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Complexity of diagnostic IHC: Lymphoma vs. Pca 
What is more challenging?  

Lymphoma: 
 
BCL-2 
CD3 
CD4 
CD8 
CD10 
CD15 
CD20 
CD21 
CD23 
CD30 
CD45 
CD79 
Cyclin D1 
K/L 
Mib-1 

Prostate Cancer: 
 
Basal cell markers 
AMACR 
PSA 
Prostein 
NKX3.1 ? 

The simplicity is misleading, 
„Prostate IHC is a mine field.“ 
    M. Varma 
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Typical diagnostic problem:  
biopsy: carcinoma vs. atrophy/reactive changes? 
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Basal cell marker Immunohistochemistry (CK 5/6): 

Diagnosis: Adenocarcinoma ! 



Cytokeratins or p63? 
CK5/6                             p63 

PZ                                         TZ                             PZ                                        TZ 









CK5/6 



p63-AMACR 

p63-positive PCa! 

Prevalence: 1%.  



Basal cell markers: is p40 the „better“ p63? 

„It has been suggested primarily in laboratory studies that 
the predominant p63 isoform in basal/progenitor cells is 
specifically the DN variant, whereas the TA isoform has a 

wider tissue distribution.“ 



p63 p40 

BPH 

PCa 

n=633 



p63 p40 



p63 p40 



p63 p40 



Results: Statistics (n=633) 

• 98,6% of PCa  p40&p63 negative 

• 73% totally identical 

– minor differences:  

• 20% p63>p40 

• 7%   p40>p63 

 

• p63 positive PCa: 1,4% (!) 

• p40 positive PCa: 0,6%. 

p40 is slightly superior to p63 as a basal cell marker. 

Histopathology. 2013 Jul;63(1):50-6.  



„From a diagnostic perspective, the detection 
of ΔNp63 with use of p40 antibody provides 
only a slight advantage over the currently in 
use p63 antibody.“ 

Hum Pathol. 2015 Mar;46(3):384-9. 



CK5/6 

 0,3% of cases focally CK5/6 positive 

 

- of these, 80% are p63-negative 



 Increased Sensitivity by 

combining p63&CK5/6: 



??? 







 

CK5/6&p63 



 

          Adenosis of the prostate 

CK5/6&p63 
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Next Step: Combination of basal cell markers & AMACR 

P63/AMACR 
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AMACR in benign glands 

• 3 bilder: Hp, pin, HP 



AMACR in Partial Atrophy 
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AMACR-Immunoreactivity in Prostate 
Cancer: 

• 95% of cases positive (T>N) 

• heterogenous in appr. 50% of cases 

• Dependent on fixation and processing 

 

• Important marker in small lesions 

• Pitfall: nephrogenic adenoma +++ 

• Pitfall: adenosis/partial atrophy in 20%-30% 
positive (but rarely strong) 



Fatty acid synthase (FASN) – alternative 
positive marker of prostate Cancer 

• 93% of cases + (T>N) 

• In 91% of AMACR-neg. cases positive 

AMACR    FASN 
Tischler et al., Histopathology. 2010 May;56(6):811-5.  



 



P63/AMACR 



Diagnosis: Adenocarcinoma! 

FASN 



FASN is a novel diagnostic Marker 
 of Prostate Cancer 

 
Detection of > 92% of cases 

In combination mit p63/AMACR: > 99%  

 (91% of AMACR-negative case were FASN-positive) 

 

No correlation to pT, Gleason Score 

No prognostic value 

 

In routine use at University of Zurich and University of Bonn, 

(as second line positive marker) 

 



??? 



Partial Atrophy: 
Atypical immunophenotype  
(p63-, AMACR+/-) in up to 30% !!! 



Pitfall in Pitfalls: Atrophic Carcinoma 



 

??? 



 



 

CK5/6-p63 

Pseudohyperplastic PCa 



Last resort: ERG 

• positive in 50% of PCa 



 

Immunohistochemistry of treated Prostate Cancer 



 

P63/AMACR 



 

P63&CK5/6 



 

P63/AMACR 



What to look at after ADT/Radiation? 

1. Morphology 
 
2. PanCK/PSA 
 
3. p63&CK5/6 



Confirmation of Prostatic Origin 

PSA 

PSAP 

AR 

PSMA 

Prostein 

ERG 

  Benign         PCA          pN1               M1            

Use a panel! 



PSA PSAP 

NKX3.1 

Very good marker, note that 
staining may be weak or patchy. 



ISUP-Recommendation: 
PCA vs. Urothelial Ca 



How to avoid (prostatic) disasters 

Don’t rush. Take your time reading slides. 10X is a fine lens! 

Be aware of benign mimickers. 

Diagnose ”atypia” or ”suspicious for cancer” when in doubt (>5 minutes) 
(…but do not over-use this diagnosis) 

Use and interpret IHC with respect and caution. Morphology rules! 

„The good thing about IHC is,  
that it gives you another day...“ 
  David Grignon 
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Lack of prognostic markers?? 

on average: 10 new prognostic markers per month! 



How reproducible are immunohistochemical  
prognostic markers? 

•Pubmed: identification of 30 independent prognostic markers 

   Median Hazard ratio :  1.9 
   Median cohort size:  212 patients 
   Median follow up:  4.7 years 
 



Validating published immunohistochemical  
prognostic markers: 

•Validation cohort- 
   238 RPE cases (Zurich) on TMAs, 1 core/case 
 
 median follow up: 5.3 years 

 
•Automated immunohistochemistry (Ventana/Bond) 

 
•Supervised reading of slide by a single investigator 

 
 
 



Staining Patterns of evaluated Prognostic Markers 

ADAM9 AKT1  ALCAM AR BCL-2 CB1R 

CD10 CD24 CD138 CRISP3 CRGA ECAD 

ERa ERb EZH2 HDAC2 HSP27 Ki-67 

MUC1 NCAD NFKB p21 p27 

PSMA SPINK1 

p53 

VIM Fabian Huber 



Result: Forrest Plot of prognostic data  

red – non significant 
black – significant 
(p<0.05%) 

Many studies are overoptimistic and poorly verified. 
 
One thing is a prognostic marker in retrospective study, 
Another, a reproducible test of clinical value! 

Br J Cancer 6;112(1):140-8. 



• Watchful waiting cohorts 

• Radical prostatectomy cohorts 

• Radiation therapy cohorts 

Ki-67 is a strong prognostic marker in...  

Why then is it not used in clinical practise? 



Studies endorsing Ki-67 as a Prognostic Marker in PCA: 



Studies endorsing Ki-67 as a Prognostic Marker in PCA: 

Marked Differences: 
 
- Endpoints 

 
 



Studies endorsing Ki-67 as a Prognostic Marker in PCA: 

Marked Differences: 
 
- Endpoints 

 
- cut-offs 

 
 



Studies endorsing Ki-67 as a Prognostic Marker in PCA: 

Marked Differences: 
 
- Endpoints 

 
- cut-offs 

 
- multivariate Models 
 

Publication/deposition of 
original data sets would 
enable a true post-publicatory 
peer review and better 
comparison of studies! 



Ki-67: How can we standardize the staining? 

Pre-analytics:  - time to fixation  
      - time in fixative, temperature 
      - fixative (additives?) 
      - embedding  
      - storage conditions 
 Analytics:    - sectioning 
      - Antibody (clone Mib-1?) 
      - IHC-protocol: HIER? Detection? 



Ki-67: How can we standardize the staining? 

„In more than half of 38 samples we did find a Ki-67-LI 

variation of more than 25%.“ 



Ki-67: How can we standardize Subjectivity? 

4% ? 
 
 8% ?? 
 
16% ??? 



The histopathological diagnosis  
is not a laboratory test, but individual  
medical art. 

-> How do you standardize Artists?? 



What can we do to make prognostic 
IHC more reliable? 

• Combine Markers with similar biological 
function (to increase redundancy!) 

 
• (combining markers with divergent functions may increase 

variability and thus reduce robustness of a test) 







What can we do to make prognostic 
IHC more reliable? 

• Use markers that do not need cut off values, 
e.g. alteration specific markers 



ETS-Gene-Fusions 

• Recurrent gene fusions of androgen- 

 regulated genes with ETS genes 

• TMPRSS2-ERG most common 

• >10 different 5‘ partners 

• Other 3‘ partners are ETV1,-4,-5, FLi1 

• found in 30-80% of Pca 

• Mechanistic evidence of importance 

 for tumorigenesis (with AR/PTEN)                                                               

 



By 6 months of age, Pten+/-; PB-ERG mice showed multifocal prostatic 

adenocarcinoma with complete penetrance. 



Overview of T2-ERG Studies: 
Prognostic 
value 

Author Year Cohort Size Endpoint 
 

Neg. Dimichelis 2007 WW/TURP 111 death 

Neg. Attard 2008 WW/TURP 445 death 

Neg. Nam 2007 RPE 165 BCF 

Pos. Saramäki 2008 RPE 150 BCF 

Pos. Winnes 2007 RPE 50 BCF 

None. Lapointe 2007 RPE 54 BCF 

None. Furusato 2008 RPE 45 BCF 

None. Fitzgerald 2008 RPE 214 death 

None. Egueva 2010 RPE 540 BCF 

None. Minner 2011 RPE 2805 BCF 

None. Pettersson 2012 RPE 1180 Death/BCF 

None. Hoogland 2012 RPE 481 Death/BCF 

None. Krohn 2012 RPE 3751 BCF 

- Prognostic value in untreated patients 
- No predictive marker for RPE patients 





What can we do to make prognostic 
IHC more reliable? 

• Identify relevant molecular subgroups of Pca 

Ki-67 is only prognostic in ERG- Pca! 

ERG - ERG+ 

Prognostic value of Ki-67 in PCa: 

n.s. p=0.01 

Pathology. 2015 Dec;47(7):629-636. 



What can we do to make prognostic 
IHC more reliable? 

• Leave IHC behind: e.g. MALDI-proteomics 

 

• MALDI resolution is still worse than IHC, but has 
advantages: better quantitation, easily multiplexing 
of multiple markers 
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Sboner et al. BMC Medical Genomics 

 2010 3:8   doi:10.1186/1755-8794-3-8 

Method: 

RNA Profiling 

6100 selected genes 

 

Training/Test set design 

Superior Prognostication by mRNA Signatures? 

Aim: 

Identification of   

Signatures for lethal  

and indolent PCA 



Sboner et al. BMC Medical Genomics 

 2010 3:8   doi:10.1186/1755-8794-3-8 

Results:  

 

1) No molecular signature  

    outperformed clinical  

    parameters. 

 

2) Gleason score strongest 

     clinical parameter. 

 

3) Tumoral heterogeneity  

     appears as a major bias. 

 

Superior Prognostication by mRNA Signatures? 

http://www.biomedcentral.com/1755-8794/3/8/figure/F4


The Oncotype DX® Prostate Cancer Assay 

83 



Combining Biologic & Clinical Information 
Refines Risk Stratification for Individual Patients 

VERY LOW RISK LOW RISK INTERMEDIATE RISK 

More Individualized Biologic and Clinical Risk Assessment 

Likelihood of Favorable Pathology 100% 30% 

Population-Based Clinical Risk Assessment 

VERY LOW 
RISK 

LOW RISK INTERMEDIATE RISK 

GPS=8 
84% 

GPS=51 
57% 

10% (N=37) 
49% (N=191) 41% (N=160) 

44% (N=169) 31% (N=119) 

GPS=25 
75% 

UCSF Validation Study 
NCCN Risk Classification 

 
• 10% Very Low-risk 
• 49% Low-risk 
• 41% Intermediate Risk  

GPS Provides Biologic Risk Information 

GPS 

• Adds more accurate risk 
assessment by 
combining biological 
and clinical risk factors 

• Predicted which 
patients have risk 
consistent with their 
NCCN clinical risk group 

26% (N=100) 

• 35% of men in the NCCN 
Low-risk group had more 
indolent biology and 
likelihood of favorable 
pathology consistent 
with Very Low-risk  

• 10% of men in the 
NCCN Low-risk group 
had more aggressive 
biology and likelihood 
of favorable pathology 
consistent with 
Intermediate risk 

• Identified patients in the 
NCCN Very Low-risk 
group who had more 
aggressive biology, with 
likelihood of favorable 
pathology consistent 
with Low and 
Intermediate risk 
disease  

• Identified patients with 
Intermediate risk who 
had more indolent 
biology, predicted to be 
consistent with Low-risk 
disease  

• Enables more accurate 
identification of a larger 
population of patients 
who can more 
confidently choose 
active surveillance  

• Precisely identifies a 
patient’s tumor biology 
and refines the 
population-based clinical 
risk assessment with a 
more personalized risk 
assessment  

Cooperberg et al, AUA 2013 



- mRNA Signature of 31 Cell Cycle Progression (CCP) genes, 21 housekeepers 
- low density array profiling 

 

„The final signature consisted of 31 CCP genes (FOXM1, CDC20, 
CDKN3, CDC2, KIF11, KIAA0101, NUSAP1, CENPF, ASPM, BUB1B, 
RRM2, DLGAP5, BIRC5, KIF20A, PLK1, TOP2A, TK1, PBK, ASF1B, 
C18orf24, RAD54L, PTTG1, CDCA3, MCM10, PRC1, DTL, CEP55, 
RAD51, CENPM, CDCA8, and ORC6L).  
 
These highly correlated genes were used to provide a robust and highly 
reproducible measurement of cell proliferation and were not intended to 

capture information related to other factors (eg, invasive potential).“ 



RPE TURP 



The pooled hazard ratio for biochemical 
recurrence per 1-unit increase in the 
CCP score was 1.88 in a univariate 
model and 1.63 in a multivariate model.  
 
Four studies showed that CCP testing 
can impact the decisions of physicians 
regarding treatment, and potentially 
lead to a decrease in surgical 

interventions for low-risk patients. 



RPE Cohort, n=545, training/test set, GeneChips (Affymetrix), 22 markers 



Molecular Prognostic Tests 
Prolaris Oncotype DX 

prostate 
cancer Assay 

Decipher .... 

Provider Myriad 
Genetics 

Genomic 
Health 

Genomic Dx 

Type of Assay Proliferation 
Signature, 31 
CCP genes 

17 genes 
covering 
proliferation, 
desmoplasia, 
androgen 
signalling, 
controls 

22 genes 
including 
ncRNA 

Technique LDA-qPCR 
 

qPCR qPCR 

Central Lab yes/(no) yes yes 

Indication Post RPE, WW, 
RTx, Bx/RPE 

Bx, low risk 
patients 

Post RPE 

Prospectively 
validated in AS 
cohort 

no no no 



...but how do we deal with differences? 
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2011 Hallmarks of Cancer: new Targets 

Hanahan & Weinberg, Cell 2011 



Charles Hugins: Father of of ADT 

C. Huggins, R.E. Stevens Jr., C.V. Hodges. 
Studies on prostate cancer. I. The effect of castration, of 
oestrogen and of androgen injection on serum phosphatases in 
metastatic carcinoma of the prostate. Arch Surg. 1941;43:209  



Saraon et al., Clin Chem. 2011 Oct;57(10):1366-75. 



New compounds and mode of action 

• Arbiraterone – CYP17 inhibitor (inhibiting AR signalling) 

 

• Enzalutamide – anti-androgen  (inhibiting AR signalling) 

 

• Sipuleucel-T – Immunotherapy (fortified dendritic cells) 

 

• Ipilimumab – targeting CTLA-4 

 

• Radium-223 – Radionulide to target bone mets 

 

• Carbazitaxel – Conventional chemoTx 

 

 

 

 



Treatment strategies for CRPC 

 
1) New predictive markers for response to new drugs are needed 

 
2) Re-biopsies at progressed disease stages may become important 

 
 



Androgen Receptor Variants: 



n=31 n=31 

Detection of AR-V7 on Circulating Tumor Cells (CTC) 
 
Validation necessary – what about biopsies? 
 



2011 Hallmarks of Cancer: new Targets 

Hanahan & Weinberg, Cell 2011 



100 

Carcinoma Cell 



Immunotherapy: PD1- Tumour-Interaction 



Seite 102 



Higher PD-L1 Levels in ENZA-resistant 
Prostate cancer cells 

Patients with disease progression 
Have higher PD-L-levels on DCs 

Oncotarget. 2015 Jan 1;6(1):234-42. 



PD-L1 Expression in PCa 

0 (1%) 1+ (37%) 

2+ (55%) 3+ (7%) 



Prognostic value of PD-L1: 

Training cohort (n=209)       Test cohort (n=611) 

Clin Cancer Res. 2015 Nov 16 



PD-L1 in Pca – Open Questions 

• is PD-L1 prognostic in WW/AS cohorts? 

 

• is PD-L1 expressed in CRPC? 

 

• may this be therapeutically useful ? 

 

• ...is this marker predictive for PD1/PD-L1 Tx? 

 



2011 Hallmarks of Cancer: new Targets 

Hanahan & Weinberg, Cell 2011 





0.7%                                    2.9%                                 96.4% 



Overview of Molecular Alterations in CRPC 



Overview of Molecular Alterations in CRPC 



50 metastic CRPC cases, post Docetaxel (+Abi/Enza) 
 
phase 2 trial: olaparib tablets, 400 mg bd. 
 
Whole-exome sequencing of fresh- frozen tumor-biopsies 



88% of DNA-repair deficient CRPC responded to Olaparib! 



„In conclusion, we report that PARP inhibition has 
antitumor activity in sporadic cases of metastatic, 
castration-resistant prostate cancer and that these 
responses are associated with DNA- repair defects in 
tumor cells that can be identified through next-
generation sequencing assays.“  
 



Final Summary 

• The molecular evolution of late stage prostate cancer is still 
incompletely understood. AR signalling remains relevant in 
CRPC 

• At present, we cannot foresee the mechanism of androgen 
independence in a given case. 

• (Tumor heterogeneity of metastatic Pca is obvious but not 
addressed) 

• Immunotherapy may become relevant 

• Targeted therapy/predictive pathology for CRPC is beginning 
(DNArepair/Olaparib, ARV7-Enza/Abi, etc. ) 

 

• Liquid biopsy develops: friend of foe of surgical pathology? 
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 Thank you for 

your attention! 


