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Abstract

Purpose Trastuzumab plus chemotherapy is an effective
therapy in HER2 positive advanced gastric cancer (AGC).
However, the clinicopathologic factors that predict the
outcome of routine trastuzumab therapy remain unclear.
Methods The outcome and safety profile of trastuzumab
therapy in untreated HER2 positive AGC was evaluated in
this prospective observational study. Clinical and patho-
logical data including demographics, treatment profiles,
expression level of HER2 were analyzed to identify pre-
dictive factors of trastuzumab-based first-line therapy for
their progression-free survival (PFS).

Results Overall, 107 patients were eligible. The median
number of treatment cycles was 9 (range 1-44), the median
PFS and median overall survival (OS) were 7.7 months
(95% CI 6.5-8.9) and 16.0 months (95% CI 13.2-18.8),
respectively. The confirmed response rate was 58.9%, and
the disease control rate was 82.2%. Patients with liver
metastasis (HR 1.616) and poor performance status (PS,
HR 2.518) were independently associated with a worse
PFS, while the other clinicopathological factors including
demographics, treatment profiles and some other clinical
characteristics did not predict the survival.

Conclusions In routine clinical practice, the addition of
trastuzumab to chemotherapy was effective and safe in
real-world setting in Chinese patients with HER2 positive
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AGC, regardless of most of the clinicopathological factors.
Further studies are needed to improve the prognosis of
HER?2 positive patients with liver metastasis or poor PS.
Trial Registration clinicaltrials.gov Identifier:
NCT03024450
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Introduction

Gastric cancer is one of the leading causes of cancer-re-
lated death worldwide [1]. More than 70% cases occur in
developing countries, and 50% new cases originate in
eastern Asia (mainly in China) [2]. Human epidermal
growth factor receptor-2 (HER2) overexpression/amplifi-
cation is accounted for 6.0-29.5% in advanced gastric
cancer [3-7]. Trastuzumab is a humanized monoclonal
antibody that targets HER2. The ToGA study demonstrated
the beneficial effect of trastuzumab in gastric cancer
patients with HER2 overexpressing tumors: the addition of
trastuzumab resulted in a longer overall survival (OS,
13.8 months versus 11.1 months) and progression-free
survival (PFS, 6.7 months versus 5.5 months) than cis-
platin plus capecitabine or fluorouracil [3]. In the subgroup
analysis of ToGA study, adding trastuzumab significantly
improved OS of 16.0 months in patients with HER2
immunohistochemistry (IHC) 3+ or IHC 2+ plus the
positive result of fluorescence in situ hybridization (FISH);
it was more prominent than the whole patients. Tras-
tuzumab in combination with other chemotherapy regimen
was also effective [6, 8—11]. According to the different
studies available, the median PFS ranged from 6.7 to
9.8 months and median OS was from 11.8 to 24.7 months
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[6, 8—11]. It implies that a different regimen or character-
istic feature may affect the outcome in trastuzumab-treat-
ing patients. The valid predictive factors of trastuzumab
treatment are still unknown.

The purpose of this study was to identify predictive
factors affecting the PFS in AGS patients with high level of
HER2 who received trastuzumab-based first-line therapy,
as well as to evaluate the efficacy and safety of
trastuzumab.

Patients and methods
Patients

From January 2012 to December 2016, patients diagnosed
with HER2 positive advanced or metastatic gastric ade-
nocarcinoma in Shanghai Zhongshan Hospital, Fudan
University were prospectively collected. HER2 expression
was assessed by IHC first. In the cases with IHC 2+, flu-
orescence in situ hybridization (FISH) was used to detect
HER2/neu amplification levels. HER2 status was deter-
minate according to the gastric cancer scoring system for
HER2 [12]. Due to the subset analysis of ToGA study
patients, only patients with high levels of HER2 expression
(IHC 3+ or IHC 2+ plus FISH positive) were eligible in
this study. The additional principal inclusion criteria were
as follows: (1) pathology and medical imageology proven
advanced gastric adenocarcinoma, inoperable; (2) received
trastuzumab plus chemotherapy as the first-line palliative
chemotherapy; (3) with measurable lesion with a diameter
more than 20 mm using conventional computed tomogra-
phy (CT) or magnetic resonance imaging (MRI) scans or
10 mm using spiral CT scans; (4) Eastern Cooperative
Oncology Group performance status (ECOG PS) of 0-2;
(5) left ventricular ejection fraction(LVEF) more than 50
percent; (6) sufficient bone marrow, liver and renal func-
tion. The main exclusion criteria included: (1) received
previous systemic therapy for advanced disease (except
adjuvant/neoadjuvant chemotherapy completed at least
6 months before enrollment); (2) trastuzumab-based adju-
vant/neoadjuvant therapy; (3) treatment with any other
anticancer therapy (lapatinib, immunotherapy, etc.); (4)
patients with heart failure, coronary artery disease or
myocardial infarction within the previous 6 months. (5)
Trastuzumab-based first-line therapy started beyond
4 weeks from the first diagnosis of AGC.

Treatment
Trastuzumab was administrated every 3 weeks with a dose

of 6 mg/kg (8 mg/kg for first dose). There were no proto-
col-specified chemotherapy regimens. Fluoropyrimidine
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(5-FU, S1 or capecitabine), platinum (cisplatin or oxali-
platin), taxane (docetaxel or paclitaxel), irinotecan were
allowed to be used as the first-line chemotherapy for the
AGC in our study. If LVEF was below 45% and dropped
by ten points from baseline or LVEF was below 40%,
trastuzumab was withheld and an extra LVEF assessment
was performed after 3 weeks. Trastuzumab was discon-
tinued permanently if the following occurred: LVEF did
not recover to 45% or 40-45% but dropped within ten
points in 3 weeks, symptomatic significant heart failure,
and severe infusion reactions. Dosage adjustment and
treatment delay were also made by the physician as usual
clinical practice if the toxicities were mainly caused by
chemotherapy, but trastuzumab was administrated as
scheduled.

All patients have signed written informed consents in
our study. This study was approved by the Research Ethics
Committees of Zhongshan hospital, Fudan University.

Follow-up and evaluation

Clinical and pathological characteristics including age,
gender, tumor location, ECOG PS, Lauren classification,
previous gastrectomy, metastasis and first-line treatment
were collected at baseline, while toxicity according to
version 4.0 of Common Terminology Criteria for Adverse
Events (AEs) was recorded at every cycle. Patients
received CT/MRI for response evaluation every 9 weeks
according to Response Evaluation Criteria in Solid Tumors
(RECIST) (version 1.1) or earlier if there were indications
of treatment failure. LVEF was assessed at baseline and at
least every 12 weeks.

OS was defined as time from the beginning of first-line
therapy to death; PFS was measured from the start of first-
line therapy to the date of progressive disease or death,
with censoring of patients who were lost to follow-up.
Response rate (RR) was defined as complete response (CR)
plus partial response (PR); disease control rate (DCR) was
defined as CR plus PR plus stable disease (SD). CR and PR
were confirmed > 4 weeks after the initial identification of
response. All patients were followed up every three months
after disease progression (PD). The last date of follow-up
was 20th June, 2017.

Statistical analysis

Statistical analyses were performed with SPSS 16.0 sta-
tistical software (IBM SPSS Statistics, Chicago, IL, USA).
PFS and OS curve was estimated by the Kaplan—Meier
method. Clinicopathologic factors and variables of treat-
ment information were evaluated by univariate analysis
using the log-rank test and a multivariate analysis using a
Cox proportional hazards model and presented as an HR
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and a 95% CI. Differences between values were regarded
as statistically significant if the P value was less than 0.05.

Results
Patients and characteristics

A total of 136 HER2 positive AGC were registered and 107
patients were eligible. The consort diagram was summa-
rized in Fig. 1. The median age was 64 years (range
26-87). 95 patients (88.8%) received platinum plus fluo-
ropyrimidine (FP) or taxane plus fluoropyrimidine (DF) as
the first-line chemotherapy. In other patients, two patients
were treated with irinotecan plus cisplatin, and ten patients
received mono-chemo-agent therapy. Patients’ baseline
characteristics including demographics, treatment profiles,
and clinical characteristics were shown in Table 1.

Efficacy and multivariate analysis

At the last patient visit, the disease had progressed in 96
patients. Among them, 83 patients died of disease pro-
gression. The median number of treatment cycles given
was 9 (range 1-44, total 1104 cycles) and the median
follow-up time was 14.0 months, with a median PFS of
7.7 months (95% CI 6.5-8.9, Fig. 2a) and a median OS
was 16.0 months (95% CI 13.2-18.8, Fig. 2b). The con-
firmed response rate was 58.9% and the disease control rate
was 82.2%: 3 CR (2.8%), 60 PR (56.1%), 25 SD (23.4%),
and 19 PD (17.8%).

Univariate analyses were performed to determine the
independent influences of gender, age, ECOG PS, HER2
expression level, metastasis status, chemotherapy regimen
and other characteristic features on PFS. The results showed
that only ECOG PS (P < .001), and liver metastasis

[ 136 HER2 positive AGC |
17 Chemotherapy without
Trastuzumab
3 Other anti-tumor therapy
116 HER2 positive AGC

treated with Trastuzumab

3 Previous chemotherapy
for advanced disease

3 ECOG PS>2

2 No evaluable discase

1 Poor compliance

107 HER?2 positive AGC
treated with Trastuzumab

l

96 Disease progression
83 Deaths

Fig. 1 Study flow diagram

Table 1 Baseline clinicopathologic characteristic and univariate
analysis on PFS

Characteristics No. (%) P value on PFS

Gender
Male 82 (76.64) .084
Female 25 (23.36)

Age (years)
< 65 56 (53.34) 116
> 65 51 (47.66)

Lauren classification
Intestinal 52 (48.60) .605
Diffuse 12 (11.21)
Mixed 8 (7.48)
Unknown 35 (32.71)

HER?2 expression
[HC3+ 70 (65.42) 459
IHC2 +/FISH+ 37 (34.58)

Number of metastatic organs
<2 35 (35.74) .146
>2 63 (64.29)

Metastatic site
Liver 70 (65.42) .003*
Peritoneum 13 (12.15) .677
Lymph node 80 (74.77) 112

Previous gastrectomy
Yes 24 (22.43) 523
No 83 (77.57)

ECOG
0/1 83 (77.57) .000*
2 24 (22.43)

First-line chemotherapy with trastuzumab
FP 75 (70.09) 495
DF 20 (18.69)
Others 12 (11.22)

First-line chemotherapy regimen with trastuzumab
Monotherapy 9 (8.41) .893
Combination 98 (91.59)

* Differences between values were regarded as statistically significant
if the P value was less than 0.05

(P = .003) were related to the prognosis. PFS was signifi-
cantly prolonged in patients without liver metastases
(12.0 months versus 7.0 months for patients with liver
metastases, Fig. 2c) and patients with ECOG PS 0-1
(9.0 months versus 4.0 months for ECOG PS 2, Fig. 2d).
The P values for metastasis and ECOG PS in the multivariate
analysis were .044 (HR 1.616, 95% CI 1.014-2.577) and
.000 (HR 2.518,95% CI 1.522-4.167), which were therefore
also the independent factors influencing PFS.

Whether it was platinum plus fluoropyrimidine or taxane
plus fluoropyrimidine, different standard chemotherapy
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Fig. 2 Kaplan—Meier curves of progression-free survival and overall
survival in patients. a Kaplan-Meier curves of progression-free
survival in all enrolled patients. b Kaplan-Meier curves of overall

regimens made no difference of efficacy for HER2 positive
AGC based on trastuzumab first-line therapy. There were
88 patients who did not have disease progression after six
cycles of initial treatment. Among them, 40 patients swit-
ched to maintenance therapy of trastuzumab alone and
other 48 patients received trastuzumab plus chemotherapy.
Further analysis was carried out in these patients and the
median PFS of trastuzumab maintenance therapy was
similar with trastuzumab plus chemotherapy (7.3 months
versus 8.0 months, P = 0.625, Fig. 3a). The same result
was obtained in OS analysis (16.0 months
17.8 months, P = 0.946, Fig. 3b).

versus

Safety
The incidences of hematological and non-hematological

adverse events (AEs) were shown in Table 2. The leu-
copenia/neutropenia and anorexia were the most common
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survival in all enrolled patients. ¢ PFS in patients with liver metastasis
(liver +), and without liver metastasis (liver—). d PFS in patients
with ECOG PS 0-1, and PS 2

hematological and non-hematological AEs, respectively.
Three patients experienced grade 1/2 infusion reaction
related to trastuzumab when they accepted the first trastu-
zumab infusion, one patient stopped trastuzumab therapy
due to asymptomatic left ventricular ejection fractions. No
heart failure, arrhythmia or any other cardiac adverse event
occurred. There was no treatment-related death in this
observational study. All the AEs are reversible.

Discussion

This was the first study to analyse the prognostic factor in
HER?2 positive AGC treated with trastuzumab in real-world
setting in China. In our study, median PFS (7.7 months)
and OS (16.0 months) was comparable with the results of
the subgroup with high HER2 expression analysis in ToOGA
and the study reported by Kurokawa et al. that verified the
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Table 2 Incidence of adverse events
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in patients who received maintenance trastuzumab without
chemotherapy (H), and those who received trastuzumab with
chemotherapy (CT + H)

Event ALL (N = 107) FP (N = 175) DF (N = 20) Others (N = 12)
G 12 G 3/4 G112 G 3/4 Grade 1/2 Grade 3/4 Grade 1/2 Grade 3/4

Hematological
Leucopenia 42 (39.3) 20 (18.7) 32 (42.7) 13 (17.3) 6 (30.0) 4 (20.0) 4 (33.3) 3 (25.0)
Neutropenia 46 (43.0) 20 (18.7) 34 (45.3) 11 (14.7) 7 (35.0) 4 (20.0) 541.7) 5(41.7)
Thrombocytopenia 15 (14.0) 9 (8.4) 11 (14.7) 6 (8.0) 2 (10.0) 2 (10.0) 2 (16.7) 1(8.3)
Anemia 22 (20.6) 4 (3.7) 15 (20.0) 3 (4.0) 3 (15.0) 0 (0) 4 (33.3) 1 (8.3)

Non-hematological
Anorexia 40 (37.4) 3 (2.8) 28 (37.3) 2 (2.7) 9 (45.0) 1 (5.0) 3 (25.0) 0 (0)
Peripheral neuropathy 25 (23.4) 5@.7) 18 (24.0) 227 6 (30.0) 3 (15.0) 1(8.3) 0 (0)
Nausea 26 (24.3) 7 (6.5) 18 (24.0) 4 (5.3) 4 (20.0) 2 (10.0) 4 (33.3) 1(8.3)
Vomiting 20 (18.7) 54.7) 13 (17.3) 4 (5.3) 4 (20.0) 0 (0) 3 (25.0) 1 (8.3)
Stomatitis 5 4.7) 1(0.9) 3 (4.0 1(1.3) 2 (10.0) 0 (0) 0 (0) 0 (0)
Diarrhea 17 (15.9) 2 (1.9 9 (12.0) 1(1.3) 3 (15.0) 0 (0) 5 41.7) 1(8.3)
Fatigue 27 (25.2) 1 (0.9) 19 (25.3) 1(1.3) 5 (25.0) 0 (0) 2 (16.7) 0 (0)
Hiccup 3(2.8) 0 (0) 2(2.7) 0 (0) 1 (5.0 0 (0) 0 () 0 (0)
Liver dysfunction 11 (10.3) 0 (0) 8 (10.7) 0 (0) 2 (10.0) 0 (0) 1(8.3) 0 (0)
Renal dysfunction 12 (11.2) 0 (0) 9 (12.0) 0 (0) 2 (10.0) 0 (0) 1(8.3) 0 (0)
Heart failure 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
LVEF decreasing 1(0.9) 0 (0) 1(1.3) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Infusion reaction 3(2.8) 0 (0) 2 (2.7) 0 (0) 1 (5.0) 0 (0) 0 (0) 0 (0)

high efficacy of trastuzumab in the clinical practice of
Chinese population [3, 10].

Compared with breast cancer, fewer patients presented
HER?2 overexpression in gastric cancer. HER2 overex-
pressed more frequently in patients with these character-
istics: male agenda, esophageal gastric junction
adenocarcinoma or with intestinal type [13—15]. Elevated

serum carcinoembryonic antigen concentration, differenti-
ated histology, pulmonary metastasis, and distant lymph
node metastasis were significant predictive factors for
HER?2 positivity in recurrent or metastatic disease [16].
However, whether these clinicopathological factors asso-
ciated with HER2 positivity also have the prognostic sig-
nificance on anti-HER2 therapy in gastric cancer continue

@ Springer



700

Clin Transl Oncol (2018) 20:695-702

to be an issue of debate. So, we conducted univariate and
multivariate analyses to identify the predictor in trastuzu-
mab-treated patients.

Our study showed poor ECOG PS and liver metastasis
associated with poor outcome in trastuzumab therapy,
while other factors such as old age, gastrectomy, peritoneal
metastases, small number of metastasis which were pre-
dictors of prognosis in AGC did not influence the outcome
in HER2 positive AGC [17-20]. Further analysis also
demonstrated that median OS in patients with ECOG
PS <1 (17.8 months versus 8.0 months, P = 0.000) or
patients without liver metastasis (24 months versus
14 months, P = 0.007) were more longer than those with
ECOG PS = 2 or liver metastasis. Liver metastasis was
more common in HER2 positive AGC and HER2 was a
predictor of worse survival in AGC with liver metastasis
[21, 22]. In ToGA study, patients with visceral metastasis
(including liver) benefit less from trastuzumab [3]. But it
did not indicate that trastuzumab was totally ineffective in
these patients. Takuya Saito’s study found that HER2
positivity of the primary tumor and liver metastases had
good concordance in patients with liver metastases. It
suggested liver metastasis was a potential target for anti-
HER2 molecular therapy [23]. Moreover, our previous
study demonstrated that adding trastuzumab to
chemotherapy could significantly reverse the poor prog-
nosis in HER?2 positive AGC with liver metastasis patients
[24]. Recently, a randomized phase III study was designed
to investigate whether high-dose trastuzumab improved the
OS compared with standard dosing regimen in patients
with risk factors associated with more rapid disease pro-
gression and/or shorter survival duration. The main inclu-
sion criteria included ECOG PS 2, at least two organs
involved in metastatic gastric tumor (at least lung or liver
or both), no prior gastrectomy. However, high-dose regi-
men failed to show the benefits on OS [25]. Thus, much
more attempts were warranted to improve the prognosis in
patients with liver metastasis or ECOG 2.

We retrospectively reviewed the FISH status in patients
with HER2 THC 3+ after our study. All patients with IHC
3+ were FISH +. There was no statistical significance of
PES (7.7 months vs. 7.5 months) or OS (17.8 months vs.
15.0 months) in 70 patients with HER2 IHC 3 +/
FISH + and 37 patients with IHC 2 +/FISH + (Fig. 4).
The previous studies showed that HER2 expression was the
independent prognostic biomarker [3, 8, 26, 27], which
seemed to be in conflict with ours. Actually, there was a
portion of enrolled patients with low HER2 expression
(IHC +/FISH +) in those studies [3, 8, 26]. Gomez et al.
reported that HER2 positive patients with HER2 THC
3+ showed significantly longer OS than patients with
HER2 < 24-. Further analysis in that study demonstrated
HER2/CEP 17 ratio > 4.48 was the optimal cutoff value
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for predicting longer OS in patients treated with trastuzu-
mab [26]. Patients with a HER2/CEP 17 ratio greater than
5 also achieved better OS in GCOG1001 study [8]. Con-
sidering our results, HER2 gene amplification level instead
of THC level might be an appropriate predictive factor for
response to trastuzumab-based treatment and survival
benefit in patients with HER2 high expression.

Trastuzumab in combination with chemotherapy was the
standard therapy for HER2 positive AGC. New
chemotherapy agents such as S1, capecitabine, paclitaxel,
docetaxel was more effective or less toxicity than the
chemotherapy regimen in ToGA. Trastuzumab combined
with XELOX/SP/cisplatin has been reported as an effective
first-line therapy for HER2 positive AGC in some phase 11
clinical trials [8—11]. Therefore, chemotherapy was not
confined to a certain regimen in this observational study.
To find out the optimal regimen with trastuzumab, we
evaluated the efficacy of different regimens by univariate
analysis. The result showed similar outcomes in patients
treated with different chemotherapy regimen; it might
indicate that the anti-tumor activity of trastuzumab was not
dependent on the chemotherapy regimen.

Gravalos et al. reported the first trial in HER2 positive
AGC: trastuzumab with cisplatin monotherapy was an
active regimen and has a favorable toxicity profile [11].
There were also nine patients who were elderly or pre-
sented low tumor load that accepted mono-chemotherapy
as their first-line therapy in our study. Their survival was
similar with others, which indicated mono-chemotherapy
was also an active regimen. If patients did not have disease
progression after six cycles of first-line therapy, there were
two maintenance treatment options that depended on the
physician’s choice: one was remaining in trastuzumab with
chemotherapy; the other was stopping chemotherapy but
using trastuzumab treatment alone. In contrast to ToGA,
chemotherapy was required to be continued until disease
progression in some phase II studies [8, 9, 11]. Median PFS
reported in these studies seemed to be longer than that in
ToGA, so we analyzed the prognosis in 88 patients who
had SD/PR/CR after six cycles of initial therapy. There was
no significant difference on OS or PFS of different main-
tenance therapy. Therefore, trastuzumab in combination
with single chemotherapy drug or trastuzumab mainte-
nance alone after six cycles might be both promising
options with less toxicity in clinical practice, which were
deserved to be verified in randomized clinical trials.

However, there were always limitations for this single-arm
observational study. Explanatory analyses of subgroups of
patients were post hoc, but not pre-planned. The baseline data
might not be perfectly balanced. The other is the limitation of
most single-center studies. We analyzed 107 patients who
received trastuzumab-based therapy in one center, which lead
to a small sample scale in some subgroups in univariate and
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multivariate analysis and some other bias compared with
multicenter studies. All these might impair the statistical
efficiency. A large sample of prospective control study in
multicenter was warranted to verify the results in our study,
especially to evaluate the efficacy of different treatment
interventions in trastuzumab-based therapy.

In conclusion, the efficacy of trastuzumab in combination
with chemotherapy in real-world setting in Chinese patients
was similar with the outcome in the subgroup patients with high
expression of HER2 in ToGA. Chemotherapy regimen and the
maintenance therapy were not predictive factors influencing the
outcome of trastuzumab-based therapy. ECOG PS scored 2 and
liver metastasis were associated with a poor prognosis. Further
exploration is warranted to improve the survival in these
patients. More intensive, dual HER2 block, new drugs or reg-
imens might be novel and promising approaches.
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