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Evolutionof Her2Guidelinesin BreastandGastricCancer

1998

ÅFDA/ HerceptestTM 

package insert

Å3+ IHC: >10% strong 
complete

2007

ÅASCO/CAP
Å3+ IHC: >30%

circumferential, 
strong, complete

ÅFISH ratio >2.2

2013

ÅASCO/CAP
Å3+ IHC: >10%

circumferential, 
strong, 
complete

ÅFISH ratioÓ2.0

ÅFISH ratio <2.0 
AND Her2
signal

Ó6.0/nucleus

2018

ÅASCO/CAP
Å3+ IHC: >10%

circumferential, 
strong, 
complete

ÅFISH ratioÓ2.0 
AND Her2
signal
Ó4.0/nucleus*

2008

ÅPre-trial (ToGA) 
validation study
Å3+ IHC: >10%,
strong complete, 
basolateral or 
lateral

ÅFISH ratioÓ2.0

2016

ÅASCO/CAP
Å3+ IHC: >10%,

strong complete, 
basolateral or 
lateral
ÅFISH ratioÓ2.0, 

or <2 with >6 
Her2 
signal/nucleus



Evolution of Her2 in Breast and Gastric Cancer

Breast Gastric

Proportion Her2 positive 15-25% 22%

Heterogeneity IHC/FISH Rare Common, 50%

Basolateral/lateral IHC 

pattern
Rare, 2+ Common, 3+



Pre-analyticalfactors



Most of the results "do not probants" of the HER2 gene by (FISH) are 
related to preanalytical factors, including a "insufficient" or "excessive" 
setting procedure, and delayed. 
The strict application of fixation procedures (such as using a dedicated 
processor that ensures a minimum fixation of 6 hours) has led to a 
reduction in cases 64% non-evident, with a reduced failure rate
from 10.8% to 3.4%.

2. Middleton LP, Price KM, Puig P, et al. Implementation of American
Society of Clinical Oncology/College of American Pathologists
HER2 Guideline Recommendations in a tertiary care facility
increases HER2 immunohistochemistry and fluorescence in
situ hybridisation concordance and decreases the number of
inconclusive cases. Arch Pathol Lab Med. 2009;133(5):775-780.
3. KhouryT, Sait S, Hwang H, ChandrasekharR, et al. Delay to
formalin fixation effect on breast biomarkers. Mod Phathol.
2009;22(11):1457-1467.



HYPOFIXATION

Reduce digestion time
 
Increase 
counterstaining time

Weakprotocol



HYPERFIXATION

Strong 
protocol

Increasedigestiontime



Her2IHCandFISHAssays(for Breast Cancer)

IHC:

HercepTest (A085; DAKO) 

Pathway anti-Her2 (4B5; Ventana)

Bond Oracle (CB11; Leica)

FISH:
PathVysion (Abott)

HER2 FISH PharmDx (DAKO)

Dual ISH:
Inform Her2 (Ventana)

LDTs

www.fda.gov

overall inter-antibody agreement rate between HercepTest (Agilent Dako) and PATHWAY anti-HER2 (4B5) (Ventana) antibodies 
relativelylow (57.8%)

http://www.fda.gov/




Systemictherapy 
 

First-line systemic therapy in unresectable stage III/IV or recurrent ECs 
with no previous chemotherapy, except in the adjuvant setting 
(including patients with residual disease after surgery) 

Second-line systemic therapy in unresectable recurrent disease after 
first-line platinum-based chemotherapy 



Uterine Serous Carcinoma: 

Clonal Origin of Extrauterine Disease
Baergen, Rebecca, Warren, Cheryl, Isacson, Christina, Ellenson, Lora

Int J Gynecol Pathol . 2001 Jul;20(3):214 -9

...aggressive type of endometrial carcinoma that is frequently associated

with extrauterine disease despite minimal or no myometrial invasion.ò 

ENDOMETRIAL SEROUS CARCINOMA



Å10% of EC

ÅPatients older (postmenopausal) and more often under-staged clinically

ÅNo association to obesity, hyperplasia, hormones

ÅHigh histological grade

Å70-100% of survival rates in stage I for meticulous stage and/or aggressive ADT

ÅHigh rate of recurrence and mortality (40% of EC death)

ÅPrognosis worse than grade 3 endometrioid carcinoma

   

      Hendrickson et al AJSP 6:93, 1982



ΧNeedof additional prognostic markers



ÅAssociation to BRCA1 germline mutation in women < 55ys

 A subset of p53mut EC are HRD (some of these can arise in the context of gBRCA1/2m 

 HRD prevalence in p53mut EC currently unknown - in a small and selected set: 46%

ÅHer2 overexpression/amplification: >30%

ÅOccasionally POLE-mutated carcinoma

ÅVery uncommon MMRd, loss of PTEN and ARID1A, B-catenin mutation

MOLECULAR FEATURES
hǘƘŜǊǎΧ

Targeting HRD and HER2 are being explored
PARP-inhibitors; Trastuzumab



Single agent trastuzumab for advanced or recurrent HER2+ EC 

33 HER2+ EC: 11 serous, 13 endometrioid, 3 clear cell, 5 mixed, 1 NOS 

1998 FDA scoring criteria for breast cancer IHC scores 2+ and 3+, or FISH ratio >2.0

No clinical activity: trial closed early due to poor accrual

GOG 181B



Biopsy vs hysterectomy:

ñDoesSpecimen Type Have an Impact on Her2 Status in Endometrial SerousCarcinoma?òRottmann, D. et

al., abstract number #1083, poster #211 - Stowell-Orbison Award Poster Session, Monday, March 2, 9:30 AM

95% HER2 concordance rate between biopsy and hysterectomy

Primary vs metastasis:

23% of tumors with discordant Her2 expression on TMA

Sample Selection

high concordance between TMA and whole slide results have been reported for three-core (97.6%) and four 

core (98.8%) TMAs as regards HER2 immunostatus in breast cancer specimens



IHC

FISH



3+



2+



1+



Χ[ŀŎƪ of Apical Her2 Staining



Χ[ŀŎƪ of Apical Her2 Staining



Buza et al., Mod Pathol, 2013

MarkedHeterogeneityof Her2 ExpressionbyIHC

31% of all serous carcinomas (33/108)

53% of Her2 positive tumors (20/38)

19% of Her2 negative tumors (13/70)



presence in the same tumor of several cell populations with a different HER2 
status (protein expression and/or gene amplification)

presence of at least two degrees of difference in staining intensity involving at 
least 5% of tumor cells

loss of apical HER2 staining and strong basolateral positivity - U-shaped

More than 50% of HER2-positive ESCs by IHC

INTRATUMORAL HER2 HETEROGENEITY







somatic gene copy -number alterations are the main source of ITH in ESC

Intratumoral heterogeneity ɀITH of ERBB2in 67%



CriteriaUsedin RecentClinicalTrial

2007ASCO/CAPbreastwith specificmodifications:

ÅCompletecircumferentialstainingnot required:

basolateral/lateral pattern alsoaccepted!!!

ÅLargetumor section(s)selectedfor IHC(onhysterectomy)

ÅFISHon 2+IHConly,in directcorrelationwith IHC

ÅLargertumor areaselectedfor FISHόҗ1 cm2)

ÅHer2/CEP17 ratioÓ2.0



Proposed HER2 testing algorithm for endometrial serous carcinoma based on the clinical trial patient enrollment criteria

(modified2007AmericanSocietyof Clinical Oncology/Collegeof AmericanPathologists[ASCO/CAP]breastcriteria)



3 different sets of guidelines currently usedin clinical practice:

Å Endometrial-specific HER2 testing criteria - (CAP) biomarker reporting 

template (modified 2007 ASCO/CAP breast HER2 testing criteria)

Å 2016 ASCO/CAP gastric HER2 testing criteria

Å 2018 ASCO/CAP breast HER2 testing criteria





Guidelinesfrom ItalianStudyGroup

Correlation with clinical response: 

IHC or FISH (or NGS)? 



optimal HER2 testing algorithm 
(IHC as primary test vs FISH as reflex test)



Correlation with clinical response: 

IHC or FISH (or NGS)? 



LIMITED clinical validation of HER2 assessment by NGS 
methods in gynecological cancers 

Large comparative study of over 1500 ESCs

ÅHER2 positivity ranging from 10.5% to 19.6%

ÅNGS detecting the lowest and FISH the highest rates, particularly when applying 2018 Bc ASCO/CAP

Series of 93 ESCs

Å4% IHC 3+ positivity

Åнр҈ CL{I I9wнκ/9tмт Ǌŀǘƛƻ җнΦл

Åп҈ ƳŜǘ ŀƳǇƭƛŦƛŎŀǘƛƻƴ ŎǊƛǘŜǊƛŀ ōŀǎŜŘ ƻƴ ŎƻǇȅ ƴǳƳōŜǊ җс ǇŜǊ ƴǳŎƭŜǳǎ

Å1 IHC 1+ case amplified by FISH

IHC remains the preferred primary HER2 testing modality, as it allows visual assessment of ITH and 

can be performed or repeated on multiple tissue blocks at a relatively low cost

Klc TR, Wu S, Wilhite AM, Jones NL, Powell MA, Olawaiye A, et al. HER2 in Uterine

Serous Carcinoma: Testing platforms and implications for targeted therapy. Gynecol Oncol.

2022 Nov;167(2):289-294. doi: 10.1016/j.ygyno.2022.09.006.

Robinson CL, Harrison BT, Ligon AH, Dong F, Maffeis V, Matulonis U, et al. Detection of

ERBB2 amplification in uterine serous carcinoma by next-generation sequencing: an

approach highly concordant with standard assays. Mod Pathol. 2021;34:603-612. doi:

10.1038/s41379-020-00695-5.



Clinicalimpactof Guidelines 
(GynvsBr ASCO/CAP2007vs2013vs2018vs Gas ASCO/CAP 2016)



Compare gynecologic (GyC), gastric (GaC), and breast (BrC) criteria 

Overall HER2 -positivity rates

31% by GyC and BrC

35.7% by GaC

Scoring systems significantly differed

69.8% concordance between GaC and GyC (P< 0.001) 

99.2% concordance between BrC and GyC



HER2 IN CLEAR CELL CARCINOMA



Rapid and robustreproducibleassay

FOLR1





Companion Diagnostic

ÅMouse monoclonal anti-FOLR1 clone FOLR1-2.1 for assessment of FOLR1 in FFPE 
epithelial ovarian, fallopian tube, or primary peritoneal cancer tissue specimens 

ÅOptiView DAB IHC Detection Kit - BenchMark ULTRA instrument

ÅFOLR1 expression clinical cut-ƻŦŦ ƛǎ җ тр҈ ǾƛŀōƭŜ ǘǳƳƻǊ ŎŜƭƭǎ ό¢/ύ ǿƛǘƘ ƳŜƳōǊŀƴŜ 
staining at 2+ and/or 3+ intensity

ÅTo identify patients with epithelial ovarian, fallopian tube, or primary peritoneal 
cancer being eligible for ELAHERE (mirvetuximab soravtansine)

VENTANA FOLR1 (FOLR1-2.1) RxDx Assay

Analyzed by a certified pathologist alongside 
histological evaluation, pertinent clinical data, and appropriate controls





VENTANA FOLR1 (FOLR1-2.1) RxDx Assay
Pre-analyticaldetails: 
Specimen types

ÅFFPE
ÅPrimaryovarian, fallopiantube and 

peritonealcancer
ÅArchivalor recenttissuefrom resections, 

excisionsand biopsies
ÅPrimaryand metastaticsites

ÅCytologicalsamples
ÅDecalcifiedmetastaticbone lesions


