Ann Surg Oncol (2021) 28:4413-4422
https://doi.org/10.1245/s10434-020-09405-6

Annals of q
SURGICAL ONCOLOGY pdaies.

updates
OFFICIAL JOURNAL OF THE SOCIETY OF SURGICAL ONCOLOGY

ORIGINAL ARTICLE — GASTROINTESTINAL ONCOLOGY

Effect of Additional Trastuzumab in Neoadjuvant and Adjuvant
Treatment for Patients with Resectable HER2-Positive Gastric

Cancer

Qifei He, MD", Jiahui Chen, MM’, Kai Zhou, MB', Chenggen Jin, MM, Angiang Wang, MD’,
Ke Ji, MD', Xin Ji, PhD', Ji Zhang, MD', Xiaojiang Wu, MD', Xia Li, MSc?, Zhaode Bu, MD’, and

Jiafu Ji, MD, PhD!

'Department of Gastrointestinal Surgery, Key Laboratory of Carcinogenesis and Translational Research (Ministry of
Education), Peking University Cancer Hospital and Institute, Haidian District, Beijing, China; “Department of Medical
Epidemiology and Biostatistics, Karolinska Institutet, Stockholm, Sweden

ABSTRACT

Background. Recent studies have reported a beneficial
role of trastuzumab in neoadjuvant treatment (NAT)
among resectable gastric cancer (GC) patients; however,
the effect of adjuvant treatment (AT) combined with tras-
tuzumab is understudied. We performed a retrospective
cohort study to compare chemotherapies with or without
trastuzumab among human epidermal growth factor
receptor 2-positive (HER2 4) locally advanced GC
patients in the AT and NAT settings, respectively.
Methods. We enrolled 208 HER2 + resected GC patients
who underwent perioperative/postoperative treatment in
2010-2019 in a single-centered hospital, including 135 AT
patients and 73 NAT patients. We used inverse probability
of treatment weighting (IPTW) to balance potential con-
founding factors between the treatment groups, and
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estimated the treatment effect of trastuzumab. Pathological
and survival outcomes were evaluated.

Results. The number of trastuzumab-exposed patients in
the AT and NAT cohorts was 31 (23.0%) and 34 (46.6%),
respectively. After IPTW adjustment, AT combined with
trastuzumab showed a better overall survival (OS) over
chemotherapy alone (p = 0.023). In IPTW-adjusted NAT
analysis, trastuzumab-exposed patients had an improve-
ment in tumor pathological regression and downstaging,
with lower tumor regression grade scores (p = 0.002),
ypTNM stages (p < 0.001), ypN stages (p = 0.035), and
ypT stages (p < 0.001). Loss of HER?2 positivity following
trastuzumab treatment was observed in NAT patients;
however, we did not observe any significant effect of
trastuzumab on OS (p = 0.126).

Conclusions. Given the improvement in tumor regression
and downstaging among NAT patients, and the OS benefit
in AT patients, trastuzumab could be considered a
promising treatment for locally advanced HER2 + GC
patients. In particular, re-evaluation of HER?2 status should
be considered following NAT combined with trastuzumab.

Gastric cancer (GC), which is separated anatomically
into true gastric adenocarcinomas and gastroesophageal
junction (GEJ) adenocarcinomas, is one of the most com-
mon malignant tumors and one of the leading causes of
cancer mortality in both China and the world."> Surgery
combined with either adjuvant or neoadjuvant chemother-
apy is the recommended approach in the treatment of
locally advanced disease, as these therapies have been
shown to improve disease-free survival and overall survival
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(0S).> However, among locally advanced GC patients,
the effect of the recommended treatment among locally
advanced GC patients is not satisfactory enough, with a
reported S-year OS rate of 36-78%.% Therefore, addi-
tional treatment, such as radiotherapy, targeted treatment,
or novel immune checkpoint inhibitors, is proposed as a
supplement to the current therapeutic regimen in an attempt
to gain further benefits.’

Human epidermal growth factor receptor 2 (HER2) is an
important biomarker and critical driver of GC tumorigen-
esis.” Between 10% and 20% of GC patients are HER2-
positive (HER2 +).'"'"" Trastuzumab, a targeted drug
against HER2, can play an antitumor role by directly
blocking HER2-mediated signaling pathways and indi-
rectly inducing antibody-dependent cellular cytotoxicity.’
The international phase III Trastuzumab for Gastric Cancer
(ToGA) study showed that trastuzumab combined with
chemotherapy, compared with chemotherapy alone,
improved the overall tumor response rate and OS among
HER2 + GC patients in the advanced/metastatic set-
ting.'*'> However, only 3% of patients included in the
ToGA study were diagnosed with locally advanced GC,
with evidence on HER2 4 locally advanced GC remaining
uncertain. Given the survival benefit of trastuzumab in the
management of advanced/metastatic GC,'? it is worthwhile
to evaluate the clinical effect of adjuvant and neoadjuvant
trastuzumab for locally advanced GC. Some case
reports'*'7 and small scale studies'®° have reported that
neoadjuvant chemotherapy and trastuzumab showed a
beneficial effect on tumor regression, RO resection rate, and
short-term survival. However, the treatment strategy of
trastuzumab implemented in the postoperative adjuvant
treatment (AT) setting only has not been reported. Fur-
thermore, previous studies found that trastuzumab therapy
could lead to a change in HER2 status, from positive to
negative, in both resectable HER2 + breast cancer and
metastatic GC patients.”' > However, a potential change in
HERR? status following trastuzumab therapy in neoadjuvant
treatment (NAT) for resectable GC remains unclear.

Statistical studies demonstrated that an inverse proba-
bility of treatment weighting (IPTW) approach exhibited
higher statistical power than traditional logistic regression
to control confounding factors, especially when the sample
size is small.’*?’ We therefore employed the IPTW
method among a retrospective cohort of HER2 + locally
advanced GC patients to (1) investigate the tumor patho-
logical regression and survival probability following NAT
with or without trastuzumab; and (2) compare the survival
probability between patients undergoing adjuvant
chemotherapy plus trastuzumab and adjuvant chemother-
apy alone. In addition, we described the probability of loss
of HER?2 positivity after NAT combined with trastuzumab.

METHODS
Patients

We retrospectively collected information of eligible
locally advanced GC patients who underwent gastrectomy
from 1 January 2010 to 1 December 2019, from the hos-
pital’s patient database, which is prospectively recorded
and maintained at the Gastrointestinal Cancer Center of
Peking University Cancer Hospital (PUCH). The study was
approved by the PUCH Ethics Committee, and all partic-
ipants included in the present study provided informed
consent.

A patient was included in the current study if he/she met
the following criteria: (1) was diagnosed with locally
advanced GC or GEJ cancer; (2) underwent gastrectomy
with primary D2 lymph node dissection; (3) tested positive
for HER2 immunohistochemistry (IHC) 3 + or IHC 2 +
with fluorescence in situ hybridization (FISH), defined as
HER2 +;'' and (4) received perioperative chemotherapy
(including neoadjuvant and adjuvant chemotherapy) or
postoperative adjuvant chemotherapy, with or without
trastuzumab. Patients were excluded if they were (1)
diagnosed with stage I or IV disease according to the 8th
edition of the American Joint Committee on Cancer
(AJCC) Staging Manual;*® (2) diagnosed with non-gastric
adenocarcinomas before treatment; (3) experienced peri-
operative death (occurring within 1 month after surgery);
(4) received perioperative radiotherapy, other targeted
therapies except for trastuzumab, immunotherapy, or
unknown/absent perioperative therapies; and (5) the patient
was diagnosed with other simultaneous malignancies
(Fig. 1).

In total, we identified 314 HER2 + patients who
underwent surgery, from the patient database. After the
exclusion procedure, 208 eligible patients were enrolled in
the present study, including 135 patients undergoing
adjuvant therapy (AT cohort) and 73 patients receiving
NAT (NAT cohort).

Exposure, Covariates, and Outcomes

Exposure was defined as the receipt of trastuzumab by
intravenous infusion during the perioperative period for at
least one cycle of trastuzumab. Patients who received
trastuzumab preoperatively in the NAT cohort and post-
operatively in the AT cohort were included in the exposed
group, while those who only underwent chemotherapy
without trastuzumab were considered the control group.

Patient demographic, clinicopathological, and treatment
data were obtained from the hospital’s patient database.
Patient-related variables included age at diagnosis, sex, and
Charlson—-Deyo Comorbidity Score (0, 1, or 2 +).



Effect of Trastuzumab for Resectable HER2+ GC

4415

Patients with HER2+ GC
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« Stage I disease (n = 46)

o Stage IV disease (n = 52)

« Simultaneous multiple malignancies (n = 3)

« Receiving perioperative radioatherapy (n = 2)

A

A
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« Receiving perioperative targeted therapy
except for trastuzumab (n = 1)

« Receiving perioperative immunotherapy
(=1

« Perioperative death (n=1)

Resetable HER2+ locally
advanced GC
(n=208)

AT cohort (n = 135)

AT trastuzumab-
AT control group exposed group
(n=104) (m=31)

NAT cohort (n = 73)

NAT control group AT trastuzumab-
_ exposed group
(n=39) (n=34)

FIG. 1 Study population. NAT neoadjuvant treatment, AT adjuvant treatment, HER2 +human epidermal growth factor receptor 2-positive, GC

gastric cancer

Clinicopathological measures assessed tumor site (GEJ or
gastric primary), cancer cellular differentiation grade
(poorly or not poorly), presence of signet-ring cells (yes or
no), prechemotherapy TNM stage, prechemotherapy T
stage, and prechemotherapy N stage. Treatment-related
information took into account the number of regional
lymph nodes dissected (1-14, 15-29, or > 30), micro-
scopic residual tumor status (RO or R1 [positive resection
margin]),”> and year of surgery (2010-2014 or
2015-2019). Additional information, including the number
of neoadjuvant chemotherapy cycles and whether pacli-
taxel was introduced, was documented for NAT patients.
Among NAT patients who underwent trastuzumab treat-
ment, data on whether HER2 positivity changed and
whether the regimen changed were also collected and
recorded. The cTNM classification and pTNM stage were
treated as the prechemotherapy TNM stage for NAT
patients and AT patients, respectively.

Two types of outcomes, pathological outcomes and
OS, were considered for the NAT cohort, whereas OS was
the single outcome for AT patients. Pathologists evaluated
resected specimens and reported pathological outcomes,
which consisted of tumor regression grade (TRG; 0, 1, 2, or
3),>° ypTNM stage (0, I, I, III, or IV), ypT stage (1, 2, 3, or

4), ypN stage (0, 1, 2, or 3), and the degree of tumor
downstaging (cTNM stage minus ypTNM stage; continu-
ous value). The survival outcome was all-cause death or
censorship from the date of treatment (surgery date for the
AT cohort, or the date of the first chemotherapy cycle for
the NAT cohort) to the date of death, loss to follow-up, or
the last follow-up occasion. The most recent follow-up
interview was carried out in March 20. The additional
details of data collection and follow-up are provided in the
electronic supplementary Methods.

Statistical Analysis

Continuous variables were summarized by means (s-
tandard deviations) or medians (interquartile ranges), and
group differences were tested using f-tests or Mann—
Whitney tests whenever appropriate. Categorical variables
were described as frequencies (percentages), and the Chi
square or Fisher’s exact tests were performed.

To minimize the effect of selection bias and balance
potential confounding factors between the treatment
groups, we performed the IPTW method. The IPTW model
is an approach attempting to mimic a randomized situation
where exposed and control groups are allocated in balance
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by sample weighting. Exposed and control patients in the
IPTW model were weighted by the inverse probability of
being assigned to the exposed and control groups based on
propensity score (PS).”! We calculated the PS through
multivariable logistic regression models, with variables
significantly different between the control and exposed
groups (p < 0.1) in the present analysis and factors that
were previously reported to be significantly associated with
outcomes. ™

Inverse probability weights calculated from the PS were
constructed for NAT and AT patients separately, as cohort
sample sizes and included independent variables were
different. To calculate PS in the NAT cohort, we only
accounted for the number of neoadjuvant chemotherapy
cycles, differentiation grade, prechemotherapy TNM stage,
regimens with or without paclitaxel, tumor site, and year of
surgery.’® For AT cohort, we generated the weights to
balance 12 variates, including age, sex, Charlson-Deyo
comorbidity score, tumor site, cancer cellular differentia-
tion grade, signet-ring cells, prechemotherapy TNM stage,
prechemotherapy T stage, prechemotherapy N stage,
number of lymph nodes dissected, microscopic residual
tumor, and year of surgery.”>¥

We computed the Kaplan—Meier curves and log-rank test
based on inverse probability weights to compare OS between
the trastuzumab-exposed and control groups. Furthermore,
we employed inverse probability-weighted linear regression,
weighted ordinal logistic regressions, and weighted Cox
proportional hazard regression to estimate the treatment
effect of trastuzumab on continuous outcome (tumor
downstaging degree), ordinal categorical outcomes
(ypTNM, ypT, and ypN stage), and time-to-event outcome
(OS). Time since treatment (in months) was used as the time
scale in Cox regression. We further performed subgroup
analyses to investigate the [IPTW-adjusted hazard ratio (HR)
in subcohorts stratified by AT patients’ tumor location, pT
stage, pN stage, differentiation grade, microscopic residual
tumor, and the year of surgery. The robustness of the IPTW
model was tested in the sensitivity analyses by performing
conventional multivariate analysis and PS matching (PSM)
analysis. Statistical analyses were performed using R soft-
ware version 3.6.0 (The R Foundation for Statistical
Computing, Vienna, Austria), with a two-sided
p value < 0.05 defined as a statistical significance level.

RESULTS
Patient Characteristics
Among 208 included patients, 104, 31, 39, and 34

patients underwent a treatment of AT without trastuzumab,
AT with trastuzumab, NAT without trastuzumab, and NAT

with trastuzumab, respectively (Fig. 1). Table 1 shows
patient-, tumor-, and treatment-related characteristics of the
unweighted sample, by treatment groups. Among the AT
patients, there were 135 HER + GC patients with an
average age of 62.0 years, of whom 78.5% were male. The
AT trastuzumab-exposed group displayed a higher pro-
portion of patients with a pT1-2 stage (p = 0.026) and
those who received surgery between 2015 and 2019
(p = 0.002), relative to the control group.

In the NAT cohort, 84.6% were males and the average
age was 61.6 years. Compared with patients in the control
group (NAT without trastuzumab), trastuzumab-exposed
patients were more likely to undergo higher numbers of
chemotherapy cycles (p = 0.002). Furthermore, a greater
proportion of trastuzumab-exposed patients were treated in
the more recent time period, i.e. 2015-2019 (p < 0.001).

To balance baseline characteristics between the exposed
and control groups, we weighted each subject by their
inverse probability of treatment. After being weighted, all
significant differences observed in the unweighted AT
cohorts between the control and exposed groups no longer
existed (electronic supplementary Table S1). Electronic
supplementary Table S2 displays the covariate differences
among the NAT patients after IPTW adjustment. Similarly,
no covariates between the two NAT groups were signifi-
cantly different after being weighted.

Survival Outcome in the Adjuvant Treatment Cohort

The median follow-up time for the whole, control, and
exposed AT cohorts was 43.9, 46.7, and 28.5 months,
respectively. The crude rates at the 3rd and 5th year were
85.9% and 76.4%, respectively, among the trastuzumab-
exposed patients, and 69.6% and 58.8%, respectively,
among patients in the control group. After IPTW adjust-
ment, 3- and 5-year OS rates were 87.6% and 84.1%,
respectively, in the exposed group, which was significantly
better than 71.7% and 58.7%, respectively, in the control
group (weighted HR [wHR] 0.24, 95% confidence interval
[CI] 0.07-0.82; p = 0.023). Figure 2a shows the Kaplan—
Meier survival curves of OS before and after IPTW-ad-
justed analysis in AT patients. We checked the results
using multiple procedures. Similar results (HR < 1) are
reported in electronic supplementary Table S3, which
indicated a protective effect was consistent across different
methods regardless of the relatively small samples.

To test the robustness of our findings, we further per-
formed subgroup analyses to investigate the IPTW-
adjusted HR in subcohorts. We found that the effect of
trastuzumab was mostly consistent across subgroups
stratified by tumor site, differentiation grade, pT stage, pN
stage, and microscopic residual tumor status (electronic
supplementary Fig. S1).
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TABLE 1 Baseline characteristics of the unweighted neoadjuvant treatment and adjuvant treatment cohorts

Characteristics AT cohort NAT cohort

Control Trastuzumab  P-Value  Control Trastuzumab  P-Value

[n = 104] exposed [n = 39] exposed

[n=31] [n = 34]

Age, years [mean (SD)] 62.2 (10.4) 61.3 (10.8) 0.660 60.6 (8.0) 63.3 (9.0) 0.194
Males 79 (76.0) 27 (87.1) 0.282 34 (87.2) 27 (79.4) 0.564
Charlson-Deyo comorbidity score 0.439* 0.735%
0 57 (54.8) 21 (67.7) 23 (59.0) 17 (50.0)
1 37 (35.6) 8 (25.8) 13 (33.3) 13 (38.2)
>2 10 (9.6) 2 (6.5) 3(7.7) 4 (11.8)
Tumor site 0.111 0.175
EGJ 32 (30.8) 15 (48.4) 19 (48.7) 17 (50.0)
Gastric 72 (69.2) 16 (51.6) 20 (51.3) 17 (50.0)
Signet ring 13 (12.0) 129 0.188* 2 (5.1) 5(14.7) 0.240%
Poorly differentiation 59 (57.8) 24 (77.4) 0.079 17 (44.7) 22 (66.7) 0.107
Prechemotherapy TNM stage® 0.669 0.882*
I 35 (33.7) 12 (38.7) 1(2.6) 3(6.1)
1 69 (66.3) 19 (61.3) 38 (97.4) 31 (93.9)
Prechemotherapy T stage® 0.026* 0.416
T1 329 0 (0.0) - -
T2 10 (9.6) 9 (29.0) - -
T3 44 (42.3) 14 (45.2) 14 (35.9) 9 (24.2)
T4 47 (45.2) 8 (25.8) 25 (64.1) 25 (75.8)
Prechemotherapy N stage® 0.756* 0.601*
NO 14 (13.5) 309.7) 1(2.6) 2 (6.1)
N1 25 (24.0) 8 (25.8) 7 (17.9) 7 (21.2)
N2 27 (26.0) 6 (19.4) 22 (56.4) 20 (60.6)
N3 38 (36.5) 14 (45.2) 9 (23.1) 4 (12.1)
No. of regional lymph nodes dissected 0.361° 0.371%
1-14 4 (3.3) 309.7) 3(7.7) 129
15-29 46 (44.2) 11 (35.5) 20 (51.3) 14 (41.2)
>30 54 (51.9) 17 (54.8) 16 (41.0) 19 (55.9)
R1 2 (1.9) 309.7) 0.143* 0 (0) 0 (0) 0.999
Surgery between 2010 and 2014 71 (68.3) 11 (35.5) 0.002 22 (56.4) 4 (11.8) <0.001
Chemotherapy regimen with additional paclitaxel® - - - 11 (28.2) 4 (11.8) 0.149*
No. of neoadjuvant chemotherapy cycles [median (IQR)] - - - 2.0 (2.0-3.0) 3.0 (3.0-4.0) 0.002

Data are expressed as n (%) unless otherwise specified

AT adjuvant treatment, NAT neoadjuvant treatment, EGJ esophagogastric junction, /QR interquartile range
“Fisher’s exact test was used

°R1 (microscopic residual tumor) refers to positive resection margin

“In our database, the most common chemotherapy regimen was a combination of fluoropyrimidine-based and platinum-based (F + P)
chemotherapy; paclitaxel-based chemotherapy was the common alternative regimen

9cTNM classification and pTNM stage were treated as the prechemotherapy TNM stage for NAT and AT patients, respectively

Pathological and Survival Outcomes tumor regression and downstaging. Patients taking trastu-
in the Neoadjuvant Treatment Cohort zumab harbored lower TRG scores (weighted odds ratio
[WOR] 0.35, 95% CI 0.15-0.79; p = 0.013), lower ypN

We found that trastuzumab-exposed patients showed  stages (wOR 0.10, 95% CI 0.04-0.23; p < 0.001), lower
better short-term pathological outcomes with respect to  ypTNM stages (WOR 0.23, 95% CI 0.05-0.86; p = 0.035),
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p < 0.001), and higher degrees of tumor downstaging
(weighted B 1.08, 95% CI 0.62-1.54; p < 0.001) (Table 2).
Among the 34 trastuzumab-exposed NAT patients, 23
patients re-evaluated their HER?2 status, six patients did not
have their HER2 status re-evaluated, and five patients
achieved a complete pathomorphological response (TRGO)
and were not able to re-evaluate their HER2 status
(Table 3). Of the 23 patients who re-evaluated their HER2
status after treatment, six (26.9%) lost HER2 positivity,
and only one patient stopped anti-HER?2 treatment due to
the loss of HER2 positivity.

The median follow-up time for all patients, control
patients, and trastuzumab-exposed NAT patients was 31.0,
45.3, and 26.4 months, respectively. In respect of long-
term survival outcomes, we did not observe any significant

IPTW adjustment (Fig. 2b). Electronic supplementary
Table S3 lists the pathological and survival results of
sensitivity analyses, showing consistent results after using
different strategies to control group imbalance.

DISCUSSION

We retrospectively evaluated the effect of trastuzumab
among locally advanced HER2 4+ GC patients who
underwent AT and NAT. Adjuvant chemotherapy in
combination with trastuzumab was associated with a 76%
(1-wHR) decreased risk of mortality compared with
chemotherapy alone. Neoadjuvant chemotherapy with
trastuzumab increased the possibility of tumor regression
response by a factor of 4 (1I/wOR), and trastuzumab-
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TABLE 2 Outcomes of neoadjuvant treatment patients with or without trastuzumab before and after adjusting by inverse probability of
treatment weighting

Outcome NAT cohort [n (%)] IPTW
Control Trastuzumab- Unadjusted B/OR/HR Adjusted
[n =39] exposed [n = 34] p-value (95% CI) p-value

TRG 0.002* OR 0.35 (0.15-0.79) 0.013°

0 1 (2.6) 5147

1 6 (15.4) 4 (11.8)

2 9 (23.1) 18 (52.9)

3 23 (59.0) 7 (20.6)

Tumor downstaging [mean (SD)] 0.64 (0.78) 1.18 (0.98) 0.011 B 1.08 (0.62-1.54) < 0.001°¢

ypTNM stage 0.090* OR 0.23 (0.05-0.86) 0.035"

0 1 (2.6) 5(14.7)

I 3(7.7) 6 (17.6)

1I 17 (43.6) 14 (41.2)

1 18 (46.2) 9 (26.5)

ypN stage 0.017* OR 0.10 (0.04-0.23) < 0.001°

NO 9 (23.1) 17 (50.0)

N1 12 (30.8) 9 (26.5)

N2 14 (35.9) 3(8.8)

N3 4 (10.3) 51147

ypT stage 0.134* OR 0.12 (0.05-0.26) < 0.001°

TO 1 (2.6) 5(14.7)

T1 2 (5.1 4 (11.8)

T2 5(12.8) 7 (20.6)

T3 24 (61.5) 15 (44.1)

T4 7 (17.9) 3(8.8)

(0N 0.460 HR 0.38 (0.10-1.57) 0.126¢

IPTW inverse probability of treatment weighting, OR odds ratio, HR hazard ratio, CI confidence interval, TRG tumor regression grade, SD
standard deviation, OS overall survival, NAT neoadjuvant treatment

“Fisher’s exact test was used
"Weighted ordinal logistic regressions were used
‘Weighted linear regression was used

dWeighted multivariate Cox proportional hazard regression was used, with controlling for potential confounding variables that were associated
with survival outcome

TABLE 3 Change in HER2

status in the NAT groups with Change in HER?2 status NAT groups with trastuzumab [n = 34] (%)
trastuzumab Loss of HER2 positivity 6 (17.65)

Maintaining HER2 positivity 17 (50.00)

Complete pathological response 5 (14.71)

No re-evaluation of HER2 status 6 (17.65)

HER?2 human epidermal growth factor receptor, NAT neoadjuvant treatment

exposed patients were more likely to report a lower ypT, suggesting a re-evaluation of HER?2 status after NAT with
ypN, and ypTNM stage compared with traditional neoad-  trastuzumab. The present study provided promising evi-
juvant chemotherapy. Moreover, 26.9% of patients who  dence to support trastuzumab use in the adjuvant and
received neoadjuvant trastuzumab lost HER2 positivity, = neoadjuvant therapy settings for locally advanced GC.
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Postoperative chemotherapy has become a standard
treatment for curatively D2-resected GC in east Asia since
the ACTS-GC and CLASSIC trials reported the superiority
of adjuvant chemotherapy in improving survival outcomes
compared with surgery alone.®*® Furthermore, the ToGA
trial also observed the protective effect of trastuzumab in
combination with chemotherapy on survival among
HER2 + advanced GC patients.12 However, the evidence
of adjuvant chemotherapy plus trastuzumab in the treat-
ment of resectable GC after D2 dissection is still lacking,
especially in East Asian countries where curative D2
resection plus postoperative therapy is popular. The present
study enrolled GC patients with D2 dissection and evalu-
ated the effect of trastuzumab in the postoperative AT
setting. We found that trastuzumab plus chemotherapy
could significantly improve the survival outcome among
locally advanced GC patients. The survival rates of the
adjusted AT control group at the 3rd and Sth years were
71.7% and 58.7%, respectively. In contrast, the trastuzu-
mab-exposed group in the adjusted AT cohort was
associated with a 76% decreased risk of death, with 3- and
5-year survival rates of 87.6% and 84.1%, respectively.
Our results provided the first direct evidence for the effect
of postoperative therapy with additional trastuzumab for
locally advanced GC after D2 lymph node dissection.

Subgroup analyses tested the robustness of our findings
in the IPTW-adjusted AT cohort. The results showed that
HR values were still < 1 across subgroups stratified by
tumor site, differentiation grade, pT stage, pN stage, and
microscopic residual tumor status. Interestingly, we found
that HER2 + GC patients with higher pT, pN, and pTNM
stages might have a higher possibility of benefiting from
adjuvant therapy containing trastuzumab (electronic sup-
plementary Fig. S1). However, since each subgroup only
included a limited number of patients, such findings need
to be verified and supported by future studies.

Moreover, we performed a sensitivity analysis by using
multiple statistical methods, such as multiple regression
and PSM. Compared with conventional multivariate anal-
ysis and PSM, IPTW tends to report a result with a similar
point estimate but a narrower CI (electronic supplementary
Table S3), which suggests the robustness of our results and
the advantage of using the IPTW method in a study with a
small sample size.

Besides the protective effect of trastuzumab on survival
in the AT group, we also found the advantageous effect of
trastuzumab on tumor regression and downstaging among
NAT patients, which is in line with recent studies.'®-?°
Tong et al. reported that the transition probability from
cN + to ypNO was 53.8% in the group with trastuzumab
plus chemotherapy; at the same time, the rate was only
35.7% in the group with chemotherapy®’. Similarly, we
also found the addition of trastuzumab to NAT contributed

to the decrease in ypN stage, with 50% ypNO stage in the
trastuzumab-exposed group and 23.1% in the control
group. Furthermore, in our study, 50% of patients receiving
traditional neoadjuvant chemotherapy in the control group
had TRG 3, comparable with a previous report on preop-
erative chemotherapy among 480 surgical patients with
GC,37 which found that more than 50% of patients treated
with neoadjuvant chemotherapy had either a minimal or no
pathological response (TRG 3) to this treatment. In con-
trast, we found that neoadjuvant chemotherapy with
trastuzumab increased the possibility of tumor regression
response by a factor of 4, with only 25% remaining as
TRG 3 and 25% achieving TRG 0 or 1. This finding
was in agreement with a recent report from the multicen-
ter, randomized, controlled, PETRARCA clinical trial
(NCT02581462),*° in which the addition of anti-HER2
antibodies to neoadjuvant chemotherapy significantly
improved the pathological complete response rate com-
pared with chemotherapy alone.

Even though trastuzumab presented benefits regarding a
tumor’s pathological regression, we did not observe sta-
tistically significant evidence on the survival outcome,
partly due to the relatively small sample size and short
follow-up time (median: 31 months). Similarly, the study
by Tong et al. and the PETRARCA trial reported the short-
term benefits on tumor pathological response, but no sur-
vival benefit, with a median follow-up of 24.3 and
22.0 months, respectively.'>* Since the two studies, along
with our results, suggested a higher survival rate among the
trastuzumab group near the end of the follow-up period, it
is possible that trastuzumab could influence the long-term
survival outcome. Further investigations with a large
sample size or longer follow-up time are needed to eluci-
date the effect of trastuzumab on long-term survival
outcomes within the NAT strategy.

Interestingly, we found an occurrence of loss of HER2
positivity in the trastuzumab-exposed NAT group, which
indicated that the HER2 amplification clone might have
been eliminated after NAT, resulting in resistance to tras-
tuzumab. In the present clinical practice as well as the
above trials, not all HER2 + patients underwent a re-
evaluation of HER2 status. Moreover, only 16.7% of
patients with loss of HER2 positivity changed the regimen
according to the results of re-evaluation. Currently, the
preoperative use of trastuzumab among GC patients is
dependent on the HER2 status of the primary tumor at
initial diagnosis. The same postoperative therapy would
often be maintained, with an assumption that the pre-and
postoperative HER? status is stable. However, our findings
cast doubt on the stability of HER2 status. Our results
recommended a re-evaluation of HER2 status using sur-
gical specimens after NAT with trastuzumab, and a
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subsequent adjustment to the anti-HER2 postoperative
treatment strategy when loss of HER2 positivity is
observed.

This study has several limitations. First, the present
sample size was relatively small, which limited us to detect
trastuzumab effects in subgroups and effects in small
magnitudes. As the prevalence of HER2 positivity among
GC patients is only approximately 10-20%, it is chal-
lenging to enroll many resectable HER2 4+ GC patients.
Our sample size is by far the largest examining the tras-
tuzumab effect among resectable HER2 + GC patients
within the AT setting. Furthermore, to decrease the influ-
ence due to the small sample size, we used an IPTW
adjustment based on the PS, which has the potential
advantage of retaining all the samples over matched-pairs
analyses. Second, inherent selection bias and limited
information exist on account of the retrospective nature of
this study. We obtained limited data on the toxicity of
trastuzumab and time to recurrence, which could better
explain the safety and prognosis of trastuzumab. Despite
these problems, we thought this study had its merit, as we
included a relatively large number of HER2 + GC
resectable patients, provided the first evidence on AT
containing trastuzumab for GC, and made use of the IPTW
method to balance the treatment factors.

CONCLUSIONS

Given the improved pathological outcomes of tumor
regression and downstaging in the NAT group, and the
survival benefit among AT patients, trastuzumab could be
considered a promising treatment for patients diagnosed
with HER2 + locally advanced GC. As loss of HER2
positivity was observed, we recommend a re-evaluation of
HERR? status using surgical specimens following NAT with
trastuzumab. Prospective studies with a longer follow-up
and large sample sizes are still warranted to validate these
findings and guide the use of trastuzumab in the treatment
for locally advanced GC.
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