(R INTERNATIONAL JOURNAL OF SURGERY

[ OPEN J

ITumour Marker Prognostic Study

Impact of HER2 on prognosis and benefit from
adjuvant chemotherapy in stage II/lll gastric cancer

patients: a multicenter observational study

Xianchun Gao, PhD, MD?", Lulu Zhao, MD?, Nannan Zhang, MD**"9, Weili Han, MD?, Kun Liu, MD?, Junya Yan, MD?,
Ling Chen, MD®, Yan Pan, MD?, Renlong Li, MD?, Wenijiao Li, MD? Haohao Zhang, MD?, Hongwei Li, PhD?,
Shibo Wang, MD?, Xiaoliang Gao, MD?, Penghui Niu, MD?, Wanging Wang, MD?, Gang Ji, PhD, MD?,

Qingchuan Zhao, PhD, MD?, Yuanyuan Lu, PhD, MD?, Zengshan Li, PhD, MD®, Lei Shang, PhD, MD",

Han Liang, PhD, MD®*?, Kaichun Wu, PhD, MD?, Jingyu Deng, PhD, MD®"®*, Yingtai Chen, PhD, MD®*,
Yongzhan Nie, PhD, MD**; for the MAGIS Study Group

Background: Human epidermal growth factor receptor 2 (HER?2) is a well-developed therapeutic target in breast and gastric cancer (@
However, the impact of HER2 on survival and benefit from fluorouracil-based adjuvant chemotherapy remains unclear in patients with GC.
Materials and Methods: This multicenter cohort study involved 5622 consecutive stage II/lll GC patients. HER2 expression was
assessed prospectively via immunohistochemistry (IHC). The staining intensity was graded on a scale of O to 3+ . An IHC score of 2 +or
3+ was defined as high expression, and a score of 3 +was defined as overexpression.

Results: HER2 overexpression was independently associated with a lower 5-year overall survival (OS) in stage Il [hazard ratio (HR),
2.10; 95% CI: 1.41-3.11], but not in stage Il GC (HR, 1.00; 95% Cl, 0.82—-1.20). Further analysis revealed that stage Il patients with
high HER2 expression showed a poorer response to chemotherapy than stage Il patients with low HER2 expression

(Pinteraction = 0.024). The HRs for 5-year OS were 0.51 (95% Cl, 0.38-0.70) for stage Il patients with low HER2 expression, 0.58 (95%
Cl, 0.51-0.66) for stage Ill patients with low HER2 expression, 1.13 (95% ClI, 0.61-2.09) for stage Il patients with high HER2
expression, and 0.47 (95% Cl, 0.36-0.61) for stage Ill patients with high HER2 expression.

Conclusions: Fluorouracil-based adjuvant chemotherapy is insufficient for stage Il GC patients with high HER2 expression,
indicating that prospective trials are required to validate alternative HER2-targeted adjuvant therapies in the individuals above.
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Introduction o . . o
tyrosine kinases. When activated, HER proteins homodimerize or

Human epidermal growth factor receptor 2 (HER2) is a member  heterodimerize and initiate intricate cellular signaling pathways
of the epidermal growth factor receptor family of receptor leading to cellular proliferation, tumorigenesis, and tumor cell
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metastasis ">l Based on the ToGA (treatment of HER2-positive
advanced gastric or gastroesophageal junction cancer) study,
HER2-targeted therapy plus chemotherapy is the standard first-
line treatment for advanced HER2-positive gastric cancer (GC),
and HER2 expression can be used to predict the response
to HER2-targeted therapies®!. Notably, one recent study high-
lighted the importance of HER2 as a predictive biomarker for the
efficacy of immune therapy in patients with GC!*!,

However, the prognostic relevance of HER2 expression in
resectable GC has not been sufficiently validated and remains
controversial. Approximately half of the relevant clinical studies
showed that high HER2 expression is a significant predictor of
poor survival®8! but other studies showed that HER2 is not a
prognostic factor’®'2l. Furthermore, HER2 amplification is
crucial in conferring broad-spectrum chemoresistance!"*'*!, but
a lack of consensus exists regarding HER?2 status as a predictive
biomarker of the response to adjuvant chemotherapy in patients
with GCI*®1, Current clinical studies have fully demonstrated the
importance of HER2 as a therapeutic target in advanced GC.
Therefore, determining the prognostic relevance of HER2 after
surgery for GC is important not only to accurately inform
patients about their prognosis but also to select the best potential
adjuvant treatment for each patient to improve long-term survi-
val. Owing to the complicated biological nature of malignancies,
specific biomarkers exhibit completely distinct relationships with
survival and chemotherapy response in patients with various
pathological stages™®'71. Currently, little is known concerning
the influence of HER2 expression on survival in subgroups of
patients stratified by cancer stage. As a minority of gastric tumors
show HER2 overexpression, further study with a larger sample
size is required to fully understand the correlation between HER2
expression and clinical outcome.

Therefore, this study aimed to assess the ability of HER2
expression to predict prognosis and adjuvant chemotherapy
benefit in patients with stage II/IIl GC based on a large number of
GC patients from three oncology centers. We performed a sub-
group analysis according to cancer stage to clarify the prognostic
value of HER2 expression and its association with the benefit of
adjuvant chemotherapy in patients with different cancer stages.

Methods
Study design and setting

This study was an analysis of the Multidisciplinary Alliance of
Gastric Integrative Studies (MAGIS) cohort data set, a multi-
center cohort including three well-known centers across China
(centers 1, 2, and 3). The three centers were high-volume hospi-
tals with extensive experience in GC surgery and comprehensive
treatment. Before the MAGIS cohort was established, each center
maintained its clinical cohort of GC patients'*2°, However,
data fields, processing, and normalization needed to be standar-
dized. To promote relevant research in GC, we compiled the data
of the three distinct institutes using a consistent standard and then
produced the MAGIS cohort in 2019. This research was funded
by the National Key R&D Program of China. The cohort was
developed and registered with the Chinese clinical trial registry
(http://www.chictr.org.cn). All three centers’ cohorts contain
various prospectively collected clinical data and follow-up
information. The center 1 cohort (the Xijing Hospital of Digestive
Diseases Gastric Cancer Cohort) included patients enrolled from

HIGHLIGHTS

e Human epidermal growth factor receptor 2 (HER2) over-
expression was a predictor of poor outcomes in stage II
gastric cancer.

e Stage II patients with high expression of HER2 could not
benefit from chemotherapy.

e HER2 expression was not associated with survival in stage
III patients.

e HER2 expression was not associated with chemotherapy
response in stage III patients.

2008 to 2018181921221 " 4nd the center 2 cohort (the China
National Cancer Center Gastric Cancer Cohort)!**?3! and the
center 3 cohort (the Tianjin Cancer Hospital Gastric Cancer
Cohort)?%**>5!included patients who were treated from 2001 to
2018. In brief, after undergoing gastrectomy surgery, all patients
were followed up through telephone interviews or in person at an
outpatient clinic every 3-6 months for 3 years and annually
thereafter until death to ascertain their survivorship and adjuvant
treatment information. The follow-up information was then
compared with the clinical data captured from electronic medical
records and annual reports from the national cancer registry to
confirm their accuracy. Each participating center’s ethics com-
mittee approved the study protocol.

Inclusion and exclusion criteria

This work is reported in line with the REMARK (REporting
recommendations for tumor MARKer prognostic studies) cri-
teria, Supplemental Digital Content 1, http:/links.lww.com/JS9/
A281. The inclusion criteria were as follows: age 18 years or
older, histologically confirmed gastric adenocarcinoma, patho-
logically negative resection margins (R0), pathologically proven
tumor-node-metastasis (pTNM) stage II/IIl GC, and complete
clinicopathological and follow-up data. The exclusion criteria
were as follows: other types of malignancies in the stomach,
history of gastrectomy or other malignant tumors, palliative
surgical resection, pathologically proven TNM stage I GC, peri-
toneal dissemination or distant metastasis, neoadjuvant che-
motherapy or radiotherapy before surgery, perioperative
mortality (one month after surgery), missing values (the percen-
tage of missing values for each covariate was lower than 7%), and
unknown HER2 status. The flow diagram is presented in
Figure 1A. Ultimately, a total of 5622 consecutive patients with
stage II/III GC who underwent radical gastrectomy without pre-
operative therapy between May 2010 and September 2017 were
included. The numbers of patients at medical centers 1-3 were
3304 (center 1: 1039 stage Il and 2265 stage I1I), 1693 (center 2:
627 stage Il and 1066 stage III), and 625 (center 3: 193 stage II
and 432 stage III), respectively.

Data collection and processing

The clinicopathological characteristics of each patient were
retrieved from the MAGIS cohort database and hospital infor-
mation systems. Because the pTNM staging system changed
during the study period, it was uniformly adjusted according to
the 8th edition of the American Joint Committee on Cancer
(AJCC) staging manual.
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Patients with operable gastric cancer from 3 hospitals (N = 15,767)

y

Excluded (n = 10,145)
« Other types of malignancies in the stomach (n = 263);

With history of gastrectomy or other malignant tumor (n = 680);

Non-RO resection (n = 525);

With pathologically proven TNM stage | gastric cancer (n = 3,963);

With peritoneal dissemination or distant metastasis (n = 1,366);

Received neoadjuvant chemotherapy or radiotherapy before surgery (n = 1,033);

Died within 30 days of surgery (n = 134);
Missing data (n = 1,252);
Unknown HER2 (n = 929)

Xijing Cohort (n = 3,304)

Tianjin Cohort (n = 625)

Stage Il and Ill patients had HER2, OS and adjuvant chemotherapy information (n = 5,622)

National Cancer Center Cohort (n = 1,693)] > [

HER2 0 (n = 2,889)
HER2 1+ (n = 1,575)
HER2 2+ (n = 780)
HER2 3+ (n = 378)

B Patients with stage Il and Il disease C Patients with Stage Il Disease D Patients with Stage Ill Disease
100 100 100
Y 80 _ 8
T K =
£ %] —ner20 2 %01 — Her2o 2 %0 ] — Her20
a HER2 1+ 3 HER2 1+ 2 HER2 1+
T 40 { = HER22+ % 40 { === HER22+ T 40 { == HER22+
o m—— HER2 3+ g me—= HER2 3+ g === HER2 3+
o 20 | HRfor 1+ 50,083 (95% Cl, 0.75-0.92); P < 0.001 S 50 | HRfor 1+vs0,0.92 (95% CI, 0.71-1.21);P = 0.553 o 20 | HRfor 1+ s 0, 0.84(95% CI, 0.75-0.94); P = 0.002
HR for 2+ vs 0, 0.81 (95% Cl, 0.71-0.92); P = 0.002 HR for 2+ vs 0, 0.97 (95% Cl, 0.69-1.35); P = 0.838 HR for 2+ vs 0, 0.81 (95% Cl, 0.70-0.94); P = 0.005
HR for 3+ vs 0, 1.10 (95% Cl, 0.93-1.30); P = 0.253 HR for 3+ vs 0, 1.77 (95% Cl, 1.22-2.57); P = 0.003 HR for 3+ vs 0, 1.01 (95% Cl, 0.84-1.22); P = 0.911
0 T - - - - T 0 T T T T T T | 0 - - r T
0 1 2 3 4 5 6 7 8 0o 1 2 3 4 5 6 7 8 o 1 2 3 4 5 6 7 8
Years Years Years
No. at risk No. at risk No. at risk
HER20 2889 1955 1159 568 201 HER20 906 781 526 260 91 HER20 1983 1174 633 308 110
HER2 1+ 1575 1152 718 339 a4 HER2 1+ 541 467 330 148 14 HER2 1+ 1034 685 388 191 30
HER2 2+ 780 586 378 182 28 HER2 2+ 287 251 177 85 15 HER2 2+ 493 335 201 97 13
HER2 3+ 378 246 153 75 16 HER23+ 125 99 66 34 7 HER2 3+ 253 147 87 41 9

Figure 1. Study design and prognostic value of HER2 expression. (A) Study profile; (B-D) Kaplan—Meier estimates of overall survival according to HER2 expression
in patients with stages Il and lll disease (B), patients with stage Il disease (C), and patients with stage Il disease (D). HER2, human epidermal growth factor receptor

2; HR, hazard ratio.

Therapeutic interventions and outcomes

In this study, standard fluorouracil-based adjuvant chemother-
apy was recommended for patients. Adjuvant chemotherapy was
defined as the administration of one or more cycles of che-
motherapy after surgery. Among 4834 patients who received
standard adjuvant chemotherapy, 741 (15.3%) received single-
agent S-fluorouracil, and 4093 (84.7%) received multiagent
chemotherapy (a combination of 5-fluorouracil and cisplatin/
oxaliplatin, doxorubicin, or paclitaxel/docetaxel).

The primary outcome was overall survival (OS), which was
assessed from the date of gastrectomy to the date of death or the
last follow-up. The secondary outcome was disease-free survival
(DFS), which was defined as the time from the date of primary
surgery until the first evidence of relapse, metastasis, or death
from any cause, whichever occurred first, and was scored as an
event. The last follow-up dates in this study were 9 October 2020,
for center 1, 31 December 2018, for center 2, and 1 August 2020,
for center 3.

Immunohistochemistry and in situ hybridization

Paraffin-embedded tissue sections were used for HER2 immu-
nohistochemistry (IHC) analysis. HER2 staining was performed

prospectively within one week after surgery. To minimize the
possible effects of sample heterogeneity, we only performed the
HER2 IHC test on surgical resection specimens. In addition, a
small section of HER2-positive GC tissue sample was loaded as a
positive control for each sample as a quality control measure. All
tissue sections were automatically stained with a Bond-Max
automatic stainer using primary antibodies against HER2/neu
monoclonal antibodies (Clone 4BS5; Roche Diagnostics).
Fluorescence iz situ hybridization (FISH) analysis was carried out
in representative patients with HER2 IHC 2 + from the MAGIS
cohort according to the manufacturer’s protocol using the HER2
gene detection kit (FISH) (Guang Zhou LBP Medicine Science &
Technology Co., Ltd). HER2 IHC expression and FISH amplifi-
cation were evaluated and scored by experienced pathologists
according to Hofmann’s criteria*®?”!, The IHC staining intensity
was graded on a scale of 0 to 3 + (representative images are shown
in Fig. S1, Supplemental Digital Content 2, http://links.lww.com/
JS9/A282). For the final scores, an IHC score of 0 was defined as a
loss of expression, an IHC score of 0 or 1+ was defined as low
expression, an IHC score of 2+or 3+was defined as high
expression, and an IHC score of 3+was defined as over-
expression. Amplification of HER2 by FISH was defined as a
HER2/CEP17 ratio of at least 2.0 (representative images are
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shown in Fig. S2, Supplemental Digital Content 2, http://links.
lww.com/JS9/A282).

Statistical analysis

Baseline patient characteristics were described according to the
HER2 expression status and were compared using one-way
ANOVA for continuous variables and the »* test for categorical
variables. Bivariate logistic regression was used to identify risk
factors for HER2 overexpression, and factors that were statisti-
cally significant with P less than 0.05 as well as pathologic T stage
were included as covariates in multivariable models.

Survival outcomes were estimated using Kaplan—Meier curves
and compared using a two-sided log-rank test. Univariate and
multivariate hazard ratios (HRs) with 95% ClIs were calculated
using the Cox proportional hazards model. Interactions between
HER?2 status and treatment were evaluated using the Cox pro-
portional hazards method in a 2 x 2 factorial design.

Subgroup analysis

To determine whether the effect of HER2 on survival and adju-
vant chemotherapy response varied with different pathological
stages and chemotherapy drugs, we established Cox models for
each subgroup to estimate HRs.

Validation of the analysis

We adopted multiple statistical approaches to validate the
robustness of our main results, including univariable and multi-
variable regression analyses, and stratification of cohorts. To
minimize the influence of the difference in baseline clin-
icopathologic factors on the analysis of adjuvant chemotherapy
benefits, we used propensity score matching to compare survival
between the adjuvant chemotherapy and surgery-only groups.

A two-sided P value less than 0.05 was considered statistically
significant. Statistical analyses were conducted using SPSS (ver-
sion 26.0; SPSS Inc.) and R software (version 3.3.2; statistical
software).

Results

HER?2 expression and association with baseline
characteristics

The THC results obtained for HER2 expression in all 5622
patients were as follows: score 0, 2889 patients (51.4%); score
1+, 1575 patients (28.0%); score 2+, 780 patients (13.9%); and
score 3+, 378 patients (6.7%). Importantly, the intensity of
HER2 staining was in good agreement among the three
different centers (Supplementary Fig. S1E, Supplemental Digital
Content 2, http://links.lww.com/JS9/A282). The rates of HER2
score 2+ were 13.6% (449/3304),13.2% (224/1693),and 13.9%
(87/625) in centers 1, 2, and 3, respectively. The rates of HER2
score 3+were 7.5% (247/3304), 5.5% (93/1693), and 6.1%
(38/625) in centers 1, 2, and 3, respectively.

The demographic and clinicopathological characteristics of
the study participants are summarized in Table 1. In univariate
analysis, the frequency of HER2 overexpression was corre-
lated with age, gender, primary tumor location, histological
differentiation, and pathologic N stage (Table 2), and was
more common in older patients, male patients, and those with

tumors located in the gastroesophageal junction (GEJ), well or
moderate histological differentiation, and advanced N stage.
In multivariate analysis, HER2 overexpression status was
significantly associated with histological differentiation and
pathologic N stage. HER2 overexpression was less common in
tumors with poor histological differentiation [odds ratio (OR),
0.27; 95% CI, 0.16-0.47; P<0.001] and more common in
advanced N stage disease (OR, 2.11; 95% CI, 1.51-2.95;
P<0.001) (Table 2).

Impact of HER2 status on survival

To evaluate the prognostic capability of HER2 expression in
patients with stage I/III GC, we used Kaplan-Meier survival
analysis to compare OS according to HER2 status. In univariate
analysis, HER2 status was associated with outcomes in the study
cohort as a whole (P<0.001), and patients with HER2 over-
expression appeared to have the worst prognosis (Fig. 1B;
Supplementary Table S1, Supplemental Digital Content 3, http:/
links.lww.com/JS9/A283). Multivariate analysis controlling for
potential confounders revealed no significant relationship
between HER2 status and OS (P =0.182) (Supplementary Table
S2, Supplemental Digital Content 3, http:/links.lww.com/JS9/
A283).

To evaluate our findings regarding the value of HER2
expression in prognosis prediction among patients at differ-
ent disease stages, we divided the patients into stage Il and
stage III subgroups. In patients with stage II disease
(n=1859), a HER2 score of 3+was associated with a
lower S-year OS rate, whereas all other expression levels
were comparable (Fig. 1C; Supplementary Table S1,
Supplemental Digital Content 3, http://links.lww.com/JS9/
A283). Following multivariable adjustment, the HR for
HER2 score 3 +versus score 0 was 2.10 (95% CI, 1.41-3.11;
P <0.001) (Supplementary Table S3, Supplemental Digital
Content 3, http://links.lww.com/JS9/A283), indicating the
potential clinical significance of HER2 for survival prediction
in patients with stage II GC. Among patients with stage III
disease (n=3763), patients with a HER2 score of 1 or 2 + had
a significantly better prognosis than those with a HER2 score
of 0 or 3+in univariate analysis (Fig. 1D). Nevertheless,
multivariate analysis indicated that HER2 expression was not
associated with the outcome (P=0.395) (Supplementary
Table S4, Supplemental Digital Content 3, http://links.lww.
com/JS9/A283).

HER?2 status and benefit from adjuvant chemotherapy

To evaluate whether HER2 expression is a predictive marker
of the adjuvant chemotherapy response, we investigated the
association between HER2 status and survival in patients
receiving and not receiving adjuvant chemotherapy. Treatment
with adjuvant chemotherapy was significantly associated with
a higher OS rate in both stage II and stage III subgroup
patients with low HER2 expression and in stage III subgroup
patients with high HER2 expression (all P <0.001; Fig. 2A, B,
D). Interestingly, patients in the stage II subgroup with high
HER2 expression showed no survival benefit from adjuvant
chemotherapy (Fig. 2C). Patients in the stage II subgroup with
high HER2 expression had 5-year OS rates of 81.9% when
treated solely with surgery and 77.5% when treated con-
currently with chemotherapy (HR =1.13; 95% CI: 0.61-2.09;
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Clinical and demographic variables by HER2 status.

Variable All cohort (n=5622) HER2 0 (n=2889) HER2 1 + (n=1575) HER2 2 + (n=780) HER2 3+ (n=378) P

Age (years) 0.001
Mean + SD 57.5+10.7 57.0+10.9 57.9+10.7 58.1+10.4 58.8+10.1

Sex 0.003
Female 1409 (25.1) 776 (26.9) 379 (24.1) 181 (23.2) 73 (19.3)
Male 4213 (74.9) 2113 (73.1) 1196 (75.9) 599 (76.8) 305 (80.7)

Primary tumor location <0.001
GEJ cancer 1766 (31.4) 830 (28.7) 520 (33.0) 266 (34.1) 150 (39.7)
Gastric cancer 3856 (68.6) 2059 (71.3) 1055 (67.0) 514 (65.9) 228 (60.3)

Histology <0.001
High differentiation 133 (2.4) 56 (1.9) 35(2.2) 25(3.2) 17 (4.5)
Middle differentiation 1062 (18.9) 378 (13.1) 281 (17.8) 237 (30.4) 166 (43.9)
Poor differentiation 4427 (78.8) 2455 (85.0) 1259 (80.0) 518 (66.4) 195 (51.6)

Size (cm) <0.001
Mean +SD 53+26 55+28 5024 51+22 53+21

Perineural invasion 0.015
No 1482 (26.4) 748 (25.9) 389 (24.7) 239 (30.6) 106 (28.0)
Yes 4140 (73.6) 2141 (74.1) 1186 (75.3) 541 (69.4) 272 (72.0)

Lymphovascular invasion 0.032
No 2169 (38.6) 1078 (37.3) 616 (39.1) 335 (42.9) 140 (37.0)
Yes 3453 (61.4) 1811 (62.7) 959 (60.9) 445 (57.1) 238 (63.0)

Examined lymph nodes 0.076
>16 5275 (93.8) 2690 (93.1) 1482 (94.1) 742 (95.1) 361 (95.5)
<16 347 (6.2) 199 (6.9) 93 (5.9 38 (4.9 17 (4.5

T stage <0.001
T 119 (2.1) 49 (1.7) 42 (2.7) 21 (2.7) 7(1.9
T2 467 (8.3 216 (7.5) 138 (8.8) 69 (8.8) 44 (11.6)
T3 1814 (32.3) 803 (27.8) 578 (36.7) 298 (38.2) 135 (35.7)
T4 3222 (57.3) 1821 (63) 817 (51.9) 392 (50.3) 192 (50.8)

N stage 0.020
NO 1046 (18.6) 539 (18.7) 285 (18.1) 165 (21.2) 57 (15.1)
N1 1063 (18.9) 557 (19.3) 286 (18.2) 142 (18.2) 78 (20.6)
N2 1401 (24.9) 678 (23.5) 422 (26.8) 213 (27.3) 88 (23.3)
N3 2112 (37.6) 1115 (38.6) 582 (37.0) 260 (33.3) 155 (41.0)

Pathologic stage 0.020
Stage |l 1859 (33.1) 906 (31.4) 541 (34.3) 287 (36.8) 125 (33.1)
Stage il 3763 (66.9) 1983 (68.6) 1034 (65.7) 493 (63.2) 253 (66.9)

Adjuvant chemotherapy 0.554
No 788 (14.0) 387 (13.4) 228 (14.5) 118 (15.1) 55 (14.6)
Yes 4834 (86.0) 2502 (86.6) 1347 (85.5) 662 (84.9) 323 (85.4)

GEJ, gastroesophageal junction; HER2, human epidermal growth factor receptor 2.

P=0.695). A test for the interaction between HER2 status and
treatment also revealed that the benefit observed in HER2 low-
expression patients was greater than that observed in HER2
high-expression patients in the stage II subgroup (P =0.024 for
the interaction) but not in the stage III subgroup (P=0.177 for
the interaction) (Fig. 2E). The trend of DFS was similar to that
of OS. Treatment with adjuvant chemotherapy was sig-
nificantly associated with a higher DFS rate in both the stage II
and stage III subgroup patients with low HER2 expression, as
well as in the stage III subgroup patients with high HER2
expression (all P<0.05; Figure S3A, S3B, and S3D,
Supplemental Digital Content 2, http:/links.lww.com/]S9/
A282), but not in the stage I subgroup patients with high
HER2 expression (P=0.674; Figure S3C, Supplemental
Digital Content 2, http:/links.lww.com/JS9/A282).
Considering that the significant association between HER2
status and chemotherapy efficacy was confined to patients
with stage II disease, we divided the patients into four further

detailed subgroups based on HER2 expression (score 0 to
3 +) and obtained consistent results (Fig. 3). To mitigate the
effects of differences in baseline characteristics among
patients received postoperative adjuvant chemotherapy and
surgery only, we adjusted for confounding factors by pro-
pensity score matching. After matching, the baseline char-
acteristics of the two groups of patients were similar (Table
SS, 6, Supplemental Digital Content 3, http:/links.lww.com/
JS9/A283). The results revealed that adjuvant chemotherapy
was still not associated with any improvement in overall
survival in both HER2 IHC 2+and 3+cohorts (both
P>0.05) (Fig. S4, Supplemental Digital Content 2, http://
links.Ilww.com/JS9/A282).

To assess the robustness of our findings, we classified the
patients into internal and external data sets based on their
affiliation with the participating centers (internal data set:
center 1, nearly 60% of the patients were drawn from this
center; external data set: pooling data from centers 2 and 3).
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Univariable and multivariable logistic regression analyses for
predicting HER2 score 3 +.

Univariable analysis Multivariable model

Variable OR 95%Cl P OR 95%CI P

Age (per 1-year increase) 1.01 1.00-1.02  0.015 1.00 0.99-1.01 0.696

Female (vs. male) 0.70 0.54-0.91 0.008 0.86 0.65-1.13  0.265

Primary tumor location 0.68 0.55-0.84 <0.001 0.84 0.67-1.06  0.147
(vs. GEJ cancer)

Histological differentiation <0.001 <0.001
(vs. well)

Moderate 126 0.74-216 0391 1.18 0.69-2.03  0.543
Poor 0.31 0.19-0.53 <0.001 0.27 0.16-0.47 <0.001

Tumor size (per 1 cm 099 0.95-1.03 0.716
increase)

Perineural invasion (vs.  0.91 0.72-1.15  0.442
absent)

Lymphovascular invasion 1.07 0.86-1.33  0.523
(vs. absent)

Examined lymph nodes  0.70 0.43-1.16  0.163
(vs. >16)

T stage (vs. T1) 0.019 0.164
T2 166 0.73-3.80 0.226 1.40 0.60-328  0.439
T3 129 0.59-2.82 0529 0.97 043-219 0934
T4 1.01 0.47-2.21 0.972 092 0.41-2.06 0.844

N stage (vs. NO) 0.169 <0.001
N1 1.37 097-1.96  0.078 1.38 0.95-1.99  0.088
N2 1.16 0.83-1.64 0389 1.37 0.95-1.96  0.088
N3 1.37 1.01-1.88  0.047 211 151295 <0.001

GEJ, gastroesophageal junction; HER2, human epidermal growth factor receptor 2; OR, odds ratio.

We obtained similar results for the two independent data sets
(Fig. 4). In both data sets, adjuvant chemotherapy was
associated with improved survival in stage III patients,
regardless of low or high HER2 expression (all P <0.05).
The survival benefit of adjuvant chemotherapy persisted in
stage II patients with low HER2 expression (both P <0.05)
but not in stage II patients with high HER2 expression
(P=0.616 and 0.481).

To assess the effect of HER2 amplification on our findings, we
performed FISH on 130 representative patients with HER2 IHC
2 +and identified 30/130 patients (23.1%) with amplification.
This proportion of HER2 amplification is consistent with that in
previous studies!®'?!, Of the 130 patients with HER2 scores 2 +,
55 were stage Il and 75 were stage III. Consistent with the results
in the original cohort, adjuvant chemotherapy was significantly
associated with a higher OS rate in patients with stage III disease
(P=0.013), while patients with stage II disease showed no sur-
vival benefit from adjuvant chemotherapy (P =0.570) (Fig. S5A,
S5D, Supplemental Digital Content 2, http:/links.lww.com/JS9/
A282). Then we performed a subgroup analysis of tumors with
and without HER2 amplification. This analysis showed that the
association between HER2 status and adjuvant chemotherapy
effectiveness in patients with HER2 score 2 + was unaffected by
HER2 amplification (Fig. S5, Supplemental Digital Content 2,
http:/links.lww.com/JS9/A282).

To address the confounding effect of different chemother-
apy regimens, we divided the patients into three groups based
on the number of adjuvant chemotherapy drugs. In contrast to
patients with low HER2 expression (Fig. 5A, B), those with

high HER2 expression did not benefit from chemotherapy,
even if they had received multiagent chemotherapy (Fig. 5C,
D). Additionally, the association between the HER2 status and
adjuvant chemotherapy effectiveness was unaffected by the
depth of invasion of the primary tumor (T1/T2 vs. T3/T4), the
number of metastatic lymph nodes (NO/N1 vs. N2/N3), and
the primary tumor site (GE]J vs. gastric) (Supplementary Fig.
S6-S8, Supplemental Digital Content 2, http://links.lww.com/
JS9/A282).

Discussion

In this study, we found that HER2 overexpression tumors were
more often of advanced N stage and were well or moderately
differentiated in terms of histology. Furthermore, we confirmed
that HER2 overexpression tumors were linked with a worse
outcome than HER2 loss-of-expression tumors in patients with
stage II disease. This effect is independent of several well-estab-
lished risk factors, including the primary tumor’s invasion depth
and the number of metastatic lymph nodes. The most critical
finding in the present study was that stage II patients with high
HER?2 expression did not benefit from fluorouracil-based adju-
vant chemotherapy.

According to previous multicenter studies, the rate of HER2
IHC 3 +in Chinese patients with GC ranged between 8 and
10%!"228] In our investigation, the rate of HER2 overexpression
determined by IHC alone was 6.7%, slightly lower than the
previously reported values. HER2 overexpression is more fre-
quent in advanced GC than in early GC"5*?!, This slight dis-
crepancy can be explained by the fact that, unlike many other
studies, our cohort only included patients with resectable stage II/
III disease.

In univariate analysis, we confirmed that HER2 over-
expression was predominantly associated with older age!®'1-3%1,
male sex!®111239 " tumors with a GEJ location!'>3% well-dif-
ferentiated tumors or moderate tumor differentiation!®!%31:321,
and regional lymph node metastasis!®>!. Unlike previous studies,
we used multivariate analysis to further assess the risk factors for
HER?2 overexpression. Multivariate analysis revealed that HER2
overexpression was independently associated with only histolo-
gical differentiation and lymph node metastasis. In this study,
patients with well-differentiated tumors were more likely to be
elderly, male, and have GE]J cancers (Table S7, Supplemental
Digital Content 3, http://links.lww.com/JS9/A283), which was in
line with previous results™®. As a result, HER2 status may be
indirectly correlated with age, gender, and tumor location. More
importantly, we discovered that the relationship between HER2
overexpression and lymph node metastasis was stronger in mul-
tivariate analysis than in univariate analysis. Accordingly, this
result suggests that tumors overexpressing HER2 are more likely
to spread through the lymphatic system.

HER?2 is a major oncogenic driver across various malignancies,
including breast cancer and GCP***, Although it has been
generally accepted that HER2 overexpression is a strong pre-
dictor of poor disease in breast cancer®3¢! the relationship
between HER2 expression and prognosis in GC remains con-
troversial. In the whole cohort, our results indicated that HER2
status was not an independent prognostic factor™!%!21, Most
consecutively admitted patients for GC surgery were pro-
spectively tested for HER2. Therefore, the current study has the
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Figure 2. Relationship between HER2 status and benefit from adjuvant chemotherapy. (A) Stage Il subgroup with low HER2 expression [immunohistochemistry
(IHC) scores of 0/1 +]; (B) stage lll subgroup with low HER2 expression; (C) stage Il subgroup with high HER2 expression (IHC scores of 2/3 +); (D) stage Il
subgroup with high HER2 expression; (E) treatment interaction with HER2 expression for 5-year overall survival. HER2, human epidermal growth factor receptor 2;

HR, hazard ratio.

essential advantage of showing no evidence of selection bias
among the participants. Interestingly, HER2 overexpression
related to well histological differentiation was associated with a
better prognosis!'**!, whereas HER2 overexpression related to

lymph node metastasis was associated with a worse

prognosis!®3!!. Therefore, the relationship between HER2 status
and survival is convoluted. Because the pathological stage is the
most crucial factor affecting prognosis in patients with GC, we
performed a subgroup analysis stratifying by pathological stage.
To the best of our knowledge, few studies have focused

1336



Gao et al. International Journal of Surgery (2023)

A Stage |l Disease HER2 0 B Stage Il Disease HER2 1+
100 100
£ 80 80
©
% 60 60
a
= 40 = Chemotherapy 40 = Chemotherapy
q:) 20 = No Chemotherapy 20 = No Chemotherapy
o HR, 0.57 (95% Cl, 0.37-0.85); P = 0.007 HR, 0.44 (95% Cl, 0.27-0.71); P = 0.001
0 T T T " T T T - 0 T w T "
o 1 2 3 4 5 6 7 8 o 1 2 3 4 5 6 7 8
. Years Years
No. at risk
Chemotherapy 796 688 464 237 84 452 397 281 129 13
No Chemotherapy 110 93 62 23 7 89 70 49 19 1
C Stage Il Disease HER2 2+ D Stage Il Disease HER2 3+
100 100 1
R 80 B‘*@—q 80
©
? 60 60
A 40
= 4 == Chemotherapy 40 === Chemotherapy
(]:J 204 == No Chemotherapy 20 == No Chemotherapy
o HR, 1.02 (95% Cl, 0.45-2.27); P = 0.969 HR, 1.39 (95% Cl, 0.54-3.61); P = 0.493
0 S — 0 ———
o 1 2 3 4 5 6 7 8 o 1 2 3 4 5 6 7 8
Years Years
No. at risk
Chemotherapy 241 213 149 76 13 98 80 55 30 7
No Chemotherapy 46 38 28 9 2 27 19 11 4 0

Figure 3. Relationship between HER2 status and benefit from adjuvant chemotherapy in the stage Il subgroup. (A) Stage Il subgroup with a HER2 expression score
of 0; (B) stage Il subgroup with a HER2 expression score of 1 +; (C) stage Il subgroup with a HER2 expression score of 2 +; (D) stage Il subgroup with a HER2
expression score of 3+ . HER2, human epidermal growth factor receptor 2; HR, hazard ratio.

specifically on the prognostic role of HER2 in GC patients with
different cancer stages. We found that HER2 overexpression was
associated with a more than two-fold increased risk of mortality
and that this negative prognostic impact of HER2 was confined to
stage II GC. For patients with stage III disease, although uni-
variate analysis showed that patients with HER2 scores 1 +and
2 +had a better prognosis, multivariate regression analysis
revealed that HER2 expression was not an independent prog-
nostic factor. As shown in Table 1, the expression levels
of HER2 were significantly associated with various clin-
icopathological factors, including age, sex, histological differ-
entiation, tumor size, lymphovascular invasion, T stage, and N
stage. Therefore, the significant association between HER2
expression and survival is an artifact of a complex interaction of
multiple risk factors in univariate analysis of stage III disease. In
multivariate analysis, the effects of other confounding factors
were adjusted to reveal the true effect of HER2 expression on GC
prognosis. Because patients with stage I GC have a considerably
better prognosis than those with stage III GC, HER2 over-
expression is more likely to drive malignant phenotypes in these
patients. This finding is consistent with that of a previous study
on colon cancer. Wu et al.B?”! reported a series of 2088 stage II/III
colon cancer patients and found a negative prognostic impact of

HER?2 overexpression in only stage II patients without high-risk
factors.

Notably, in patients with stage II GC, HER2 status was pre-
dictive of not only the prognosis of patients but also the efficacy of
adjuvant chemotherapy. The OS benefit of adjuvant chemother-
apy was lower in stage II patients with high HER2 expression
than in those with low HER2 expression. According to data from
a randomized clinical trial of postoperative chemoradiation ver-
sus surgery in patients with stages I-III GC (7 =258), individuals
with HER2-positive GC do not benefit from adjuvant chemor-
adiation compared to surgery alone!®. Our findings extend those
of the previous study, confirming that the detrimental effect of
high HER2 expression on chemotherapy efficacy was observed
only in patients with stage Il GC, but not in patients with stage III
disease. In contrast to our findings, data from another rando-
mized clinical trial of postoperative adjuvant S-1 therapy versus
surgery in patients with stage I/IIl GC (7= 829) showed that
HER2 had no impact on the efficacy of adjuvant
chemotherapy™l. As the minority of gastric tumors are HER2-
positive, previous studies have the disadvantages of a relatively
small number of HER2-positive patients and an insufficient
number of patients for subgrouping analysis based on stage.
Compared with previous studies, the number of patients in our
study was the largest, allowing us to draw reliable conclusions.
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Figure 4. Relationship between HER2 expression and benefit from adjuvant chemotherapy in different cohorts. The association between HER2 expression and
overall survival was investigated in the internal data set (A) and external data set (B). HER2, human epidermal growth factor receptor 2; HR, hazard ratio.

The role of HER2 in drug resistance could partially explain
why fluorouracil-based adjuvant chemotherapy was insufficient
for stage II patients with high HER2 expression. Several studies
have found that inhibition of HER2 using an anti-HER2 anti-
body causes a significant change in the drug sensitivity of gastric
tumor cells!'3*3~*%1 Human gastric cancer stem cells engineered
to downregulate HER2 could reduce drug resistance, including
resistance to oxaliplatin and S-fluorouracil’?!. In breast cancer,
HER?2 overexpression leads to rapid regrowth of tumor cells and
multidrug resistance, including resistance to 5-fluorouracil**#1,
This study suggests that the detrimental effect of high HER2
expression on the chemotherapy response was stronger in stage II
patients than in stage IIl patients. Consistent results were
obtained in both the internal data set and the external data set.
The clonal evolution of cancer might explain this striking effect.
Based on the concept of clonal evolution in cancer, tumors gain
increased genetic heterogeneity and divergent subclonal evolu-
tion as the stage progresses'*>*3, The prognostic factors in
patients with stage IIl GC are more complicated than those in
patients with stage II GC, including extensive lymph node
metastases and relatively high heterogeneity, which may attenu-
ate the impact of HER2 expression on the chemotherapy
response. This may explain the findings in our study.

HER?2 is a promising therapeutic target for the development of
novel drugs. Although HER2-targeted therapy has also been
approved for the treatment of HER2-positive early breast cancer
in an adjuvant setting, the applicability of HER2-targeted therapy
to early-stage GC remains unclear. Only a few published phase I
studies have explored the safety and efficacy of trastuzumab plus
chemoradiotherapy/chemotherapy for patients with HER2-
positive locally advanced esophagogastric/gastric adenocarci-
noma in the perioperative setting***!, They found that this
combination therapy significantly improved the pathologic
complete response rate. However, because of the lack of a control

group, it is difficult to assess its effectiveness in terms of survival in
these two studies. Recently, Hotheinz et al. reported the first trial
showing significant improvement in tumor remission with the
combination of a doublet HER2-targeted antibody (trastuzumab
and pertuzumab) and preoperative chemotherapy compared with
chemotherapy alone (35% vs. 12%) in HER2-positive locally
advanced esophagogastric adenocarcinomal!®®!. However, this
study was limited by its relatively small sample size and short
follow-up period. DFS and OS did not differ substantially
between the two groups. Therefore, although anti-HER2 therapy
improves the pathological remission rate of neoadjuvant therapy
patients, whether it can improve long-term survival remains to be
further studied. Importantly, there are no published prospective
clinical trials evaluating the efficacy of HER2 inhibitors in the
adjuvant setting. Additionally, recent studies have reported sev-
eral more potent anti-HER2 treatments in metastatic GC
patients, including trastuzumab deruxtecan®”>*®! and the com-
bination of pembrolizumab and trastuzumab™*’!. Thus,
these findings, combined with ours, highlight the need for HER2-
targeted adjuvant therapies in patients with stage II GC.

A key strength of this study is the use of a large multicenter
sample of consecutive patients with a long follow-up time,
which enabled us to obtain a well-characterized group of GC
patients. In addition, HER2 expression testing was pro-
spectively performed in all patients using a uniform detection
method. Other strengths of the current study include the
consistent statistical results in nearly all subgroups and the
sensitivity analyses. The limitations of this study include the
fact that many self-reported data on disease recurrence/distant
metastases are more accurate. Therefore, in this study, we
analyzed both DFS and OS to make the results more reliable.
Generally, although all the patients enrolled in the study had
received fluorouracil-based standard regimens for adjuvant
chemotherapy, the chemotherapy regimens were not assigned;
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Figure 5. Relationship between the number of adjuvant chemotherapy drugs and overall survival in the stage Il patients, stratified by HER2 expression. (A) Overall survival
in stage Il patients with a HER2 IHC score of 0; (B) overall survival in stage Il patients with a HER2 immunohistochemistry (IHC) score of 1 +; (C) overall survival in stage Il
patients with a HER2 IHC score of 2 +; (D) overall survival in stage Il patients with a HER2 IHC score of 3+ . *Received single-agent chemotherapy versus no adjuvant
chemotherapy; *Received multiagent chemotherapy versus no adjuvant chemotherapy. HER2, human epidermal growth factor receptor 2; HR, hazard ratio.

rather, they were usually presented by experienced physicians,
limiting the power to attempt subgroup analyses on the effect
of different chemotherapy regimens. Additionally, only
patients with stage II/IIl gastric cancer were included in this
study, we did not evaluate the effect of HER2 expression on
the efficacy of palliative chemotherapy in patients with meta-
static disease. Owing to this study’s real-world and non-
randomized nature, these results need to be validated in a
prospective, more prominent, multicenter randomized trial.

Conclusions

In conclusion, the current study demonstrates that HER2 over-
expression is a poor prognostic factor in patients with stage Il GC
but not in those with stage III GC. High HER2 expression
identified a subgroup of patients with stage Il GC who did not
derive benefit from fluorouracil-based adjuvant chemotherapy.
Therefore, further prospective studies are warranted to evaluate
whether anti-HER2 therapy can enhance outcomes even further
in patients with high HER2 expression. When adjuvant therapy is
advised for individual patients, we advocate taking the HER2
status into account.
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