixed germ cell tumours too.
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Conclusion
The very important finding of our work is that we could highlight FOXA2 as a promising new biomarker for
YSTs, especially to differentiate this tumour entity from other GCT subtypes.
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Question
In this case report, we describe the case of a 55-year-old patient with a tumor in the lung. This tumor was
biopsied assuming a primary lung tumor. A mass of about 4 cm diameter was found in the area of the left
testicle during clinical and staging examinations. The tumor was located in the paratesticular soft tissue and
testicle.
Methods
We performed immunohistochemical and molecular pathological analysis
Results
Histologically, there was a predominantly solid, partly papillary, tumor with plenty psammon-like
calcifications. Immunohistochemically, the tumor cells were positive for Ber-ep4, CK7, EMA, CA125, WT-1,
Keratin, CK5/6, PAX-8, ER, PR, and AR. In contrast, they showed a negative staining reaction for SALL4,
OCT3 / 4, TTF-1, PSMA, thyroglobulin and CK20. The molecular-pathological investigations revealed a
BRAF mutation in exon 15 (V600E).
Conclusion
The findings taken together, we diagnosed a serous high grade carcinoma of the ovarian epithelial type of
the testis/ paratesticular region. The tumor in the lung showed the same morphological characteristics and
immunohistochemical staining profile as the tumor of the testis. Therefore, it was diagnosed as metastases
of this tumor. In this case report we show the diagnostic algorithm based on the latest WHO classification
and discuss differential diagnoses of this extremely rare tumor entity.
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Question
Management of testicular germ cell cancers (GCC) relies on the serum tumour markers AFP, b-HCG, and
LDH. However, efficacy of these blood-based tumour markers is limited and can only be detected in <60% of
GCC patients. Therefore, it is impossible to exclude disease recurrence based on tumour markers alone. In
order to identify tumour recurrences despite negative tumour markers, repeated computerized tomography
(CT) scans are performed during traditional cancer follow-up. Resulting in a high cumulative radiation
exposure in young men. To reduce the number of unnecessary imaging, more sensitive and specific tumour
markers are needed. Recently, serum miR_371_3p has shown high diagnostic accuracy to predict vital germ
cell tumour (GCT) in men with macroscopic disease. We hypothesised that serum miR_371_3p may also
prove effective for detection of recurrence in men with non-metastatic stage I testicular cancer (GCT)
undergoing active surveillance.

Methods
We prospectively collected sequential serum samples from men undergoing active surveillance as part of the
Swiss Austrian German Testicular Cancer Cohort Study (SAG TCCS cohort) using standardised collection
procedures. Serum quality was confirmed using stringent quality control criteria and miRNA_371_3p was
quantified via qRT-PCR. Relative expression of miR_371_3p to the endogenous housekeeping
miRNA_30b_5p was calculated.

Results
Between 04/2019 and 01/2021 samples of 22 GCT patients and 10 non-GCT patients were collected. During
a median follow-up time of 420 days, 9/32 men recurred (28%). Using the standard follow-up schedule,
recurrences were detected after a median of 210 days whereas miR_371_3p detected recurrences after a
median of 101 days. This translated into a median earlier detection of 97 days. None of the non-recurrent
patients or non-GCT patients had detectable serum miR_371_3p. These early results suggest that
monitoring of miR_371_3p in patients undergoing active surveillance for stage I germ-cell tumours may
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detect recurrence 3 months earlier compared to a standard follow-up schedule with a high sensitivity and
specificity. This finding may have important implications for future trials in of men with GCT undergoing
active surveillance.

Conclusion
Monitoring serum miR_371-3p in the blood of patients with stage I germ-cell tumors undergoing active
surveillance is promising and may allow for earlier detection of recurrences and potentially decrease the
number of follow-up scans.
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R. Stöhr1, J. Giedl1, N. Gaisa2, G. Richter3, V. Campean4, M. Burger5, B. Wullich6, S. Bertz1, A. Hartmann1
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Question
A defective cellular DNA mismatch repair (MMR) system is well known for causing an accumulation of
alterations at microsatellites leading to microsatellite instability (MSI), especially at repetitive mono- and
dinucleotide sites. A distinct form of MSI is observed in several types of cancers and is called elevated
microsatellite alterations at selected tetranucleotide repeats (EMAST) in contrast to mono- and dinucleotidebased instability in common MSI. EMAST has not been linked to major defects in DNA mismatch repair.
Heterogeneous and reduced/loss of protein expression of MSH3 was observed in association with EMAST in
colorectal cancer. Moreover, EMAST is also discussed as a predictive marker for chemo- and immune
therapy in colorectal cancer. Based on these promising data the aim of the presented study was the
evaluation of the frequency of both EMAST and alterations of MSH3 expression in penile squamous cell
carcinoma (SCC).
Methods
DNA was isolated from archival non-cancerous and tumorous tissue of 78 penile SCC cases. For detection
of EMAST, stability of five microsatellite markers (D9S242, D20S82, MYCL1, D8S321, and D20S85) was
analysed. Only cases with at least two of five interpretable markers were used for evaluation. EMAST was
defined as instability in at least two of five investigated markers. Expression of MSH3 was determined by
immunohistochemical staining of a tissue microarray (TMA) containing 60/78 cases analysed for EMAST.
Results
Overall, 74/78 penile SCC cases gave an interpretable result for EMAST analysis. None of the cases
showed an instability. MSH3 expression analysis could be evaluated in 55/60 cases of the TMA. Tissue
spots of five cases were lost during staining procedure. All analysable cases showed strong MSH3
expression.

Conclusion
Our data argue against an important role of EMAST and/or loss of MSH3 expression in penile SCC. These
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data are in line with previous studies showing a very low frequency of MSI and low levels of tumor mutational
burden in SCC of the penis.
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Primary extra-axial chondroid chordoma of the anterior nasal septum: case report of a rare chordoma with
literature review
C. Holley1, T. Breining2, M. Scheithauer3, P. Möller1, T. F. E. Barth1
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Question
An 87-year-old patient reported a progressing mass of the anterior nasal septum with nostril obstruction. By
imaging and surgery the tumor showed no infiltration of subcutis, bone or paranasal sinuses. As we are
focused on chordoma research, a rare primary malignant bone tumor with notochordal differentiation mainly
manifesting at the clivus or sacrum, we considered this tumor to be an extra-axial chordoma. We present a
case report of a rare chordoma with literature review [1].
Methods
After clinical examination, imaging and excision the tumor was microscopically analysed.
Immunohistochemistry was performed with formalin-fixed and paraffin embedded tissue by using standard
techniques. Fluorescence in situ hybridization (FISH) was runned through with a commercial, double colormarked breakpoint flanked probe combination
Results
The histological examination revealed a chondroid tumor with lobular growth and physaliferous cell
morphology. Immunohistological profiling revealed a brachyury-positive tumor without EWSR-rearrangement
leading to the diagnosis of a chondroid chordoma.
Review of literature identified 35 primary extraosseous chordomas of the nose, nasopharynx and paranasal
sinuses including the reported case. We created an overview of these cases with location, clinical and
histological characteristics.
Three of the 35 cases including two nasals septum chordomas showed a chondroid differentiation, the
majority classical type.
The average disease onset of the cohort (n=35) was 36,8 years, while in nasal chordomas (n=5) it was 41,2
years. The presented case was significantly older.
The cohort also belonged to the rare extra-axial chordomas (EAC). In the so far largest review of EAC (n=86)
31(36%) were located at the upper respiratory tract, as the presented case. Compared to axial chordomas
extra-axial chordomas showed significant lower recurrence rates, later disease onset and better prognosis
with a survival time of 11 years [2]. The presented case, diagnosed at the age of 87 with a survival time of
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7,65 years corresponded to the better EAC outcome.
Conclusion
The reported case demonstrates difficulties diagnosing chordomas at rare extra-axial locations and the
importance of immunohistochemistry staining. Review of literature identified 35 primary extraosseous
chordomas of the nose, nasopharynx and paranasal sinuses including the reported case. This review points
out the importance of standardized criteria diagnosing chordomas.
Literaturangaben
[1] Holley C, Breining T, Scheithauer M, Möller P, Barth T F E, (2021), Primäres extraaxiales chondroides
Chordom des anterioren Nasenseptums: Fallbericht eines seltenen Chordoms mit Literaturübersicht,
Springer Medizin, HNO, Berlin, 221–228, 69, https://link.springer.com/article/10.1007/s00106-020-00957-3,
2021-03-06, Institut für Pathologie, Universitätsklinikum Ulm, Ulm, Deutschland
[2] Guo-Hua Lv, MD, PhD, Ming-Xiang Zou, MD, PhD, Fu-Sheng Liu, MS, Yi Zhang, MS, Wei Huang, MS,
An Ye, MS, Qian-Shi Zhang, MD, PhD, Xiao-Bin Wang, MD, PhD, Jing Li, MD, PhD, Yi Jiang, MD, Xiao-Ling
She, MD, (2019), Clinicopathological and Prognostic Characteristics in Extra-Axial Chordomas: An
Integrative Analysis of 86 Cases and Comparison With Axial Chordomas , Oxford University Press,
Neurosurgery, New York, E527–E542, 85, https://doi.org/10.1093/neuros/nyz073, 2021-03-06, Department
of Spine Surgery, The Second Xiangya Hospital, Central South University, Changsha, China

284

Poster Knochen-, Gelenk- und Weichgewebspathologie

P12.02

First comparing ultrastructural analysis of cartilage from pectus excavatum and pectus carinatum
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Question
Pectus excavatum (PE) and pectus carinatum (PC) are the most frequent chest wall deformities. Actually, it
remains unclear if they represent different variants of one disease or if both outline separate entities. We
compared the ultrastructure in costal cartilage of PE and PC.
Methods
Costal cartilage from ten patients of each deformity underwent ultrastructural analysis. Chondrocytes were
analysed regarding cell morphology, intracellular structures like presence of collagen fibres and lipid
vacuoles, cell nucleus constitution and endoplasmic reticulum (ER) morphology. Statistical analyses were
performed using Wilcoxon- and Mann-Whitney-U-Test with a significance level of p < 0.05.
Results
Cartilage in PE and PC revealed differences in several cellular structures such as dilated endoplasmic
reticulum (p = 0.03) and the number of nuclei (p = 0.003). Furthermore, in PC centrally localised
chondrocytes showed more intracellular lipid vacuoles than peripheral cells (p = 0.004). In general
comparison of central and peripheral cartilage, central location was associated with more intracellular lipid
vacuoles (p < 0.0001), whereas presence of cell nuclei (p = 0.035) and elongated-narrow-shaped
chondrocytes (p = 0.011) significantly predominated in peripheral location.
Conclusion
For the first time, ultrastructural differences between PE and PC were demonstrated. A significant difference
between PE and PC in terms of cell nuclei and dilated ER was found suggesting a higher metabolism rate in
PC. However, in four out of six investigated parameters no significant differences between the two
deformities were present, indicating similarities in the pathogenesis of PE and PC.
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Question
The aim was to correlate the grade of inflammation with the surgical success of resected bone of patients
with medication associated osteonecrosis of the jaw (MRONJ).

Methods
44 patients with stage III MRONJ were histologically analyzed after resection of necrotic bone in a block.
After digitalizing the HE-Slide the necrotic, vital and regenerative bone were calcuated. The inflammation
within the tissue was classified in acute and chronic and semi-quantitative in non, mild, moderate and severe
acute or chronic inflammation specified. The obtained parameters were correlated with surgical success and
serum inflammatory parameters (c-reactive protein and leukocytes).

Results
In the examined specimens an average area of 59.0% was necrotic, followed by an average area of 40.9%
of vital bone. The expansion of chronic inflammation correlated with the amount excess of vital bone
(p<0.001) and the success of surgery (p=0.002). If acute inflammation was dominant more necrotic areas
were identified (p<0.001) and chronic inflammation areas were seen less. If acute inflammation was severe
or moderate the risk of disturbed wound healing and relapses and the level of c-reactive protein were
increased (p=0.031). In 11.3% of vital bone areas the bone showed signs of regeneration. The Bone
regeneration occurred independently of inflammation stages.
Conclusion
If possible, surgery should be delayed in patients with signs of sever acute inflammation. Patients may profit
from prolonged preoperative antibiotic therapy to reduce the level of acute inflammation and thus the risk of
wound healing disorders and relapse.
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Differential expression of hnRNPA1, PLEKHA2 and YY1AP1 in KRAS-mutant and KRAS-wildtype colorectal
cancer
V. Nikolai1, M. Behrens1, A.-K. Wenke1, F. Wilhelm1, S. Krüger1, S. Grimbs2, C. Röcken1
1Pathologie
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Question
Thirty to fifty percent of the colorectal cancers (CRC) harbour KRAS-mutations, which influence medical
treatment options. But how KRAS-dependent is the tumor biology in CRC shown in gene expression profiling
of KRAS-mutant and KRAS-wildtype tumors? Our validation studies explored on translational level the
expression patterns of selected genes and correlated them with diverse clinico-pathological patient
characteristics.
Methods
Differential expression was studied by gene arrays and quantitative real-time polymerase chain reaction on
transcripts of 8 KRAS-mutant and 8 KRAS-wildtype CRCs, respectively. Translational expression was
studied by immunohistochemistry using whole mount tissue sections and tissue micro arrays obtained from a
cohort of 1786 CRCs.
Results
48 genes showed a bimodal transcriptional expression between KRAS-mutant and KRAS-wildtype CRCs.
Following a literature search, hnRNPA1, PLEKHA2 and YY1AP1 were selected for validation studies.
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Gene expression analysis showed a bimodal expression pattern between KRAS-mutant and –wildtype tumors for PLEKHA2 (a; higher
in KRAS-wildtype), YY1AP1 (b; higher in KRAS-wildtype) and hnRNPA1 (c; higher in KRAS-mutant).

Using immunohistochemistry, we could detect hnRNPA1, PLEKHA2 and YY1AP1 in different cellular
compartments of CRCs, i.e. nucleus, cytoplasm and plasma membrane. hnRNPA1-expression correlated
with KRAS-genotype, tumor site, T-category, and tumor stage. PLEKHA2-expression correlated with patient
age, tumor site, local tumor growth, lymphatic invasion, tumor stage and tumor grade.
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Correlation of hnRNPA1 and PLEKHA2 with KRAS-status and clinico-pathological patient characteristics (statistical significant values
after multiple testing are dyed green)

Univariate survival analysis revealed a reduced five-year survival for hnRNPA1- and a better survival for
PLEKHA2-positive CRCs.

Kaplan-Meier curve depicting in A a poorer overall survival in plasma membranous hnRNPA1-positive (p=0.048) and in B a poorer
tumorspecific survival in cytoplasmic PLEKHA2-negative (p=0.005) colorectal carcinomas.

Interestingly, hnRNPA1 was an independent prognosticator of patient survival.
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Conclusion
Our data confirm the effect of the KRAS-genotype on gene expression profiles of CRCs. It also shows that
the differentially expressed genes correlate with diverse clinico-pathological patient characteristics and effect
tumor biology as well as patient prognosis: plasma membrane expression of hnRNPA1 was an independent
prognosticator of patient survival.
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Question
Benedikt Martin, Stefan Schiele and Tim Tobias Arndt contributed equally to this work.

Artificial intelligence methods are increasingly applied in pathology for tissue classification and optimized
therapy stratification. In this study, we developed the Binary ImaGe Colon Metastasis classifier (BIg-CoMet),
a semi-guided approach for stratification of colon cancer patients into two risk groups for occurrence of
distant metastasis with an InceptionResNetV2-based deep learning model trained on binary images.

Methods
We investigated 291 adenocarcinomas of the colon (NOS, pT3 and pT4). One binary converted cytokeratinstained tumor section per case was used for analyzation. Image augmentation and dropout layers were
incorporated into the model to avoid overfitting during the training process. The predicted risk for upset of
metastasis was assigned as the risk score for each patient.

Results
BIg-CoMet was able to discriminate well between patients with and without metastasis (Area under the
curve: 0.842 95%-CI: 0.774-0.911) in the validation collective (n=128). Further, the Kaplan-Meier curves of
the metastasis-free survival showed a highly significant worse clinical course of the high-risk group built
according to the BIg-CoMet prediction (log-rank test: p<0.001) and we could also demonstrate the superiority
over other established risk factors.
A multivariable Cox regression analyses adjusted for age, gender, and clinicopathological variables
supported the usage of the predicted risk group as a prognostic factor for occurrence of metastasis (hazard
ratio (HR): 5.4 95%-CI: 2.5-11.7, p<0.001).

Conclusion
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Our study demonstrates the ability to stratify colon cancer patients via a semi-guided process. Interestingly,
the model was developed on images that primarily reflect tumor architecture. Now the very promising data
must be further validated and prospectively investigated in order to implement BIg-CoMet in clinical routine.
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Females with high microsatellite instability show increased survival after neoadjuvant chemotherapy in gastric
cancer
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Question
Knowledge about the influence of patient´s sex and age on the effect of chemotherapy is limited and
particularly little is known about variations related to specific molecular tumor subtypes. Here, we aimed to
investigate patients with gastric/gastro-esophageal adenocarcinomas for sex and age specific differences
regarding overall survival (OS) and response to neoadjuvant chemotherapy (CTx) under consideration of the
molecular subtypes as microsatellite instability (MSI) and Epstein-Barr virus positivity (EBV+).
Methods
Sex and age (</>55 year)-specific analysis was performed for overall 717 patients, including 426 patients
treated with and 291 treated without neoadjuvant CTx. MSI and EBV+ were determined previously using
DNA from formalin-fixed paraffin-embedded tissues and standard protocols. Hazard ratios (HR) were
calculated by Cox regression analysis and survival was compared by log-rank tests.
Results
Females demonstrated a significantly increased OS (p=0.035), particularly in the subgroup treated with CTx
(p=0.054). No significant differences regarding age were found. In the molecular subgroups, no sex related
differences were observed in the non-CTx group. However in the CTx group, females with MSI-high (H)
tumors showed the best OS (p=0.043) followed by the male MSI-H (p=0.198) and female MSS (p=0.114)
group compared to the male MSS group as reference. The interaction between sex and MSI in this patient
group was noticeable (p=0.053) and was included as a relevant factor in multivariable analyses.
Conclusion
Our results show an effect of sex on OS in gastric/gastro-esophageal cancer specifically after neoadjuvant
CTx. The superior survival of women with MSI-H tumors treated with neoadjuvant CTx implies that this

293

combined molecular and sex-based factor should be considered when choosing the adequate treatment for
each individual patient.
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Types of non-neuroendocrine neoplasms with neuroendocrine features: an analysis of 2456 cases
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Neoplasie1, 3
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Question
Non-neuroendocrine neoplasms (non-NENs) with neuroendocrine (NE)-features and tumor-like NE-lesions
may mimic neuroendocrine neoplasms (NENs). Since these tumors/lesions
can lead to severe diagnostic problems, the features of NEN mimicries were studied in detail.
Methods
We reviewed and analyzed the histological and immunohistochemical findings of 2456 consultation cases
that were examined for the expression of the NE-markers synaptophysin and chromogranin A and identified
2025 (82%) NE-marker positive neoplasms or lesions.
Results
Of the 2025 cases, 1646 (81%) were diagnosed as NEN, and 379 (19%) as non-NEN with NE-features,
including 111 (29%) digestive and lung carcinomas, 18 (5%) urogenital and gynecological carcinomas, 73
(19%) acinar cell carcinomas, 24 (6%) solid-pseudopapillary neoplasms, 88 (23%) adrenocortical and 28
(8%) mesenchymal neoplasms, and 30 (8%) non-neoplastic lesions. An agreement between referral
diagnosis, available in 257 cases, and final diagnosis was highest in NENs (55%), followed by adrenocortical
neoplasms (54%), carcinomas of different origins (36%), non-neoplastic lesions (38%) and mesenchymal
neoplasms (9%). Inconsistent diagnoses in non-NENs included NET (N=53), NEC (N=47) and MiNEN
(N=15). Non-neoplastic lesions, e.g. islet aggregates and densely packed PP-islets were often (92%)
suspected as NET.
Conclusion
The analysis of the diagnostic problems in the distinction of non-NENs from NENs revealed as main
causative factors the quality of the applied immunostainings, weak definition of diagnostic criteria and great
morphological mimicry between certain non-NENs and NENs. While the quality of immunostaining improved
over the years and the mimicry between neoplasms is a permanent problem, a refinement of the definition of
diagnostic criteria can help to solve many diagnostic problems.
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Deciphering the role of the ITIH5 metastasis suppressor gene in pancreatic cancer
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Question
Pancreatic cancer remains one of the deathliest malignancies worldwide. Especially early metastasis
coupled with lacking therapeutic possibilities lead to poor survival. The putative class II (i.e. silenced by DNA
methylation not mutation) tumor suppressor gene ITIH5 may potentially impinge upon this crucial metastatic
process. Previous data already demonstrated an influence of ITIH5 on pancreatic tumor cell motility and
metastasis capacity to the liver in vivo[1]. Here we present further evidence for the metastasis-inhibiting
effect of ITIH5 and have started to decipher the signaling pathways suppressed by ITIH5 in the pancreatic
tumor cell.
Methods
A pancreatic cancer TMA including 189 cases provided by the Knoesel lab was stained and ITIH5 protein
expression was evaluated and statistically analyzed. To assess the effect of enforced ITIH5 re-expression on
tumor characteristics, the PANC-1 cell line was stably transfected with ITIH5. Next, a variety of functional in
vitro assays was performed, measuring proliferation, apoptosis, colony formation, migration and invasion.
Additionally, transcriptome wide RNA expression profiling (ClariomTM S Assay) was done comparing ITIH5expressing PANC-1 clones versus mock. Finally, gene list enrichment analysis (GSEA) was applied to
identify potential pathways and genes involved in ITIH5 signaling.
Results
In metastatic tissue, a significant downregulation of ITIH5 expression in comparison to primary tumor was
observed. Loss of tumor ITIH5 staining was associated with unfavorable prognosis (p=0.016). Functional in
vitro assays confirmed the metastasis-suppressive effect of ITIH5, since forced ITIH5 expression in PANC-1
cells influenced colony morphology and suppressed cell migration (p=0.033). Microarray profiling revealed
331 (of 20823) transcripts (1.6%) being up- or downregulated by a fold change of >2. Validation of putative
tumor suppressive pathway relevant genes by real-time PCR is underway. Interestingly, Gene Ontology
(GO) analysis identified three GO-terms related to neuron differentiation.
Conclusion
Our study supports the previously published thesis that ITIH5 is a metastasis suppressor gene in pancreatic
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cancer. It will be exciting to decipher the mechanism of this effect, both in terms of the signaling pathways
involved and the site of action of ITIH5 in the tumor cell. The possible link to neuron differentiation may fit the
importance of neural invasion in pancreatic cancer.
Literaturangaben
[1] Sasaki et al., (2017), Genome-wide in vivo RNAi screen identifies ITIH5 as a metastasis suppressor in
pancreatic cancer, Clinical & Experimental Metastasis, 229–239, 34
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Oncogenetic modeling of microsatellite and chromosomal instabilities in proximal and distal colorectal cancer
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Question
Colorectal carcinomas (CRC) develop through multiple pathways with differences in clinicopathological,
cytogenetic and molecular features. Here, we addressed the tumor evolution of therapy-naïve proximal and
distal CRC to provide insights into the somatic development of CRC.
Methods
A set of 26 proximal and 49 distal CRC was studied by combining microsatellite instability (MSI) status,
karyotyping and clinical parameters. Oncogenetic tree models using maximum likelihood estimation [1] as
well as maximum-weight branching models were reconstructed [2] to describe tumor evolution.
Results
Chromosomal imbalances +20q (61%), -18q (60%), +13q (45%), +8q (35%), -8p (33%), -4q (31%), -18p
(27%), +20p (27%), -4p (23%), -14q (23%), -1p, (20%), +7p (20%), -5q (19%), -17p (19%), +12p (16%), and
-15q (16%) were most common in CRC. In comparison to microsatellite-stable tumors, CRC with an MSI
phenotype presented with significantly lower numbers of chromosomal imbalances (p=0.0004).

Two evolutionary main clusters were identified by oncogenetic tree modeling: (i) a cluster marked by MSI,
and (ii) another cluster characterized by chromosomal instability (CIN). These two clusters were observed for
both the proximal and the distal CRC, and the pattern of copy number aberrations was similar for both
locations.

In CRC with a CIN phenotype, preferentially early events were +13q, +20q, +8q, and -18q, and preferentially
late events were -1p, -4, and -5q. When CIN high CRC with more than 10 copy number changes were
compared with CRC with low to moderate CIN, differences in the occurrence during cytogenetic tumor
evolution were observed for -17p . In particular, -17p was predicted to occur earlier in CIN high CRC.
Conclusion
The oncogenetic tree models support tumor evolution to be characterized by the accumulation of genetic
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events rather than the sequence of events, a model in line with the central 'Vogelgram' concept of tumor
development. Overall, our data provide evidence for a model, in which in addition to a microsatellite
instability pathway, CRC marked by CIN follow different, interconnected genetic pathways. These CIN
pathways may differ in the number of copy number aberrations. Moreover, loss of function of TP53 located
on the short arm of chromosome 17 may represent a distinctive feature of different CIN pathways.
Literaturangaben
[1] von Heydebreck A, Gunawan B, Fuzesi L., (2004), Maximum likelihood estimation of oncogenetic tree
models, Biostatistics, 545-556, 5(4)
[2] Szabo A, Boucher K., (2002), Estimating an oncogenetic tree when false negatives and positives are
present, Math Biosci., 219-236, 176(2)
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Question
Two generally accepted molecular classifications have been proposed for gastric carcinomas, which have
both prognostic and therapeutic implications. Furthermore, HER2 overexpression is established as a
therapeutic target structure and recently checkpoint inhibition is a novel treatment option in advanced gastric
cancer.
In addition to these known parameters, various rare molecular aberrations that were mainly associated with
very specific tumor types such as NUT midline carcinomas, rhabdoid tumors, secretory breast carcinomas or
infantile fibrosarcomas have also been found in low frequency in completely different tumor entities as
drivers with high oncogenic energy. Currently only a few studies evaluating these aberrations in gastric
cancer with small sample sizes exist. NTRK fusion was recently published in a first case report in gastric
cancer.
The aim of this retrospective study is the evaluation of frequency, association with clinicopathological
characteristics and prognosis of aberrations in ALK, NTRK, SMARCA2, SMARCA4, SMARCB1, ARID1A and
NUT1M in a large cohort of 511 carcinomas of the stomach and esophagogastric junction. In addition,
association with the subgroups of the molecular TCGA classification is evaluated.
Methods
Expression of PMS2, MSH6, E-Cadherin, p53, SMARCB1, SMARCA2, SMARCA4, ARID1A, NTRK, ALK
and NUT was evaluated immunohistochemically on digitalized tissue microarrays (4 cores/tumor). EBV+
cases were identified by EBER-CISH. Tumors with NTRK expression are evaluated by NGS.
Results
First analyses show complete loss of SMARCA4 expression in 3 cases (0,6%). These tumors show an
anaplastic solid and rhabdoid growth pattern, advanced T-stages, lymph node and liver metastases. The
median survival is 8 months. 2 patients received neoadjuvant chemotherapy and showed no response. Two
are subclassified as GS, one as CIN in analogy to TCGA classification.
Complete loss of ARID1A (12%) was associated with MSI/EBV+-tumors. SMARCA2 expression was lost in
5% of tumors. No case with ALK, NUT or loss of SMARCB1 expression could be detected.
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6 cases with immunohistochemical NTRK expression were identified and are currently evaluated by NGS.
Conclusion
In summary, a large cohort of gastric carcinomas with respect to rare molecular aberrations and
molecular subgroups in analogy to TCGA classification is characterized to better understand the
heterogeneity of gastric adenocarcinomas. If NTRK fusions are confirmed, routine screening could be
reasonable.
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A possible Vanek's tumor-mimicking subtype of IgG4-PT?
A. Maccagno1, L. Füzesi2, B. Märkl1
1Institut

für Pathologie, Klinikum Augsburg, Augsburg, Deutschland, 2Klinikum Kempten, Zentrum für
Pathologie, Kempten, Deutschland

Question
Inflammatory fibroid polyp (IFP), also known als Vanek´s tumor, is a idiopathic, localized, benign neoplastic
lesion originating in the gastrointestinal submucosa and it´s characterized by a hypocellular lesions with
haphazard proliferation of CD34-positive, short spindled cells with fine chromatin and eosinophilic cytoplasm.
The stroma is typically edematous/myxoid and it´s accompanied by an infiltrate of eosinophilic granulocytes
and lymphocytes. IgG4-related pseudotumors are a manifestation of the spectrum of IgG4-associated
diseases, i.e. solid, more or less bounded lesions with lymphoplasmacytic infiltrate rich in IgG4 plasma cells
with storiform fibrosis and sometimes obliterative phlebitis. Although this condition was originally described
as an autoimmune pancreatitis in 2201, it became increaslingly apparent that virtually any organ system can
be involved. IgG4-RD reveals a wide range of manifestation, and can potentially involve any system in the
body. Many of these different diseases and clinical pictures, just like autoimmune pancreatitis, were already
known and described since many decades but have only relatively recently been recognized as variant of the
spectrum of IgG4-RD, for example, Riedel´s thyroiditis and retroperitoneal fibroses. We hypothesised, in the
light of this still incomplete description, the existence of a subgroup with histomorphological features similar
to those of IFP.
Methods
We collected a total of 29 cases with a diagnosis of "Vanek Tumor", over a period of time from 1993 to 2020.
A total of 13 cases with a previous diagnosis of "IgG4-associated pseudotumor" were analysed in our
institute and served as a control. Histological staining for the detection of total IgG and IgG4 was
subsequently performed on each of the previously as Vanek tumors diagnosed lesions, in order to observe
as to how far the two entities reveal some common phenotypical characteristics.
Results
Three cases showed positivity for IgG4 meeting the criteria of Deshpande et al. with a mean value pf 80
IgG4 plasma cells/HPF. This concentration of IgG4-positive plasma cells was not significantly different from
that of the 13 collected IgG4-RPT. Furthermore, two cases do not show the usual positivity for CD34.
Conclusion
Our results indicate that is a variant of IgG4-RPT exists that has not been described in the literature with
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histomorphological characteristics very similar tho those of IFP. Further studies would be useful to
demonstrate this possible new manifestation.
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Semiautomatic Analysis of Tumor Proportion in Colon Cancer: Findings from a Validation Study.
S. Miller1, S. Bauer1, M. Schrempf2, G. Schenkirsch3, B. Märkl1, B. Martin1
1Universitätsklinikum
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Question
The tumor stroma ratio (TSR) is a promising biomarker for prognosis prediction in colon cancer. It could
become an important tool for additional risk stratification and optimized patient management. A high stroma
proportion is widely accepted as negative prognostic parameter. Beyond that, we previously reported that a
high tumor/low stroma proportion was associated with a worse prognosis. The main aim of this study was the
validation of these results.
Methods
We retrospectively investigated 253 pT3 and pT4 adenocarcinomas of no special type (N+/-, M0, R0 and at
least 3-month survival after surgery; surgery between January 2012 and December 2016) through a
semiautomatic approach using the open-source program ImageJ. Binary coded, cytokeratin-stained tumor
sections of the invasion front and the area of minimal tumor proportion (min. TP) were used for the analysis.
Results
During the mean follow-up time of 3.6 ± 1.9 years, 24% of the patients developed metastasis and 27% died.
The classification of the patients according to our established cut-offs (≤ 15% TP for low and ≥ 54% TP for
high tumor proportion) did not show a significant risk stratification concerning metastases. On average, the
tumor proportion deviated by 15 (front) and 12 (min.TP) percentage points from the previous study.
After adjusting the grouping and the cut-offs a significantly shorter metastasis-free survival for patients with a
high stroma/low tumor proportion could be demonstrated (p=0.007).
Conclusion
In this study, the prognostic significance of a high stroma/low tumor proportion in colon cancer was
confirmed by a semiautomatic analysis approach. However, the use of this technique was not superior to the
established method. A high tumor/low stroma proportion was not a risk factor for distant metastases in
contrast to our previous results.
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N-Cadherin distinguishes cholangiocarcinoma from ductal adenocarcinoma of the pancreas
T. S. Gerber1, F. Bartsch2, A. Kraft1, D. Wagner1, M. Schindeldecker1, M. M. Gaida1, B. Goeppert3, H. Lang2, W. Roth1,
B. K. Straub1
1University Medical Center of the Johannes Gutenberg-University Mainz, Institute of Pathology, Mainz,
Deutschland, 2University Medical Center of the Johannes Gutenberg-University Mainz, Department of
General, Visceral and Transplant Surgery, Mainz, Deutschland, 3University of Heidelberg, Institute of
Pathology, Heidelberg, Deutschland

Question
The differential diagnosis of cholangiocarcinoma may be challenging, yet the diagnosis is pivotal for therapy
and prognosis. So far, immunohistochemistry cannot definitely differentiate pancreatobiliary tumours.
E- and N-cadherin are transmembrane glycoproteins of adherens junctions that are required for
embryogenesis, cell differentiation, and maintenance of tissue integrity. Aberrations in E- and/ or N-cadherin
may result in tumour formation, a phenomenon referred to as epithelial to mesenchymal transition (EMT).
While E- and N-cadherin expression has been studied extensively and correlated with survival, their
usefulness as immunohistochemical markers for tumour origin with respect to their expression in associated
normal tissue and precursor lesions has not been studied in detail.
Methods
Using a combined approach, we manually scored tissue-microarray cores stained immunohistochemically
with antibodies against E- and N-Cadherin, and compared them to automated image analysis with QuPath
software 0.2.3. Our method allowed qualitative and quantitative assessment. We analysed tissue samples
from patients with gall bladder carcinoma (n= 231), small and large duct type intrahepatic
cholangiocarcinoma (n= 387), carcinoma of the extrahepatic bile ducts in perihilar and non-perihilar location
(n= 214 and n= 187), PDAC (n= 122), precursor lesions (n= 189) as well as their respective normal tissue
(n= 214).
Results
In normal tissues, E- and N-cadherin were co-expressed in hepatocytes and intrahepatic bile ducts, and to a
lesser degree in extrahepatic bile ducts, the gallbladder epithelium and the excretory ducts of the pancreas.
E-Cadherin was positive in all well-differentiated tumours. In intrahepatic cholangiocarcinoma, both E- and
N-Cadherin were positive, whereas in gall bladder carcinoma, carcinoma of the extrahepatic bile ducts and
PDAC, E-Cadherin was strongly expressed and N-cadherin was expressed focally and only faintly. NCadherin expression in tumours therefore correlated with its expression in respective normal tissues and
precursor lesions.
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Conclusion
In conclusion, E- and N-cadherin are expressed in a tissue-specific manner and may not be suited as
derivative markers of EMT in biliary derived tumours and PDAC. We propose that N-Cadherin is a suitable
marker to differentiate between intrahepatic cholangiocarcinoma and PDAC.
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Fibroblast activation protein-α expressing fibroblasts are common in and may serve as a therapeutic target in
colorectal cancer
K. Greimelmaier1, N. Klopp2, E. Mairinger2, M. Wessolly2, S. Borchert2, A. Mathilakathu2, J. Steinborn2, S. Ting2, K. W.
Schmid2, J. Wohlschlaeger1, F. D. Mairinger2
1Institut
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Question
Colorectal cancer (CRC) is one of the most common malignancies. More than half of CRC patients show
advanced disease and metastases at the time of diagnosis, emphasizing the need for further diagnostic and
therapeutic approaches. Cancer invasion and metastasis are affected by the tumor microenvironment (TME),
with cancer-associated fibroblasts (CAF) being the predominant cellular component. An important marker for
CAF is fibroblast activation protein-α (FAP) which is associated with poor survival in CRC and has been
evaluated as therapeutic target. The aim of this study was to examine CRC regarding the FAP expression as
a candidate for targeted therapy.
Methods
76 CRC and 29 adenomatous polyps as well as 20 tissue samples of inflammation sites and 34 healthy
tissue samples were evaluated for immunohistochemical FAP expression of CAF in tissue micro arrays. The
results were correlated with tumor biology, clinicopathological data and concurrent expression of additional
immunohistochemical parameters.
Results
53/67 (79%) CRC and 6/18 (33%) inflammatory tissue specimen showed expression of FAP. However, FAP
was only present in 1/29 (3%) polyps and absent in normal tissue (0/28). Thus, FAP expression was
significantly higher in CRC than in the other investigated groups. Within the CRC cohort, expression of FAP
did not correlate with tumor stage or grading. There was no difference in the frequency of metastases
between FAP positive and negative specimens (22/43 vs. 3/11). Consistent with previous studies, FAP
expression was not correlated to age, gender or tumor location. Interestingly, tumors with high
immunohistochemical expression of Ki-67, CD3, p53 and β-Catenin significantly more frequently displayed
FAP expression.
Conclusion
In the crosstalk between tumor cells and TME, CAF play a key role in carcinogenesis and metastatic spread.
In this study, FAP as marker for activated CAF did not prove to be an independent prognostic factor in CRC.
However, expression of FAP was detectable in the majority of CRC but nearly absent in precursor lesions
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and non-neoplastic tissue. This finding indicates that FAP has the potential to emerge as a powerful target
for radionuclide-based approaches for diagnosis and treatment of CRC. Additionally, the association
between FAP expression and other immunohistochemical parameters displays the interaction between
different components of the TME and demands further investigation.
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Bile duct adenomas are distinct neoplasms to be distinguished from biliary microhamartomas
P. Deuringer, T. Albrecht, P. Schirmacher, B. Goeppert, S. Roessler

Institute of Pathology, Heidelberg University Hospital, Heidelberg, Deutschland

Question
Bile duct adenoma (BDA) and biliary microhamartoma (BM, von Meyenburg complex) are two often
interchangeably used terms for benign bile duct lesions with overlapping morphological features and largely
unknown histogenesis. Though recent identification of frequent BRAF mutations in BDAs suggests a clonal
nature, evidence on molecular alterations in BDA and BM is scarce. Here, we aimed to characterize BDAs
and BMs clinicopathologically and molecularly, and explored the possibility that BDA is a precursor of bile
duct malignancy.
Methods
We established a cohort consisting of 65 patients with 73 BDA and 22 patients with 23 BM. For all cases,
diagnosis was reassessed according to the current WHO classification of Digestive System Tumours, 5th
Edition. Tissue material from surgical resection specimen and biopsies was obtained from the archive of the
Heidelberg Institute of Pathology. A subset of 10 (15%) patients with BDA had concomitant
cholangiocarcinoma, of which eight were available for this study. Tissue microarrays (TMA) were generated
and stained immunohistochemically for the presence of BRAF V600E mutation.
Results
In our TMA cohort, on average BDAs were significantly larger than BMs (mean size 0.53 vs. 0.41 cm, p =
0.04). Whereas BMs were almost exclusively located in the subcapsular region of the liver (97%), over one
third (40%) of BDAs manifested centrally within the liver parenchyma (p = 0.003). Mean age at time of
diagnosis was significantly higher in BM patients (66.4 vs. 61.2 years, p = 0.04). While smoking and alcohol
consumption was equally present in both groups, we found trends towards an increased BMI (p = 0.07) and
a higher prevalence of hepatobiliary diseases (p = 0.13) in patients with BDA compared to BM. Strikingly,
BMs uniformly lacked immunohistochemical positivity for BRAF V600E mutation, whereas BRAF V600E
mutation-specific immunohistochemical staining was present in 25% of all BDAs (p = 0.02). In the cancer
samples, positivity for BRAF V600E mutation was identified in one of the eight cases, with BRAF V600E
mutation status being concordant in 75% of those cancer samples with evaluable corresponding adenoma.
Conclusion
Our results provide further evidence for a neoplastic nature of BDAs and suggest that BDAs and BMs should
be considered two distinct lesions with different histogenesis, morphological and clinical findings. Pending
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panel sequencing for cancer-associated mutations may reveal, whether BDAs carry the capability of
malignant transformation.
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Digital pathology identifies histological fibrosis at the parenchymal pancreatic resection margin as a predictor
of post-operative pancreatic fistulas after pancreaticoduodenectomy – Results from the RECOPANC trial
A. Malyi1, 2, M. Werner1, T. Keck3, A. Kiss2, U. Wittel4, K. Honselmann3, U. Wellner3, P. Bronsert1, S. Timme1
1Universitätsklinikum Freiburg, Institut für Klinische Pathologie, Freiburg, Deutschland, 2Semmelweis
University, Institute of Translational Medicine, Budapest, Ungarn, 3Universitätsklinikum Schleswig Holstein
Campus Lübeck, Klinik für Chirurgie, Lübeck, Deutschland, 4Universitätsklinikum Freiburg, Klinik für
Allgemein und Viszeralchirurgie, Freiburg, Deutschland

Question
Postoperative pancreatic fistula (POPF) represents the most dreaded post-operative complication within
pancreatic surgery. The aim of the presented study was to objectify the composition of pancreatic tissue by
applying AI assisted image analysis and to correlate the quantitaive pancreatic tissue composition with all
clinic-pathological parameters assembled during the RECOPANC study (a multicentric, randomized,
controlled, double-blinded trial).
Methods
From the 320 RECOPANC paitents, 261 paitents comprising H&E stained slides were included into the
presented study. H&E stained slides were digitized, quality controlled and assessed for AI assisted digital
histology. Subsequent machine learning for the whole images defined the following tissue compartments a)
acinary pancreatic tissue, b) fibrotic tissue and c) fat tissue. All compartments were calculated according to
their relative and absolute area. POPF was determined as an amylase level in the abdominal drain fluid.
Patients were divided into No POPF/GradeA and GradeB/C groupes according to ISGPF 2005 definition for
grading.
Univariate analyses were performed for all parameters entered into the RECOPANC study using Chi-square,
Mann-Whitney U and Kruskal-Wallis Test. Statistical trend level was set <0.15, significance level p<0.05. All
parameters that were consistently selected as predictors in elastic net regression were entered into a
generalized linear model with forward and backward elimination for feature selection. The discrimination
power of the model was evaluated using area under the ROC and AUC curves. All statistics were calculated
in R (R version 3.6.3).
Results
Among 261 pancreatic cut margin samples, 142 were analysed by assisted digital pathology. Univariable
analysis confirmed known predictors of POPF like sex, surgeon caseload, pancreatic texture and
histopathological diagnosis. The final multivariable model retained only male sex (OR 2.35, p=0.096) and the
percentage of stromal tissue area at the parenchymal pancreatic resection margin (OR 0.97, p=0.008) as
predictors of POPF (AUC = 0,69).
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Conclusion
To our knowledge, the presented study is the first correlating AI assisted quantified tissue compartments
(derived from the parenchymal pancreatic resection margin) and POPF Grade within a multicentric,
randomized, controlled and double-blinded study cohort. Our findings propose an option to harmonize and
standardize POPF predicition through digital quantitative histopathologically tissue composition analyses.
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Dysphagia – an unusual sign for metastasized Prostate Carcinoma – a case report and brief review of literature.
S. E. Weissinger1, A. Schuler2, S. Zangos3, G. Fenk3, V. Lubczyk1, S. Weingardt-Kocher1
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Question
Common sites for distant metastasis of prostate carcinoma are bones and lymphnodes. It rarely
metastasizes to the lungs and liver and even rarer to the gastrointestinal tract. In this context, we report the
case of a 75 year old male who presented clinical with gastrointestinal symptoms.

Methods
The patient suffered from dysphagia, abdominal fullness and occasional regurgitation. Weightloss or fever
were not reported recently. Twenty three years before, he underwent, among other, radical prostatectomy.
The patient passed through the routine diagnostic process, including abdominal sonography, radiology and
oesphago-duodenoscopy with obtaining biopsies.

Results
Computertomography showed findings suspect for tumorous changes such as pronounced thickening of the
stomach wall, especially in the area of the cardia up to the gastro-oesophageal junction and impoundment of
the distal oesophagus. Secondary findings were pulmonary filiae and metastatic inhomogeneous
osteoplastic changes in one vertebral body and one rib. Additionally, a tissue augmentation within the
prostataloge could be illustrated. Endoscopy showed oesophageal compression and a impression of the
cardia through a submucosal mass.
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Figure 1. Compression of the gastro-oesophageal junction detected by computertomography (A) and endoscopy (B).

Due to the submucosal location, biopsy was taken by endosonografically guided fine needle biopsy and
revealed tumorcells consistent with an adenocarcinoma, indicating prostate origin. This assumption could be
confirmed by immunohistochemistry.

Figure 2. HE stain and PSAP IHC of the stomach (A,B) and prostate biopsy (C,D).

Conclusion
Here, we present the rare case of a prostate carcinoma, metastazising to the stomach 23 years after initial
diagnosis which became noticeable by dysphagia. At this moment, further diagnostic processes revealed
additionally metastatic spread to the lungs and bones.
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To conclude, especially when dealing with biopsies, metastasis of prostate carcinoma should always be kept
in mind, although this location of metastasis is very unlikely.
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The importance of the different distribution of tumor associated neutrophils (TANs) and CD8+ lymphocyts
(CTLs) of neoadjuvant treated patients with gastric cancer
A. Hoffmann1, H.-M. Behrens1, S. Heckl2, S. Krüger1, C. Röcken1
1Institut
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Question
Tumor associated neutrophils (TANs) and cytotoxic T cells (CTLs) are part of the tumor microenvironment of
gastric cancer (GC). Here we explored the putative tumor biological significance of TANs and CTLs in GC.

Methods
Immunostaining was done on whole tissue sections of 173 neoadjuvantly treated GC using antibodies
directed against myeloperoxidase (MPO) and CD8. Stained specimens were digitalized and densities of
TABNs and CTLs were assessed separately in five tumor compartments, i.e. mucosa, tumor surface, tumor
center, invasion front and tumor scar. The density of TANs and CTLs was correlated with different
clinicopathological patient characteristics.

Results
TAN density in the tumor invasion front was significantly lower (median of 226.8/mm2 to134.8/mm2) in a
neoadjuvantly treated GCs compared with a historical cohort of therapy-naive GCs. TAN density in the tumor
center (p= 0.004) and invasion front (p= 0.017) correlated with tumor regression. TAN density also correlated
with the CTL density in the tumor center (p<=0.001) and invasion front (p≤0.001). A high density of CTL in
the tumor center correlated with an improved overall survival (p=0.023) and tumor specific survival
(p=0.042). We also found that the density and location of TANs and CTLs correlated with sex and tumor
regression. In men TAN density in the tumor center correlated with tumor regression (p=0.008), the same for
women at the invasion front. CTL density for men (p=0.005) and women (p=0.005) correlated at the invasion
front with the tumor regression.
Conclusion
Neoadjuvant treatment of GC impacts the immune microenvironment of GC and shows gender specific
differences.
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A method for identifying novel class II tumor suppressor genes in pancreatic cancer.
F. Steib1, J. Duscha1, L. Hilgers1, S. Villwock1, R. Knüchel-Clarke1, E. Dahl1, 2
1Institute

of Pathology, RWTH Aachen University, Aachen, Deutschland, 2Medical Faculty of the RWTH
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Question
Pancreatic cancer is a devasting disease where death rates closely mirror incidence rates as there is both
lack of early diagnostic biomarkers and effective targeted therapies. Said condition is based on the fact that
95% of tumors carry a KRAS driver mutation not amenable to targeted therapies. However, pancreatic
cancers are characterized by multiple epigenetic alterations. Transcriptional silencing of tumor suppressor
genes by promoter DNA hypermethylation could be an important mechanism which may considerably
influence the course of the disease.

Methods
Using the GEPIA web server providing analysis of both TCGA and GTEx databases, the 500 most
prognostic survival genes for pancreatic cancer were extracted. Putative class II tumor suppressor genes
were filtered and cross-validated using the Kaplan-Meier web tool (kmplot.com) analyzing RNA-seq data
from n=177 pancreatic ductal adenocarcinoma. Next, genes containing definite CpG islands in their proximal
promoter region were selected leaving 11 best performing candidates. Finally, RNA-Seq data from the
TCGA-PAAD dataset were normalized, divided into a high/low expression (median) groups and gene set
enrichment analysis (GSEA; Broad Institute) was performed using the Hallmarks gene set.
Results
Based on their involvement in important signaling pathways of the cell we chose SOCS2 and SPRN from our
set of 11 candidate class II tumor suppressor genes for further analysis. Interestingly, both genes have not
been associated with pancreatic cancer so far, indicating the potential power of our strategy to decipher
novel important signaling pathways. SPRN is a potential antagonist of the prion protein, the latter has been
associated with pancreatic cancer cell survival and invasion by modulating Notch signaling. Of note, several
known oncogenic pathways were found to be enriched in pancreatic tumors with low SPRN expression,
including KRAS and TGF-β signaling. Our current results on the significance of SPRN as a candidate tumor
suppressor gene in pancreatic cancer will be presented.
Conclusion
Tumor suppressor genes downregulated and thus inactivated by DNA methylation (i.e. class II tumor
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suppressor genes) may constitute a previously unrecognized discovery space for new biomarkers and
pathways involved in the initiation and progression of pancreatic cancer. Thus, research into these genes
may in the long term also contribute to the identification of new target structures to better treat pancreatic
cancer.
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Adapting an Adenocarcinoma-trained Tissue Cartography AI Model to early Lesions and Adenoma
V. Bruns1, R. Huss2, P. Kuritcyn1, M. Benz1, A. Ebigbo3, A. Probst3, C. Palm4, T. Wittenberg1, C. Geppert5, A.
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1Fraunhofer IIS, Bildverarbeitung und Medizintechnik, Erlangen, Deutschland, 2Universitätsklinikum
Augsburg, Institut für Pathologie und Molekulare Diagnostik, Augsburg, Deutschland, 3Universitätsklinikum
Augsburg, III. Medizinische Klinik, Augsburg, Deutschland, 4Ostbayerische Technische Hochschule
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Question
High-grade dysplasia within a colorectal adenoma is an accepted risk factor and warrants a shortened
endoscopic surveillance interval. Currently, the extent of high-grade areas (HGA) does not influence this
recommendation. To investigate the prognostic value of HGA volume, digital image analysis could help avoid
labor-intensive analyses and guarantee more exact results. We aim to assess if our existing tissue
cartography AI model trained on colon resections containing mostly pT2 and pT3 adenocarcinomas can be
adjusted for this task without re-training.

Methods
The AI model was originally trained and tested on a dataset of N=159 whole-slide-images (WSI) from the
University Hospital Erlangen. It can distinguish between 7 tissue types, including healthy mucosa and tumor.
Notably, it was not taught to recognize adenoma, which represents an intermediate state between healthy
mucosa and malignant carcinoma. The Augsburg test set comprises N=58 WSIs from six endoscopic
submucosal dissections (ESDs). The AI model is first applied as is and then an additional “low-grade” class
is artificially introduced by mapping the 7-dimensional Softmax-output to 8 output classes. Patches where
the class “mucosa” dominates and the probability for class “tumor” exceeds a threshold t are re-assigned to
the new class.
Results
The class “tumor” corresponds roughly to high-grade portions of the adenoma. In large parts, adenoma is
misclassified as healthy mucosa. As the threshold t is decreased, a growing portion of tissue areas otherwise
misclassified as healthy mucosa is reassigned to the new adenoma class, starting with the high-grade areas.
t=0,05 ∈ (0-1) is an acceptable threshold (Fig. 1). Examining the adenoma footprint along the z-ordered
sections in each ESD, the area rises and falls monotonically, indicating that a 3D volume estimation could be
possible.
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Figure 1 – a/b) Heatmaps visualize CNN output probability per class. c) ROI without overlay. d) Output of unchanged CNN. e/f/g) New
class “low grade” is introduced by re-labeling clusters with p_mucosa > 0.2 and p_tumor > t

Conclusion
The existing frozen AI model generalizes to the new data, although it would benefit from a re-training. It is
possible to subdivide the range between two related classes “mucosa” and “tumor” and retrospectively
introduce a new class “adenoma”. In future work, we plan to assess the accuracy quantitatively, re-train the
model, predict the 3D volume and correlate it with patient outcome.
Funding: ADA-Center (20-3410-2-9-8); 16FMD01K, 16FMD02, 16FMD03
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The role of adipokines in tumor plasticity of the ductal adenocarcinoma of the pancreas
A. Kraft1, N. Marnet1, S. Heinrich2, W. Roth1, M. M. Gaida1
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Question
Pancreatic ductal adenocarcinoma (PDAC) is the third most common cancer associated cause of death in
Germany. One hallmark is the advanced local tumor spread with diffuse infiltration of the peripancreatic fat
tissue at the time of diagnosis. Indeed, visceral fat tissue is highly metabolically active and secretes
hormones, prostaglandins, and adipokines/cytokines, such as Leptin and Adiponectin, among others. This
study investigates the influence of the adipokines Adiponectin and Leptin on the PDAC.

Methods
Immunohistochemical staining to detect the Leptin receptor, the Adiponectin receptor 1, and the Adiponectin
receptor 2 was performed in normal pancreatic tissue, low-grade and high-grade pancreatic intraepithelial
neoplasia (PanIN), PDAC (center and periphery), as well as lymph node metastasis each in the sequence of
113 individual patients. Moreover, we tested the expression of these receptors in human PDAC cell lines
(AsPC1, BxPC3). Additionally, we analyzed the activation of the ERK-signaling pathway and the expression
of the down-stream targets ZEB1 and RUNX2 in co-culture experiments with fat tissue or recombinant Leptin
and Adiponectin using western blot.

Results
Leptin and Adiponectin receptors were expressed in normal pancreatic tissue, low-grade and high-grade
PanIN, PDAC, lymph node metastasis, as well as PDAC cell lines. Moreover, an activation of the ERKsignaling pathway and the upregulation of epithelial-mesenchymal transition associated transcription factors
ZEB1 as well as RUNX2 could be shown after incubation with recombinant adipokines.

Conclusion
Our data proved expression of adipokine receptors in non-neoplastic pancreas, precursor lesions, PDAC,
and metastatic tissue. Moreover, we demonstrated the ability of adipokines to activate tumor cells and
induce tumor plasticity.
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Molecular Subtyping of Metastastatic Colorectal Cancer
P. K. Ziegler, K. Bankov, C. Döring, P. J. Wild
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Question
Colorectal Cancer (CRC) is currently the third most cancer type and a leading cause of cancer-related
deaths worldwide. While surgical procedures in early stages of the disease are successful in many cases,
therapeutic options are limited at the stage of recurrent or metastatic disease. Despite tremendous efforts in
research only a few recurrent cancer-related pathways have been identified so far, namely Wnt, P53, Kras,
PI3K/Akt and TGF-beta, and targeted therapy is no option for most patients.
Recently, a molecular based classification system termed consensus molecular subtypes (CMS), has been
proposed and tumor specimens can be classified according to their gene expression pattern, however their
prognostic impact and clinical consequences are yet to determined.
Methods
Here we obtained tissue specimens from the primary tumor and synchronic liver metastasis from CRC cases
as well as normal tissue archived in the Senckenberg BioBank at the Senckenberg Institute of Pathology at
the Frankfurt University Hospital. We’ve performed punch biopsies from FFPE material, total RNA isolation
was performed. Resulting nucleic acid samples were subjected to library preparation and for massive
analysis of cDNA ends (MACE sequencing) using commercially available tools. The resulting data was
analyzed using established bioinformatics tools.
Results
Massive analysis of cDNA ends (MACE sequencing) is a modified 3’ single end RNA sequencing approach
whereby mRNA is assigned with transcript-specific tags and transcripts are identified by their 3’ sequence.
As this technique allows for robust detection of RNA isolated from archived FFPE tissue and expression
levels at a gene level rather than transcript variants is sufficient for CMS subtyping we identified this
approach as suitable. CMS subtypes of primary tumor and metastatic tissue will be compared using
bioinformatic tools and in silico models.
Conclusion
CMS subtypes represent a novel classification system for CRC with potential use for clinical management.
Here we use a cost-efficient analytic approach designed for robust gene expression data generated from
archived FFPE material for molecular classification of tumor and metastatic specimen. We compare their
gene expression profile in order to obtain a platform for evaluating CMS as a predictor of tumor progression
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and metastasis.
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Key Enzymes in Pyrimidine Synthesis, CAD and CPS1, Predict Prognosis in Hepatocellular Carcinoma
D. A. Ridder1, M. Schindeldecker1, 2, A. Weinmann3, K. Berndt1, L. Urbansky1, H. Witzel1, S. Heinrich4, W. Roth1, B.
Straub1
1Institute

of Pathology, University Medical Center of the Johannes Gutenberg University, Mainz,
Deutschland, 2Tissue Biobank, University Medical Center of the Johannes Gutenberg University, Mainz,
Deutschland, 3Department of Internal Medicine, University Medical Center of the Johannes Gutenberg
University, Mainz, Deutschland, 4Department of General, Visceral and Transplant Surgery, University
Medical Center of the Johannes Gutenberg University, Mainz, Deutschland

Question
Individual patients with hepatocellular carcinoma (HCC) have a highly variable clinical course. Therefore,
there is an urgent need to identify new prognostic markers to determine prognosis and select specific
therapies. Recently, it has been demonstrated that dysregulation of the urea cycle (UC) is a common
phenomenon in multiple types of cancer. Upon UC dysregulation, nitrogen is diverted toward the
multifunctional enzyme carbamoyl-phosphate synthetase 2, aspartate transcarbamoylase, and
dihydroorotase (CAD) and increases pyrimidine synthesis. In this study, we wanted to analyze the role of
CAD and carbamoyl-phosphate synthetase 1 (CPS1), a rate limiting enzyme of the UC highly expressed in
hepatocytes, in HCC.
Methods
We created a tissue microarray to analyze expression of CAD and CPS1 by immunohistochemistry in a large
and clinicopathologically well characterized cohort of HCC patients (n=561) that underwent surgery.
Results
CAD was induced in recurrent HCC tumors and high expression predicted shorter overall survival. CPS1 was
downregulated in HCC, was further reduced in recurrent tumors and distant metastases, and additionally,
low CPS1 levels were associated with short overall survival. A combined score of both enzymes was found
to be an independent prognostic marker in a multivariate cox regression model (HR 1.37, 95% confidence
interval 1.06-1.75, p=0.014).
Conclusion
Two key enzymes in pyrimidine synthesis, CAD and CPS1 are dysregulated in HCC development and
progression, and dysregulation is associated with short survival. Inhibition of pyrimidine synthesis may
represent a novel strategy in the treatment of HCC.
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ATRX in PanNET, small intestine NET, Colon-NET and their metastases: Correlation with histopathological data
and prognosis.
D. M. Gisder1, O. Overheu2, S. Nöpel-Dünnebacke2, M. Janot Matuschek3, W. Uhl2, A. Reinacher-Schick2, A.
Tannapfel4, I. Tischoff4
1Institut

für Pathologie der RUB, Pathologie, Bochum, Deutschland, 2Katholisches Klinikum Bochum gGmbH,
Hämatologie, Onkologie und Palliativmedizin, Bochum, Deutschland, 3Katholisches Klinikum Bochum
gGmbH - Allgemein- und Viszeralchirurgie, Bochum, Deutschland, 4Institut der Pathologie der RUB,
Pathologie, Bochum, Deutschland

Question
Gastroenteropancreatic Neuroendocrine Neoplasms (GEP-NENs) are a rare and heterogeneous group with
an increased incidence within the last few decades. Especially PanNETs, small intestine NETs and ColonNETs are biologically and clinically distinct. Whether a mutation of ATRX leads to a more aggressive
subgroup and if mutations of ATRX are presented in small intestine NETs or Colon-NETs as often as in
PanNETs and their metastases is unclear up to now.

Methods
We investigated 144 NETs and their 57 metastases. 114/144 (79%) PanNETs with 34/57 (60 %) lymph node
and liver metastases, 8/144 (6%) Colon-NETs with 2/57 (4%) lymph node and liver metastases and 22/144
(15%) small intestine NETs with 21/57 (36%) lymph node and liver metastases were analyzed. To evaluate
the protein expression of ATRX immunohistochemistry was used on all NETs and their metastases.
Results
Loss of ATRX showed a tendency towards a decreased overall survival (OS), higher tumor grade and stage.
We detected a different expression status of ATRX compared to the primary tumor in 6/21 (29%) metastases
of the small intestine NETs, which underlines the more variable biological behavior of them.
Conclusion
Our study therefore supports the hypothesis that ATRX-negative tumors are a more aggressive subtype of
NETs.

325

Poster Gastroenteropathologie

P13.22

Stromal expression of B7-H3 is associated with lower intratumoural CD8+ T cell density in gastric carcinoma
D. Ulase1, 2, H.-M. Behrens1, S. Krüger1, S. Zeissig3, 4, C. Röcken1
1Christian-Albrechts-University,

Department of Pathology, Kiel, Deutschland, 2Riga Stradins University,
Department of Pathology, Riga, Lettland, 3University Hospital of Dresden, Department of Medicine I,
Dresden, Deutschland, 4Technical University Dresden, Center for Regenerative Therapies Dresden,
Dresden, Deutschland

Question
CD8+ T cells are the main effector cells of antitumour immune response that can be regulated by various
costimulatory and coinhibitory molecules, including members of B7 family. During cancer progression they
become inactivated due to the immunosuppressive nature of tumour microenvironment. B7 homolog 3 (B7H3) is overexpressed in various malignancies and thus appears as a promising target for immunotherapy.
However, its significance in gastric cancer (GC) has not been well characterized.
Methods
B7-H3 expression was evaluated in relation to the spatial distribution of CD8+ T cells by using double
immunohistochemical staining. The level of B7-H3 intensity was scored manually (0-3) and divided into B7H3-low (0-1) and B7-H3-high (2-3) groups. The distribution and density of CD8+ T cells was analysed using
whole slide digital imaging.
Results
In total of 96 GCs, B7-H3 was expressed mainly in the stromal compartment of GC (n = 73, 76% of all
cases). Tumours with high B7-H3 expression showed larger spatial differences of CD8+ T cells (86.4/mm2 in
tumour centre vs. 414.9/mm2 in invasive margin) in comparison to B7-H3-low group (157.7/mm2 vs.
218.7/mm2, respectively) (p < 0.001). Similarly, in intestinal-type GC (n = 48) with high B7-H3 expression,
restricted CD8+ T cell infiltration in the tumour centre was observed (87.0/mm2 in tumour centre vs.
313.7/mm2 in invasive margin) when compared to B7-H3-low GCs (153.8/mm2 vs. 362.7/mm2, respectively).
Conclusion
In GCs with higher level of B7-H3 expression, CD8+ T cells were spatially suppressed in the tumour centre
and rather concentrated in the invasive margin suggesting that B7-H3 could play a role in tumour escape
mechanisms from the immune response. Thus, it could serve as a great target of interest for novel cancer
immuno-therapeutic strategies in GC, especially in immunologically cold tumours. To better understand this
cancer-immune interaction, further studies are needed.
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Rare cause and demanding differential diagnosis of right-sided abdominal discomfort:diverticulitis of the
ascending colon – scientific case report
C. Paasch, J. Descultu, J. Rabczak, R. S. Croner, F. Meyer

Otto-von-Guericke University of Magdeburg with University Hospital, Dept. of General, Abdominal, Vascular
and Transplant Surgery, Magdeburg, Deutschland

Question
Diverticulosis has a high and age-dependent prevalence. In certain industrial nations, only approximately 1.5
% of diverticulitis cases originate in the ascending colon.
By means of a scientific case report, the interesting, rare and challenging case with the extraordinary
diagnosis of a diverticulitis of the ascending colon is to be illustrated based on selective references from the
relevant medical literature and on the case-specific experiences obtained during its competent and
successful clinical management.
Methods
Scientific case report
Results
Case presentation: Here, a 68-years old male patient who suffered from right-sided upper abdominal pain,
deterioration of general condition, showed slightly elevated body temperature, had the chills and elevated
inflammatory parameters is presented. Abdominal ultrasound and CT scan revealed diverticulitis (Ib staged
according to CDD classification) of the ascending colon, which was adequately treated with antibiotics and
temporary nutrition restriction with no further inflammatory episode through the follow-up time period of 18
months.
Conclusion
Diverticulitis of the ascending colon is an important and rare differential diagnosis of the far more common
appendicitis. The sufficient distinction and correct differential diagnosis is of great importance due to different
therapeutic strategies. Under the circumstances of low evidence in the literature, patients suffering from a
diverticulitis of the ascending colon seem to have less frequently nausea, vomiting and fever than individuals
who suffer from an appendicitis and who are rather of younger age.
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Hiatal hernia plus volvulus as a late complication after gastrectomy
C. Svoronos1, S. Dannenberg2, F. Meyer3, F. Eder2
1Municipal

Hospital (AMEOS Klinikum), Department of General and Vascular Surgery, Halberstadt,
Deutschland, 2Municipal Hospital (AMEOS Klinikum), Dept. of General and Vascular Surgery, Halberstadt,
Deutschland, 3Otto-von-Guericke University of Magdeburg with University Hospital, Dept. of General,
Abdominal, Vascular and Transplant Surgery, Magdeburg, Deutschland

Question
Introduction: Acute onset of hiatal hernia can be considered a challenging diagnosis, in particular, after
previous laparotomy and organ resection as well as complicated by an acute abdomen due to an ileus with
regard to its adequate diagnostic work-up and competent therapeutic approach.
Methods
Aim & Method: By means of a scientific case report, the interesting, rare and challenging case with the
extraordinary diagnosis of a post-gastrectomy hiatal hernia and a volvulus of the small intestine is to be
illustrated based on selective references from the relevant medical literature and on the case-specific
experiences obtained during its competent and successful clinical management.
Results
Case presentation: An 80-years-old man presented with acute abdominal pain, vomiting and orthopnoea. He
had a history of total gastrectomy with a Roux-en-Y reconstruction five years before. Abdominal computed
tomography scan revealed a right hemithorax herniation with small bowel occlusion. Explorative laparotomy
showed a volvulus of the small intestine within the hiatal hernia which prompted to primary repair of the
hernia using biological mesh. Postoperative course was uneventful.
Conclusion
Conclusions: - Appropriate diagnostic and therapeutic management of late postoperative hiatal hernia
combined with a volvulus of the small intestine can be considered a challenge with regard to its appropriate
diagnostic work-up and competentz therapeutic management in daily surgical practice.
- In this context, post-gastrectomy hiatal hernia is an extremely rare complication, which have been
previously reported only in four cases and might have been provoked by former extensive transhiatal
mobilization of the esophagogastric junction in gastrectomy procedure.
- Despite its rare occurrence, the experienced abdominal surgeon should basicly know about this type of late
postoperative complication, even after 5 years post gastrectomy.
- Chest radiograph and thoracic CT scan should help to find the diagnosis.
- Emergency laparotomy and hernia repair are needed to appropriately treat such lesions but avoiding strictly
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tension in the primary repair of the hiatus and taking into account a reasonable risk-benefit ratio.
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Laparoscopic cholecystectomy for symptomatic cholecystolithiasis (CCL) in “Kasabach-Merritt syndrome”
(KMS) - Kaposi-tumor like hemangioendothelioma with case-specific perioperative management
S. Arndt1, C. Wex1, I. Häusler-Pliske1, V. Schoeder2, H. Krause3, Z. Halloul4, F. Meyer1
1Otto-von-Guericke University of Magdeburg with University Hospital, Dept. of General, Abdominal, Vascular
and Transplant Surgery, Magdeburg, Deutschland, 2Otto-von-Guericke University of Magdeburg with
University Hospital, Institute of Pathology, Magdeburg, Deutschland, 3Otto-von-Guericke University of
Magdeburg with University Hospital, Division of Pediatric Surgery; Dept. of General, Abdominal, Vascular
and Transplant Surgery, Magdeburg, Deutschland, 4Otto-von-Guericke University of Magdeburg with
University Hospital, Division of Vascular Surgery, Dept. of General, Abdominal, Vascular and Transplant
Surgery, Magdeburg, Deutschland

Question
Aim: Based on i) selective references from the current scientific literature & derived recommendations / ii)
own experiences obtained in the diagnostic & periop. management of a representative case from daily
practice in abd. surgery, the specific case undergoing elective cholecystectomy (CCE) in KMS is to be
described.

Methods
Case report
Results
Case:
- Med. history: 72-years old female patient w/ a known KMS of the left arm & upper thorax, recurrent
thrombophlebitis of the left arm & thoracic veins, previous upper GI bleeding (Mallory-Weiss syndrome in
2006), chronic anemia, type-A gastritis, former bleeding complications after teeth extraction/open
appendectomy 1962/Caesarean section 1968 w/ need of transfusion (60 red blood cell packages),
hypothyreosis, initial liver cirrhosis.
- Symptomatology: Characteristic for cholecystolithiasis(CCL).
- Diagnostic: Abd. ultrasound shows CCL, fibroscan does not confirm suspicious cirrhosis. Activation of
intravasal coagulation w/ elevated prothrombin fragments, D-dimers & reduced antiplasmin concentration.
Accelerated fibrinolysis capacity; currently, no secundary thrombocytopenia or factor-13 decrease. In
addition, fibrinogen concentration within normal range, no hint onto the manifestation of an aquired vonWillebrand’s syndrome.
- Diagnosis: Chronic fibrosing cholecystitis in CCL after former acute cholecystitis (3 months ago) w/
indication for surgical intervention.
- Therapy: Laparoscopic CCE incl. careful exploration of upper abd. cavity for KMS manifestation &
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peritoneal adhesiolysis (histol. finding, chron. fibrosing cholecystitis) under periop. prophylaxis w/ antibiotics
& temp. cessation of platelet medication for 7d preop., “bridging“ w/ low molecular weight heparin (Clexane,
1x40mg s.c.; Sanofi-Aventis, Frankfurt/M., Germany); 1h preop., 15-20mg/kg body weight Cyclocapron i.v.
(once again 6-8h postop.; thereafter, 500mg of Cyclocapron 4x/d until the 3rd postop. day).
- Intraop.: Congestion of veins but not at the immediate surgical field.
- Outcome: Uneventful, in particular, no (bleeding)complications.
Conclusion
If surgical approach is indicated, the intervention should be thoroughly planned (in particular, under elective
circumstances) w/ regard to hemangioma site & extention as well as distance to the surgical field & possible
surgical alternative options (surgical access site, open/laparoscopic approach etc.) to prevent – at the best
possible rate – bleeding complications intra-/postop. &, thus, to provide adequate patient safety.
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Outcome after resection of solitary liver metastasis in colorectal cancer – bicenter data over 22 years
S. Acciuffi1, F. Meyer1, A. Bauschke2, U. Settmacher2, H. Lippert1, A. Altendorf-Hoffmann2
1Otto-von-Guericke

University of Magdeburg with University Hospital, Dept. of General, Abdominal, Vascular
and Transplant Surgery, Magdeburg, Deutschland, 2University Hospital of Jena (Germany), Dept. of General,
Abdominal and Vascular Surgery, Jena, Deutschland

Question
In the last years, a large number of studies investigated predictors of outcome after hepatic resection for liver
metastasis of colorectal cancer (CLM). The results reported are very heterogeneous. In order to achieve
statistically reliable results, we focused on a more homogeneous group of patients characterized by solitary
CLM treated with a curative (R0) resection.
Methods
Between 1993 and 2014 350 patients underwent primary liver resection because of a solitary colorectal
metastasis at the University Hospitals of Jena and Magdeburg. To evaluate the long term prognosis overall
survival, disease free survival, intrahepatic and extrahepatic recurrence were evaluated.
Results
The median follow up was 98 months. The overall survival (OS) after 5 years was 47% whereas after 10
years, it was 28%. The disease-free survival (DFS) after 5 and 10 years was respectively 30% and 20%. The
hepatic tumour recurrence rate after 10 years was 41%. In the univariate analysis the age of the patients had
a significant influence only onto the overall survival (p=0,007). Patient with rectal cancer had lower
intrahepatic recurrence rate but a higher extrahepatic recurrence rate. The involvement of more than three
lymph node metastasis by the primary tumour significantly reduced the overall survival (p=0,018), the
disease-free survival (p=0,006) and increased the incidence of recurrence (p=0,012). Synchronous
metastasis showed more intrahepatic recurrence (p=0,002) and a lower disease-free survival (p=0,021). The
use of chemotherapy reduced the disease-free survival (p=0,008) whereas it increased the recurrence rate
(p<0,001). The presence of extrahepatic tumour reduced both overall and disease-free survival (p=0,018 and
p=0,004 respectively) and it increased the extrahepatic recurrence (p=0,009). The multivariate analysis
confirmed the over described parameters as independent predictors for long term outcome. pT category of
primary tumour, size and malignancy of the metastasis and extension of the liver resection had no
statistically significant impact onto survival and recurrence rate.
Conclusion
The prognosis after resection of solitary hepatic metastases is influenced by multiple factors. The strongest
predictors were involvement of lymph node at the primary tumour and presence of extrahepatic tumour at
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time of operation. Chemotherapy before surgery did not improve the outcome.
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Amyand‘s hernia: A special manifestation of inguinal herniation and a rather atypical cause of right lower
abdominal pain as well as rare differential diagnosis of acuteabdomen
F. Hauck1, S. Arndt1, C. March2, K. I. Eger3, R. S. Croner1, F. Meyer1
1Otto-von-Guericke University of Magdeburg with University Hospital, Dept. of General, Abdominal, Vascular
and Transplant Surgery, Magdeburg, Deutschland, 2Otto-von-Guericke University of Magdeburg with
University Hospital, Dept. of Radiology and Nuclear Medicine, Magdeburg, Deutschland, 3Otto-von-Guericke
University of Magdeburg with University Hospital, Institute of Pathology, Magdeburg, Deutschland

Question
To present the interesting and rarely described case of a patient with Amyand‘s hernia by means of a
scientific case report. Furthermore, the rare differential diagnoses of the acute abdomen and the particular
manifestation of inguinal herniation are to be sensitized.

Methods
Scientific case report
Results
Case presentation:
Medical history: A 45-year-old male patient had presented with a progressive right lower abdominal pain
since the day before and diarrhea with recurrent vomiting for 2 days.
Symptomatology: The patient was in a slightly reduced general status and showed no relevant secondary
diagnoses. Clinically, a discrete right-sided pain in the lower abdomen was found.
Diagnostic profile: - Laboratory parameters: white blood cell count, 13.4 Gpt/l; CrP, 6.34 mg/l.
- Transabdominal ultrasound (as initial imaging) - revealed a thickened wall of the appendix with swollen
mesenteric tissue.
Suspicious diagnosis: acute appendicitis.
Decision-making: Due to persisting symptoms and a typical clinical presentation, exploratory laparoscopy
was indicated. Intraoperatively, the appendix with the distinctly inflamed tip penetrating the inner inguinal ring
was found, a so-called Amyand‘s hernia. Due to the atypical location and various adhesions, laparoscopic
appendectomy was performed after appendix had been mobilized out of the inguinal canal.
Postoperative findings and course: Histology revealed a slightly erosive appendicitis with pronounced
coprostasis (no evidence of malignancy). The immediate postoperative course was uneventful (follow-up of 6
months with nofurther complaints).
Conclusion
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The listed findings were initially interpreted as acute appendicitis. The correct diagnosis of the extremely rare
Amyand‘s hernia was only made intraoperatively (patho-topographic intraabdominal situs) and
postoperatively by histological confirmation. If the findings are known and clear, indication for surgery must
be derived with no doubt. Even in case of unclear findings (rather pre-dominated by the clinical finding),
explorative laparoscopy is absolutely justified. A more comprehensive diagnostic work-up would be
beneficial if sufficient expertise and appropriate clinical experience are available.
This is a didactically instructive and representative case with rare case-specific findings and final definitive
diagnosis, which includes the entire spectrum of differential diagnoses of unclear lower abdominal pain in
general as well as acute appendicitis in particular.
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Successfull conservative therapy of a rare dissection of the hepatic artery
J. C. Krüger1, F. Meyer2, C. March3, U. Barth1, Z. Halloul1
1Otto-von-Guericke

University of Magdeburg with University Hospital, Division of Vascular Surgery, Dept. of
General, Abdominal, Vascular and Transplant Surgery, Magdeburg, Deutschland, 2Otto-von-Guericke
University of Magdeburg with University Hospital, Dept. of General, Abdominal, Vascular and Transplant
Surgery, Magdeburg, Deutschland, 3Otto-von-Guericke University of Magdeburg with University Hospital,
Dept. of Radiology and Nuclear Medicine, Magdeburg, Deutschland

Question
To illustrate the rare but representative female patient with dissection of the propper hepatic artery (PHA),
which can be classified with a frequency of 20-50 % of all visceral aneurysms (AVA) based on
symptomatology, ongoing diagnostic & indicated therapeutic options as well as outcome aspects.
Methods
Scientific case report
Results
Case presentation:
Medical history and clinical finding: A 60-years old female patient was admitted due to colic-like pain (right
upper abdomen) & hypertensive decompensation.
Diagnostic measures (initially): Abdominal ultrasound showed suspicious tumor lesion of the right
epigastrium. Contrast-enhanced CT scan demonstrated alleged dissection of the common hepatic artery
(CHA) - lab parameters: CrP, elevated (white blood cell count/liver function parameters, normal).
Therapy: Anticoagulation therapy with 1,000 IU of unfractionated heparin/h was initiated. Under adequate
analgetic & spasmolytic medication, patient’s complaints could be substantially improved. The hypertensive
crisis was controlled with Vocado® (Olmesartanmedoxomil and Amlodipin; Menarini International Operations,
Luxembourg).
Course: Transferral to the ICU of the reporting university hospital. Duplex-ultrasonography detected sufficient
peripheral perfusion of the formerly described dissection segment incl. no aneurysm at the peripheral site.
Since there was no completely visible “re-entry“ of the dissection, CT-angiography was indicated revealing a
dissection of the PHA fairly far into the periphery of the right hepatic artery (RHA). After transferral to the
normal vascularsurgical ward, inhibitory medication of platelet aggregation using ASS 100 1x/d was initiated.
Interdisc. decision-making – final procedere: Due to the extension of the dissected PHA fairly far into the
DHA & a PHA diameter (Ø) of 6.4 mm, there was no indication for an endovascular or vascularsurgical repair
taking into account all therapeutic options & risks incl. the current guidelines. The patient was subsequently
discharged incl. continuous RR control under medication with Vocado®, ASS, Novalgin® & Buscopan® as
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necessary with planned clinical & Duplex-ultrasonography follow-up controls within 3 & 6 months (no further
impairment).
Conclusion
Interventional therapy was not required taking into account extension, site & low Ø of the dissected artery –
symptomatology most likely induced by decompensated hypertension – providing that continuous follow-up
investgations are performed as confirmed by the mid-term control.
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Chronic mesenteric ischemia (CMI) - differential vascularsurgical therapy and its outcome in a single-center
observational study
M. Essa1, F. Meyer2, R. Damm3, Z. Halloul1
1Otto-von-Guericke University of Magdeburg with University Hospital, Division of Vascular Surgery, Dept. of
General, Abdominal, Vascular and Transplant Surgery, Magdeburg, Deutschland, 2Otto-von-Guericke
University of Magdeburg with University Hospital, Dept. of General, Abdominal, Vascular and Transplant
Surgery, Magdeburg, Deutschland, 3Otto-von-Guericke University of Magdeburg with University Hospital,
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Question
To investigate short-/long-term vascularsurgical patency and outcome in CMI depending on the mesenteric
revascularization technique and reflecting real-world data.
Methods
This retrospective single-center observational study registered all patients who had undergone open
vascularsurgical reconstruction because of CMI at a tertiary German university hospital comparing oneversus (vs.) two-vessel as well as antegrade vs. retrograde reconstructions.
Results
In total, 38 patients were enrolled (mean [±SD] age, 64±13 [range, 32-83] years; sex ratio [m:f], 18:20[43:57])
over 12 years.
While 52.6 % of patients underwent one-vessel reconstruction, 47.4 % the two-vessel reconstruction. There
was a trend of i) more perioperative complications in the two-vessel-group (83.3 % vs. 55 %, p=0.086), and
ii) higher morbidity at one year in the two-vessel vs. one-vessel group (57.1 % and 41.2 %, respectively;
p=0.470) while the morbidity of the two-vessel vs. one-vessel group at five years (100 % vs. 30 %) was
significantly different (p=0.004). The mortality was greater in the two-vessel vs. one-vessel group: as a trend
in the early postoperative period (27.8 % vs. 0, p=0.17) but significantly at one (38.5 % vs. 0, p=0.011) and
five year(s) (100 % vs. 2 %, p=0.007). Regarding overall survival, the one-vessel group showed a significant
superiority above the two-vessel group (p=0.001).
Actually, there was no significant difference of early postoperative morbidity comparing retrograde and
antegrade group (p=0.161) as well as at one year and five years (p=0.479 and p=0.367, respectively). In
addition, there was no significantly different postoperative mortality in antegrade vs. retrograde group at each
time.
There was no significant difference regarding the survival of patients who had undergone antegrade vs.
retrograde reconstruction whereas there was a significantly longer survival in one-vessel group vs. twovessel group (p=0.001).
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Specific and general complication rates were 60.5 % and 55.3 %, respectively, resulting in an overall
morbidity of 73.3 % (mortality, 18.4 %).
Conclusion
The vascular surgeon should be prepared to perform various procedures of mesenteric reconstruction to
tailor the operative strategy to the specific needs of the individual patient.
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Manifestation of a diverticulitis of the sigmoid colon as an uncommon adverse effect of the antiinflammatory
treatment with januskinase inhibitor Baricitinib (OlumiantTM) for rheumatoid arthritis - case report
S. Almadhi1, J. Rabczak2, R. S. Croner1, F. Meyer1
1Otto-von-Guericke University of Magdeburg with University Hospital, Dept. of General, Abdominal, Vascular
and Transplant Surgery, Magdeburg, Deutschland, 2Otto-von-Guericke University of Magdeburg with
University Hospital, Dept. of Radiology and Nuclear Medicine, Magdeburg, Deutschland

Question
To describe the case with diverticulitis of the sigmoid colon as uncommon “visceromedical“ side effect of a
rheumatoid arthritis therapy with the anti-inflammatory/immunosuppressive januskinase inhibitor Baricitinib
(OlumiantTM) - based on i) selective references from the medical literature, and ii) clinical management
experiences obtained in daily practice.
Methods
Scientific case report
Results
Case presentation: 70-years old female patient who presented with perianal pain.
Medical Hx: Rheumatoid arthritis with immunsuppressive medication: OlumiantTM 2 or 4 mg
(Baricitinib=januskinase inhibitor for the subtypes 1 and 2); Calcilac 1x1; Pantozol 40 mg 1x1) - osteoporosis,
previous extrauterine gravidity, chronic gastritis.
Clinical finding: Reduced physical status, soft abdominal wall, pain in the left lower abdomen, tumor-like
palpable resistence.
Diagnostic measures: Slight right shift of white blood cell count and elevation of serum CrP level,
inflammatory conglomerate in abdominal CT scan – colonoscopy, lumenal obstruction as in chronic
diverticulitis.
Therapy: Conservative Tx with n.p.o., bed rest, infusion, antibiotics (Ciprofloxacin/Metronidazol), OlumiantTMinterruption; later, initiation of oral nutrition, interdisciplinary case board conference, consultation of a clinical
pharmacologist (recommendation, alert sheet for unexpected side effects of drugs) & extensive talk with the
patient.
Course: After 5 d (successful initiation of oral nutrition with distinct improvement of clinical status), patient
was discharged and transfered to the family practitioner for further care (direct information).
Conclusion
This appears a side effect described for the first time reflecting the “paradoxon“ that inflammatory
manifestation (diverticulitis of the sigmoid colon) occurred under anti-inflammatory/immunosuppressive
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medication (januskinase inhibitor). Inflammatory reaction is possibly a side effect of “targeted therapy“ or it
can be interpreted as only specific for januskinase inhibitors. However, it remains unclear whether the
colon/sigmoid colon is the only organ of manifestation (incl. the pathophysiological prediction of a
diverticulosis as basic disease). In addition, the predominating immunsuppressive effect of the medication
might have altered the antibacterially mucosal immune response within a susceptible colon diverticle as the
basic pathophysiological mechanism. The accompanying endoluminal observation of chronic gastritis could
help to clarify the mechanism in more detail.
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“Transition” in case of obesity and in metabolic surgery – a representative clinical case with morbid
manifestation of the disease, indicated surgical intervention and medical history significant for gastroschisis
surgery as newborn
C. Stroh1, D. Luderer1, F. Meyer2
1Municipal Hospital ("SRH Wald-Klinikum GmbH, Gera"), Dept. of Obesity and Metabolic Surgery, Gera,
Deutschland, 2Otto-von-Guericke University of Magdeburg with University Hospital, Dept. of General,
Abdominal, Vascular and Transplant Surgery, Magdeburg, Deutschland

Question
To illustrate the instructive case of a young patient with morbid obesity based on
- The scientific medical literature (and)
- Insights from the daily clinical practice in the case-specific medical & perioperative management
after successful surgery for malformation in his childhood & the, thus, limited therapeutic options of metabolic
surgery.
Methods
Scientific case presentation
Results
Case presentation:
- 35-years old patient with morbid obesity.
- Medical history: Status after surgical intervention for gastroschisis as a newborn
(surgery report not available).
- Clinical findings: Super obesity characterized by 234 kg & 174 cm (à BMI: 77.3 kg/m²),
hypogonadotrophic hypogonadism.
- Approach & course:
* Initial treatment with gastric balloon followed by a weight reduction of 46 kg within the
first 6 months – however, despite weight reduction development of an insulindependent diabetes with insulin resistance out of a diet-based diabetes;
* Repeat gastric balloon therapy for “bridging” but with no further weight reduction
despite additional administration of GLP-1 analogues.
- Surgical intervention:
1.) Removal of the balloon – termination because of excessive adhesions to the liver & spleen as well as
filiforme hepatic lesions (histopathology: Liver hamartoma).
2.) Open surgery: Extensive adhesiolysis because of previous pediatric surgery for gastroschisis incl.
associated non-rotation of the intestine with complete right-sided position of the intestine (left side: colon;
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right flexure: at infralienal position) prompting to SADI-procedure (“single-anastomosis duodeno-ileostomy”)
leaving the stomach in situ with simultaneous cholecystectomy & herniotomy in sublay technique.
- Outcome (early postoperative & mid- to long-term): The patient tolerated the
intervention well. Postoperative course was uneventful with regard to mobilization,
beginning of oral nutrition & wound healing – there was a subsequent weight reduction
due to a “common channel” of 250 cm.
Conclusion
The increasing prevalance of obesity in childhood leads to the possible consequence that in rare cases,
adults who underwent pediatric surgery because of embryonal malformations do need an appointment with
the bariatric surgeon. For these patients (as a representative example of the transition phenomenon), risk of
metabolic surgical intervention is increased – such operation requires appropriate knowledge & expertise of
the bariatric surgeon on embryonal malformations & their approach by pediatric surgery.
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Cracking it - successful mRNA extraction for digital gene expression analysis from decalcified, formalin-fixed
and paraffin-embedded bone tissue
A. Saraji1, A. Offermann1, J. Stegmann-Frehse1, K. Hempel1, D. Kang1, R. Krupar2, C. Watermann1, D. Jonigk3, 4, M. P.
Kühnel3, 4, J. Kirfel1, S. Perner1, 2, V. Sailer1
1University

Hospital Schleswig-Holstein, Campus Luebeck, Institut für Pathologie, Lübeck, Deutschland,
Center Borstel, Leibniz Lung Center, Borstel, Pathology, Borstel, Deutschland, 3Hannover
Medical School, Institute of Pathology, Hannover, Deutschland, 4Biomedical Research in Endstage and
Obstructive Lung Disease (BREATH), German Center for Lung Research, Biomedical, Hannover,
Deutschland
2Research

Question
With the advance of precision medicine, the availability of tumor tissue for molecular analysis has become a
limiting factor. This is in particular the case for bone metastases frequently occurring in prostate cancer
(PCa). Due to the necessary decalcification process it was long thought that transcriptome analysis will not
be feasible from decalcified formalin-fixed, paraffin-embedded (DFFPE) in a large manner. Despite these
hurdles we aimed to show that mRNA extraction from DFFPE bone samples is feasible in a quick, robust and
reproducible manner and has enabled us to successfully perform quantitively digital gene expression (DEG)
analyses utilizing NanoString™ technology.
Methods
mRNA was isolated from DFFPE blocks of prostate cancer bone metastasis (PCaBM), plasma cell myeloma
(MM) and normal bone tissue using automatic bead-based Maxwell® RSC RNA FFPE Kit. Operatordependent variability comparison to quantify the extracted mRNA was analyzed by two independent
operators, QubitTM 2.0 fluorometer and NanodropTM. Digital automated mRNA QC analyses was performed
using NanoString™ technology.
Results
No different quality measurement between two operators was observed. The quantity of mRNA extracted
from PCaBM DFFPE was notably high and above the threshold amount which is required by NanoString™.
Furthermore, high quality and quantity of extracted mRNA was confirmed utilizing nSolver analysis software
provided by NanoString™.
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Quantification and qualification of mRNA yield from FFPE of MM, DFFPE of normal bone tissue and PCaBM using Qubit® and digital
QC nSolver™ analysis

345

Conclusion
We demonstrated that mRNA extraction from DFFPE of PCaBM is feasible, quick, robust and reproducible.
This accomplishment has enabled us to successfully perform quantitively digital gene expression (DEG)
analyses and opened new opportunity to carry out molecular analysis from DFFPE bone samples in the
routine patient’s care as well as retrospective investigations.
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Immune cell biomarkers in lung adenocarcinoma: inter- and intra-tumor heterogeneity
J. Budczies1, 2, C. Massa3, M. Kirchner1, K. Kluck1, P. Christopoulos2, 4, M. Thomas2, 4, P. Schirmacher1, B. Seliger3, D.
Kazdal1, 2, A. Stenzinger1, 2
1Universitätsklinikum Heidelberg, Allgemeine Pathologie, Heidelberg, Deutschland, 2Deutsches Zentrum für
Lungenforschung (DLZ), Translational Lung Research Center (TLRC), Heidelberg, Deutschland, 3MartinLuther-Universität Halle-Wittenberg, Institut für Medizinische Immunologie, Halle, Deutschland, 4Thoraxklinik
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Question
Molecular analysis of solid cancers has revealed extensive heterogeneity between individual tumors, but
also significant intra-tumor heterogeneity. Biomarkers characterizing the immune tumor microenvironment
represent a promising tool for the guidance of immune therapies in NSCLC and other cancer types. We here
present an integrated analysis of immune cell biomarkers in lung adenocarcinoma based on mRNA
expression and multispectral imaging profiling.
Methods
A lung adenocarcinoma cohort of 55 cancer tissues including 2-3 tissue segments of 19 tumors was
analyzed using targeted mRNA expression profiling (NanoString IO 360 Panel) and immunohistochemistry
based multispectral image analysis. Infiltrates of specific immune cell populations were estimated (i) using
the mRNA expression data and applying the validated method of Danaher et al. and (ii) by image analysis
and counting of the positively stained cells. Inter-tumor and intra-tumor of immune cell estimates were
analyzed using ANOVA and the F statistics (the ratio of the former quantities). The between-platform
correlation of cell population estimates was assessed using the Spearman correlation coefficient.
Results
Inter-tumor heterogeneity was significantly larger than intra-tumor for 5/5 of the protein biomarkers and for
12/14 of the mRNA biomarkers (p<0.05, Bonferroni-corrected). Four cell populations, CD8+/CD3+ T cells,
CD20+ B cells, CD163+ macrophages and FOXP3+/CD3+ regulatory T cells (Tregs), were analyzed at both
mRNA and protein levels. For the corresponding mRNA-based estimates, we obtained F=10.8, F=9.2, F=9.0
and F=6.0, while we obtained F=7.4, F=3.2, F=2.8 and F=5.9 for the corresponding protein-based estimates.
Correlation of protein- and mRNA-based estimates was strong for CD8+ T cells and for B cells (R=0.86 and
R=0.81), while it was moderate for macrophages (R=0.43) and Tregs (R=0.42).
Conclusion
High inter-tumor but low intra-tumor variability representing a prerequisite for clinical utility was detected for
the majority (17/19) of the investigated biomarkers. Extraction of tumor-specific immunological characteristics
was feasible using both mRNA- and the protein-based methods, while the variability ratios were higher for
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the mRNA-based compared to the protein-based method. The multispectral imaging data additionally include
information on the spatial configuration of specific cell populations. Inter- and intra-tumor heterogeneity of
these patterns are currently being investigated in a follow-up study.
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Establishment and validation of multiple glioma markers on a single molecular platform
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Schildhaus2, 3, S. Borchert4
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Question
The molecular pathology- based examination of brain tumors has been implemented in routine diagnostics
since the update of the WHO classification in 2016. Clinically relevant biomarkers include IDH1/ IDH2 point
mutations, 1p/19q co-deletions and the loss of ATRX gene/ protein expression. Hitherto, these biomarkers
have each been investigated in separate testing methods.

Methods
In this study, we aimed to integrate these three modalities in one single concurrent analysis on the
Modaplex™ platform, which combines amplification and subsequent target detection. In order to a
quantitative and qualitative analysis, a respective assay has been established for each marker.

Results
The simple assay-development workflow of Modaplex technology allows for a rapid integration of multiple
genetic aberrations of different modalities onto one single platform. The results of IDH1/ IDH2 point
mutations, 1p/19q co-deletion and ATRX gene expression corresponded to the independent evaluation.

Conclusion
Due to the different biological nature of these glioma-specific aberrations, separate testing methods needed
to be applied in a step-wise procedure. The Modaplex technology enables concurrent analysis of the
molecular glioma biomarker and allows for a rapid molecular-based classification. In this way, differentiation
and stratification of the therapy recommendation with temozolomide in gliomas will be performed in a time
effective and tissue-sparing manner.
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miRNA biomarker screening in cyst fluids for risk stratification of pancreatic cystic lesions
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Question
The number of diagnoses of pancreatic cystic lesions (PCLs) increased in the past few years continuously.
Mucinous cystic lesions, a subgroup of PCLs, are precursors of pancreatic cancer. Accordingly, their
accurate diagnosis is essential for patients’ management. Conventional cytology shows limitations due to low
sensitivity. Hence, attention is shifting more and more to molecular analyses. Mutational aberrations have
been studied extensively in PCLs; however studies on microRNAs (miRNAs) are still limited.
Our aim was to identify miRNAs in the fluids of PCLs that display biomarker potential for risk stratification of
PCLs and improve patients’ management.
Methods
Total RNA was isolated from human pancreatic FFPE tissue (n=29) including specimens from intraductal
papillary mucinous neoplasms (IPMN, n=20), pancreatic ductal adenocarcinoma (PDAC, n=5) and normal
pancreatic tissue (n=4). Additionally, total RNA was extracted from cyst fluids (non-mucinous cysts n=19;
mucinous cysts n=14; PDAC n=5). RNA from FFPE tissue specimens was used for library preparation using
the ‘VAHTS small RNA library prep kit for Illumina’ and subsequently sequenced on the MiSeq system using
a V3 chemistry (Illumina Inc.). miRNA levels of miR-21-5p, miR-221-3p, miR-200a-5p and miR-217a-5p were
then investigated using TaqManTM Advanced miRNA-Assays (Thermo Fisher Scientific) in human pancreatic
cyst fluids.

Results
miRNA sequencing revealed a differential expression in IPMNs and PDAC compared to normal pancreatic
tissue in following miRNAs: miR-21-5p, miR-221-3p, miR-200a-5p and miR-216a-5p. Relative expression of
these miRNAs was then investigated in cyst fluids and showed different tendencies: miR-21-5p and miR200a-5p displayed tendentially higher levels of expression in mucinous cysts and PDAC compared to nonmucinous cysts. miR-221-3p expression showed a tendency to be higher expressed in PDAC compared to
the other entities. miR-216a-5p did not show any differential expression in cyst fluids.
Conclusion
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Overall, three of four miRNAs that were differentially expressed in FFPE specimens show potential to
distinguish pancreatic mucinous cysts from non-mucinous cysts and may aid accurate diagnosis of PCL
thereby improving adequate patients’ management.
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Genome-wide CRISPR screen to identify genes essential in the hypoxic environment of hepatocellular
carcinoma
E. C. Dreher1, T. Huth1, E. Eiteneuer1, S. Nahnsen2, S. Lemke2, P. Schirmacher1, S. Roessler1
1Institute of Pathology, University Hospital Heidelberg, Heidelberg, Deutschland, 2Quantitative Biology
Center, University of Tübingen, Tübingen, Deutschland

Question
Hepatocellular carcinoma is the most common primary liver cancer entity and the third leading cause of
cancer-related deaths. Due to rapid cell proliferation, the tumor tissue compresses surrounding blood
vessels in the tumor microenvironment in turn resulting in low oxygen supply. Hypoxic conditions induce their
main signaling pathway by activation of transcription factor HIF1α which has an impact on treatment
resistance and poor survival. Here, we aim to identify tumor suppressor genes functionally relevant to tumor
cell survival under hypoxic conditions.

Methods
Lentiviral infection was performed to generate cells stably expressing Cas9 and subsequently of guide
RNAs. Cas9 activity was validated by flow cytometric measurements and viability assays. Hypoxia was
stimulated by the drug Dimethyloxallyl Glycine (DMOG), a competitive inhibitor of prolyl hydroxylase domain
proteins. A genome-wide CRISPR knockout screen with the human GeCKOv2 library was performed in
untreated and DMOG treated cells. Genomic DNA was extracted 3 days after infection and after 5 and 10
doublings followed by PCR amplification of guide RNA sequences. PCR products were purified and guide
RNA abundance was determined by next generation sequencing. Genes of interest were validated by cell
viability and colony formation assay. Protein abundance was determined by Western blotting and gene
expression was analyzed by RT-qPCR.

Results
Immunoblotting, flow cytometry and viability assays successfully confirmed stable expression and functional
activity of Cas9 in different HCC cell lines. DMOG treated cells activated HIF1α signaling pathway for up to
three days resulting in upregulation of target genes relevant for metastasis, apoptosis, and tumor growth.
Continuous treatment with DMOG allowed the performance of a CRISPR/Cas9 knockout screen under
hypoxia resembling conditions. Initial functional assays confirmed target gene relevance in hypoxic
environment. We found that hepatocellular carcinoma cells showed reduced sensitivity to Citrate synthase
knockdown under DMOG treatment.
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Conclusion
This project identified tumor suppressor genes dependent or independent of different oxygen supply in
hepatocellular carcinoma cell lines and found potential targets for liver cancer treatment which may lead to
better prognosis.
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Increased detection of KIT D816V mutation in peripheral blood samples from phase II PIONEER study patients
with indolent systemic mastocytosis (ISM) using high sensitivity droplet digital (dd) PCR assay compared with
next generation sequencing (NGS)
T. George1, G. Hoehn2, H.-M. Lin2, S. Miller2, C. Akin3
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2Blueprint

Question
Polymerase chain reaction (PCR)-based detection of KIT D816V mutation in bone marrow (BM) aspirates or
peripheral blood (PB) is an important tool to confirm the clinical and pathological diagnosis of systemic
mastocytosis. PCR-based methods may provide greater KIT D816V detection and diagnostic sensitivity than
other genomic methods in patients (pts) with low mast cell (MC) numbers in BM. Here, an adapted ddPCR
assay is compared with NGS to measure the KIT D816V variant allelic fraction (VAF) in pts with ISM and
symptoms inadequately controlled with best supportive care enrolled in part 1 (dose escalation) of the
ongoing, randomized, double-blind, placebo-controlled phase II PIONEER study (NCT03731260) of
avapritinib, a potent and selective KIT D816V inhibitor.
Methods
KIT D816V VAF was measured in PB and/or BM aspirate samples from pts enrolled in part 1 of PIONEER
(n=39) by local quantitative and qualitative KIT testing (generally qualitative [present/absent]), central ddPCR
(MolecularMD) assay (PB), and central NGS (TruSight™ Myeloid Panel) assay (BM aspirates). Results were
expressed as the percentage of pts testing positive for KIT D816V mutation (all genomic assays) and the log
percent of VAF, measured by both central assay methods. Correlations of KIT D816V VAF to measures of
MC burden, including serum tryptase levels and BM MC numbers, were performed. KIT D816V VAF was
evaluated serially in each pt over the treatment period.
Results
The central ddPCR assay method detected KIT D816V mutation in 37/39 (95%) of PB samples (Table 1) at a
level ~30-fold greater than sensitivity achieved with NGS: median percent VAF (range) by ddPCR was 0.36
(0.02–30) and by NGS was 11 (1.9–32) (Figure 1). The lower limit of VAF detection by ddPCR was 95-fold
lower than that of NGS (0.02% and 1.9%, respectively). ddPCR provided a greater diagnostic sensitivity for
ISM compared with serum tryptase >20 ng/mL (30/39, 77%) and presence of BM MC aggregates (35/39,
90%).
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Conclusion
The higher sensitivity testing for KIT D816V mutation using a PB ddPCR assay highlights its potential as a
screening tool to identify ISM pts.
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Workflow optimization for gene fusion testing- examination of the IdyllaTM Gene Fusion Assay as an alternative
technology
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Question
The increasing number of beneficial therapeutic compounds targeting gene fusion products in lung
adenocarcinomas requires a continuing development of molecular pathology diagnostics. While many
techniques have evolved gene fusion detection the perfect way to implement many different testing tools is
still challenging. Although immunohistochemistry (IHC) and in situ hybridization (FISH) is widely used for a
fast and cost-effective detection of individual gene fusions the logistic remains complex. In order to ease up
the workflow and to save as much tissue as possible a prototype of the new gene fusion assay for a
combined fusion detection of ROS1, ALK, NTRK1-3 and RET as well as MET exon 14 skipping mutations
provided by the Idylla™ system (Biocartis) was tested.
Methods
A cohort of 35 samples diagnosed as wildtype, harboring fusion events in the genes ALK, ROS1, RET and
NTRK3 as well as MET exon 14 skipping was analyzed. Prior to Idylla analysis, fusions were detected by the
combination of IHC and FISH, FISH and the Archer FusionPlex Lung Panel (ArcherDX), or IHC and
ArcherDX, respectively. MET exon 14 skipping cases were identified both by ArcherDX and a customized
DNA based NGS panel. Except for NTRK3 fusion positive samples all tested tumors were lung cancer
samples. One to five 10 μm sections with a tumor area ranging between 10 and 100 mm2 of FFPE tumor
tissues were taken for the IdyllaTM GeneFusion prototype Assay (Biocartis).
Results
For ALK, RET, ROS1 and MET exon 14 skipping testing a concordance of 100% was reached either by the
detection of a specific fusion/skipping event and/or the measurement of expression imbalances. For three
out of four NTRK3 cases an expression imbalance was identified by Idylla™. The wildtype samples did not
show any specific fusion or skipping event, but four out of 13 samples were invalid for at least one
expression imbalance measurement. Overall, no invalid run and no RNase degradation were detected.
Conclusion
Albeit specificity needs to be improved for NTRK fusions the Idylla™ GeneFusion Assay might be a
promising methodology for the combined detection of seven different gene alterations. Using this system as
a fast-track tool for the identification of the most relevant gene fusions in lung cancer it could speed up
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preliminary test results and simplify logistic while saving material. Nevertheless, the number of invalid test
results for the expression imbalance measurement still must be improved to increase the amount of
reportable results.
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Genexpression-based Immune Profiling of primary and metastatic colorectal carcinomas
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Question
Whilst selected biomarkers have been implemented for prediction of immune-checkpoint inhibition, such as
PD-L1 or MMR deficiency, respective MSI-Status and Tumor Mutational Burden (TMB), the immunologic
micromilieu of solid tumors and/or it potential cross-interaction with accepted biomarkers such as PD-L1, is
still to be resolved in depth. This feasibility study exploited gene expression profiling (GEP) by nCounter
technology in colorectal carcinoma (CRC).
Methods
A total of n=27 case-matched Formalin-fixed and Paraffin-embedded (FFPE) tissue specimens from normal
epithelium (n=8), primary CRCs (n=8), liver (n=9) and lung (n=2) CRC metastases as well as normal (n=2)
and CRC infiltrated (n=3) lymph nodes were subjected to RNA isolation (RNeasy FFPE RNA Kit, Qiagen)
and nCounter analysis (770 genes, PanCancer Immune Profiling Panel, Nanostring).
Results
Gene expression profiling (GEP) of FFPE tissues specimens showed valid data in 27/27 samples (mean
binding density: range 0.23-1.04 with technical target values being a range of 0.1-2.2). Technical and
biological reproducibility of gene expression profiles was evaluated in 3 replicates of each a CRC-negative
and a CRC-positive lymph node (deviation of gene counts: 6%-13%, especially in low expressed genes).
Upon unsupervised hierarchical cluster analysis the three replicates of the CRC-negative and CRC-positive
lymph node clustered together accordingly. Four GEP groups were identified in the 36 samples upon
unsupervised clustering, with one group comprised of CRC liver metastases only.
Conclusion
This study validates GEP for FFPE tissue specimens and provides first insights into differential functional
pathways active in non-neoplastic versus primary CRCs, liver and lung CRC metastases.
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Multi-Omics analysis of clear cell renal cell carcinoma with chromosomal 8q deletion
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Question
Clear cell renal cell carcinoma (ccRCC) is the most common histological subtype of renal cell carcinoma
which in turn is amongst the 10 most commonly diagnosed malignancies in the world (1,2). ccRCC tumours
are largely characterised by the biallelic loss of the Von Hippel Lindau (VHL) tumour suppressor gene
located on the short p-arm of chromosome 3. The histological phenotype of wtVHL tumours is
indistinguishable to that of VHL inactivated ccRCC but they are more aggressive, conferring a poorer
prognosis and worse survival.
Previous comprehensive genomic analysis revealed that ELOC (also known as TCEB1), which codes for
Elongin C, is mutated in a fraction of wtVHL ccRCC . All ELOC mutations were accompanied by
chromosome 8q loss suggesting an alternative molecular pathway to VHL in a small subset of ccRCC. In
order to identify TCEB1 ccRCC in our cohort of 369 patients we assess modes for VHL inactivation i.e.
mutations, loss of chromosome 3p and 8q and promoter hypermethylation in the respective tumour samples.
Methods
The following molecular data was acquired for entire ccRCC cohort: promoter hyper-methylation of VHL, loss
of chromosome 3p, loss of chromosome 8q and the VHL mutation status. Genome wide copy number
analysis was employed to identify chromosomal TCEB1 deletions. All tumors with chromosome 8 deletion
were further analyzed using Whole Exome Sequencing and mass spectrometry. Elongin C expression levels
were determined in ccRCC with no, mono- and bi-allelic ELOC inactivation. For the comprehensive
quantitation of proteins in a high throughput manner we chose to employ a data-independent acquisition
(DIA) workflow (3).
Results
We have characterized variation in protein expression patterns in 120 FFPE samples of ccRCC patients
representing over 7000 human proteins. Clinically relevant data such as overall survival, disease-specific
survival and tumor recurrence has been collected for correlation analysis.
Conclusion
We assessed wtVHL ccRCC tumours on a genetic, epigenetic and proteomic level in order to identify the
pathways by which these profoundly heterogenous tumors are regulated. Our goal was to determine on a
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molecular level whether TCEB1 tumors and clear cell RCC with wild-type VHL are separate entities. The
high content protein profiles of each patient have added a novel layer of information and will help subtype
classification and hopefully lead the way to patient treatment.

1 Moch H et al., Eur Urol. 2016
2 Laguna MP et al., J Urol. 2015
3 Bruderer et al. MCP 2017
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Fully automated next-generation-sequencing with the GenexusTM System (ThermoFisher Scientific) as a
workload reduction for routine diagnostics in molecular pathology
C. Schmitt1, S. Ebner2, J. Jeroch1, P. Wild1, 2, M. Demes1, 2
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Question
To cope with the increasing number of NGS analyses of tumor samples, the Oncomine Comprehensive
Assay (OCA v.3) was established on the Ion Torrent Genexus System at the Dr. Senckenberg Institute of
Pathology in cooperation with the Wildlab, University Hospital Frankfurt MVZ GmbH.
Methods
Forty formalin-fixed and paraffin embedded (FFPE) samples of different tumour entities were sequenced. To
validate the results obtained by the Genexus system, results were compared with those of our well
established NGS OCA Ion S5 system (ThermoFisher Scientific). The sequencing data from both devices
were analysed using the Ion Reporter software.

Project Workflow: Genexus versus S5

361

Results
After filtering out artefacts, polymorphisms and benign variants, the detected DNA – and RNA-based
alterations were classified according to their clinical significance. Results of both systems, Genexus and Ion
S5, were highly concordant. Both, turnaround time and hands-on time, were significantly reduced with the
Genexus workflow when compared with Ion S5. Reagent costs for both systems, however, were different.

Conclusion
From the perspective of personalized therapy, valid detection of mutational events is essential for biomarker
identification in certain tumor entities. The Genexus NGS System can be recommended as a very fast NGS
method with low turnaround and hands-on time. Moreover, the handling is designed to be very intuitive and
user-friendly. Thus, the Genexus platform offers the possibility to significantly facilitate the daily work in
molecular diagnostics by meeting the increasing demands for fast and reliable NGS analysis.
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Molecular aspect of rare diffuse leptomeningeal glioneuronalen tumor DLGNT in adults. A case report and
review of the literature.
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Question
DGLNT‘s are rare neoplasms, commonly found in children with only 169 cases described so far. The mean
age of diagnosis was 8.4 years (range 0.5-74 years). DLGNTs in adults are rare (n=38) with few case reports
and some focusing only on neuroradiologic findings. About two third of these adults were from 18 to 40 years
at diagnosis (mean 26.5 years) and rarely these tumours present at later age (range 40-74 years; mean 53
years). Here we present a 56-year-old male patient with progressive vertigo and ataxia. Neuroradiological
diagnosis was cancer of unknown primary (CUP) with leptomenigiosis carcinomatosa or neurosarcoidosis.
Methods
The spinal fluid demonstrated CD56 positive, for epithelial marker and S100 negative tumor cells with BRAF
wildtype. The open biopsy demonstrated a primary brain tumor. Besides conventional stainings, we used
immunohistochemistry and molecular biological tools such as FISH, NGS and Sanger sequencing, fusion
gene-, and EPIC-analysis.
Results
Immunohistochemically, the tumor was positive for synaptophysin, Olig2, CD56, and MAP2 and partly
positive for GFAP and NF. The Ki67 proliferation index was 15-20%. There was no positivity for
neuroendocrine, lymphoid, epithelial, melanocytic, or germ cell tumor markers. Molecular pathology revealed
a KIAA1549-BRAF fusion. There was no MGMT promoter methylation. No mutation was found using Sanger
sequencing for hotspot regions of IDH1/2 or H3F3A and NGS TST15 Panel (Illumina). No TERT promoter
mutation was found using ddPCR. NTRK1/2/3- and EWSR1-FISH analysis were negative. The loss of 1p by
FISH (1p36: mean 0.92 signals per nuclei, ratio 0.36) could be confirmed by EPIC analysis. Based on the
methylation analyses by EPIC array, the tumor was assigned to the group of DLGNT with a calibrated
classifier score of 0.77. Thus, the histological, immunhistocheical und molecular findings are compatible with
a DLGNT. Due to increased proliferative activity analogous to a WHO grad III tumor.
Conclusion
In patients presenting with diffuse leptomeningeal tumor, a spread in CUP or neurosarcoidosis is the
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differential diagnosis. In CUP cases and expression of neuroendocrine markers like CD56 and
synaptophysin, we would recommend further molecular pathological testing to exclude DLGNT.
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A brief study evaluating and validating different commercially available solid tumor NGS gene panels
S. Boppudi1, S. Scheil-Bertram1, E. Faust1, R. Battula2, A. Fisseler-Eckhoff1, 2
1Helios

Dr.Horst Schmidt Kliniken Wiesbaden, Institute for pathology and zytology, Wiesbaden, Deutschland,
für Pathologie, Wiesbaden, Deutschland

2Gemeinschaftspraxis

Question
With the rapid development and increased use of NGS technology, many biomarkers have been identified
providing insights for targeted therapy of solid tumors. Therefore, simultaneous detection of DNA variants
and gene fusions (existing/novel) in routine diagnostics now gained more importance as it can serve insights
in differentiating histologically related tumors or presenting as important biomarkers for disease progression
besides guiding for targeted therapy. For the detection of gene variants/fusions, standard techniques are
currently being replaced with DNA/RNA-based NGS assays containing variant detection in multiple genes.
Here we want to appraise the applicability, feasibility, and sensitivity of different commercially available NGS
panels in routine diagnostic settings.
Methods
We compared and validated three different commercially available NGS panels, Illumina Ampliseq Focus
panel, Sophia Solid Tumor Plus Solution and AmoyDx® HANDLE Classic NGS Panel, which simultaneously
could detect SNVs, INDELS, CNVs, and gene fusions. A total of 15 FFPE control samples with different
tumor entities (20-95% tumor), five commercial reference standards and a CP-Positive Control (AmoyDx
Panel) were used. For establishing the sensitivity and specificity of these panels in the above mentioned
samples, the RNA fusions were further confirmed with either FISH or IHC, and the DNA SNVs/INDELS with
Illumina TST15 panel or Qiagen Q24 assays. In addition, the AmoyDx and SophiaPanels also detects MSI
which was further confirmed by using Bethesda panel (Fragment analysis).
Results
The NGS panels tested, showed above 93% of accuracy, sensitivity, and specificity individually. The use of
reference standards in the study increased the precision of the panels and also provided insights in
diagnosing incongruities. Besides the fusion genes, the two oncogenic isoforms (EGFRvariant III and
METexon14skipping) could also be validated successfully. Additionally, clinically relevant DNA variants and
RNA fusions which could not be identified with traditional methods, were found.
Conclusion
The validated gene panels are now being successfully incorporated into our routine diagnostics thereby
decreasing the processing time and the need for more sample material with increase in diagnostic yield. With
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simultaneous detection of DNA variants and RNA fusions, clinically relevant variants were identified across
many tumor types providing an extensive solution to precision oncology treatment.
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Fusion calling in salivary gland carcinomas using a custom ArcherDX FusionPlex panel in comparison to
conventional FISH analysis.
R. Pappesch, C. Arolt, D. Feibel

Institut für Pathologie, Köln, Deutschland

Question
Currently, due to their heterogeneity salivary gland carcinomas (SGC) are challenging regarding both
diagnosis and therapy. Recent advances revealed distinct histologic and genomic criteria, which can be used
for differentiation between tumors with similar appearance. Targets for diagnostics are recurrent
chromosomal translocations that are characteristic for a specific entity. Since their first discovery as
oncogenic drivers, a large number of different fusion events were detected through technological
advancements e.g. next generation sequencing (NGS). Additionally, NGS allows the identification of
unknown fusion partners, which is becoming increasingly important because the partners can influence
treatment choices and be of prognostic value. Thus, conventional analysis using fluorescence in situ
hybridization (FISH) is more and more replaced by NGS.

Methods
In this study samples from SCG were analyzed with a specific custom FusionPlex panel (ArcherDX, Boulder,
USA). For RNA isolation, three to six sections of 10 μm thickness were cut from FFPE tissue blocks. After
deparaffinization and proteinase K treatment, the RNA was purified using the Maxwell 16 FFPE Tissue RSC
RNA Purification Kit (Promega, Madison, USA) on the Maxwell RSC Instrument (Promega) following the
manufacturers protocol. For preparing libraries, a custom FusionPlex for Ilumina (ArcherDX) library
preparation kit has been used. For quality control, PreSeq (ArcherDX) was performed during and the KAPA
Library Quantification Kit (Roche, Basel, Switzerland) was used after library preparation before sequencing.
Results were compared to the results of conventional FISH analysis.

Results
In this study, a gland carcinoma specific custom FusionPlex panel was tested in comparison to FISH. The
panel provided products in the expected quality and in sufficient amounts. A discordance between NGS and
FISH results were found in MYB and MAML2 related fusions. Beneath classical fusion partners, a rare ETV6RET fusion could be detected in one of the samples though which could lead to new treatment choices for
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this tumor entity.

Conclusion
A gland carcinoma specific custom FusionPlex® panel of showed potential for usage in routine diagnostics
even though a combination with classical FISH should be considered for some settings. The Panel could be
enhanced by integrating more exons of MYB and MAML2 to avoid missing unknown fusion sites. Using
NGS, even new or rare fusion events can be detected which might lead to new therapeutic options.
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Moving translational MALDI imaging towards reproducible analyses: A case study on urothelial carcinoma
tissues
M. C. Föll1, V. Volkmann1, K. Enderle-Ammour1, P. Bronsert1, 2, 3, O. Schilling1, 2
1Institute for Surgical Pathology, University Medical Center, Freiburg, Deutschland, 2German Cancer
Consortium (DKTK) and Cancer Research Center (DKFZ), Freiburg, Deutschland, 3Tumorbank
Comprehensive Cancer Center Freiburg, Freiburg, Deutschland

Question
MALDI imaging enables the measurement of hundreds of analytes and their abundance in thousands of
locations generating spatial distribution maps directly from tissue specimens. Efforts towards standardization
and reproducibility were so far mainly focused on sample preparation and data acquisition. To improve the
reproducibility of the data analysis part, we have previously implemented a comprehensive analysis platform
for MALDI imaging data based on the Galaxy framework. Here, we demonstrate the application of the
Galaxy MSI tools for the analysis of an urothelial carcinoma dataset and highlight how quality control and
preprocessing are essential for successful data analysis.
Methods
Two tissue microarrays were built from 42 human bladder tissue cores with different types of urothelial
carcinoma and normal bladder tissue. Tryptic peptides were imaged at 150 µm spatial resolution with an AB
SCIEX 4800 MALDI-TOF/TOF device. Annotations of tumor and stroma were performed by a pathologist and
co-registered with the MALDI imaging data. The complete data analysis including quality control,
preprocessing and supervised statistical modelling was performed in a fully reproducible manner in the
European Galaxy server (https://usegalaxy.eu).
Results
The previously established MSI quality control tool provided comprehensive information on the properties of
the dataset and revealed m/z and intensity shifts within and between the measurements. These technical
artefacts could be removed by tight control and adjustment of the preprocessing steps and parameters.
Classification accuracies of tumor and stroma tissues were above 0.9 in training and test dataset and tumor
and stroma specific peptides such as histone and collagen peptides were found to be important for the
classification. Infiltrating and non-infiltrating tumors were also classified with accuracies above 0.9. Having
used the workflow management system Galaxy for all steps of the analysis the full analysis history including
all intermediate data and tool identifiers, tool versions and tool parameters are traceable.
Conclusion
We highlight the benefits of open-source workflow management systems and would like to encourage others
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to join in bringing more transparency and reproducibility into MALDI imaging experiments.
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Detecting EGFR T790M resistance mutation in plasma at progression on TKI therapy using ultrasensitive digital
PCR
S. Isaksson1, A. George1, M. Jönsson1, I.-M. Nilsson2, M. Carlsson2, J. Staaf1, L. Saal1, M. Planck1, 2
1Lund

University, Lund, Schweden, 2Skåne University Hospital, Lund, Schweden

Question
Targeted therapy is a corner stone in advanced lung cancer and increasing use of personalized medicine
requires rapid and convenient diagnostic procedures. Analysis of tumor derived circulating DNA (ctDNA) in
plasma can be used in diagnosis of tumor genetic alterations in combination with tissue analysis or as the
only method when tumor tissue is not accessible. Tumors harboring a sensitizing EGFR mutation are treated
with tyrosine kinase inhibitors (TKIs). Despite initial good response, resistance occurs sooner or later. In this
situation the 3rd generation EGFR TKI osimertinib can be administered. In this study we used liquid biopsy
at progression to assess mutational status of sensitizing and T790M EGFR mutations. In a subset of
patients, a tumor tissue biopsy was analyzed in parallel as part of clinical management.
Methods
For 30 patients with non-small cell lung carcinoma treated with 1st/2nd-generation EGFR TKI, a median of 25
ml plasma was collected using Streck Cell free BCT® tubes. cfDNA was tested for the sensitizing EGFR
mutation and T790M using the ultrasensitive SAGAsafe® digital PCR T790M assay run on the Bio-Rad QX
platform. In parallel to the plasma analyses, a subset of cases underwent a solid tumor biopsy for mutation
analysis. Patient outcome data was collected from patient files.
Results
In 22 of 30 (73%) patients the known sensitizing EGFR mutation could be detected in plasma. In these
informative cases, 13 (59%) were positive for T790M. MAF for T790M varied from 23% down to 0.003%, with
7 cases below 0.15% MAF. In 7 patients, tumor tissue could be obtained for parallel mutation analysis
(biopsy not performed/insufficient material/not performed in the same phase as plasma collection in 22
patients and data missing in 1 patient), which revealed 3 concordant results (2 T790M positive in both
plasma and tissue; 1 T790M negative in both plasma and tissue) and 4 discordancies: 2 cases to be plasmaT790M-positive but tissue-T790M-negative, and 2 cases tissue-T790M-positive but uninformative in plasma.
Clinical data will be presented.
Conclusion
At progression on 1st- or 2nd-generation EGFR TKIs, tumor tissue is often not accessible for diagnostic
procedures. Less invasive liquid biopsies are crucial in these cases. We demonstrate EGFR T790M MAFs
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can be as low as 0.003%, highlighting the advantages of an ultrasensitive assay such as SAGAsafe® which
detected resistance in 59% of informative cases. An increased plasma input volume may further improve
detection rate.
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Comparison of two different targeted NGS panels for molecular diagnosis of non-small cell lung cancer:
ArcherDx versus ThermoFisher Scientific.
M. Wetz1, J. Jeroch1, S. Ebner2, C. Schmitt1, P. Wild1, 2, M. Demes1, 2
1Universitätsklinikum

Frankfurt, Dr. Senckenbergisches Institut für Pathologie, Molekularpathologie,
Frankfurt, Deutschland, 2Universitätklinikum Frankfurt MVZ GmbH (Wildlab), Frankfurt am Main,
Deutschland

Question
The objective of this study was to evaluate and compare DNA-based alterations of NSCLC samples using
two different next generation sequencing (NGS) panels applied within the National Network for Genomic
Medicine Lung Cancer (nNGM
Methods
This study included 50 FFPE (formalin-fixed paraffin-embedded) NSCLC samples molecularly characterized
using the nNGM Panel 2.0 for the Ion S5 platform (ThermoFisher Scientific). Results were compared with
those obtained using the Archer nNGM 2.0 VariantPlex Somatic Panel for the MiSeq platform (Illumina).
From a quality assurance perspective, the detected genetic variations were evaluated and classified
according to their clinical significance. All artifacts, polymorphisms as well as benign variants were filtered
out.

Project Workflow: nNGM Panel 2.0
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Results
Comparison of the two assays showed excellent concordance of therapeutically relevant sequencing results.
However, both systems differ in their hands-on time and costs.

Conclusion
From the perspective of personalized therapy for NSCLC patients, valid evaluation of potential targets in
routine diagnostics is essential. The two workflow designs differ fundamentally in hands-on time and cost,
but show consistent final molecular results. Currently, the cohort (n=50) is being enlarged to conclusively
evaluate the precision and thus reliability of the two workflows for NSCLC diagnostics within the nNGM
consortium.
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Establishment of a valid HPV test method for cervical cancer screening in routine molecular diagnostics.
J. Jeroch1, A. Bieber1, A. Boger1, P. Wild1, 2, M. Demes1, 2
1Universitätsklinikum

Frankfurt, Dr. Senckenbergisches Institut für Pathologie, Molekularpathologie,
Frankfurt, Deutschland, 2Universitätklinikum Frankfurt MVZ GmbH (Wildlab), Frankfurt am Main,
Deutschland

Question
Human papilloma viruses (HPV) can cause a variety of diseases ranging from harmless warts to aggressive
cervical cancer. For routine diagnostics, this study evaluates and compares two different chip-based HPV
hybridization systems that detect different low-, intermediate-, and high-risk HPV types.

Methods
Sixty different cervical swabs were analyzed using both the CE-IVD certified PapilloCheck® (Greiner BioOne GmbH) and the HPV 3.5 (Chipron GmbH) systems. Inconsistent results were additionally evaluated
using the CE-IVD certified VisionArray® HPV Chip 1.0 system (Zytomed Systems GmbH). The intra- and
interassay as well as the sensitivity and specificity of each system were determined.

Project Workflow: Validation of HPV test

Results
Preliminary results show good agreement between the HPV types detected and the systems of interest.
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However, there are also some discrepancies in infections with multiple HPV types. Inconsistent results will
be further evaluated with the CE-IVD certified VisionArray® HPV Chip 1.0 System (Zytomed Systems
GmbH).

Conclusion
If HPV infection is effectively diagnosed and genotyped, the potential of this virus to cause cancer can be
significantly reduced. The performance of the HPV testing systems of interest is comparable and meets the
criteria for use in primary cervical screening. Due to the increasing number of available assays, valid
establishment of a reproducible HPV assay is essential. Intra- and interlaboratory comparison should be
performed in every molecular laboratory.
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Autopsy findings after long-term treatment of COVID-19 patients with microbiological correlation
K. Evert1, T. Dienemann2, C. Brochhausen1, D. Lunz3, M. Lubnow4, M. Ritzka2, F. Keil1, M. Trummer1, A. Scheiter1, B.
Salzberger5, U. Reischl6, P. Boor7, A. Gessner6, J. Jantsch6, D. F. Calvisi1, M. Evert1, B. Schmidt6, M. Simon6
1Universität

Regensburg, Institut für Pathologie, Regensburg, Deutschland, 2Universitätsklinikum
Regensburg, Klinik und Poliklinik für Chirurgie, Regensburg, Deutschland, 3Universitätsklinikum Regensburg,
Klinik für Innere Medizin II, Regensburg, Deutschland, 4Universitätsklinikum Regensburg, Klinik für
Anästhesiologie, Regensburg, Deutschland, 5Universitätsklinikum Regensburg, Abteilung für
Krankenhaushygiene und Infektiologie, Regensburg, Deutschland, 6Universitätsklinikum Regensburg, Institut
für Mikrobiologie und Hygiene, Regensburg, Deutschland, 7Institut für Pathologie, Uniklinik RWTH Aachen,
Aachen, Deutschland

Question
Particularly in the unknown and emerging diseases such as pandemic coronavirus disease 2019 (COVID19), postmortem examinations are of utmost importance to better understand the underlying pathogenetic
mechanisms and disease-associated alterations in different organs. In this study, we focused on changes in
long-term-treated patients after SARS-CoV-2 infection, focusing on histological and microbiological findings.

Methods
Autopsies were performed between April and June 2020. We avoided the aerosol formation as much as
possible. Lungs were fixed by perfusion with buffered formalin and dissected after a minimum of 3 days of
fixation. Also, samples of all major organs were collected following standard protocols and other specimens
that seemed to be of interest during the autopsy. At least two experienced pathologists reviewed all cases.
Additionally, tissue samples for microbiologic and electron microscopical analyses were collected.
Results
Autopsy revealed that the typical pathological changes occurring during the early stages of the disease (e.g.,
thrombosis, endothelitis, capillaritis) are less prevalent at this stage, while severe diffuse alveolar damage
and especially coinfection with different fungal species (e.g.Rhizopus microsporus/azygosporus, Aspergillus)
were the most conspicuous finding. Moreover, we detected signs of macrophage activation syndrome in 7 of
8 patients. The cause of death was a multi-organ failure in all cases. In 6 cases, this was due to sepsis, with
four of them being presumably due to invasive mycosis. In two other cases, multi-organ failure developed
secondarily to primary severe respiratory failure. In conclusion, patients’ death could be attributed to fungal
sepsis in 50% of this series.
Conclusion
Overall, the present data underline the importance of performing autopsies, especially in gaining better
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insights into unknown or poorly defined diseases like SARS-COV2. We have demonstrated that clinically
undetected fungal infections are a significant cause of death in COVID-19 patients after long-term treatment.
We believe that this critical finding warrants changes in current microbiological screening strategies that
should also include implementing suitable diagnostic methods already in local hospitals to allow for an early
diagnosis and subsequent specific and, thus, hopefully, successful antifungal treatment.
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All-Body-Cavity (ABC)-Scopy as a New Approach for Minimal Invasive Post Mortem Examination
L. Rentschler1, T. Schaller1, K. Hirschbühl2, B. Märkl1, C. Golling3, D. Vlasenko3
1Institut

für Pathologie und Molekulare Diagnostik, Universitätsklinikum Augsburg, Augsburg, Deutschland,
und Onkologie, Universitätsklinikum Augsburg, Augsburg, Deutschland, 3Klinik für Allgemein-,
Viszeral- und Transplantationschirurgie, Klinikum Augsburg, Augsburg, Deutschland
2Hämatologie

Question
Clinical autopsies have traditionally involved the complete opening of the body cavities and removal of
organs for macroscopic pathological evaluation. The method presented here allows for an internal
macroscopic organ evaluation using video-assisted laparoscopy and thoracoscopy through small skin
incisions. In addition to the macroscopic evaluation, this all-body-cavity-scopy (ABC-scopy) allows for
targeted tissue collection for histology. In times of generally decreasing autopsy numbers, the minimallyinvasive procedure provides an alternative to relatives of deceased patients who decline a complete
dissection, providing the possibility for postmortem evaluation of clinically established diagnoses with low to
moderate additional training and material costs.
Methods
In the method presented here, three trocars each are introduced abdominally and thoracically. Guided by
clinical diagnoses and imaging, the macroscopic evaluation and collection of tissue samples is made
possible by means of an endoscope and instruments of minimally-invasive surgery. Following the minimallyinvasive procedure, regular complete autopsies are performed. The results obtained are compared with each
other as well as the clinically established diagnoses. The minimally-invasive autopsies are performed by a
pathology resident, after completion of an abbreviated curriculum of laparoscopy, with the assistance and
supervision of a visceral surgeon.
Results
Previous experience at Augsburg University Hospital during the SARS-CoV2 pandemic showed that consent
to postmortem tissue probing using low- or minimally-invasive methods was often granted in cases where
relatives of deceased patients were opposed to a full autopsy. Preliminary results of the ABC-scopies
performed so far show that ABC-scopy can be learned with reasonable effort, even without previous
experience in minimally-invasive surgery. Disposable instruments can be used several times, which lowers
the costs for such an approach. Obtained tissue samples were representative and of high quality in the very
most cases.
Conclusion
ABC-scopy could be shown to be feasible for post mortem analyses when full autopsies cannot be realized
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due to restriction of the deceased’ relatives.
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COVID-19 in a patient with active miliary tuberculosis: clinical outcome and histopathology of lung parenchyma
S. Opitz, H. Bläker

Institute of Pathology, University Hospital Leipzig, Leipzig, Deutschland

Question
The recent Covid-19 pandemic, caused by the new severe acute respiratory syndrome coronavirus 2 (SARSCoV-2), poses serious challenges to the health system all over the world. At higher risk are the elderly and
individuals with underlying comorbidities. Patients with a previous pulmonary disease represent a special risk
group. Infection with Mycobacterium tuberculosis remain the top cause of death due to an infectious disease
worldwide. But data and experiences with COVID-19 and associated tuberculosis are sparse. The
histopathologic chances in such a case have also not yet been described.

Methods
Case report

Results
We report a middle aged patient with a known destructive miliary tuberculosis and a preoperative
asymptomatic nosocomnial covid infection. Because of a septic cavern of the lung and a pneumothorax he
had an indication for a pleuropneumonectomie. Histopathologic examination of lungparenchyma of the
pleuropneumonectomie specimen revealed multiple necrotizing granulomas with abscess formation next to
intraalveolar oedema and interstitial chronic inflammatory infiltrates without specific signs of a diffuse alveolar
damage. The tuberculosis infection and the COVID-19 infection could be confirmed by immunostaining, realtime reverse transcriptase polymerase chain reaction assays and cytochemistry respectively. Postoperatively
the patient developed a severe covid pneumonia with an acute respiratory distress syndrome (ARDS).
During the hospitalization on intensive care the respiratory situation couldn’t improve. The patient died of
multiple organ failure after 5 days.
Conclusion
No data exist about the histopathology features of COVID-19 in patients with concomitant active and/or
latent tuberculosis. This rare case-report outlines the clinical outcome and the histopathologic chances of a
patient with COVID-19 infection and underlying active tuberculosis.
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How COVID-19 pathology data contribute to research and patient treatment
L. Domke, I. Weßbecher, P. Schirmacher

Pathologisches Institut, Universitätsklinikum Heidelberg, Gewebebank des Deutschen Zentrums für
Infektionsforschung, Heidelberg, Deutschland

Question
Pathology data of COVID-19-positive and deceased patients are an invaluable resource for modern
biomedical research and translational medicine. Hence, tissue and data samples from autopsies of
deceased patients tested positive for COVID-19 are collected in the COVID-19 autopsy and biomaterial
register of Baden Württemberg (BW) to support research findings for the key question: What is the cause of
lethal COVID-19?

The project aims to establish an autopsy network in BW to comprise a comprehensive data and samples
collection from autopsies of COVID-19-positive and deceased patients.
Methods
Since April 2020, a total of over 100 deceased patients tested positive for COVID-19 were autopsied in
compliance with strict adherence to safety precautions and in accordance with an individual ethical vote
authorized by specific ethics committees of each pathology institute involved. The resulting COVID-19 tissue
collectives include formalin-fixed paraffin-embedded (FFPE) as well as cryo-preserved tissue specimens
from pharyngeal tonsil, lung, heart, spleen, stomach, liver, kidney, pancreas, thymus and colon. A webbased solution was established by IT specialists at the Pathology Institute Heidelberg to merge the collection
of resulting pathology data from participating sites.
Results
The established COVID-19 autopsy and biomaterial register BW is coordinated by the DZIF Biobank
Heidelberg and provides specialized tissue collectives available for COVID-19 based research projects. The
autopsy network project BW involves expertises and technologies of five pathology institutes in BW and
resulted in a list of publications and intense collaborations. Already in early 2020, a Heidelberg research
group showed that microthrombosis of the fine pulmonary arteries cause damage to the alveoli and appears
to be characteristic of these cases. The overall histomorphological aspect of lung damage indicates that
alveolar capillary damage is essential for disease progression and development of acute respiratory distress
syndrome.1
1)

Kommoss & Schwab et al. Deutsches Ärzteblatt Int 2020, 117, 29-30.
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Conclusion
Autopsies and associated collection of pathology data are of central importance for the systematic
assessment of new diseases. The autopsy network in BW supports COVID-19 based research projects to
contribute for a better understanding of the infectious disease and to improve diagnostic and therapeutic
procedures.
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A sensitive protocol for SARS-CoV-2 RNA screening in diagnostic archives
S. Villwock1, S. von Stillfried1, R. D. Bülow1, S. Djudjaj1, E. M. Buhl1, 2, A. Maurer1, N. Ortiz-Brüchle1, P. Celec3, 4, 5, B. M.
Klinkhammer1, D. W. L. Wong1, C. Cacchi1, T. Braunschweig1, R. Knüchel-Clarke1, P. Boor1, 2, 6, 7, E. Dahl1, 8
1RWTH Aachen University Hospital, Institute of Pathology, Aachen, Deutschland, 2RWTH Aachen University
Hospital, Electron Microscopy Facility, Aachen, Deutschland, 3Slovak Academy of Scienes, Biomedical
Research Center, Institute of Virology, Bratislava, Slowakei, 4Comenius University, Faculty of Medicine,
Institute of Pathophysiology, Bratislava, Slowakei, 5Comenius University, Faculty of Natural Science,
Department of Molecular Biology, Bratislava, Slowakei, 6RWTH Aachen University Hospital, Departments of
Nephropathology and Immunology, Aachen, Deutschland, 7Deutsches Register für COVID-19 Obduktionen,
www.DeRegCOVID.ukaachen.de, Aachen, Deutschland, 8RWTH Aachen University Hospital, RWTH
centralized Biomaterial Bank (RWTH cBMB), Aachen, Deutschland

Question
Sensitive virus detection methods are important as an effective and preventive measure to cope with the
SARS-CoV-2 pandemics. Previous studies suggested that between 40-45% of patients infected with SARSCoV-2 develop only mild symptoms or even remain asymptomatic, and some of such patients might be
missed in symptom-indicated swab diagnostic. Apart from the nasal and respiratory tract and the lung,
several organs have been described as positive for viral RNA, but less is known on organ tropism in patients
developing mild or no symptoms. In this single-center study, we have established a highly sensitive SARSCoV-2 RNA detection protocol optimized for use of FFPE material from diagnostic archives.

Methods
We tested and evaluated two different commercially available RT-PCR methods (RealStar® vs. TaqMan™)
with several target gene assays (S, E, RdRp, N) as singleplex and multiplex approaches for SARS-CoV-2
RNA detection in FFPE tissue of clinically confirmed COVID-19 patients. In addition, a SARS-CoV-2 RNA
standard was applied. Subsequently, the most reliable protocol was used to assess a) organ tropism in
samples from COVID-19 positive patients, b) undetected cases in selected tissues from negative or untested
patients during a pandemic peak, and c) retrospectively lung samples before the pandemic.

Results
We selected the TaqMan™ target E gene assay as first line screening due to its reliable SARS-CoV-2 RNA
detection compared to the other methods. We identified SARS-CoV-2 RNA in seven samples from confirmed
COVID-19 patients, in two gastric biopsies, one colon resection, one small bowel resection, one lung biopsy,
one pleural resection and one pleural effusion specimen, while all other specimens were negative. In the
pandemic peak cohort, we identified one previously unrecognized COVID-19 case in tonsillectomy samples.
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All pre-pandemic lung samples were negative for SARS-CoV-2 RNA.

Conclusion
Sensitive SARS-CoV-2 RNA detection in FFPE specimens allow retrospective studies and may advance our
understanding of SARS-CoV-2 organ tropism and their effects.
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COVID-19: Preliminary results from a Swab-Test-Study to detect SARS--CoV2 on personal protective equipment
of autopsy staff at four German centers
S. Dintner1, L. Borcherding1, B. Märkl1, P. Boor2, J. Brandner3, C. Edler4, S. Freifrau von Stillfried und Rattonitz2, S.
Gerber5, A. Heinemann4, J. Hilsenbeck6, L. Lohner4, J. Pablik6, L. Sommer6, J. Sperhake4, A. S. Schröder4
1UKA,

Pathologie, Augsburg, Deutschland, 2UKA, Pathologie, Aachen, Deutschland, 3UKE, Sicherheit &
Compliance, Hamburg, Deutschland, 4UKE, Legal Medicine, Hamburg, Deutschland, 5University Medical
Center, Business Division Safety and Compliance, Hamburg-Eppendorf, Deutschland, 6UK, Pathologie,
Dresden, Deutschland

Question
Autopsies gained crucial importance during the SARS-CoV2 pandemic providing insides into the
macroscopic and histological changes caused by the infection and the cause of death. Moreover, autopsies
are the basis for reconstructing the virus distribution within the organism and identifying the disease's basic
pathomechanism. Particularly at the beginning of the COVID-19 pandemic, there were major concerns
regarding autopsies in a largely unknown infectious disease. A potential risk for the autopsy staff was
debated controversially. The aim of the currently ongoing study is to collect data on virus contamination on
the personal protective equipment (PPE) of autopsy staff at four centers in Germany.

Methods
Swabs from nine defined PPE locations of two persons (1 Physician, 1 Assistant) in three autopsies are
taken at four German centers (Legal Medicine Hamburg, Pathology Departments Aachen, Augsburg, and
Dresden). RT-PCR analyses of SARS-CoV2 are performed centrally at one of these centers. The Replication
capability of the virus in the case of a positive result is tested by virus cultivation.

Results
Till now, all centers were able to include first cases achieving a total number of 16 test sets. The first results
of six evaluated test sets of three autopsies revealed in two sets no viral contamination of the PPE. In the
four other sets, viral RNA was identified on aprons and shoes with low Ct-values between 18 and 30,
indicating relevant viral contamination. Importantly, no contamination was detected on glasses and FFPmasks.

Conclusion
Contamination of PPE occurs during autopsies in COVID-19 autopsies. Low Ct-values indicate relevant viral
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densities that underline the need for careful attention to safety measurements. The change or the
disinfection of shoes worn during the autopsy is mandatory.
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Results from the Augsburg-COVID-19-autopsy series
T. Schaller1, S. Dintner1, R. Claus1, L. Borcherding1, J. Lippert1, M. Bartelke1, F. F. Lopez1, B. Grosser1, A. Maccagno1,
S. Miller1, L. Rentschler1, E. Sipos1, D. Vlasenko2, E. Kling3, G. Braun4, O. Spring5, M. Wittmann4, M. Neidig4, B. Märkl1,
J. Schlegel6, K. Hirschbühl1
1UKA,

Pathologie, Augsburg, Deutschland, 2UKA, Viszeralchirurgie, Augsburg, Deutschland, 3UKA, Institut
für Laboratoriumsmedizin und Mikrobiologie, Augsburg, Deutschland, 4UKA, III. Medizinische Klinik,
Augsburg, Deutschland, 5UKA, Anästhesiologie, Augsburg, Deutschland, 6Technische Universität München,
Medizinische Fakultät, München, Deutschland

Question
Post-mortal examinations remain to be the only method to determine the cause of death definitively. Next to
that, autopsies enable the collection of large tissue samples from the whole body. After initial concerns, it is
now widely accepted that autopsies are the crucial basis to decode the pathomechanisms of COVID-19.

Methods
With the second fatal case of COVID-19 in Augsburg, a team of four physicians has been built to perform
autopsies of deceased with confirmed SARS-CoV-2 infection. A situation-adapted strategy of empathic
information of the relatives to obtain consent has been developed and agreed upon. Histological,
immunohistochemical, and molecular methods for virus identification have been performed.

Results
Between April 2020 and February 2021, post-mortem analyses have been performed in 115 deceased with
proofed SARS-CoV-2 infection. In 56 cases, full autopsies were carried out. In the other 59 cases partial
autopsies in different extends or tissue extractions have been performed. Twenty cases belong to the first
wave of the pandemic and comprise 86% of all COVID-19 deceased in this period. The autopsy rate dropped
during the second wave to about 30%. The mean age was 75 years (m:f = 1:0.56). The cause of death in 56
full autopsy cases was COVID pneumonia in 44 cases (79%) a combination of cardiovascular failure and
COVID pneumonia in 3 cases (5%) a COVID associated thromboembolic event in another 3 cases (5%). In 3
(5%) cases a non-COVID related cardiovascular failure was the cause of death. The remaining 3 persons
died of septic or hemorrhagic events. Detailed investigations have been completed in the first 20 cases. Viral
detection by IHC, RNAscope, and RT-PCR was successful mainly but not exclusively in upper respiratory
tract swabs and lung tissue samples. The other organs showed viral infections in a minority of cases only.
Relevant diffuse alveolar damage was found in all but one case. In contrast, relevant histological changes
that could be assigned as COVID specific in other organs were not identified by conventional histology. This
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was especially true for the CNS. IHC revealed at most minimal inflammatory reactions in myocardial
samples.

Conclusion
A large series of COVID-19 autopsy cases could be collected that can serve as the basis for relatively largescaled analyses in a single center. The first analyses indicate a focus within the lungs with secondary
involvement of the other organs very likely due to immunological reactions.
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