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Performance of a HER2 testing algorithm specific for p53-abnormal endometrial cancer

Aims: Human epidermal growth factor receptor 2
(HER2) amplification in endometrial cancer (EC) is
almost completely confined to the p53-abnormal
(p53abn) molecular subtype and independent of his-
tological subtype. HER2 testing should therefore be
molecular subtype-directed. However, the most opti-
mal approach for HER2 testing in EC has not been
fully established. Therefore, we developed an EC-
specific HER2 immunohistochemistry (IHC) scoring
method and evaluated its reproducibility and perfor-
mance to establish an optimal diagnostic HER2 test-
ing algorithm for p53abn EC.
Methods and results: HER2 IHC slides of 78 p53abn
EC were scored by six gynaecopathologists according
to predefined EC-specific IHC scoring criteria. Interob-
server agreement was calculated using Fleiss’ kappa
and the first-order agreement coefficient (AC1). The
consensus IHC score was compared with HER2 dual
in-situ hybridisation (DISH) results. Sensitivity and

specificity were calculated. A substantial interobserver
agreement was found using three- or two-tiered scor-
ing [j = 0.675, 95% confidence interval
(CI) = 0.633–0.717; AC1 = 0.723, 95% CI = 0.643–
0.804 and j = 0.771, 95% CI = 0.714–0.828;
AC1 = 0.774, 95% CI = 0.684–0.865, respectively].
Sensitivity and specificity for the identification of
HER2-positive EC was 100 and 97%, respectively,
using a HER2 testing algorithm that recommends
DISH in all cases with moderate membranous stain-
ing in >10% of the tumour (IHC+). Performing DISH
on all IHC-2+ and -3+ cases yields a sensitivity and
specificity of 100%.
Conclusions: Our EC-specific HER2 IHC scoring
method is reproducible. A screening strategy based
on IHC scoring on all cases with subsequent DISH
testing on IHC-2+/-3+ cases has perfect test accuracy
for identifying HER2-positive EC.

Keywords: endometrial cancer, HER2, immunohistochemistry, in-situ hybridisation, interobserver variability

Introduction

Human epidermal growth receptor 2 (HER2) has
gained interest as a biomarker in endometrial cancer

(EC) with the potential to predict response to (adju-
vant) anti-HER2 therapies. A recent Phase II clinical
trial including advanced and recurrent HER2-positive
serous EC showed significantly improved progression-
free and overall survival for patients receiving com-
bined treatment of chemotherapy and trastuzumab.1,2

These promising results merit further exploration of
anti-HER2 therapies in EC. Hence, it will become
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increasingly important to have a robust HER2 testing
algorithm that can be applied in EC to select patients.
In general, HER2-positive tumours can be identified

by HER2 immunohistochemistry (IHC) with or with-
out subsequent in-situ hybridisation (ISH) on equivo-
cal cases. For breast and gastric cancer, tumour-
specific HER2 testing guidelines have been devel-
oped.3,4 Most studies investigating HER2-status in EC
have used the Food and Drug Authority (FDA) crite-
ria for HER2 testing in breast cancer.5 It is well
described that HER2-positive EC, more frequently
than HER2-positive breast cancer, shows incomplete
membranous staining and intratumoral HER2 hetero-
geneity.6,7 A significant proportion of HER2-positive
EC will be misclassified if the breast cancer-specific
HER2 testing guidelines are applied, because incom-
plete membranous staining in breast cancer is classi-
fied as IHC-1+ and considered to be HER2-negative.
Recently, serous EC-specific HER2 testing criteria
were proposed based on the inclusion criteria of the
above-mentioned Phase II clinical trial.8 Cases with
strong membranous staining in <30% of the tumour
cells or moderate membranous staining in >10% of
the tumour cells, regardless of completeness, are con-
sidered equivocal (IHC-2+). Cases with strong mem-
branous staining in >30% of the tumour are
considered to be HER2-positive (IHC-3+). DISH should
be performed to establish the definite HER2 status in
the IHC-2+ category.
Recent work showed that HER2-positivity can be

present in all histological subtypes, but is almost
exclusively limited to p53-abnormal (p53abn) EC.9 In
the PORTEC-3 (Adjuvant Chemoradiotherapy Versus
Radiotherapy Alone in Women With High-Risk
Endometrial Cancer) trial, all but one HER2-positive
cases were p53abn EC, including a diversity of histo-
logic subtypes (serous, n = 9, 37.5%; endometrioid,
n = 6, 25.0%; clear cell, n = 5, 20.8%).9 In The Can-
cer Genome Atlas (TCGA) cohort, HER2 gene amplifi-
cation was exclusively confined to the copy number
(CN)-high molecular subgroup.10,11 Finally, a study
including 238 non-hypermutant TP53-mutant EC
recently found that ERBB2 amplification was present
in 17.2% of the cases. No difference was observed in
the frequency of ERBB2 amplification between differ-
ent histological subtypes.12 These findings support
the use of the molecular EC classification to direct
HER2 testing in EC as opposed to histological
subtype-directed HER2 testing. It is probably the most
efficient approach to capture most, if not all, HER2-
positive EC. Nevertheless, future clinical trials should
evaluate the benefit of anti-HER2 therapies in all
HER2-positive p53abn EC.

We propose, based on the present literature, a sim-
plified EC-specific HER2 IHC scoring method that
relies upon membranous staining intensity indepen-
dent of the completeness of membranous staining.6–8

First, we describe the interobserver agreement of this
EC-specific HER2 IHC scoring method in a large
cohort of p53abn EC. Secondly, we use the consensus
HER2 IHC scores to assess concordance with HER2
dual in-situ hybridisation (DISH) to generate an opti-
mal diagnostic HER2 testing algorithm.

Methods

P A T I E N T A N D T I S S U E S E L E C T I O N

The cohort comprised 78 p53abn high-risk EC
derived from the PORTEC-3 clinical trial collected by
the TransPORTEC group (Figure 1). Detailed informa-
tion on the PORTEC-3 trial design and results have
been reported previously.13,14 Briefly, the PORTEC-3
trial recruited 660 patients with International Federa-
tion of Gynaecology and Obstetrics (FIGO) 2009 stage
IA grade 3 endometrioid EC (EEC) with documented
lymphovascular space invasion (LVSI); stage IB grade
3 EEC; stages II–III EEC; or non-endometrioid EC with
stages IA (with invasion), IB, II or III. Upfront pathol-
ogy review was performed by reference gynaeco-
pathologists to confirm eligibility. Molecular
classification [including POLE, mismatch repair
(MMR) and p53 testing] was successful for 410
patients.15 The study was approved by the Dutch
Cancer Society and medical ethics committees at par-
ticipating centres. Written informed consent was
obtained from all patients.

I M M U N O H I S T O C H E M I C A L S T A I N I N G O F H E R 2

HER2 IHC staining was performed on 4-lm slides
with the Ventana BenchMark GX (Roche Diagnostics,
Basel, Switzerland) using the anti-HER2/neu (4B5)
rabbit monoclonal primary antibody and the Ventana
ultraView dianinobenzidine (DAB) detection kit.
Detailed information on the staining protocol has
been described previously.9 A positive external con-
trol was mounted on each individual slide.

E V A L U A T I O N O F H E R 2 I M M U N O H I S T O C H E M I S T R Y

For the purpose of this study we used the serous EC-
specific HER2 IHC scoring approach by Buza et al.,8

with the adjustment that we used intensity of mem-
branous staining to differentiate between 2+ (moder-
ate) and 3+ (strong), and unifying the threshold for
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both to 10%. All cases with staining in <10% we cat-
egorised as IHC-0. Representative examples of absent,
faint, moderate and strong membranous HER2 stain-
ing intensities in EC were provided (see Figure S1).
Six expert gynaecopathologists (N.S., A.L.C., J.C.,
V.S., B.G. and T.B.) scored each HER2-stained slide
blinded to the HER2 DISH results. All HER2 IHC
slides were scanned at 940 magnification using the

Pannoramic 250 Flash III scanner (3DHistech, Buda-
pest, Hungary) and uploaded onto a website specifi-
cally designed for this study. Prior to the study, all
observers were simultaneously instructed on the use
of the website and informed about the predefined
HER2 IHC scoring criteria (Table 1). After all obser-
vers completed the survey, a consensus meeting was
held. For cases with discrepancies between IHC-0 and

Patients in PORTEC-3 population
(n = 660)

Patients with available FFPE tumour 
tissue for molecular analysis 

(n = 423)

Molecularly classified EC*
(n = 410)

EC within p53abn molecular subgroup
(n = 93)

p53abn EC with successful HER2 
IHC and DISH

(n = 78)

No tissue available (n = 237)

Insufficient tissue (n = 10)
Failed molecular analysis (n = 3)

POLEmut (n = 51)
MMRd (n = 137)
NSMP (n = 129)

No tissue available (n = 1)
Failed IHC (n = 3)
Absent on-slide control (n = 7)
Failed DISH (n = 4)

Figure 1. Flowchart of patient

selection. *Classified according

to the diagnostic algorithm for

molecular endometrial cancer

classification.
29

FFPE, formalin-

fixed paraffin-embedded; EC,

endometrial cancer; POLEmut,

POLE-(ultra)mutated; MMRd,

Mismatch repair-deficient;

NSMP, No specific molecular

profile; p53abn, p53-abnormal;

IHC, Immunohistochemistry;

DISH, Dual in-situ

hybridisation.
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IHC-1+ scores, the consensus score was based on the
majority vote. All other discordant cases were dis-
cussed during the consensus meeting after which a
final HER2 IHC consensus score was determined.

H E R 2 D U A L I N - S I T U H Y B R I D I S A T I O N

To determine HER2 amplification status, HER2 DISH
was performed on all cases using the INFORM HER2
dual ISH DNA probe cocktail assay on the Ventana
BenchMark GX (Roche Diagnostics). Detailed informa-
tion of the staining procedure has been described pre-
viously.9 For each slide, HER2 probe and
chromosome enumerating probe (CEP17) signals
were counted in at least 20 nuclei and the HER2:
CEP17 ratio was calculated. HER2 amplification was
defined as a HER2:CEP17 ratio ≥2.0, present in at
least 10% of the complete tumour. The HER2 IHC
slides were used to direct DISH scoring in the area(s)
with strongest membranous staining. Additional
areas of the tumour were only screened for the pres-
ence of HER2 amplification. The HER2 DISH slides
were scored by two observers, other than the obser-
vers participating in the interobserver study. Discor-
dant DISH scores between both observers were re-
evaluated until consensus was reached.

S T A T I S T I C A L A N A L Y S I S

Statistical analyses were performed with SPSS (Statisti-
cal Package of Social Science) version 25 and R ver-
sion 3.6.1 (http://www.r-project.org/) using the
irrCAC package. Associations between groups were
analysed using Fisher’s exact test for categorical vari-
ables and the Mann–Whitney U-test for continuous
variables. The extent of interobserver agreement was
analysed using Fleiss’ kappa and the first-order agree-
ment coefficient (AC1).16,17 The resulting kappa and

AC1 values were interpreted accordingly: 0.01–0.20
slight agreement; 0.21–0.40 fair agreement; 0.41–
0.60 moderate agreement; 0.61–0.80 substantial
agreement; 0.81–1.00 almost perfect agreement.18

The performance of the proposed EC-specific IHC scor-
ing method was determined by calculating the sensi-
tivity, specificity and accuracy of HER2 IHC compared
to HER2 amplification status by DISH. A two-sided
P < 0.05 was considered statistically significant.

Results

Clinicopathological characteristics of the 78 p53abn
EC and their relationship with HER2 status by DISH
are provided in Table 2. Nineteen cases (24.4%) were
HER2-positive by DISH. Age, histotype, grade and
specimen type did not differ significantly between
patients with HER2-positive and HER2-negative
p53abn HREC. HER2 testing was performed on surgi-
cal resection specimens in 72 patients (92.3%) and
on endometrial curettage/biopsy specimens in six
patients (7.7%).

I N T E R O B S E R V E R A G R E E M E N T O F H E R 2 I H C

S C O R I N G

There was complete agreement in 32 cases (41.0%).
These cases were scored as followed: IHC-0 n = 20,
IHC-2+ n = 5, IHC-3+ n = 7 (see Table S1). Twelve
cases had discrepant scores between IHC-0 and -1+
and the final consensus score for these cases was
determined by the majority vote (IHC-0 n = 7, IHC-
1+ n = 5). The remaining 34 discrepant cases were
discussed at the consensus meeting. The discordances
encountered could broadly be divided into three cate-
gories. First, there were cases that displayed border-
line IHC-2+/-3+ in terms of intensity; secondly, cases
in which the extent of tumour cell staining was
around the 10% threshold in cases with heteroge-
neous staining intensity throughout the tumour (Fig-
ure 2); and thirdly, cases that showed staining
artefacts such as strong cytoplasmic or nuclear HER2
staining (see Figure S2). The final consensus IHC
scores were distributed as follows: IHC-0 n = 30
(38.5%), IHC-1+ n = 13 (16.7%), IHC-2+ n = 21
(26.9%) and IHC-3 n = 14 (17.9%) (Table 3). Indi-
vidual scores of observers for all cases are provided in
the Figure S1. Finally, we found a moderate interob-
server agreement using four IHC scoring categories
(IHC-0 versus -1+ versus -2+ versus -3+), and sub-
stantial interobserver agreement using three or two
HER2 IHC scoring categories (Table 4).

Table 1. Endometrial cancer-specific HER2 immunohisto-
chemistry scoring criteria

Category Definition

IHC-0 No reactivity or membranous reactivity in <10% of
tumour cells

IHC-1+ Faint membranous reactivity in ≥10% of tumour cells

IHC-2+ Moderate membranous reactivity in ≥10% of tumour
cells

IHC-3+ Strong membranous reactivity in ≥10% of tumour cells

IHC, Immunohistochemistry; HER2, Human epidermal growth fac-

tor receptor 2.
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A G R E E M E N T O F H E R 2 I H C W I T H D I S H

The HER2 IHC consensus scores were used to evalu-
ate the agreement with HER2 amplification status
by DISH (Table 3). All cases scored as IHC-0 or -1+
did not have HER2 amplification. Examples of DISH-
amplified EC that scored IHC-2+ and -3+ are shown
in Figure 3. Considering an IHC-3+ score as HER2-
positive, HER2 IHC showed an accuracy of 88%
[95% confidence interval (CI) = 81–96%] (sensitiv-
ity: 63%, 95% CI = 53–74% and specificity: 97%,
95% CI = 93–100%). Importantly, two cases (16
and 73) were scored IHC-3+ by consensus but did
not show HER2 amplification by DISH (Figure 4). In
both these cases the tumours showed 100% moder-
ate to strong membranous staining intensity, and
the discussion during the consensus meeting
regarded whether the intensity was sufficient to

allow an IHC-3+ score. In retrospect, despite the
consensus for an IHC-3+ score, the staining intensity
of the on-slide control appears somewhat stronger
than the intensity of the tumour and thus favours
an IHC-2+ score. Two cases (44 and 76) showed
strong membranous staining in fewer than 10% of
tumour cells and were thus scored IHC-0. Both cases
showed HER2 amplification by DISH in the same
area as the strong IHC staining, comprising far less
than 10% of the tumour.

H E R 2 T E S T I N G A L G O R I T H M

To determine the optimal strategy for the combined
use of HER2 IHC and DISH for detection of HER2-
positive EC, we compared the performance of two dif-
ferent HER2 testing algorithms: (1) HER2 IHC per-
formed on all cases and subsequent DISH testing on

Table 2. Clinicopathological characteristics of patients with p53-abnormal endometrial cancer in the PORTEC-3 trial

Characteristic
Total DISH not amplified DISH amplified

P-valuen = 78 (100%) n = 59 (75.6%) n = 19 (24.4%)

Age, years

Mean (range) 66.1 (47.3–80.5) 65.2 (47.3–77.0) 68.6 (55.8–80.5) 0.08

Histotype within p53abn EC

Low grade endometrioid 4 (5.1) 3 (5.1) 1 (5.3) 0.47

High grade endometrioid 18 (23.1) 13 (22.0) 5 (26.3)

Serous 40 (51.3) 32 (54.2) 8 (42.1)

Clear cell 10 (12.8) 7 (11.9) 3 (15.8)

Mixed EEC-SEC 3 (3.8) 3 (3.8) 0 (0.0)

Mixed EEC-CCC 2 (2.6) 1 (1.7) 1 (5.3)

Other 1 (1.3) 0 (0.0) 1 (5.3)

Stage

IA 18 (23.1) 13 (22.0) 5 (26.3) 0.63

IB 12 (15.4) 9 (15.3) 3 (15.8)

II 20 (25.6) 15 (25.4) 5 (31.6)

III 28 (35.9) 22 (37.3) 6 (31.6)

Specimen type

Curettage/biopsy 6 (7.7) 4 (6.8) 2 (10.5) 0.63

Resection 72 (92.3) 55 (93.2) 17 (89.5)

DISH, Dual in-situ hybridisation; p53abn, p53-abnormal; EC, Endometrial cancer; EEC, Endometrioid endometrial cancer; SEC, Serous

endometrial cancer; CCC, Clear-cell carcinoma; PORTEC-3, Adjuvant Chemoradiotherapy Versus Radiotherapy Alone in Women With

High-Risk Endometrial Cancer.
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cases with IHC-2+ and -3+ scores and (2) HER2 IHC
performed on all cases and subsequent DISH testing
on cases with IHC-2+ scores (Table 5). In both sce-
narios DISH was used as the reference test. In the
first scenario, the HER2 testing algorithm had a
100% accuracy, sensitivity and specificity. However,
14 DISH tests (17.9%) would be required to identify
two (2.6%) IHC-3+ cases without HER2 amplification.
In the second scenario, the HER2 testing algorithm
had an accuracy of 97% (95% CI = 94–100%), a
sensitivity of 100% and a specificity of 97% (95%

CI = 93–100%). In this scenario, 40% less DISH test-
ing would be required (IHC-2+ n = 21 versus IHC-
2+/-3+ n = 35) at the cost of two cases (14.3%),
which would erroneously be classified as HER2-
positive.

Discussion

Our study shows that our EC-specific HER2 IHC scoring
method has a substantial interobserver agreement
among gynaecopathologists using three- or two-tiered
scoring (j = 0.675, 95% CI = 0.633–0.717;
AC1 = 0.723, 95% CI = 0.643–0.804 and j = 0.771,
95% CI = 0.714–0.828; AC1 = 0.774, 95%
CI = 0.684–0.865, respectively). In combination with
DISH testing on all cases with an IHC-2+ and/or -3+
score, this HER2 IHC scoring method is highly sensitive
in the detection of HER2-amplified p53abn EC. We
have made the scoring website used in this study pub-
licly available for self-assessment to enhance recogni-
tion and interpretation of HER2 IHC staining patterns
in EC (https://her2.leidenpastudy.nl/).
Despite the lack of specific experience in HER2 scor-

ing in EC, our six gynaecopathologists showed that
the EC-specific IHC soring method used in this study
is well reproducible. Interobserver agreement of HER2
scoring in breast cancer is reported to have kappa-
values between 0.49 and 0.80 using a four-tiered

A

C

B

D

Figure 2. p53-abnormal endometrial cancer (EC) with heterogeneous human epidermal growth factor receptor 2 (HER2) immunohistochem-

istry (IHC) staining intensity, with consensus score 2+ and diffuse amplification by dual in-situ hybridisation (DISH). A,B, HER2 IHC stain of

case 38 scored as IHC-2+ by five observers and IHC-3+ by one observer (consensus IHC score 2+). There is a large tumour area with moder-

ate intensity (A) and a distinct area (<10%) with strong staining (B). C,D, DISH showed diffuse amplification in both areas with moderate

staining [C; HER2: chromosome enumerating probe (CEP17) ratio = 2.8] and area with strong staining (D; HER2:CEP17 ratio = 5.4).

Table 3. Comparison of HER2 immunohistochemistry and
HER2 dual in-situ hybridisation results

HER2 IHC consensus
score

HER2 DISH

Not amplified
(n)

Amplified
(n)

Total
(n)

IHC-0 30 0 30

IHC-1+ 13 0 13

IHC-2+ 14 7 21

IHC-3+ 2 12 14

Total 59 19 78

DISH, Dual in-situ hybridisation; IHC, Immunohistochemistry;

HER2, Human epidermal growth factor receptor.
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scoring method.19–23 The interobserver agreement of
HER2 scoring in gastro-oesophageal cancers is com-
parable to our findings, with reported kappa-values
between 0.61 and 0.78.24–26 Thus, the EC-specific
HER2 IHC scoring method that we used, adapted and
simplified from the method that was recently pro-
posed for serous EC8 is well reproducible among
gynaecopathologists, and the interobserver agreement
is comparable to that of breast and gastric cancer.

Finally, during the final preparation of this manu-
script, a similar study reported comparable interob-
server agreement using a HER2 testing algorithm
adapted from the clinical trial by Fader et al.27 The
study was limited to a small cohort of serous EC and
their findings may therefore not be directly applicable
to all EC. Furthermore, fluorescence in-situ hybridisa-
tion (FISH) was performed only on a subset of cases,
hampering evaluation of the concordance between
HER2 IHC and ISH in EC.
The relevant tumour percentage cut-off for final

HER2 status determination in EC remains to be clini-
cally defined. Buza et al. recently proposed a 30%
cut-off for an IHC-3+ score, as this threshold was
used in the Phase II trial by Fader et al. among
HER2-positive advanced and recurrent serous EC
patients. In addition, Buza et al. found a higher con-
cordance between HER2 IHC and FISH results using
the American Society of Clinical Oncology/College of
American Pathologists (ASCO/CAP) 2007 HER2
breast cancer guideline (which uses a 30% cut-off)
compared to the original FDA criteria (using a 10%
cut-off) in a study including 52 serous EC.7 Given
the high frequency of intratumor HER2 heterogene-
ity in EC it is possible that FISH was not scored in
the same area(s) of the tumour that shows IHC-3+
staining, resulting in discordant IHC and FISH
results. In this study, we used the 10% staining
threshold following the ASCO/CAP 2018 HER2

Table 4. Interobserver agreement of endometrial cancer-
specific HER2 IHC scoring criteria in p53-abnormal
endometrial cancer

Fleiss’ kappa AC1

4 IHC categories

0, 1+, 2+, 3+ 0.565 (95%
CI = 0.530–0.600)

0.593 (95%
CI = 0.507–0.679)

3 IHC categories

0/1+, 2+, 3+ 0.675 (95%
CI = 0.633–0.717)

0.723 (95%
CI = 0.643–0.804)

2 IHC categories

0/1+, 2/3+ 0.771 (95%
CI = 0.714–0.828)

0.774 (95%
CI = 0.684–0.865)

AC1, First-order agreement coefficient; IHC, Immunohistochem-

istry; HER2, Human epidermal growth factor receptor; CI, Confi-

dence interval.

A B

C D

Figure 3. Human epidermal growth factor receptor 2 (HER2) immunoreactivity score may vary in dual in-situ hybridisation (DISH) amplified

p53abn endometrial cancer (EC). A, HER2 immunohistochemistry (IHC) stain of case 44 scored as IHC-2+ (by consensus). Inset shows the

on-slide control. B, DISH showing HER2 amplification [HER2:chromosome enumerating probe (CEP17) ratio = 4.2]. C, HER2 IHC stain of

case 58 scored as IHC-3+ (by consensus). D, DISH showing HER2 amplification (HER2:CEP17 ratio = 5.5).
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breast cancer guideline. Our choice to use 10% in
this study is twofold. First, subclonal HER2 overex-
pression is frequently observed in p53abn EC and
represents true HER2 amplification.9 Secondly, a sig-
nificant proportion of p53abn EC show moderate to
strong membranous HER2 immunostaining within
the range of 10–30% tumour staining. Including
these cases in future targeted trials will help to
define the true lower threshold of clinically relevant
HER2 overexpression.
We have investigated the performance of two dif-

ferent HER2 testing strategies in detecting HER2-
amplified p53abn EC. In the first strategy, HER2 IHC

is performed in all cases with subsequent DISH test-
ing on cases scored IHC-2+ and -3+ (depicted in Fig-
ure 5). The second strategy suggests subsequent
DISH testing only on cases scored IHC-2+. Using the
first strategy, two cases would be identified with dis-
cordant results between HER2 IHC and DISH. These
cases were scored IHC-3+ by consensus; however,
no HER2 amplification was observed by DISH,
resulting in conflicting interpretation of the HER2
status and subsequent treatment recommendations.
In breast cancer it is known that HER2 IHC and ISH
are equally predictive of response to trastuzumab;
however, IHC is superior in predicting treatment
response in gastroesophageal cancer.3,28 Currently,
the only endometrial cancer-specific HER2 scoring
criteria with proven correlation with clinical
response is based on the clinical trial.1,2 Here,
patients with serous EC scored as IHC-3+ were eligi-
ble without confirmation of HER2 amplification sta-
tus by DISH. Future prospective clinical trials will
need to validate the predictive capacity of both IHC
and FISH for anti-HER2 treatment response in
HER2-positive EC patients.
In conclusion, this study demonstrates that a sim-

plified, intensity-based EC-specific HER2 IHC scoring
method is well reproducible among gynaecopatholo-
gists. In addition, we report two highly sensitive test-
ing algorithms for identifying HER2-positive EC using
subsequent DISH testing on either only IHC-2+ cases

A B

C D

Figure 4. Two p53-abnormal endometrial cancers (EC) with consensus human epidermal growth factor receptor 2 (HER2) immunohistochem-

istry (IHC)-3+ score without amplification by dual in-situ hybridisation (DISH). A, HER2 IHC stain of case 1. Inset shows the on-slide control. B,

DISH showing no amplification [HER2:chromosome enumerating probe (CEP17) ratio = 1.2]. C, HER2 IHC stain of case 74. Inset shows the

on-slide control. D, DISH showing no amplification (HER2:CEP17 ratio = 1.1).

Table 5. Performance of two endometrial cancer-specific
HER2 testing algorithms

HER2 IHC on all cases with
DISH performed on cases
scored

IHC-2+/-3+ IHC-2+

Sensitivity 100% 100%

Specificity 100% 97%

Accuracy 100% 97%

Positive predictive value 100% 90%

Negative predictive value 100% 100%

IHC, Immunohistochemistry; DISH, Dual in-situ hybridisation;

HER2, Human epidermal growth factor receptor.
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or all IHC-2+ and -3+ cases. The clinical utility of
these proposed HER2 testing algorithms will need to
be validated in a prospective clinical trial on anti-
HER2 treatments in EC patients.

Acknowledgements

We thank Tessa Rutten and Natalja ter Haar (Depart-
ment of Pathology, Leiden University Medical Center,
Leiden, the Netherlands) for their technical support.
This work was supported by the Dutch Cancer Soci-
ety Research Project Grants (TB, 11629). The study
was approved by the Ethics Committee of the Dutch
Cancer Society (ethic code: CKTO 2006-4) and medi-
cal ethics committees at participating centres in 2006
[ethic codes: P06.031 (CME LUMC), C7925/A8659

CCTAAC, UK), NCIC CTG EN 7 CNCIC CTG) and
FEDEQYN 01/0904 (UNICANCER)].

Conflict of interest

The authors declare no conflicts of interest.

D A T A A V A I L A B I L I T Y S T A T E M E N T

The data presented in this study are available upon
request from the corresponding author.

References

1. Fader AN, Roque DM, Siegel E et al. Randomized phase ii trial

of carboplatin-paclitaxel compared with carboplatin–paclitaxel-

Confirmation of HER2 amplification
by in situ hybridization

Successful HER2 IHC*

Molecular EC classification

p53abn EC

No reactivity 
or membranous

reactivity in <10%
of tumour cells

IHC 0

Faint 
membranous

reactivity in ≥10%
of tumour cells

IHC 1+

Moderate
membranous

reactivity in ≥10%
of tumour cells

IHC 2+

Strong
membranous

reactivity in ≥10%
of tumour cells

IHC 3+

Figure 5. Proposed endometrial cancer-specific human epidermal growth factor receptor 2 (HER2) testing algorithm for HER2 status assign-

ment in p53-abnormal endometrial cancer. *Successful immunohistochemistry with on-slide control showing appropriate staining. EC,

Endometrial cancer; p53abn, p53-abnormal; IHC, Immunohistochemistry.

© 2021 The Authors. Histopathology published by John Wiley & Sons Ltd, Histopathology, 79, 533–543.

Performance of HER2 testing in endometrial cancer 541



trastuzumab in advanced (Stage III-IV) or recurrent uterine

serous carcinomas that overexpress her2/neu (nct01367002):

updated overall survival analysis. Clin. Cancer Res. 2020; 26;

3928–3935.
2. Fader AN, Roque DM, Siegel E et al. Randomized Phase II trial

of carboplatin-paclitaxel versus carboplatin–paclitaxel–trastuzu-
mab in uterine serous carcinomas that overexpress human epi-

dermal growth factor receptor 2/neu. J. Clin. Oncol. 2018; 36;

2044–2051.
3. Wolff AC, Hammond MEH, Allison KH et al. Human epidermal

growth factor receptor 2 testing in breast cancer: American

society of Clinical Oncology/College of American Pathologists

clinical practice guideline focused update. J. Clin. Oncol. 2018;

36; 2105–2122.
4. Bartley AN, Washington MK, Ventura CB et al. HER2 testing

and clinical decision making in gastroesophageal adenocarci-

noma: guideline from the College of American Pathologists,

American Society for Clinical Pathology, and American Society

of Clinical Oncology. Am. J. Clin. Pathol 2016; 146; 647–669.
5. Buza N, Roque DM, Santin AD. HER2/Neu in endometrial can-

cer: a promising therapeutic target with diagnostic challenges.

Arch. Pathol. Lab. Med. 2014; 138; 343–350.
6. Buza N, Hui P. Marked heterogeneity of HER2/neu gene ampli-

fication in endometrial serous carcinoma. Genes Chromosomes

Cancer 2013; 52; 1178–1186.
7. Buza N, English DP, Santin AD, Hui P. Toward standard HER2

testing of endometrial serous carcinoma: 4-year experience at

a large academic center and recommendations for clinical prac-

tice. Mod. Pathol. 2013; 26; 1605–1612.
8. Buza N. HER2 testing in endometrial serous carcinoma. Arch.

Pathol. Lab. Med. 2020. https://doi.org/10.5858/arpa.2020-

0207-RA.

9. Vermij L, Horeweg N, Leon-Castillo A et al. HER2 status in

high-risk endometrial cancers (PORTEC-3): relationship with

histotype, molecular classification, and clinical outcomes. Can-

cers 2020; 13; 44.

10. Berger AC, Korkut A, Kanchi RS et al. A comprehensive pan-

cancer molecular study of gynecologic and breast cancers.

Cancer Cell 2018; 33: 690–705.e9.
11. Cancer Genome Atlas Research Network, Kandoth C, Schultz

N et al. Integrated genomic characterization of endometrial

carcinoma. Nature 2013; 497; 67–73.
12. Momeni-Boroujeni A, Dahoud W, Vanderbilt CM et al. Clinico-

pathologic and genomic analysis of tp53-mutated endometrial

carcinomas. Clin. Cancer Res. 2021. https://doi.org/10.1158/

1078-0432.CCR-20-4436.

13. de Boer SM, Powell ME, Mileshkin L et al. Adjuvant chemora-

diotherapy versus radiotherapy alone for women with high-

risk endometrial cancer (PORTEC-3): final results of an inter-

national, open-label, multicentre, randomised, phase 3 trial.

Lancet Oncol. 2018; 19; 295–309.
14. de Boer SM, Powell ME, Mileshkin L et al. Adjuvant chemora-

diotherapy versus radiotherapy alone in women with high-risk

endometrial cancer (Portec-3): patterns of recurrence and post-

hoc survival analysis of a randomised phase 3 trial. Lancet

Oncol. 2019; 20; 1273–1285.
15. Leon-Castillo A, de Boer SM, Powell ME et al. Molecular classi-

fication of the PORTEC-3 trial for high-risk endometrial cancer:

impact on prognosis and benefit from adjuvant therapy. J. Clin.

Oncol. 2020; 38; 3388–3397.
16. Fleiss JL. Measuring nominal scale agreement among many

raters. Psychol. Bull. 1971; 76; 378–382.

17. Gwet KL. Computing inter-rater reliability and its variance in

the presence of high agreement. Br. J. Math. Stat. Psychol.

2008; 61; 29–48.
18. Landis JR, Koch GG. The measurement of observer agreement

for categorical data. Biometrics 1977; 33; 159–174.
19. Hsu CY, Ho DM, Yang CF, Lai CR, Yu IT, Chiang H. Interob-

server reproducibility of her-2/neu protein overexpression in

invasive breast carcinoma using the Dako herceptest. Am. J.

Clin. Pathol. 2002; 118; 693–698.
20. Lacroix-Triki M, Mathoulin-Pelissier S, Ghnassia J-P et al. High

inter-observer agreement in immunohistochemical evaluation

of HER-2/neu expression in breast cancer: a multicentre gefpics

study. Eur. J. Cancer 2006; 42; 2946–2953.
21. Hameed O, Adams AL, Baker AC et al. Using a higher cutoff

for the percentage of HER2+ cells decreases interobserver vari-

ability in the interpretation of HER2 immunohistochemical

analysis. Am. J. Clin. Pathol. 2008; 130; 425–427.
22. Tsuda H, Kurosumi M, Umemura S, Yamamoto S, Kobayashi

T, Osamura RY. HER2 testing on core needle biopsy specimens

from primary breast cancers: interobserver reproducibility and

concordance with surgically resected specimens. BMC Cancer

2010; 10; 534.

23. Layfield LJ, Frazier S, Esebua M, Schmidt RL. Interobserver

reproducibility for HER2/neu immunohistochemistry: a com-

parison of reproducibility for the herceptest and the 4b5 anti-

body clone. Pathol. Res. Pract. 2016; 212; 190–195.
24. Ruschoff J, Dietel M, Baretton G et al. HER2 diagnostics in gas-

tric cancer – guideline validation and development of stan-

dardized immunohistochemical testing. Virchows Arch. 2010;

457; 299–307.
25. Kushima R, Kuwata T, Yao T et al. Interpretation of HER2

tests in gastric cancer: Confirmation of interobserver differ-

ences and validation of a QA/QC educational program. Vir-

chows Arch. 2014; 464; 539–545.
26. Koopman T, Louwen M, Hage M, Smits MM, Imholz AL.

Pathologic diagnostics of HER2 positivity in gastroesophageal

adenocarcinoma. Am. J. Clin. Pathol. 2015; 143; 257–264.
27. Buza N, Euscher ED, Matias-Guiu X et al. Reproducibility of

scoring criteria for her2 immunohistochemistry in endometrial

serous carcinoma: a multi-institutional interobserver agree-

ment study. Mod. Pathol. 2021; 34(6); 1194–1202.
28. Bang Y-J, Van Cutsem E, Feyereislova A et al. Trastuzumab in

combination with chemotherapy versus chemotherapy alone

for treatment of HER2-positive advanced gastric or gastro–oe-
sophageal junction cancer (TOGA): a phase 3, open-label, ran-

domised controlled trial. Lancet 2010; 376; 687–697.
29. Vermij L, Smit V, Nout R, Bosse T. Incorporation of molecular

characteristics into endometrial cancer management.

Histopathology 2020; 76; 52–63.

Supporting Information

Additional Supporting Information may be found in
the online version of this article:
Figure S1. Representative examples of absent, faint,

moderate and strong membranous HER2 immunore-
activity in endometrial cancer. Representative exam-
ples of HER2 immunohistochemistry with (A) absent
membranous immunoreactivity, (B) faint membra-
nous immunoreactivity, (C) moderate membranous
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immunoreactivity, and (D) strong membranous
immunoreactivity.
Figure S2. Two examples of potential pitfalls in

HER2 IHC scoring in p53abn EC. (A) HER2 IHC of
case #28 scored as IHC 1+ (by consensus), showing
weak/moderate immunoreactivity in the basal mem-
brane only (940). (B) No amplification by DISH
(HER2:CEP 17 ratio = 1.1; 9120). (C) HER2 IHC of

case #41 scored as IHC 0 (by consensus), showing
strong nuclear and cytoplasmic staining (940). (D)
No amplification by DISH (HER2:CEP 17 ratio = 1.1;
990).
Table S1. Detailed description of individual HER2

immunohistochemistry scores per observer, consen-
sus IHC score and dual in situ hybridization results
per case.
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