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Reporting Template

Protocol Posting Date: December 2024

Select a single response unless otherwise indicated.

CASE SUMMARY: (Gynecologic Biomarker Reporting Template)

TEST(S) PERFORMED

Completion of the template is the responsibility of the laboratory performing the biomarker testing and / or providing the
interpretation. When both testing and interpretation are performed elsewhere (e.g., a reference laboratory), synoptic reporting of the
results by the laboratory submitting the tissue for testing is also encouraged to ensure that all information is included in the patient’s
medical record and thus readily available to the treating clinical team.

Gene names should follow recommendations of The Human Genome Organisation (HUGO) Nomenclature Committee
(www.genenames.org; accessed April 30, 2024).

All reported gene sequence variations should be identified following the recommendations of the Human Genome Variation Society
(http://varnomen.hgvs.org; accessed April 30, 2024).

+Testing Performed on Block Number(s) (specify):

+Specimen Type
____ Biopsy / curettage
____Resection

____ Other (specify):

+Block Fixation and Processing
____ Formalin-fixed, paraffin-embedded
____ Other (specify):

+Appropriate Controls Verified
Yes

No

____ Other (specify):

Immunohistochemical Tests Performed (Note A) (select all that apply)

____ Estrogen Receptor (ER) Status (Note B)
Estrogen Receptor (ER) Status
__ Positive
Percentage of Cells with Nuclear Positivity: %
Average Intensity of Staining
_ Weak
____ Moderate
____Strong
____ Other (specify):
__ Negative (less than 1%)
____Cannot be determined (explain):
+Alternate Scoring System (specify system and result):
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Test Type
__ Food and Drug Administration (FDA) cleared (specify test / vendor):
____Laboratory-developed test
+__ Non-U.S.-based health systems
+__ Health Canada Approved (specify test / vendor):
+_ Other (specify):
Primary Antibody
___SP1
____BFM1
___1D5
___ Other (specify):

___ Progesterone Receptor (PgR) Status (Note B)
Progesterone Receptor (PgR) Status
__ Positive
Percentage of Cells with Nuclear Positivity: %
Average Intensity of Staining
_ Weak
____ Moderate
____ Strong
____ Other (specify):
__ Negative (less than 1%)
____Cannot be determined (explain):
+Alternate Scoring System (specify system and result):
Test Type
____Food and Drug Administration (FDA) cleared (specify test / vendor):
____Laboratory-developed test
+__ Non-U.S.-based health systems
+__ Health Canada Approved (specify test / vendor):
+__ Other (specify):
Primary Antibody
_ 1E2
__ 636
__ 16
_ SP2
___1A6
_ 1294
_ 312
___ Other (specify):

____ HER?2 Status (Note C)
HER2 Scoring System (select all that apply)
____Based on the enroliment criteria for Trastuzumab in the randomized phase I clinical trial
NCT01367002 for endometrial carcinoma
HER2 Status for Trastuzumab Use

# No staining in tumor cells
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____Negative (score 0) for protein overexpression#

## Faint / barely perceptible, incomplete membrane staining in any proportion, or weak complete staining in

less than 10% of tumor cells

____Negative (score 1+) for protein overexpression##

#HH# Strong complete or basolateral / lateral membrane staining in less than or equal to 30%, or weak to

moderate staining in greater than or equal to 10% of tumor cells

____Equivocal (score 2+) for protein overexpression###

#i#H## Strong complete or basolateral / lateral membrane staining in greater than 30% of tumor cells
____Positive (3+) for protein overexpression##H##

____Cannot be determined (explain):
Based on the enrollment criteria for Trastuzumab-deruxtecan in the DESTINY-PanTumor02 phase
Il clinical trial (NCT04482309) for endometrial, cervical or ovarian carcinoma

HER2 Status for Trastuzumab-deruxtecan Use

# Biopsy: No staining in any tumor cells; Surgical specimen: No staining or membrane staining in less than 10%
of tumor cells

____Negative (score 0) for protein overexpression#

## Biopsy: Tumor cell cluster (5 or more tumor cells) with a faint / barely perceptible membrane staining
irrespective of percentage of positive tumor cells; Surgical specimen: Faint / barely perceptible incomplete
membrane staining in greater than or equal to 10% tumor cells

____ Negative (score 1+) for protein overexpression##

##t Biopsy: Tumor cell cluster (5 or more tumor cells) with a weak to moderate, complete, basolateral or lateral
membrane staining irrespective of percentage of positive tumor cells; Surgical specimen: Weak to moderate,
complete, basolateral or lateral membrane staining in greater than or equal to 10% of tumor cells
____Equivocal (score 2+) for protein overexpression###

#HH#HE Biopsy: Tumor cell cluster (5 or more tumor cells) with a strong, complete, basolateral or lateral
membrane staining irrespective of percentage of positive tumor cells; Surgical specimen: Strong, complete,
basolateral or lateral membrane staining in greater than or equal to 10% of tumor cells

____ Positive (3+) for protein overexpression##i#

___ Cannot be determined (explain):

+HER2 Comment:

Test Type

Food and Drug Administration (FDA) cleared (specify test / vendor):
Laboratory-developed test

+__ Non-U.S.-based health systems

+__ Health Canada Approved (specify test / vendor):
+__ Other (specify):

Primary Antibody

4B5

HercepTest
A0485

SP3

EP3

CB11

Other (specify):
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__ Mismatch Repair (MMR) Protein Status (Note D)
Mismatch Repair (MMR) Protein Status (select all that apply)
_ MLH1
Nuclear MLH1 Expression
____Intact
___ Loss
____Subclonal loss
___ Other (specify):
___PMS2
Nuclear PMS2 Expression
__ Intact
____Loss
_____Subclonal loss
___ Other (specify):
_ MSH2
Nuclear MSH2 Expression
__ Intact
____Loss
____Subclonal loss
___ Other (specify):
__ MSHe
Nuclear MSH6 Expression
____Intact
____Loss
____ Subclonal loss
____ Other (specify):
__ Background non-neoplastic tissue / internal control shows intact nuclear expression
__ Cannot be determined (explain):

+Additional Comment:

Immunohistochemistry (IHC) Interpretation for Mismatch Repair (MMR) Proteins# (Note D)
# There are exceptions to these IHC interpretations. These results should not be considered in isolation, and
clinical correlation with genetic counseling is recommended to assess the need for germline testing.

__ Noloss of nuclear expression of MMR proteins: low probability of microsatellite instability-high
(MSI-H) phenotype

____Loss of nuclear expression of MLH1 and PMS2: testing for methylation of the MLH1 promoter is
indicated (the presence of MLH1 methylation suggests that the tumor is sporadic and germline
evaluation is probably not indicated; absence of MLH1 promoter methylation suggests the
possibility of Lynch syndrome, and sequencing and / or large deletion / duplication testing of
germline MLH1 is indicated)

___ Loss of nuclear expression of MSH2 and MSHG6: high probability of Lynch syndrome, genetic
counseling is recommended

___ Loss of nuclear expression of MSH6 only: high probability of Lynch syndrome, genetic counseling
is recommended
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__ Loss of nuclear expression of PMS2 only: high probability of Lynch syndrome, genetic counseling
is recommended

____Subclonal loss of nuclear expression of MMR protein(s) (specify):

__ Other (specify):

____p53 Status (Note E)

p53 Status

____Normal (wild-type) expression

____Abnomal (mutated) expression
____ Overexpression (strong, diffuse nuclear expression)
____Null (complete lack of nuclear and cytoplasmic expression; internal positive control present)
____ Cytoplasmic staining (with or without nuclear expression)

__ Subclonal abnormal (mutated) expression
____Overexpression (strong, diffuse nuclear expression)
___Null (complete lack of nuclear and cytoplasmic expression; internal positive control present)
____ Cytoplasmic staining (with or without nuclear expression)

___ Other (specify):

____Cannot be determined (explain):

____ PD-L1 Status (Note F)
PD-L1 Status
____ Combined Positive Score (CPS): PD-L1 expression (greater than or equal to 1)
__ Combined Positive Score (CPS): No PD-L1 expression (less than 1)
___ Other (specify):
____Cannot be determined (explain):
+Alternate Scoring System (specify system and result):
Test Type
____Food and Drug Administration (FDA) cleared (specify test / vendor):
____Laboratory-developed test
+__ Non-U.S.-based health systems
+__ Health Canada Approved (specify test / vendor):
+__ Other (specify):
Primary Antibody
__22C3 pharmDx
____ Other (specify):

____Folate Receptor Alpha Status (Note G)
Folate Receptor Alpha Status
__Positive (greater than or equal to 75% viable tumor cells with moderate to strong membrane

staining)
___Negative (less than 75% of viable tumor cells with moderate to strong membrane staining, weak
staining in any proportion of tumor cells or no staining)
__Cannot be evaluated (artifacts precluding interpretation):
____ Other (specify):
+Alternate Scoring System (specify system and result):
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Test Type
__ Food and Drug Administration (FDA) cleared (specify test / vendor):
____Laboratory-developed test
+__ Non-U.S.-based health systems
+__ Health Canada Approved (specify test / vendor):
+_ Other (specify):
Primary Antibody
____ FOLR1 RxDx Assay
____ Other (specify):

ADDITIONAL TESTS PERFORMED

+HER2 by in situ Hybridization (Note C)
"Number of Observers" and "Number of Tumor Cells Counted" are required only when Negative or Positive is selected.
__Negative (not amplified)
____ Positive (amplified)
__ Cannot be determined (explain):
____ Not performed
____Pending
Number of Observers (required only if applicable):
Number of Tumor Cells Counted (required only if applicable): cells
Method (required only if applicable) (select all that apply)
____Not applicable (not performed)
____ Dual probe assay
+Average Number of HER2 Signals per Cell:
+Average Number of CEP17 Signals per Cell:
+HER2 / CEP17 Ratio:
____Single probe assay
+Average Number of HER2 Signals per Cell:
+Aneusomy (as defined by vendor kit used)
____ Not identified
__ Present (explain):
+Heterogeneous Signals
____ Not identified
____ Present
+Percentage of Cells with Amplified HER2 Signals
____ Specify percentage: %
__ Other (specify):
____Cannot be determined
Test Type
__ Food and Drug Administration (FDA) cleared (specify test / vendor):
__ Laboratory-developed test
+__ Non-U.S.-based health systems
+__ Health Canada Approved (specify test / vendor):
+__ Other (specify):
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+Microsatellite Instability (MSI) Interpretation (Note H)
The presence of MSI-H / mismatch repair deficient phenotype may also be an indication for additional testing for Lynch syndrome
and genetic counselling.

___ MSI-Stable (MSS)
____ MSI-Low (MSI-L)
Select all that apply
+__ 1-29% of the markers exhibit instability
+ 1 of the 5 National Cancer Institute (NCI) or mononucleotide markers exhibits instability
+_ Other (specify):
____MSI-High (MSI-H)
Select all that apply
+___ Greater than or equal to 30% of the markers exhibit instability
+ 2 ormore of the 5 National Cancer Institute (NCI) or mononucleotide markers exhibit instability
+__ Other (specify):
__ Cannot be determined (explain):
____Pending
Test Type
____Food and Drug Administration (FDA) cleared (specify test / vendor):
____Laboratory-developed test
+__ Non-U.S.-based health systems
+_ Health Canada Approved (specify test / vendor):
+___ Other (specify):

+MLH1 Promoter Methylation Analysis (Note 1)
____MLH1 promoter methylation present
+Specify Percentage of Methylation: %
____MLH1 promoter methylation absent
__Cannot be determined (explain):
____Pending
Test Type
__ Food and Drug Administration (FDA) cleared (specify test / vendor):
____Laboratory-developed test
+__ Non-U.S.-based health systems
+__ Health Canada Approved (specify test / vendor):
+___ Other (specify):

+lmage Analysis
___ Not performed
____ Performed
Biomarkers Scored by Image Analysis (select all that apply)
____HER2by ISH
____HER2 by IHC
__PgR
___ER
____PD-1
____Folate receptor alpha
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Test Type
__ Food and Drug Administration (FDA) cleared (specify test / vendor):
____Laboratory-developed test
+__ Non-U.S.-based health systems
+__ Health Canada Approved (specify test / vendor):
+_ Other (specify):
____ Other (specify):

COMMENTS

Comment(s):

10
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Explanatory Notes

A. Biomarker Testing in Gynecologic Carcinomas

Biomarker testing in gynecologic malignancies is an evolving practice with numerous candidates under
investigation for targeted therapies.’2 Many of these markers have a major role in the diagnostic
assessment of tumor type. Only a few have been incorporated in clinical guidelines or recommendations.
Thus, this protocol only includes biomarkers of prognostic and/or therapeutic significance. The American
Society of Clinical Oncology and the College of American Pathologists (ASCO/CAP) guidelines for breast
cancer tissue ischemia and fixation for testing ER, PgR, and HER2 have been proposed for gynecologic
tumors and may be adopted but are not currently required.34

References

1. Wong RW, Cheung ANY. Predictive and prognostic biomarkers in female genital tract tumours:
an update highlighting their clinical relevance and practical issues. Pathology. 2024;56(2):214-
227.

2. Vrede SW, van Weelden WJ, Visser NCM, et al. Inmunohistochemical biomarkers are prognostic
relevant in addition to the ESMO-ESGO-ESTRO risk classification in endometrial cancer. Gynec
Oncol. 2021;161;787-794.

3. Allison KH, Hammond MEH, Dowsett M, et al. Estrogen and progesterone receptor testing in
breast cancer: American Society of Clinical Oncology/College of American Pathologists guideline
update. Arch Pathol Lab Med. 2020;144(5):545-563.

4. Wolff AC, Somerfield MR, Dowsett M, et al. Human Epidermal Growth Factor Receptor 2 testing
in breast cancer: ASCO-College of American Pathologists guideline update. J Clin Oncol.
2023;41(22):3867-3872.

B. ER and PgR Immunohistochemistry
Hormone receptor expression has prognostic and predictive significance.2 Although recording specific
preanalytic and analytic variables recommended for breast cancer is not currently required for
gynecologic neoplasms, appropriate positive and negative controls should be used and evaluated.2 There
are many variables that can affect test results, and the assays must be validated to ensure their accuracy.
In the endometrium, non-neoplastic endometrial glands, endometrial stroma, or myometrium may serve
as internal positive control. If internal control cells are not present, the test should be repeated on another
specimen containing internal control cells (if available). Reasons for false-negative results include the
following variables that may result in diminished or lost immunoreactivity:

o Exposure of tumor cells to heat (e.g., cauterization during surgery).

e Prolonged cold ischemic time.

e Under- or over-fixation (less than 6 hours or over 72 hours); fixation for at least 6 hours but

no more than 72 hours in buffered formalin is therefore recommended.
o Type of fixative: hormone receptors are degraded in acidic fixatives such as Bouin’s and B-5;
formalin should be buffered to ensure pH range between 7.0 and 7.4.

¢ Non-optimized antigen retrieval or use of (weeks) old tissue sections.

e Type of antibody.

e Decalcification.

o Dark hematoxylin counterstain obscuring faint diaminobenzidine staining.
False-positive results occur less frequently. Rare reasons include the use of an impure and/or polyclonal
antibody that cross-reacts with another antigen or misinterpretation of entrapped normal or hyperplastic
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cells as neoplastic cells. False-positive tests can also be generated by image analysis devices that
mistakenly count overstained nuclei or non-neoplastic cells.

Reporting Guidelines

There are currently no outcome-driven consensus recommendations that have been developed for the
reporting of the results of estrogen receptor (ER) and progesterone receptor (PgR) immunohistochemistry
(IHC) for endometrial or other gynecologic cancers. In the absence of robust data, the CAP recommends
using a modified reporting format similar to the American Society of Clinical Oncology and the College of
American Pathologists (ASCO/CAP) guidelines for breast cancer (Table 1).2

A uniform reporting scheme using the proportion of positive cells as well as the intensity of
immunoreactivity is recommended:

e The number of positive tumor cells, reported as a percentage or within discrete categories (e.g.,
10-20%).

e Staining intensity, denoting the degree of nuclear positivity (i.e., weak to strong). The intensity
can be affected by the amount of protein present, as well as the antibody used and the antigen
retrieval system. Most cancers show heterogeneous immunoreactivity with variable staining
intensity.

Table 1. Reporting Results of Estrogen Receptor (ER) and Progesterone Receptor (PgR) Testing
by Immunohistochemistry (IHC)

Result Criteria Comments

Positive Immunoreactive tumor cells present The percentage of immunoreactive cells may be determined
(greater than or equal to 1%) by visual estimation or quantitation. Quantitation should be
showing nuclear staining provided by reporting the percentage of positive cells in the

entire section. If there is significant regional variation, that

. o -
Negative Less than 1% immunoreactive tumor should also be reported

cells present

References

1. Guan J, Xie L, Luo X, et al. The prognostic significance of estrogen and progesterone receptors
in grade | and Il endometrioid endometrial adenocarcinoma: hormone receptors in risk
stratification. J Gynecol Oncol. 2019; 30(1):e13.

2. Jrezak KJ, Duska L, MacKay HJ. Endocrine therapy in endometrial cancer: an old dog with new
tricks. Gynecol Oncol. 2019; 153(1):175-183.

3. Allison KH, Hammond MEH, Dowsett M, et al. Estrogen and progesterone receptor testing in
breast cancer: American Society of Clinical Oncology/College of American Pathologists guideline
update. Arch Pathol Lab Med. 2020;144(5):545-563.

C. HER2 (ERBB2) Testing

The HER2 (ERBB2) gene is located on chromosome 17 and codes for a tyrosine kinase receptor from the
epidermal growth factor receptor (EGFR) family. This protein is critical in signaling pathways that regulate
cell division, proliferation, differentiation, and apoptosis. HER2 protein overexpression and/or gene
amplification has been reported in 30% of endometrial serous carcinomas, 16% of carcinosarcomas, and
48% of clear cell carcinomas.l:2345 HER2 status appears to be associated with abnormal p53
expression.’# Thus, the current National Comprehensive Cancer Network Guidelines recommend HER2
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testing in endometrial serous carcinomas and carcinosarcomas, and considering testing for all p53-
abnormal carcinomas irrespective of histotype.®

HER2-directed therapy with trastuzumab is standard of care for HER2-positive unresectable or metastatic
cancers of the breast and gastrointestinal tract. In addition, trastuzumab in combination with
chemotherapy has been shown to improve progression-free survival (PFS) and overall survival (OS) in
HER2-positive advanced stage and recurrent endometrial serous carcinomas in a randomized phase Il
clinical trial NCT01367002.28 Based on the patient enrollment criteria in this trial, a highly reproducible
endometrial cancer-specific HER2 testing algorithm was proposed, which is based on the 30% cut-off for
HER2 protein overexpression by immunohistochemistry (IHC).219Y This testing algorithm has 98%
concordance with the latest American Society of Clinical Oncology/College of American Pathologists
(ASCO/CAP) guidelines for breast cancer for final HER2 status.1213 Unlike the patterns seen in breast
carcinoma, HER2 staining in endometrial carcinoma is often lateral or basolateral and spares the apical
portion of the tumor cells.5210 Heterogeneous staining is frequently seen denoting at least two degree
difference in staining intensity in more than 5% of the tumor.2314 |n the absence of alterative conclusive
data, for determining trastuzumab eligibility, CAP suggests reporting results of HER2 testing using the
enrollment criteria for the clinical trial NCT01367002 (Table 2).

Table 2. Reporting Results of HER2 Testing by Immunohistochemistry (IHC) for Trastuzumab Use
Based on the Enrollment Criteria for the Phase Il Clinical Trial NCT0136700278.9.10.11

Result Criteria

Negative (Score 0) No staining observed

Negative (Score 1+) Incomplete membrane staining that is faint/barely perceptible in any proportion of cells,
or
Weak complete staining in less than 10% of tumor cells

Equivocal (Score 2+)" Intense complete or basolateral/lateral membrane staining in 30% or less tumor cells,
or
Weak to moderate staining in greater than or equal to 10% of tumor cells

Positive (Score 3+) Intense complete or basolateral/lateral membrane staining in over 30% of tumor cells

* Must order reflex in situ hybridization test (same specimen).

Metastatic breast cancer with low expression of HER2 (defined as a IHC score of 1+ or score of 2+ with
negative in situ hybridization) as well as those with weak incomplete HER2 expression in less than 10%
of tumor cells can be treated with trastuzumab-deruxtecan (T-DXd), an antibody-drug conjugate (ADC).
HER2-positive solid tumors, including gynecologic tumors, often progress on standard therapy and have
a poor prognosis. The DESTINY-PanTumor02 trial (NCT04482309) recently showed that T-DXd improves
PFS and OS in patients with multiple tumor types, with IHC 3+ tumors exhibiting the greatest benefit. The
highest objective response rates were observed in gynecologic carcinomas among all tumor types (57.5%
for endometrial, 50.0% for cervical, 45.0% for ovarian).’> The enrollment criteria for this trial used
guidelines for HER2 testing in gastric cancer and included tumors with 3+ or 2+ HER2 IHC scores,
without considering HER2 gene amplification status.’>16 Based on these findings, in April 2024, the Food
and Drug Administration (FDA) granted a “tumor agnostic” accelerated approval to T-DXd for adult
patients with unresectable or metastatic solid tumors with 3+ HER2 IHC expression who have failed prior
systemic treatment and have no satisfactory altemative therapeutic options. Thus, determining T-DXd
eligibility would require only HER2 IHC with the application of gastric cancer specific criteria, without
determining gene amplification status in IHC 2+ tumors (Table 3).
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In addition, STATICE trial demonstrated that T-DXd is effective in carcinosarcomas, with an objective
response rate of 54.5% in cases with IHC scores of at least 2+ and 70% in cases with IHC 1+
scores.)” Preliminary results of other clinical trials have also show promising results of other ADCs in
advanced/metastatic solid tumors, including endometrial cancer. However, given the limited data
available for HER2-low gynecologic cancers to date, reporting low levels of HER2 expression in
gynecologic tumors is not required at this time.

A concordance of 84% has been shown in final HER2 status between biopsy/curettings and hysterectomy
specimens.’® HER2 testing may be performed on either biopsy/curettings or hysterectomy specimens.
However, HER2 testing of multiple specimens (biopsy/curetting, hysterectomy, metastatic sites) is
encouraged in order to increase the rate of HER2 positivity and patient eligibility for targeted therapy.1®

Table 3. Reporting Results of HER2 Testing by Immunohistochemistry (IHC) for Trastuzumab-
Deruxtecan Use Based on the Enrollment Criteria for the DESTINY-PanTumor02 trial
(NCT04482309)5-1

Result

Criteria for Surgical Specimens

Criteria for Biopsy Specimens

Negative (Score 0)

No staining or membrane staining in
less than 10% of tumor cells

No staining in any tumor cells

Negative (Score 1+)

Faint/barely perceptible incomplete
membrane staining in greater than or
equal to 10% tumor cells

Tumor cell cluster* with a faint/barely perceptible
membrane staining irrespective of percentage of
positive tumor cells

Equivocal (Score 2+)

Weak to moderate, complete,
basolateral or lateral membrane
staining in greater than or equal to
10% of tumor cells

Tumor cell cluster* with a weak to moderate,
complete, basolateral or lateral membrane
staining irrespective of percentage of positive
tumor cells

Positive (Score 3+)

Strong, complete, basolateral or
lateral membrane staining in greater
than or equal to 10% of tumor cells

Tumor cell cluster* with a strong, complete,
basolateral or lateral membrane staining
irrespective of percentage of positive tumor cells

*Tumor cell cluster denotes 5 or more tumor cells

Given the potential need for rescoring the HER2 expression depending on the clinical indication, the
percentage of tumor cells with strong complete or basolateral/lateral membrane staining may be reported,
in addition to the overall HER2 IHC result.

HER2 Testing by In Situ Hybridization

Tumors with equivocal (2+) IHC scores are reflexed to fluorescent in situ hybridization (FISH). For
trastuzumab use, a HER2/CEP17 ratio of 22.0 or a ratio of <2.0 and an average HER2 copy number of
26.0 per nucleus is considered positive for HER2 (ERBBZ2) gene amplification, similar to breast cancer
(Table 4).21912 Heterogeneity at the genetic level has been reported. A subset of tumor cells with gene
amplification may be seen as group(s) of 20 or more cells (cluster amplification) or as isolated tumor cells
(mosaic amplification).24 FISH signals should be counted in at least 20 contiguous tumor cells in
conjunction with the highest protein expression by IHC. Heterogeneity in HER2 amplification should be
reported when present.

As stated above, since the DESTINY-PanTumor02 trial was based solely on HER2 status by IHC and did
not include FISH results for equivocal (2+) cases, FISH is not currently indicated in tumors being tested
for T-DXd eligibility.
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Table 4. Reporting Results of HER2 Testing by Dual-probe Fluorescence In Situ Hybridization
(FISH) for Trastuzumab Use?210

Result

Criteria (Dual-Probe Assay)

Negative

e FISH HER2/CEP17 ratio less than 2.0, and
e Average HERZ2 copy number less than 6 per nucleus

Positive

e FISH HER2/CEP17 ratio greater than or equal to 2.0, or
e FISH HER2/CEP17 ratio less than 2.0 with average HER2, copy number equal to or greater
than 6 per nucleus
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D. Mismatch Repair Immunohistochemistry Testing

Mismatch repair (MMR) testing may be performed for diagnostic, screening, prognostic, and therapeutic
purposes. MMR-deficiency would favor endometrioid or clear cell carcinoma depending on the differential
diagnosis. Approximately 30% of all endometrial carcinomas, 14% of ovarian endometrioid carcinomas,
and 6% of ovarian clear cell carcinomas are MMR-deficient. Lynch syndrome accounts for 5-6% of
endometrial and 1% of ovarian carcinomas. Lynch syndrome screening can be performed by universal
MMR testing of all endometrial carcinomas (including carcinosarcoma), and endometriosis associated
extrauterine carcinomas, such as endometrioid and clear cell carcinomas. Immunohistochemistry (IHC)
for MMR proteins and p53 (see Note E) has been included in the diagnostic algorithm for the integrated
histomolecular classification of endometrial carcinoma by the World Health Organization to identify
molecular subtypes that have prognostic significance.! In addition, patients with MMR-deficient
endometrial carcinoma are eligible for immune checkpoint inhibitors.2

Universal screening for Lynch syndrome may be performed using different algorithms incorporating MMR
IHC and/or polymerase chain reaction (PCR) testing for microsatellite instability (MSI) in formalin-fixed,
paraffin-embedded tumor tissue (see Note H for MSI testing).24 MMR proteins work in dimers — loss of
MLH1 expression leads to loss of MLH1 and PMS2, while loss of MSH2 expression leads to loss of MSH2
and MSH6. Although staining for all 4 MMR proteins (MLH1, PMS2, MSH2, MSHG6) is the standard, a two-
antibody testing algorithm (PMS2 and MSH6 only) has been validated in a recent meta-analysis and can
be used in certain circumstances (e.g., limited tumor tissue) or when desired.2

MMR IHC is reported as intact expression, loss of expression, or subclonal loss of expression. Intact
(normal) expression of MMR proteins is nuclear staining with similar or stronger intensity compared with
the background intemal control cells (endometrial stromal cells, smooth muscle cells, non-neoplastic
epithelial cells, inflammatory cells). Loss of expression denotes absence of nuclear staining in tumor
cells and should only be reported if internal control cells are positive.8” Subclonal loss of MMR protein
expression occurs when there are discrete areas of tumor with complete loss of nuclear expression
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adjacent to tumor cells with retained expression. It should be distinguished from patchy staining that can
be seen in cases of intact expression. Subclonal loss of MLH1/ PMS2 and MSH6 expression has been
described in 7% of endometrial endometrioid carcinomas and may be due to epigenetic silencing such as
MLH1 promoter methylation or POLE mutations.®€ Subclonal loss may rarely occur in Lynch syndrome
associated endometrial carcinomas;2 therefore, it is important not to regard any positive nuclear staining
as intact expression.

Interpretation of MMR IHC may be affected by technical variables as well as the pathologist's training and
experience level. Missense mutations in MMR genes may result in intact IHC expression due to a non-
functional protein product. Aberrant expression pattems include cytoplasmic, nucleolar, or punctate
nuclear staining, and should not be interpreted as intact expression.#

Patients with pattems reflecting a high likelihood of Lynch syndrome should be referred to genetic
counseling. No loss of nuclear expression of MMR proteins indicates a low probability of MSI-high
phenotype. Loss of DNA MMR protein expression is may be due to MLH71 promoter methylation or
mutation (either germline or somatic) in one of the MMR genes.21% The pattern of specific MMR protein
loss will help identify which gene is most likely to have a mutation (e.g., a patient whose tumor shows loss
of MSH2 and MSH6 expression, but retention of MLHT1 and PMS2 expression, may have an MSH2
germline mutation). Loss of nuclear expression of MLH7 and PMS2 should be triaged for MLH1 promoter
methylation studies. The presence of MLH1 promoter methylation suggests a sporadic tumor rather than
a germline mutation, and further gemmline testing is likely not indicated. Absence of MLH1 promoter
methylation suggests Lynch syndrome and sequencing and/or large deletion/duplication testing of
gemline MLH1 is indicated.!* Loss of nuclear expression of MSH2 and MSHS, isolated loss of MSH6 or
PMS2 all have a high probability of Lynch syndrome and genetic counseling should be considered.
Subclonal loss of MMR expression should also be reported along with the most likely explanation (if
known, e.g. POLE mutation).

The College of American Pathologists in Collaboration with the Association for Molecular Pathology and
Fight Colorectal Cancer published guidelines for the use of MMR and MSI testing as immunotherapeutic
predictor: a) To determine eligibility of endometrial cancer patients for immune checkpoint inhibitor
therapy, MMR [HC is preferred over MSI testing by PCR or next generation sequencing (strong
recommendation); and b) To determine eligibility of cancer types other than colorectal, gastroesophageal,
small bowel, and endometrial carcinomas, the optimal approach for the detection of MMR defects has not
been established (conditional recommendation).1212 In addition, Society for Immunotherapy of Cancer
(SITC) clinical practice guideline also recommends MMR IHC as first line immunotherapy biomarker for
endometrial carcinoma. The preference of MMR IHC is related to accessibility, relatively low cost, and
the ability to identify the specific MMR protein that is deficient.?

17



CAP

Gynecologic.Bmk_1.2.0.0.REL_CAPCP

Approved

References

1.

10.

11.

12.

13.

14.

Matias-Guiu X, Oliva E, McCluggage WG, et al. Tumours of the uterine corpus. In. WHO
Classification of Tumours Editorial Board. Female genital tumours [Internet]. Lyon (France):
International Agency for Research on Cancer; 2020 [cited 2020 Nov 20]. (WHO classification of
tumours series, 5th ed,; vol. 4). Available from:
https://tumourclassification.iarc.who.int/chapters/34

Casey L, Singh N. POLE, MMR, and MSI testing in endometrial cancer: proceedings of the
ISGyP Companion Society session at the USCAP 2020 annual meeting. Int J Gynecol Pathol.
2020;40(1):5-16.

McConechy MK, Talhouk A, Li-Chang HH, et al. Detection of DNA mismatch repair (MMR)
deficiencies by immunohistochemistry can effectively diagnose the microsatellite instability (MSI)
phenotype in endometrial carcinomas. Gynecol Oncol. 2015; 137(2):306-310.

Buza N. Immunohistochemistry in gynecologic carcinomas: Practical update with diagnostic and
clinical considerations based on the 2020 WHO classification of tumors. Semin Diagn Pathol.
2022;39(1):58-77.

Aiyer KTS, Doeleman T, Ryan NA, et al. Validity of a two-antibody testing algorithm for mismatch
repair deficiency testing in cancer; a systematic literature review and meta-analysis. Mod Pathol.
2022;35(12):1775-1783.

Watkins JC, Nucci MR, Ritterhouse LL, et al. Unusual mismatch repair immunohistochemical
pattems in endometrial carcinoma. Am J Surg Pathol. 2016;40(7):909-916.

Stelloo E, Jansen AML, Osse EM, et al. Practical guidance for mismatch repair-deficiency testing
in endometrial cancer. Ann Oncol. 2017;28:96-102.

Mendoza RP, Wang P, Schulte JJ, et al. Endometrial carcinomas with subclonal loss of mismatch
repair proteins: a clinicopathologic and genomic Study. Am J Surg Pathol. 2023; 47(5):589-598.
Ligtenberg MJ, Kuiper RP, Chan TL, et al. Heritable somatic methylation and inactivation of
MSH2 in families with Lynch syndrome due to deletion of the 3’ exons of TACSTD1. Nat Genet.
2009; 41(1):112-117.

Geurts-Giele WR, Leenen CH, Dubbink HJ, et al. Somatic aberrations of mismatch repair genes
as a cause of microsatellite-unstable cancers. J Pathol. 2014;234(4):548-559.

Niessen RC, Hofstra RM, Westers H, et al. Germline hypermethylation of MLH1 and EPCAM
deletions are a frequent cause of Lynch syndrome. Genes Chromosomes Cancer.
2009;48(8):737-744.

Bartley AN, Mills AM, Konnick E, et al. Mismatch repair and microsatellite instability testing for
immune checkpoint inhibitor therapy: Guideline from the College of American Pathologists in
collaboration with the Association for Molecular Pathology and Fight Colorectal Cancer. Arch
Pathol Lab Med. 2022;146(10):1194-1210.

Vikas P, Messersmith H, Compton C, et al. Mismatch repair and microsatellite instability testing
for immune checkpoint inhibitor therapy: ASCO endorsement of College of American Pathologists
Guideline. J Clin Oncol. 2023;41(10):1943-1948.

Disis ML, Adams SF, Bajpai J, et al. Society for Immunotherapy of Cancer (SITC) clinical practice
guideline on immunotherapy for the treatment of gynecologic cancer. J Immunother Cancer.
2023;11(6):e006624. Erratum in: J Immunother Cancer. 2023;11(6):1.

E. p53 Status
p53 is a tumor suppressor protein that regulates cell proliferation, DNA repair, apoptosis, and genetic
stability. Inactivation of p53 occurs through mutations of TP53 or deactivation of p53 through binding
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proteins (e.g., expression of the E6 oncoprotein from high-risk human papillomavirus), resulting in
dysregulated growth. Mutations result in abnormal protein expression that can be detected by
immunohistochemistry (IHC). A p53 immunostain may be performed in endometrial carcinomas for
histotyping or molecular subtyping, ovarian carcinomas, granulosa cell tumors with high-grade
transformation, mesenchymal tumors, and vulvar intraepithelial lesions and squamous cell carcinomas.2

The latest edition of the World Health Organization classification of female genital tumors has included
p53 status into its diagnostic algorithm for the integrated histomolecular classification of endometrial
carcinoma.2 The Cancer Genome Atlas (TCGA) identified four distinct molecular subtypes of endometrial
carcinoma with significant differences in progression-free survival: 1) POLE mutant (ultramutated); 2)
Microsatellite instability high (MSI-H; hypermutated); 3) Copy number low; and 4) Copy number
high.# POLE mutated tumors have a favorable prognosis, copy number high (TP53 mutated) tumors have
a poor prognosis, while MSI-H and copy number low tumors exhibit an intermediate clinical behavior. A
diagnostic algorithm using surrogate IHC markers has been validated in subsequent studies and includes
IHC for p53 and mismatch repair (MMR) proteins, and POLE mutation analysis.28Z In contrast to MMR
and p53 IHC, limited availability of POLE mutation analysis hinders the universal adoption of this
algorithm.

TP53 mutations are identified in most adnexal high-grade serous carcinomas, endometrial serous
carcinomas and carcinosarcomas, as well as a subset of endometrioid (up to 5% of low-grade and 20% of
high-grade) carcinomas, clear cell carcinomas (at least 30%) and un-/dedifferentiated carcinomas
(approximately 31%).1:8 An abnormal (mutated) IHC pattern serves as a surrogate marker for TP53 gene
mutation status. The abnormal pattems are:1:22 1) Overexpression (diffuse, strong nuclear positivity) in at
least 80% of tumor cells due to a missense mutation; 2) Null-type (complete absence of nuclear and
cytoplasmic reactivity) arise due to a variety of mechanisms, including insertions, deletions, nonsense or
frameshift mutations of the TP53 gene. It is important to ensure that internal positive control cells
(lymphocytes, non-neoplastic cells) are present and show staining; 3) Cytoplasmic staining with or without
nuclear reactivity, often resulting from a mutation at the nuclear localization domain that does not allow
p53 to enter the nucleus efficiently, thereby resulting in loss of function.

The nomal or “wild-type” pattern of reactivity denotes nuclear staining of varying intensity, usually in
association with non-mutated TP53 gene. Of note, 4% of high-grade serous carcinomas have been
shown to display wild-type p53 pattern by IHC while harboring a loss of function mutation in the TP53
gene.’® To prevent confusion, p53 IHC expression should be reported as normal (wild-type) or abnormal
with the pattem of abnormal expression in parenthesis (Table 5).12 TP53 gene mutation status can also
be specified if known.

Subclonal abnormal p53 pattem has been described in up to 21% of endometrial carcinomas, usually
suggesting a secondary mutational event in the setting of MMR-deficiency or POLE mutations.2 In
addition, subclonal abnormal p53 pattern may indicate a mixed (serous and endometrioid, or serous and
clear cell) carcinoma. Correlation between the p53 protein expression and morphologic features can help
identify a mixed carcinoma. Ovarian mucinous borderline tumors and mucinous carcinomas may also
show subclonal abnormal pS3 pattern or intratumoral heterogeneity, with abnormal overexpression seen
in the basal layer of the neoplastic glands while sparing superficial areas (“terminal differentiation”
pattem).12
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Accuracy of p53 IHC may be impacted by a number of variables. There are interlaboratory differences in
p53 IHC protocols, with the D07 clone showing the best performance and a high interobserver
agreement.l? Although experts have a high agreement for p53 IHC interpretation in biopsy
samples® trainees and less experienced pathologists may need to familiarize themselves with the
abnormal expression patterns. Lastly, p53 IHC may be significantly affected by non-optimized antigen
retrieval, use of archival (weeks old) tissue sections, poor fixation, or other variables. On the other hand,
some tumors may show staining that is significantly enhanced above background but failing to meet
threshold for overexpression. In cases of ambiguous p53 IHC expression, both biopsy and hysterectomy
specimens may be tested, and TP53 gene sequencing may be considered.!!

P53 IHC interpretation in vulvar squamous precursor lesions and invasive carcinomas is described in the
Protocol for the Examination of Specimens from Patients with Primary Carcinoma of the Vulva.

Table 5. Reporting Results of p53 Status by Immunohistochemistry (IHC)

Result Criteria

Wild-type expression Nuclear staining of varying intensity admixed with negative nuclei
Abnormal (mutated) expression patterns

Abnormal expression Diffuse, strong nuclear positivity in at least 80% of tumor cells
(overexpression)

Abnormal expression (null- Complete absence of nuclear and cytoplasmic reactivity in tumor cells (with
type) satisfactory internal positive control)

Abnormal expression Cytoplasmic staining that may be accompanied by nuclear reactivity
(cytoplasmic)

Subclonal abnormal Abnormal expression (any of the above) in a subset of tumor cells
expression
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F. PD-L1 Immunohistochemistry

Immunotherapy with immune checkpoint inhibitors can be effective in patients with cervical and
endometrial carcinomas.234 Based on the results of KEYNOTE 158 (NCT02628067) trial, in 2018 the
Food and Drug Administration (FDA) approved pembrolizumab for PD-L1 expressing recurrent or
metastatic cervical cancer with disease progression on or after chemotherapy.

To determine eligibility for immunotherapy in cervical cancer patients, PD-L1 immunohistochemistry (IHC)
is performed using the FDA-approved 22C3 pharmDx Kit (Agilent Technologies, Santa Clara, CA) on the
Dako Autostainer (Dako, Carpinteria, CA). PD-L1 is reported using the Combined Positive Score (CPS)
(Table 6). Specimen adequacy requires a minimum of 100 viable tumor cells in a slide. The CPS is
determined by dividing the total number of PD-L1 positive cells (tumor cells and immune cells, including
lymphocytes and macrophages) by the total number of viable tumor cells and multiplying it by 100. The
maximum CPS is defined as 100.2 PD-L1 expression is evaluated and averaged in the entire tumor area,
rather than hot spots. In order to capture focal expression, 20x objective should be used. PD-L1 positive
cells include tumor cells with membrane staining of any intensity and immune cells with either membrane
or cytoplasmic staining. Only tumor associated (either intra- or peritumoral, including lymphoid
aggregates) immune cells are counted. Stromal cells, neutrophils and plasma cells should be excluded.
Using the cut-off of CPS 21, up to 82% of cervical carcinomas are PD-L1 positive.%8 Experienced
gynecologic pathologists have been shown to achieve substantial interobserver agreement in the
interpretation of PD-L1 CPS.?
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Table 6. Reporting Results of PD-L1 Testing by Inmunohistochemistry (IHC)

Result Criteria Comments

PD-L1 CPS 21 e CPS (Combined Positive Score) = Total number of PD-L1 positive cells (tumor

expression cells and immune cells, including lymphocytes and macrophages) divided by
the total number of viable tumor cells, multiplied by 100.

No PD"j1 CPS <1 e Evaluate a minimum of 100 viable tumor cells in a slide.

expression o Evaluate and average PD-L1 staining in the entire tumor area (instead of hot
spots).

e Use 20x objective.

e  Count tumor cells with membrane staining of any intensity and immune cells
with either membrane or cytoplasmic staining.

e  Count only tumor associated (either intra- or peritumoral, including lymphoid
aggregates) immune cells.

e  Exclude stromal cells, neutrophils and plasma cells.

PD-L1 testing may also be requested on vulvar and endometrial cancers. Up to 50% of vulvar cancers
express PD-L1. Although there is no current FDA approval, there has been some response in case
reports,2and the current National Comprehensive Cancer Network Guidelines recommend
pembrolizumab is a second-line, useful in certain circumstances option for PD-L1-expressing or mismatch
repair (MMR)-deficient / microsatellite instability high (MSI-H) advanced or recurrent / metastatic vulvar
cancer.2 For previously treated patients with recurrent or metastatic vulvar or vaginal squamous cell
carcinoma, Society for Immunotherapy of Cancer (SITC) also recommends second-line treatment with
pembrolizumab (tumors with PD-L1 expression, high tumor mutational burden, MMR-deficiency or MSI-H
status) or nivolumab (human papillomavirus associated tumors).1°

In endometrial cancer patients, PD-L1 testing is not required as eligibility for immunotherapy is
determined based on MMR/MSI status. Approximately 80% of endometrial cancers are positive for PD-1
and PD-L1 expression, with increased PD-L1 expression in MMR-deficient tumors.112 PD-L1 testing can
be considered for patients with normal MMR/MSI results.
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G. Folate Receptor Alpha Immunohistochemistry

Folate, a naturally occurring form of vitamin B9, is essential in DNA synthesis, repair, and methylation.
One of the ways folate can be transported across the cellular membrane is folate receptors. The alpha
isoform, folate receptor alpha (FOLR1) and folate have an important role in carcinogenesis. Growing
evidence suggests that FOLR1 is overexpressed in a variety of solid tumors, including ovarian, fallopian
tube and endometrial cancers.™2 In contrast, normal tissues only show low levels of FOLR1 expression
(e.g., apical surfaces of some organs such as the kidney, lung and choroid plexus).2

In ovarian and other solid tumors, high FOLR1 expression has been shown to predict resistance to
chemotherapy. Mirvetuximab soravtansine-gynx (MIRV) is a conjugate of a FOLR1-directed antibody and
the maytansinoid microtubule inhibitor, DM4. Pre-clinical and clinical data first showed variable efficacy of
MIRV in FOLR1-positive tumors (promising results in a phase | expansion study in 2017, and lack of
significant benefit in the phase Il FORWARD | study).2® After exploring MIRV only in tumors with high
levels of FOLR1 using a different assay in the latter study, the phase || SORAYA trial supported the use
of MIRV in this setting,® which lead to accelerated approval of MIRV by the Food and Drug Administration
(FDA) in November 2022 for patients with FOLR1-positive platinum-resistant epithelial ovarian, fallopian
tube, or primary peritoneal cancer who have received 1-3 prior systemic treatment regimens. There are
several ongoing trials, including the MIRASOL, FORWARD Il, MIROVA and others.” The National
Comprehensive Cancer Network Guidelines currently recommend MIRV in FOLR1-expressing recurrent
platinum-resistant disease as a single agent or useful in certain circumstances in combination with
bevacizumab, as well as in FOLR1-expressing recurrent platinum-sensitive disease useful in certain
circumstances.?

The FDA approved the VENTANA FOLR1 (FOLR-2.1) RxDx Assay (VENTANA Medical Systems, Roche
Tissue Diagnostics) as a companion diagnostic test to select patients for MIRV. This qualitative
immunohistochemical (IHC) assay using mouse monoclonal anti-folate receptor alpha (FOLR1) is
validated for formalin-fixed paraffin-embedded specimens. FOLR1 positivity is defined as at least 75% of
viable tumor cells with at least moderate (i.e., moderate to strong) membrane staining (Table 7). Tumors
with moderate to strong staining in less than 75% of tumor cells, weak staining in any proportion of tumor
cells or no staining are considered FOLR1-negative. For positive and negative results, re-reading by an
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additional pathologist is recommended. If there are significant artifacts making interpretation challenging,
FOLR1 can be reported as not evaluable.
Table 7. Reporting Results of Folate Receptor Alpha (FOLR1) Testing by Immunohistochemistry

(IHC)

Result | Criteria

Test tissue

Positive Greater than or equal to 75% of viable tumor cells with moderate to strong membrane
staining

Negative Less than 75% of viable tumor cells with moderate to strong membrane staining, weak
staining in any proportion of tumor cells or no staining

Not evaluable Significant artifacts precluding interpretation

Control tissue (normal fallopian tube)

Acceptable Predominantly moderate circumferential membrane staining in the tubal epithelium
(excluding apical staining of the first layer of luminal cells) and absence of stromal staining

Not acceptable Absence of staining, or predominantly weak or strong circumferential membrane staining in
the tubal epithelium and/or non-specific background staining precluding interpretation

For FOLR1 IHC, normal fallopian tube should be used as a positive and negative control. The expected
staining patterns are predominantly moderate circumferential membrane expression of FOLR1 on the
luminal surface of the epithelial cells, and absence of staining in the normal fallopian tube stroma. Strong
apical membrane staining of the first layer of the luminal cells should be disregarded. A tumor case with
at least moderate membrane staining may also be used for monitoring performance of reagents and
instruments.
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H. Microsatellite Instability Testing

Microsatellite instability (MSI) in tumor DNA is defined as the presence of short repetitive sequences that
are not present in the corresponding gemmline DNA, usually due to a defective DNA mismatch repair
(MMR) system. Patients with MMR-deficient or MSI-high (MSI-H) tumors may have a germline mutation in
one of the MMR genes (e.g., MLH1, MSH2, MSH6, or PMS?2) or, rarely, an altered EPCAM (TACSTD1)
gene.l22 Thus, MSI represents the product of defective MMR.2 MMR immunohistochemistry (IHC) is the
primary testing method of choice in many institutions; however, if MMR IHC has not been performed, this
testing should be recommended for any case that shows an MSI-H phenotype, because this information
will help identify the gene that is most likely to have a germline (or somatic) mutation.2

Studies have shown variable concordance between MMR IHC and MSI testing by polymerase chain
reaction (PCR), ranging from 58% to 93%.5282 While both assays are equally sensitive in colorectal
cancer, MSI testing has a higher false-negative rate (i.e., lower sensitivity) in endometrial
cancer.!® Discordant results between MMR IHC and MSI testing may be due to retained MMR protein
expression and minimal microsatellite shift in in some MSI-H tumors. Minimal microsatellite shift, defined
as a 1-3 nucleotide repeat shift at an involved locus, is more common in endometrial cancer compared
with colorectal cancer (52% vs 16%), coinciding with a higher frequency of MLH1/PMS2 loss (65% vs
33%) within the tumors showing minimal microsatellite shift, and a higher overall frequency of isolated
MSHS6 loss (15% vs 7%).11 In discordant cases, the laboratory should make sure that the same sample
was used for MSI and MMR IHC testing and that there was no sample mix-up.

MSI testing protocols are similar to those developed for colon cancer. These are briefly summarized here,
but more complete details are available in the separately issued “Template for Reporting Results of
Biomarker Testing of Specimens From Patients With Carcinoma of the Colon and Rectum”.2 Testing is
generally performed with at least 5 microsatellite markers, generally mononucleotide or dinucleotide
repeat markers. In 1998, a National Institutes of Health (NCI) consensus panel proposed that laboratories
use a 5-marker panel consisting of 3 dinucleotide and 2 mononucleotide repeats for MSI testing. Recent
data suggest that dinucleotide repeats may have lower sensitivity and specificity for identifying tumors
with an MSI-H phenotype. Consequently, there has been a move towards including more
mononucleotides and fewer dinucleotides in MSI testing panels. Many laboratories now use a
commercially available kit for MSI testing that utilizes 5 mononucleotide markers.
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. MLH1 Promoter Methylation Analysis
Mismatch repair deficiency in sporadic endometrial cancer is most often due to inactivation of the MLH1
gene promoter by methylation (epigenetic silencing).! Most laboratories utilize a methylation-specific real-
time polymerase chain reaction (PCR) assay to determine the presence of methylation. In contrast to
colorectal cancer, BRAF mutations are extremely rare in endometrial cancer (0.1%), and therefore BRAF
testing has no role in gynecologic tumors.2
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