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PURPOSE Trastuzumab is the only approved targeted drug for first-line treatment of human epidermal growth
factor receptor 2—positive (HER2+) metastatic gastric cancer (mGC). However, not all patients respond and
most eventually progress. The multicenter VARIANZ study aimed to investigate the background of response and
resistance to trastuzumab in mGC.
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METHODS Patients receiving medical treatment for mGC were prospectively recruited in 35 German sites and
followed for up to 48 months. HER2 status was assessed centrally by immunohistochemistry and chromogenic
in situ hybridization. In addition, HERZ2 gene expression was assessed using qPCR.

RESULTS Five hundred forty-eight patients were enrolled, and 77 had HER2+ mGC by central assessment
(14.1%). A high deviation rate of 22.7% between central and local test results was seen. Patients who received
trastuzumab for centrally confirmed HER2+ mGC (central HER2+/local HER2+) lived significantly longer
as compared with patients who received trastuzumab for local HER2+ but central HER2— mGC (20.5 months,
n = 60 v 10.9 months, n = 65; hazard ratio, 0.42; 95% ClI, 8.2 to 14.4; P < .001). In the centrally confirmed
cohort, significantly more tumor cells stained HER2+ than in the unconfirmed cohort, and the HERZ am-
plification ratio was significantly higher. A minimum of 40% HER2+ tumor cells and a HERZ amplification ratio
of = 3.0 were calculated as optimized thresholds for predicting benefit from trastuzumab.

CONCLUSION Significant discrepancies in HER2 assessment of mGC were found in tumor specimens with
intermediate HER2 expression. Borderline HER2 positivity and heterogeneity of HER2 expression should be
considered as resistance factors for HER2-targeting treatment of mGC. HER2 thresholds should be recon-
sidered. Detailed reports with quantification of HER2 expression and amplification levels may improve selection
of patients for HER2-directed treatment.
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diagnosed malignancy worldwide. Mortality from GC is
high. With 784,000 deaths in 2018, GC was the third
most common cause of cancer-related death globally.
Human epidermal growth factor receptor 2 (HER2)
overexpression is seen in 12%-30% of GCs. Esoph-
agogastric junction cancers (EGJC) are more likely to
be HER2-positive (HER2+) than distal GCs.2®

Trastuzumab, a humanized HER2-targeting immu-
noglobulin G1 monoclonal antibody in combination
with chemotherapy, was approved for first-line treat-
ment of HER2+ metastatic (m)GC based on the
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was used to license treatment with trastuzumab, of
4.2 months compared with chemotherapy alone was
moderate and duration of response is limited in the
majority of patients.”

Other HER2-targeting drugs such as the tyrosine ki-
nase inhibitor lapatinib and the antibody-drug con-
jugate trastuzumab-emtansine failed to improve OS
in phase lll studies in HER2+ metastatic gastric
cancer (mGC).&1° Also, adding pertuzumab to tras-
tuzumab and chemotherapy did not improve 0S.!!
Finally, trastuzumab treatment beyond progression
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HER2 Heterogeneity and Survival in Gastric Cancer

CONTEXT

Key Objective

We conducted a prospective multicenter study to identify mechanisms of resistance to anti-human epidermal growth factor
receptor 2 (HER2)-targeted treatment in patients with metastatic gastric cancer.

Knowledge Generated

In more than one of five patients, local and central HER2 results were found to be divergent between local and central

pathology assessment. Benefit from trastuzumab in metastatic gastric cancer was found to be limited to patients with
centrally confirmed HER2 overexpression. Optimized HERZ2 expression thresholds by immunohistochemistry and HERZ2
gene amplification by in situ hybridization were calculated for predicting benefit from trastuzumab.

Relevance
Detailed and quality controlled reports of HER2 test results should be provided in routine use to better select patients who

benefit from trastuzumab and limit the risk of overtreatment in patients with gastric cancer where HERZ2 is not a strong

enough oncogenic driver.

in combination with second-line paclitaxel failed to prolong
survival.*?

Patients and the GC medical community are eagerly waiting
for better treatment outcomes for HER2+ mGC with novel
HER2-targeting drugs and combinations such as Marge-
tuximab, a next-generation anti-HER2 monoclonal anti-
body with an optimized Fc domain and enhanced antibody-
dependent cell-mediated cytotoxicity*>!#; the antibody-
drug conjugate Trastuzumab-Deruxtecan'®; Poziotinib
(HM781-36B), an irreversible pan-HER tyrosine kinase
inhibitor'®; and the combination of trastuzumab and
pembrolizumab!”; among others. Recently presented data
demonstrated that Trastuzumab-Deruxtecan is also active
in patients with HER2 low tumors.'®

Although some complete durable tumor responses in
trastuzumab-treated patients were reported,'®?? most pa-
tients experience initial or acquired resistance. Beyond the
potential impact of tumor heterogeneity and evolution, 2324
activation of the PI3K/Akt/mammalian target of rapamycin
signaling pathway and FGFR2 alterations were identified as
potential mechanisms of resistance to HER2-targeted
therapy.?>2® Loss of HER2 expression during trastuzu-
mab treatment was observed and may be a reason for
acquired trastuzumab resistance.*?2°3!

HER2 assessment according to published guidelines* and
the use of trastuzumab in combination with chemotherapy
are standard of care for HER2+ mGC.3233 The survival
benefit seen in ToGA was reproduced in retrospective* and
noninterventional studies.?**> However, assessment of
HER?2 in GC has repeatedly been described as challenging.
Confirmation in multiple tumor specimens has been rec-
ommended to ensure accuracy.®® Intratumoral HER2
heterogeneity was found in 26% of patients and was as-
sociated with worse survival.>”

Since most evidence thus far is based either on small and
monocentric reports or on post hoc analyses, we conducted
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a prospective multicenter study (VARIANZ; NCT02305043)
to determine factors predicting trastuzumab response or
resistance in HER2+ mGC.

METHODS
Study Design and Cohort

Patients receiving medical treatment for histologically con-
firmed mGC (including EGJC) were recruited at 35 German
centers after having given their informed written consent. The
objective was to recruit at least 500 patients to enroll a mini-
mum of 50 patients with HER2+ cancers by central assess-
ment. The study conduct followed the REMARK guidelines.®

The VARIANZ study was part of a national research project
called “Identification of predictive response and resistance
factors to targeted therapy in gastric cancer using a systems
medicine approach-SYS Stomach,” which was supported
by the German Federal Ministry for Education and Re-
search. VARIANZ was performed in accordance with Good
Clinical Practice and the Declaration of Helsinki. Approvals
of the ethics committees of Leipzig University Medical
Faculty and all participating centers were obtained before
activation of sites.

Patient data were collected for medical history, cancer-
specific evaluation, and GC-directed treatment. Patients
were followed for a maximum of 80 months. Formalin-fixed
and paraffin-embedded tumor tissue was sent to the
central pathology institute at Leipzig University Medical
Center.

HER2 Tests

HER2 status was tested according to published
standards*3? in the central pathology by two Gl pathologists
(K.S. and C.W.) using immunohistochemistry (IHC) and
chromogenic in situ hybridization (CISH).

IHC was done with the antibody HI6E08CO1 (DCS, Ham-
burg, Germany), known for high specificity.*® Tumors were
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Registered
(N = 548)
Excluded (n=27)
No tissue was available (n=19)
> No tumor tissue was left on the (n=8)
specimen
Y
Central HER2 tests
(n =521)
Excluded (n=61)
Central pathology SCC (n=2)
CuprP (n=1)
—> Died without first-line therapy  (n = 20)
Received no first-line therapy ~ (n =18)
No basis documentation (n = 15)
Y
Meeting inclusion criteria
(n = 465)
Excluded (n =94)
HER2 was not tested in local (n =58)
—> pathology
Local pathology is equivalent (n =33)
to central pathology
Y
Allocation
(n =374)
Central-HER2+ Central-HER2+ Central-HER2- Central-HER2-
local-HER2+ (n = 68) local-HER2- (n = 9) local-HER2+ (n = 74) local-HER2- (n = 223)
With trastuzumab With trastuzumab With trastuzumab With trastuzumab
(n =62) (n=0) (n =68) (n=2)
Follow-up
(n =351)
Central-HER2+ Central-HER2+ Central-HER2- Central-HER2-
local-HER2+ (n = 66) local-HER2- (n = 9) local-HER2+ (n = 70) local-HER2- (n = 206)
LtF (n =2) LtF (n =0) LtF (n = 4) LtF (n = 17)
Analysis survival
(n=339)
Central-HER2+ Central-HER2+ Central-HER2- Central-HER2—
local-HER2+ local-HER2- local-HER2+ local-HER2-
With trastuzumab Without trastuzumab With trastuzumab Without trastuzumab
(n = 60) (n=9) (n = 65) (n = 205)

FIG 1. CONSORT diagram of the VARIANZ study. Patients were assigned to groups according to central HER2 test results, confirmation of
local HER?2 status, and treatment with trastuzumab. CUP, carcinoma of unknown primary; HER2, human epidermal growth factor

receptor 2; Ltf, lost to follow-up; SCC, squamous cell carcinoma.
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TABLE 1. Patient Characteristics and Patient Treatment Groups According to Central HER2 Status and Confirmation of Local HER2 Status
Central-HER2+ Local- Central-HER2+ Local- Central-HER2— Local- Central-HER2— Local-
HER2+ (HER2+/HER2+) HER2- (HER2+/HER2—-) HER2+ (HER2—/HER2+) HER2- (HER2—/HER2-)

Patient Characteristic Concordant HER2 Deviating HER2 Deviating HER2 Concordant HER2 Pt?;lﬁ?tlilt)n
No. of patients n = 60 n=9 n =65 n = 205 N = 339
Age (mean) 69.0 = 12.2 64.1 + 8.6 68.2 = 11.0 639 *11.1 65.6 + 11.4
Sex (male/female) 46/14 9/0 55/10 129/76 239/100
BMI (mean) 26.1 £32 2568 + 5.1 242 + 3.7 245 + 49 248 £ 45
ECOG

0-1 52 5 60 184 301

> 1 7 13 4 17 31
Primary tumor location

Cardia cancer (EGJ I-III) 41 7 28 96 172

Noncardia GC 19 2 34 107 162
First-line treatment

Chemotherapy-mono 6 0 5 8 19

Chemotherapy-doublet 40 3 41 89 173

Chemotherapy-triplet 14 6 17 96 133

Study treatment 0 0 2 12 14

Trastuzumab 60 0 65 0 125
Primary tumor resection

Yes 12 2 25 84 123

No 48 7 40 121 216

RO 11 2 17 57 87
Grading

Grade 1-2 41 2 22 56 121

Grade 3-4 19 7 42 148 216
No. of metastatic sites

1 33 4 31 130 198

>1 27 5 34 74 140
Best response

Complete response 3 0 4 8 15

Partial response 19 1 14 35 69

Stable disease 19 1 18 55 93

Progressive disease 11 4 18 79 112
Central HER2 IHC score

0-1 0 0 44 179 223

2 11 4 21 26 62

3 49 5 0 0 54
Local HER2 IHC score

0-1 0 6 0 149 155

2 2 1 8 22 33

3 51 0 51 0 102

Abbreviations: BMI, body mass index; ECOG, Eastern Cooperative Oncology Group; EGJ, esophagogastric junction; GC, gastric cancer; HER2, human
epidermal growth factor receptor 2; HER2—, HER2 negative; HER2+, HER2 positive; IHC, immunohistochemistry; RO, complete resection.
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classified as HER2+ if at least 10% of tumor cells stained
positive in resection specimens and if at least five adjacent
tumor cells stained positive in biopsies (IHC-score 3+ and
2+ if confirmed by CISH).*° In cases with more than one
specimen sent to central pathology, one HER? test per
patient was taken for evaluation in the following order: first
HER?2 test of endoscopic biopsies, second resection
specimen, and only if no other specimen was sent, HER2
tests of metastatic sites. For the detailed IHC report, the
percentage of HER2+ tumor cells in relation to all tumor
cells was calculated. Local HER2 testing was performed
according to local standards. The use of specific anti-
bodies, certification of the laboratory, or participation in
round robin tests was not requested, in line with the real-
world approach of HER2 testing in Germany. HERZ2 gene
amplification was determined by CISH using the Zytomed
System (C-3022-40, Bremerhaven, Germany). For gene ex-
pression analysis, RNA was extracted from formalin-fixed and
paraffin-embedded tissue (n = 102) as described previously
by STRATIFYER Molecular Pathology GmbH, Cologne, Ger-
many.*' RT-qPCR was applied for relative quantification of
HER2 mRNA, and CALMZ (calmodulin 2; housekeeping
gene) expression was determined by using gene-specific
TagMan-based assays as published previously.*?

Data Analyses or Statistical Methods

VARIANZ was designed as an observational study. For this
reason, we did not establish a detailed statistical analysis
plan and included rough estimates for the expected
number of observed cases. Data management used the
BioXM Knowledge Management Environment version 6.0
provided by Biomax, which integrated clinical and mo-
lecular data.

Survival data were analyzed using the Kaplan-Meier esti-
mation and Cox regression analysis available in Matlab
R2016b. For the Kaplan-Meier estimation, significant dif-
ferences between patient groups were assessed using the
log-rank test. For the Cox regression analysis, the 95% Cl
was calculated for the estimated hazard ratios (HRs) to
determine significance. The analysis set comprised all
patients belonging to one of the following groups: HER2-
positive concordant with local report (HER2+/HER2+),
HER2-positive deviating from local report (HER2+/HER2-),
HER2— deviating from local report (HER2—/HER2+),
and HER2— concordant with local report (HER2—/
HER2—; Fig 1).

The optimal cutoff value of HER2 IHC, HERZ/CEP17 am-
plification ratio, and HER2 gene expression was obtained
based on the Cox regression P value. The threshold was
used to divide the patients into high- and low-risk groups.
We defined values higher than or equal to the optimal cutoff
value as positive marker or high expression, whereas lower
values were defined as negative marker or low expression.

For gene expression analyses, a selection of the HER2—
patients (HER2—/HER2—) was analyzed to compare with

1472 © 2021 by American Society of Clinical Oncology

trastuzumab-treated  patients (HER2+/HER2+ and
HER2—/HER2+). This HER2— subgroup was selected to
match age, sex, and tumor type distributions of the other
groups. This was performed by iteratively selecting random
patients minimizing the Kolmogdrov-Smirnov statistic.

RESULTS
Study Cohort

VARIANZ recruited 548 patients with mGC in 35 German
study centers between May 2014 and January 2018. Five
hundred twenty-one patients were centrally tested for
HER2. In 27 patients, no sufficient tumor material for
central HER2 testing was available. As outlined in Figure 1,
465 patients met all inclusion criteria, and all necessary
information about medical history, treatment, and follow-up
was supplied by investigators. For 351 patients, sufficient
follow-up data were collected. Patient characteristics are
listed in Table 1.

No significant differences were detected between HER2 +
and HER2— patients regarding age, sex, ECOG perfor-
mance status, body mass index, tumor localization, and
grading and number of metastatic sites.

For 374 patients, the HER2 status was determined in both
central and local pathology institutes. In 77 cases (20.6%),
central testing revealed HER2+ mGC. However, in 22.7%
of patients, the locally assessed HERZ2 status was not
confirmed by central testing (n = 83, Fig 1). In the majority
of these cases, a local HER2+ status was not confirmed
centrally (HER2—/HER2+; n = 74), whereas in nine pa-
tients, HER2 was tested positive centrally in contrast to a
negative local assessment (HER2+/HER2-).

HER2 Test Deviations

To examine reasons for HER2 deviations between central
and local testing, we quantified the number and per-
centage of tumor cells stained HER2+. Examples of HER2
staining in VARIANZ are given in Figure Al (online only).
We found expression to be higher and more homogenous
in the HER2+/HER2+ population as compared with
the HER2—/HER2+ population (58.6% = 31.4% [SD],
n =60)v12.8% = 19.6% [SD], n = 65); P < .001;
Fig 2A). Similarly, a higher HERZ/CEP17 ratio was found
in the HER2+/HER2+ cohort (n = 56) (7.2 + 5.8 [SD]
v the HER2—/HER2+ cohort of patients (n = 59);
1.5 + 0.9 [SD]; P < .001; Fig 2B). Furthermore, HERZ2
gene expression (ACt) was higher in confirmed HER2+/
HER2+ tumors (n = 27) (41.8 £ 1.6 [SD] v HER2—/
HER2+ tumors (n = 28); 39.1 = 1.7 [SD]; P < .001)
although the number of tumor specimens left for analysis
was limited (Fig 2C).

In 75% of the patients, tumor specimens originating from
the same location (endoscopic biopsy of the primary tumor,
or resection specimen, or biopsy from metastases) were
tested for HER2 in both the central and local pathologies.
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FIG 2. Detailed central HER2 test results: number of tumor cells staining HER2+

by immunohistochemistry (A), amplification ratio for HER2/CEP17

by chromogenic in situ hybridization (B), and HER2 gene expression (ACt) (C) according to central HER2 status, central confirmation of HER2 status,
and treatment with trastuzumab. Significant differences between the patient groups are calculated using the one-way analysis of variance test.
Thresholds displayed are used in routine HER2 assessment or are calculated as optimized thresholds, best separating overall survival (Fig 4) of
patients treated with trastuzumab. Significance is shown for *.01 < P= .05, **.001 < P= .01, and ***P = .001. HER2, human epidermal growth

factor receptor 2; HER2—, HER2-negative; HER2+, HER2-positive.

For the remainder, tumor specimens originated from
separate locations. More than 60% were endoscopic bi-
opsies from the primary tumor. Frequency in deviating and
concordant HER?2 test results did not differ between the two
groups.

In 45 patients, specimens from more than one location
were tested in the central pathology. In nine patients,

Journal of Clinical Oncology

samples were from the same tumor location, and in 36
patients, they originated from different locations. Of all 45
patients with more than one available specimen tested in
the central pathology, only in four patients (8.9%), HER2
tests deviated between endoscopic biopsies, resection
specimen, or biopsies from metastases. In two cases, bi-
opsies were tested positive for HER2, whereas resection
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specimen or metastases were HER2— and vice versa in the
other two discordant cases.

Survival

Patients with centrally confirmed HER2+ mGC (HER2+/
HER2+, n = 60) had significantly longer OS when treated
with trastuzumab plus chemotherapy as compared with
HER2—/HER2+ tested patients who were treated with
trastuzumab plus chemotherapy (n = 65) (20.5 months
[95% CI, 15.7 10 31.5] v10.9 months [95% Cl, 8.2 t0 14.4;
HR, 0.42]; P < .001; Fig 3).

OS of trastuzumab-treated patients with centrally uncon-
firmed HER2+ mGC (HER2—/HER2+ [n = 65] was not
significantly different from that of trastuzumab-untreated
HER2-tested patients, Fig 3).

Patients with HER2+/HER2— mGC (n = 9) and patients
with centrally confirmed HER2— (HER2—/HER2—-) mGC
(n = 205) did not receive trastuzumab. In HER2+/HER2—
mGC (n = 9), all central HER2 results were obtained after
the start of first-line therapy (mean 67 days [95% ClI, 9 to
407 daysl). Consequently, the initially chosen treatment
regimen was not changed in these patients, which was in
accordance with the noninterventional character of the
VARIANZ study.

HER2 Expression Thresholds

To suggest alternative criteria for HER2-directed treatment,
we determined the thresholds optimizing the statistical
significance for survival benefit. We found that a portion of
40% of HER2+ tumor cells in biopsies and resection
specimen was an optimized threshold for treatment with
trastuzumab. The mean survival in patients with = 40% of

et al

tumor cells staining positive for HER2 was 20.5 months
(95% Cl, 15.6t0 32.6) versus 11.4 months (95% Cl, 9.3 to
15.0; HR, 0.46; P = .001; Fig 4A). The optimized HERZ/
CEP17 ratio for indicating benefit from trastuzumab was
3.0 with a median survival of 22.8 months (95% Cl, 16.5
to 81.7) in patients with an HERZ2/CEP17 ratio = 3.0
versus 11.7 months (95% Cl, 9.3 to 14.8) for patients with
an HER2/CEP17ratio < 3.0 (HR, 0.36; P < .001; Fig 4B).
For HER2 gene expression, the optimized threshold
was 39.41 ACT. The median survival in patients with ACT
> 39.41 was 22.8 months (95% Cl, 10.0 to 29.5) versus
5.0 months (95% ClI, 2.5 to 9.0; HR, 0.28; P < .001;
Fig 4C).

DISCUSSION

Treatment of metastatic GC and EGJC remains challenging.
Trastuzumab, the only approved anti-HER2—targeted ther-
apy in mGC in the year 2021, improves survival in HER2+
patients,”3* but response rates are still moderate and the
majority of initial responders eventually experience pro-
gression. Here, we report the results from a prospective
multicenter  noninterventional  study including 125
trastuzumab-treated patients, suggesting that trastuzumab-
treated patients with deviating HER2 test results, performed
by two independent laboratories, do not benefit from
trastuzumab. Patients with equivocal HER2 test results
show only intermediate HER2 expression, characterized
by < 40% of tumor cells staining positive for HER2. These
patients did seemingly not benefit from the addition of
trastuzumab to chemotherapy in our study as OS equals the
survival of HER2— patients who were not treated with

14 —— Central HER2-, local HER2-
—— Central HER2-, local HER2+?
—— Central HER2+, local HER2+°
= —— Central HER2+, local HER2-
Z
=
© *Trastuzumab treated
S 0.5
o 0.
=
o
wn
o
1
T T T T T T T
0 12 24 36 48 60 72 84
HER2 Time (months)
Central Local No. at risk
- - 205 83 27 5 3 1 0 0
- + 65 25 9 1 0 0 0 0
+ + 60 40 16 9 6 4 3 0
+ - 9 6 2 0 0 0 0 0

FIG 3. OS of patients according to central HER2 status (HER2+ [green], HER2— [blue]) and central con-
firmation of HER2 status (green and blue represent confirmed HER?2 status, and red represents deviating

HER2 status). ®Treatment with trastuzumab. HER2, human
HER2-negative; HER2+, HER2-positive. OS, overall survival.

1474 © 2021 by American Society of Clinical Oncology

epidermal growth factor receptor 2; HER2—,
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FIG 4. Calculation of optimized thresholds best separating OS of patients treated with trastuzumab. (A) Number of tumor cells staining
HER2+ by immunohistochemistry, (B) amplification ratio for HER2/CEP17 by chromogenic in situ hybridization, and (C) HER2 gene
expression (ACt). HER2, human epidermal growth factor receptor 2; HR, hazard ratio; OS, overall survival.

trastuzumab. Survival of trastuzumab-treated patients with
confirmed HER2+ status, in contrast, was longer in our
study compared with other studies.” Elevated thresholds for
diagnosing HER2 positivity could be the reason according
to our analyses. Our results suggest optimized thresholds
to be used for patient selection in the future: = 40% of

Journal of Clinical Oncology

HER2+ tumor cells by IHC, and a gene amplification ratio
of = 3.0 HER2/CEP17 selects those patients who benefit
from trastuzumab.

Heterogeneity of HER2 expression is evident for GC and
EGJC. HER2 tests were routinely performed at participating
centers according to recommended algorithms.*® IHC of
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HERZ2 is well-established for the characterization of mGC in
Germany, but deviating results between central and local
testing were reported previously and were not influenced by
the type of pathology (university, private practice, or
others), fixation method, commercial kit, antibody manu-
facturer, number of tumor-carrying documented samples,
or regular participation in round robin tests.? Longer OS was
seen in trastuzumab-treated patients with homogenous
mGC HER?2 expression (100% of HER2+ stained tumor
cells), and response rates were improved compared with
heterogenous mGC.?? Interestingly, even less HER2 ho-
mogeneity was found in our cohort compared with Korean
and Japanese cohorts.?2** Qur data also demonstrate that
for patients with more than one tumor specimen tested in
the central pathology, a minor deviation rate for HER2
results (in only four of 45 patients) was found, despite the
fact that most tests were performed in specimens origi-
nating from different tumor locations such as primary tumor
biopsy, resection specimen, and metastasis (36 of 45
patients). Deviating HER2 results between two probes
tested within one pathological institute were recently re-
ported in 25% of patients, when two surgical specimens
were analyzed.*® When multiple endoscopic biopsies were
tested, 26% of patients showed deviating HER2 results and
these were associated with worse survival.>” However,
these results were obtained in a retrospective case series of
limited sample size, which requires validation.

Additionally, intermediate HER2 IHC2+ scores were more
often detected in patients with trastuzumab-resistant
compared with trastuzumab-sensitive mGC,?” and pa-
tients with IHC2+ scores had worse survival than patients
with IHC3+ mGC when treated with trastuzumab.?® The

AFFILIATIONS

!University Cancer Center Leipzig (UCCL), Leipzig University Medical
Center, Leipzig, Germany

2Institute of Pathology, Leipzig University Medical Center, Leipzig,
Germany

3Center for Mathematics, Chair of Mathematical Modeling of Biological
Systems, Technische Universitat Miinchen, Garching, Germany
“Faculty of Mathematics and Natural Sciences, University of Bonn, Bonn,
Germany

5Biomax Informatics AG, Planegg, Germany

®Helmholtz Zentrum Minchen—German Research Center for
Environmental Health, Institute of Computational Biology, Neuherberg,
Germany

’Institute of Pathology, Technische Universitdt Minchen, Munich,
Germany

8Helmholtz Zentrum MUnchen - German Research Center for
Environmental Health, Research Unit Analytical Pathology, Neuherberg,
Germany

9Department of Hematology and Oncology, University Hospital Marburg,
Marburg, Germany

1OMVZ Mitte, Leipzig, Germany

1Department of General Surgery, Charité University of Berlin, Berlin,
Germany

12Klinikum St Marien and MVZ, Amberg, Germany

1476 © 2021 by American Society of Clinical Oncology

level of HER2 amplification was also shown to be prognostic
in trastuzumab-treated patients.3%°

We conclude that benefit from trastuzumab seems to be
limited in patients with intermediate and heterogenous
HER2-expressing mGC. Furthermore, loss of HER2 positivity
was observed in several rebiopsy studies?®3! and may also be
assessed by liquid biopsies during HER2-directed therapy.*®

Our study has some obvious limitations. It is a non-
interventional study, which, for methodological reasons, has
no control arm. In the decade after the ToGA trial, conduct of
a randomized trial evaluating trastuzumab benefit of HER2+
patients with intermediate HER2 expression would have
been impossible for ethical reasons. Second, the percentage
of HER2-positive cells was much higher in concordant cases
and the question whether the central pathologist was less
likely to call a low HER2-positive tumor positive or a low
HER2-positive tumor second slide from the block was more
likely to be negative could not be addressed. Obvious
strengths are the prospective design, the availability of tumor
material at one central laboratory allowing for quality-
controlled assessment of HER2 status, and the homoge-
nous data set received from the participating centers.

Our results suggest that for routine HER2 assessment,
more detailed reporting of HER2 test results should be
provided and an elevated threshold for HER2 expression
(40% of HER2+ stained tumor cells) and HER2 amplifi-
cation (ratio 3.0 HERZ/CEP17) should be considered to
better select patients who benefit from trastuzumab. Fur-
thermore, stratifying patients in HER2-targeting interven-
tional trials according to HER2 expression levels could give
a proof of this concept and eventually limit the risk of
overtreatment and failing trials.
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APPENDIX

ke

FIG A1. HERZ staining examples in the VARIANZ study. (A) Example of intratumoral heterogeneity: unstained
HER?2 negative tumor cells on the left side, some normal stomach glands in the middle, and strongly staining
HER2-positive tumor cells on the right side, (B) example of homogenously HER2-positive staining tumor cells.
HER2, human epidermal growth factor receptor 2.

© 2021 by American Society of Clinical Oncology Volume 39, Issue 13

Downloaded from ascopubs.org by 146.107.8.162 on May 20, 2021 from 146.107.008.162
Copyright © 2021 American Society of Clinical Oncology. All rights reserved.



	HER2 Expression, Test Deviations, and Their Impact on Survival in Metastatic Gastric Cancer: Results From the Prospective M ...
	INTRODUCTION
	METHODS
	Study Design and Cohort
	HER2 Tests
	Data Analyses or Statistical Methods

	RESULTS
	Study Cohort
	HER2 Test Deviations
	Survival
	HER2 Expression Thresholds

	DISCUSSION
	REFERENCES
	APPENDIX
	APPENDIX


