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Abstract

Aim: The current management of advanced gastric or gastro-oesophageal junction adenocarcinoma remains unsatisfactory.
We investigated the efficacy and safety of the combination therapy of apatinib and S-1, considering the potential advan-
tage of home-based treatment without hospital admission, in patients with platinum-refractory gastric or gastro-oesophageal
junction adenocarcinoma. Methods:Between April 2015 and May 2019, we included 37 patients with advanced gastric or gastro-
oesophageal junction adenocarcinoma refractory to first-line platinum-containing therapy, who were treated with apatinib at
an initial dose of 500 mg once daily continuously and S-1 at a dose of 40-60 mg twice daily on days 1-14 of a 21-day cycle.
The primary endpoints were progression-free survival (PFS) and overall survival (OS). The secondary endpoints were objective
response rates, disease control rates, and safety. Results:At the data cutoff, the median PFS and OS were 4.2 months and
8.2 months, respectively. Of 37 eligible patients, 8 (21.6%) patients reached objective responses, 31 (83.8%) patients reached
disease control. Grade 3 or 4 adverse events occurred in 8 (21.6%) patients, including hand-foot syndrome, hypertension, and
diarrhea, etc. Conclusions: The combination of Apatinib and S-1 showed promising efficacy and manageable toxicity as a
home-based, second-line therapy in patients with advanced gastric or gastro-oesophageal junction adenocarcinoma refractory

to platinum-containing therapy.

Indroduction

Based on the Global Cancer Statistics [1], gastric cancer is the fifth most commonly diagnosed cancer and is
the third leading cause of cancer deaths. In 2018, there were more than 1 million new cases and approximate
783,000 deaths because of gastric cancer. East Asia is the most heavily affected region from gastric cancer.
The incidence is usually lower in the Americas and Northern Europe [2].

Screening and early diagnosis play a key role in reducing the mortality resulting from gastric cancer. With
the increased use of gastroscopy and the development of other screening methods, East Asian countries
such as Japan and Korea currently show much lower mortality rates [3]. However, because of the limitation
of skills of endoscopic physicians and the low availability of gastroscopy, universal screening has not been
used in many other countries [4,5]. China lags in comprehensive gastric cancer screening, and 80% of
gastric cancer patients are already in late-stages when diagnosed [6]. In addition, nearly one-third gastric
cancer patients in China who underwent adjuvant capecitabine plus oxaliplatin after D2 gastrectomy, either
relapsed, or developed a new gastric cancer, and died, within 5 years of treatment [7]. According to the
National Comprehensive Cancer Network (NCCN) [8] and Chinese Society of Clinical Oncology (CSCO)
[9] guidelines, there are only limited choices for second-line treatment, and the treatment of recurrent or
unresectable advanced gastric cancer is not highly effective. Therefore, we aimed to explore a second-line
therapy in gastric cancer patients after the failure of platinum-containing treatments.



With intensive research on tumor angiogenesis, it was discovered that small-molecule vascular endothelial
growth factor receptor tyrosine kinase inhibitors (VEFGR-TKIs) could significantly enhance the efficacy of
chemotherapy [10]. Apatinib, an oral small molecule VEGFR-TKI, inhibited the tyrosine kinase activity
of VEGFR-2 with high selectivity, thereby strongly inhibiting tumor angiogenesis [11]. Apatinib has been
approved by the China Food and Drug Administration (CFDA) as a monotherapy for patients with advanced
gastric or gastric-esophageal junction adenocarcinoma refractory to at least two chemotherapy regimens, since
December 13, 2014, which opened a new chapter in the targeted therapy of advanced gastric cancer after
Trastuzumab in China. Several clinical studies have proved its efficacy and safety in third-line treatment
of advanced gastric cancer [12,13]. S-1 is a fluorouracil-derived combination anticancer agent consisting
of tegafur (FT), gimeracil (CDHP) and oteracil (OXO) [14]. Numerous studies [15,16] demonstrated that
S-1 was suitable for adjuvant, first-line, and second-line chemotherapy for gastric cancer. Both apatinib
and S-1 are among the most commonly used oral drugs for gastric cancer in clinical practice in China [9]
, and, it was found in cytological experiments that the combination of apatinib with 5-FU was synergistic
for advanced gastric cancer[17]. Therefore, we aimed to explore the combined effects of apatinib plus S-1
through this phase-2 trial. Recently with the emergence of novel coronavirus (COVID-19) pneumonia, there
is a serious scarcity of medical resources worldwide and limited outdoor activities are being recommended for
cancer patients by various cancer societies including European Society for Medical Oncology (ESMO) [18].
Therefore, it might be worthwhile to evaluate substitution of intravenous agents by oral drugs. Considering
the global outbreak of the novel coronavirus and the possibility of its long-term existence, oral administration
of apatinib combined with S-1 might be a preferred option for patients because it can potentially minimize
visits and hospitalization, limiting the spread of COVID-19.

Therefore, for patients with advanced gastric or gastro-oesophageal junction adenocarcinoma refractory to
first-line platinum-containing chemotherapy, the effectiveness and safety of apatinib combined with S-1 needs
exploration, and as both drugs are taken orally, this might increase the available treatment options for elderly
patients, or those who refuse intravenous treatment, or those in a special situation.

Methods
Patient characteristics

We conducted this phase 2, single-arm, prospective study at the Beijing Friendship Hospital affiliated to
Capital Medical University between April 2015 and May 2019. Eligible patients were aged 18 years or older;
had unresectable advanced or recurrent gastric or gastro-oesophageal junction cancer histologically confirmed
to be adenocarcinoma; had a measurable tumor which progressed during the first-line platinum-containing
(XELOX or FOLFOX regimen, which includes oxaliplatin plus capecitabine or fluorouracil plus oxaliplatin
respectively) treatment, or within 6 months after last platinum-containing adjuvant chemotherapy; had
Eastern Cooperative Oncology Group (ECOG) performance status score of 0 ~ 2 and a life expectancy of
at least 3 months; had adequate organ function. Exclusion criteria were: previous application of apatinib
or other TKIs; uncontrollable hypertension; various factors affecting oral drug absorption (such as severe
dysphagia, severe vomiting, chronic diarrhea, and obstruction of digestive tract etc.); serious heart and
lung dysfunction; neurological and mental illness. The full inclusion and exclusion criteria are shown in the
appendix.

The trial was discontinued in selected patients for the following reasons: when tumor progressed, or serious
adverse events occurred, or the patients requested withdrawal, or the investigator determined that there was
a need to discontinue the trial.

Ethical committee Clearance

The trial was approved by the Research Ethics Committee of the Beijing Friendship Hospital affiliated
to Capital Medical University and was done in accordance with the Declaration of Helsinki. All patients
provided written informed consent. This trial was registered with ClinicalTrials.gov, number NCT04338438.

Procedures



Patients received apatinib at an initial dose of 500 mg once daily continuously, plus S-1 at a dose of 40-60
mg twice daily (40-60 mg twice daily dose depending on the patient’s body surface area: 40 mg if<1.25 m?;
50 mg if 1.25-1.5 m?2; and 60 mg if >1.5 m?) on days 1-14 of a 21-day cycle. Medication was continued until
the disease progression, withdrawal requirement, or intolerable adverse events.

Before treatment initiation, we used abdominal enhanced CT/MRI to measure and document the measura-
ble lesions. During the treatment period, patients visited the outpatient department every three weeks for
assessment that included: Vital signs, blood routine examination, blood biochemical examination, urine rou-
tine test, 12-lead ECG, etc. Adverse events were graded according to the National Cancer Institute Common
Terminology Criteria for Adverse Events (NCI-CTCAE, version 4.03) and monitored continuously during
the course of treatment. In addition, according to the Response Evaluation Criteria In Solid Tumors (RE-
CIST, version 1.1) [19], every 6 weeks the investigators evaluated the treatment response through enhanced
CT/MRI of abdomen and pelvis and metastatic sites, and tumor markers (including CEA, CA 125, CA 199,
AFP, and NSE) until the experiment was discontinued. The best response should be kept at least 4 weeks
for confirmation.

For the management of adverse events, dose adjustments were permitted for both, apatinib and S-1, inclu-
ding drug suspension and dose reduction. For apatinib, if patients had grade 4 hematologic adverse events,
treatment was suspended until recovery to grade 1 or below, and, then restarted with the reduced dose. If
the patients had grade 3 hematologic adverse events or grade 3-4 non-hematologic adverse events, at the
first instance, apatinib was suspended until recovery to grade 1 or below, and, then restarted with the non-
reduced dose. At the second instance of the grade 3 hematologic adverse events or grade 3-4 non-hematologic
adverse events, the subsequent treatment with apatinib was administered using the reduced dose. For S-1,
if patients had grade 3-4 hematologic adverse events or grade 3-4 non-hematologic adverse events (except
hypertension, hand-foot syndrome, and proteinuria), it was suspended until recovery to grade 1 or below,
and, then the single dose was reduced from 60mg to 50mg, or from 50mg to 40mg twice daily, as applicable,
and no further dose re-escalation was allowed [13].

Outcomes

The primary endpoints were progression-free survival (PFS) and overall survival (OS). Progression-free
survival referred to the duration from the beginning of the treatment to the disease progression, or death
from any cause, or last progression-free survival assessment for patients alive without progression. Overall
survival was defined as the interval from the enrollment to death from any cause. The secondary endpoints
were the objective response rates (ORR), and disease control rates (DCR) (according to RECIST 1.1), and
safety. The ORR was defined as the proportion of patients with measurable disease who achieved complete
or partial response. The DCR, was defined as the proportion of patients achieving stable disease or complete
response or partial response.

Statistical Analysis

Using the Exact single-stage phase-2 design, with a power of 90% and a type I error of 5% the study detected
an improvement in the 6-mouth progression-free survival from previous controls of about 18%-36%[20,21].
We initially expected the 6-month progression-free survival would be 40%, and under these assumptions, 36
or more patients should be enrolled. Eventually, if the 6-month progression-free survival reached 30.5%, the
treatment regimen would be considered success.

The time of data cut-off was set at Jan 31, 2020. The full analysis set (FAS) consisted of intent-to-treat
(ITT) patients, including all patients who were followed up after enrollment. The per-protocol set (PPS)
was a subset of FAS. Patients were included in PPS when they discontinued the study due to progressive
disease or intolerant adverse events or death. Patients in PPS received at least 2 cycles of treatment, with
good compliance and adherence to the protocol, and had a complete baseline and post-treatment evaluation.
Because sufficient compliance and complete records were found for all enrolled patients, the efficacy were
only analyzed for ITT. Safety set (SS) consisted of patients with at least one treatment and safety data and
all patients enrolled in this study were included in the safety data set.



We calculated the proportions of patients with different treatment responses and prognoses, and we assessed
95%CIs using Wilson procedure. We assessed the median PFS and OS and their 95%ClIs using the Kaplan-
Meier Model. In addition, we also used multiple Kaplan-Meier Model to assess whether there were significant
differences in median PFS or median OS between different subgroups, such as patients with recurrent tumors,
or with unresectable tumors. All statistical analyses were two-sided and significance was set at P<0.05. The
software used for all statistical analyses was SPSS Statistics (version 25.0).

Results
Patient Characteristics

Between April 2015 and May 2019, 39 patients were screened in this all-oral treatment plan, 37 of whom
were enrolled in this study. One patient was excluded due to previous treatment with oxaliplatin plus S-1,
and another patient was excluded because of pre-existing severe vomiting that might affect oral drug intake.
The patients’ baseline information is displayed in Table 1.

At the time of data collection (Jan 31, 2020), treatment was discontinued in 35 patients, while 2 patients
were still on treatment. Twenty-nine patients eventually discontinued the trial because of disease progression,
4 patients discontinued the trial because of intolerable adverse events, while 2 patients discontinued due to
consent withdrawal (Figure 1). The median follow-up duration for the cohort (n=37) was 8.4 months.

Efficacy

At the end of the follow-up, 26 (70.3%) patients had died, and 11 (29.7%) patients were still alive. As for
the primary endpoints, the median PFS was 4.2 months (IQR 2.7-7.0; 95%CI 3.50-4.90) and the median OS
was 8.2 months (IQR 4.95-12.6; 95%CI 4.69-11.71); 6-month progression-free survival was 31.5% (95% CI
16-48); 9-month progression-free survival was 17.5% (95% CI 6-33); 6-month overall survival was 62% (95%
CI 45-76); 12-month overall survival was 36% (95%CI 20-51); 2-year overall survival was 21.7% (95% CI
8-39). (Figure 2)

Among all patients with efficacy evaluation, 0 (0%) of 37 patients achieved complete response, 8 (21.6%) of 37
patients achieved partial response, 23 (62.1%) of 37 patients reached stable disease, and 6 (16.2%) patients
achieved progressive disease after first post-baseline imaging evaluation (Figure 3). As for the secondary
endpoints, objective response was achieved in 8 of 37 patients (ORR: 21.6%; 95%CI 10.4%-38.7%). Disease
control was achieved in 31 of 37 patients (DCR: 83.8%; 95%CI 67.3%-93.2%).

In this study, we also observed that the patients with recurrent gastric or gastro-oesophageal junction ade-
nocarcinoma had a significantly longer median OS than patients with radically unresectable disease (18.0
months vs. 6.0months; HR: 3.318; 95% CI 1.362-8.085; P=0.005) (Figure 4).

Safety

All 37 patients were included in the safety analysis. The overall incidence of any-grade adverse events was
100%. Most events were graded 1 or 2. The most common AEs were hypertension in 11 patients (29.7%),
hand-foot syndrome in 12 patients (32.4%), diarrhea in 12 patients (32.4%), elevated transaminase in 14
patients (37.8%), leukopenia in 12 patients (32.4%). Eight patients (21.6%) had grade 3-4 adverse events,
including hand-foot syndrome, acute intestinal obstruction, upper gastrointestinal bleeding and severe an-
emia, hypertension, fatigue, diarrhea, leukopenia. Among the 8 patients, 4 patients discontinued this trial
for AEs: one for serious fatigue, one for acute intestinal obstruction, one for upper gastrointestinal bleeding
and severe anemia, and one for grade 4 hand-foot syndrome. No treatment-related deaths occurred. Details
of adverse events are shown in the Table 2.

Eventually, there were 9 patients (24.3%) who required dose reduction for apatinib, of whom 6 patients
experienced only one dose reduction and 3 patients had two dose reduction. 2 patients had dose reduction
during the first cycle. Dose reduction occurred in 6 patients (16.2%) for S-1, among whom 4 patients required
one dose reduction and 2 patients had two dose reduction.



In the analysis of adverse events and efficacy, it was observed that patients with any grade hand-foot syndrome
had a longer median PFS (8.2 months vs. 4.2 months; HR 0.451; 95%CI 0.197-1.031; P=0.059; log-rank
P=0.043) and median OS (13.0 months vs. 6.0 months; HR 0.445; 95%CI 0.186-1.067; P=0.70; log-rank
P=0.061). Furthermore, the median PFS of patients who had any grade proteinuria was longer than those
who did not (5.6 months vs 4.2 months; HR 1.421; 95%CI 0.632-3.194; P=0.395; log-rank P=0.369).

Discussion

In this single-arm trial, we assessed the efficacy and safety of the oral combination of apatinib and S-1 for
patients with unresectable, advanced gastric or gastro-oesophageal junction adenocarcinoma, or recurrent
gastric or gastro-oesophageal junction adenocarcinoma as a home-based second-line therapy. In our study,
the median progression-free survival was 4.2 months and the median overall survival was 8.2 months, 8
(21.6%) patients reached objective response, and 31 (83.8%) patients reached disease control.

To our knowledge, the effects of current second-line treatment schemes for advanced gastric cancer remain
unsatisfactory. The WJOG 4007 Trial [22], a phase-3 study in Japan, enrolled 233 patients with advanced
gastric cancer refractory to treatment with fluoropyrimidine plus platinum. The median PFS and the me-
dian OS of the paclitaxel group was 3.6 months and 9.5 months, respectively, whereas, the median PFS
and the median OS in the irinotecan group was 2.3 months and 8.4 months, respectively. No difference in
OS between paclitaxel and irinotecan groups was observed in that study. These two monotherapies beca-
me classical second-line treatments in advanced gastric cancer. In RAINBOW study [21], a phase 3 trial,
Ramucirumab plus Paclitaxel showed a significant improvement in patients with previously treated advan-
ced gastric or gastro-esophageal junction adenocarcinoma; the objective response rate was 28%, the median
PFS reached 4.4 months, and in Asian patients the median OS reached 12.1 months. This study established
the combination of ramucirumab and paclitaxel as a leading second-line chemotherapy regimen for advan-
ced gastric cancer. In recent years, with the attention to immunotherapy, the KEYNOTE-061 study [23],
another phase 3 trial, showed that the median OS of patients treated with pembrolizumab monotherapy
reached 9.1 months. However, compared with paclitaxel, pembrolizumab monotherapy did not significantly
improve overall survival for PD-L1 positive advanced gastric or gastro-esophageal junction adenocarcinoma
(combined positive score [CPS] of 1 or higher). With reference to other second-line chemotherapy regimens
[20,24], the median PFS and median OS in patients using apatinib plus S-1 in this study were comparable
to the existing studies, and had advantages in the form of convenience and mild adverse reactions. It is
believed that the combination of apatinib and S-1 would have a better performance after dose adjustment
and toxicity management. Furthermore, the combined use of multiple types of drugs is a new trend, it can
be expected that the triple-combination of immunotherapy with chemotherapy and targeted therapy may
achieve the desired result [25].

The recommended dose of apatinib is 500-850mg once daily[12,13], but considering the patients ages and
conditions and the combining usage of S-1, in our study apatinib was given at 500mg once daily and S-
1 at the standard dose. Even though, the incidence of any grade adverse events was 100%. Most adverse
events were graded 1 or 2; grade 3 or 4 adverse events were mostly manageable; and no treatment-related
death occurred. The common adverse events included hematological adverse events, elevated transaminase,
hypertension, diarrhea, hand-foot syndrome, and proteinuria, etc. Among these adverse events, we believe
that hand-foot syndrome, hypertension, and proteinuria were because of antiangiogenic therapy; anorexia,
abdominal pain, diarrhea, elevated transaminase, and myelosuppression were S-1-related adverse events. In
the analysis of toxicity and efficacy, similar to previous studies [26,27], the occurrence of hand-foot syndrome
and proteinuria may indicate a better treatment outcome of anti-angiogenesis therapy, however, it might
be attributed to the small sample size, we did not observe the statistical significance in the assessment of
toxicity and efficacy.

In subgroup analysis, the reasons for a better prognosis among patients with recurrent tumors may be as
follows: Firstly, opposite to the uncurable lesions, the primary tumor has been resected completely, and
patients have had a tumor-free period. Secondly, compared with the patients who received first- and second-
line chemotherapy consecutively, the patients with recurrent tumors may have a short period of no treatment



after surgery and chemotherapy. This period may have contributed to the patient’s functional recovery and
enhanced the patient’s tolerance to chemotherapy. Thirdly, different subsequent treatments might have an
impact on patients’ survival.

Unfortunately, the sudden spread of the new coronavirus (SARS-CoV-2) and resulting disease (COVID-
19) impacts our existing medical system and limited medical resources. Many patients have delayed the
treatment of tumors due to the epidemic. Our research protocol shows a unique advantage, that is, it can
provide patients with a continued systemic treatment option without a suspension or delay. A national
analysis of COVID-19 in China suggested that cancer patients may be at relatively higher risk of infection
with novel coronavirus and severe events[28]. This protocol not only achieves psychological and physical
requirements of advanced gastric cancer patients, but might also help to reduce the spread of COVID-19
indirectly through reducing the need of hospital visits and exposure.

In summary, this study has certain advantages: Firstly, our treatment regimen effectively improved the
disease control rate (83.8%), and improved survival in patients with advanced gastric or gastro-oesophageal
junction adenocarcinoma refractory to first-line platinum-containing treatment. Secondly, we explored a safe
and effective home-based treatment option, which might benefit both the susceptible patients and spare
limited medical resources during the COVID-19 epidemic. Thirdly, despite the high incidence of adverse
events, compared with intravenous chemotherapy, the toxicity of oral targeted drug combined with oral
chemotherapy drug is milder and reasonably manageable. Because of the good tolerance, there were no
treatment-related deaths in our study. Fourthly, this trial explored a regimen in elder patients and those
with poor physical performance, for instance, an 84-year-old patient was included in this study and reached
partial response after 4 cycles of treatment. At the data-cutoff, this patient continued to receive the treatment
with apatinib plus S-1, with a PFS of more than 8.8months.

Conversely, our study also has several limitations. In the absence of randomization, the selection bias could
not be trimmed, therefore, the strength of the medical evidence was not sufficient. Because of the small
number of patients enrolled, our findings might be affected by the sampling error. In addition, because of
a large number of new drugs appearing in recent years, considering individual patients’ requirements, the
wide treatment choices made enrollment difficult, resulting in a longer time span for enrollment in this study.
However, encouragingly, the enrolled patients maintained a good compliance to this trial.

In conclusion, the efficacy of apatinib plus S-1 was comparable to the existing research, and the safety
profile seemed to be more favorable than that of intravenous treatment regimens. Furthermore, our study
provides a new option for the second-line treatment for advanced gastric or gastro-oesophageal junction
adenocarcinoma, and explores a low-toxic and more convenient medication regimen, especially for elderly
patients with poor condition. In addition, apatinib plus S-1 may be an appropriate choice of second-line
treatment for advanced gastric cancer during the COVID-19 pandemic.
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All patients enrolled (n=37) All patients enrolled (n=37)

Age, years Median Range 59 28-84(IQR 50-66)
Sex Male Female 29(78%) 8(22%)
ECOG PS 012 7(19%) 25(68%) 5(13%)
Primary lesion Gastroesophageal junction Gastric 9(24%) 28(76%)
Tumor status* Recurrent Unresectable 14(38%) 22(62%)

No. Of metastatic sites >2 [?]2 9(24%) 28(76%)

Platinum-containing treatment duration >4months [?]4months 16(43%) 21(57%)

Table 1. Baseline Demographic and Clinical Characteristics of Full Analysis Set. Data are presented as median

Any grade Grade 3-4

Non-hematological

Hypertension 11(29.7%)  1(2.7%)
Proteinuria 10(27.0%)

Hand-foot syndrome 12(32.4%)  2(5.4%)
Fatigue 7(18.9%)  1(2.7%)
Anorexia 11(29.7%)
Abdominal pain 10(27.0%)

Diarrhea 12(32.4%) 1(2.7%)
Dizziness 6(16.2%)

Elevated transaminase 14(37.8%)

Elevated bilirubin 6(16.2%)

Mucositis 4(10.8%)

Acute intestinal obstruction 1(2.7%)
Upper gastrointestinal bleeding 1(2.7%)
Hematological

Anemia 15(40.5%)  1(2.7%)
Leukopenia 12(32.4%) 1(2.7%)
Thrombocytopenia 7(18.9%)

Table 2. The incidence of adverse events in the safety population (n=37).

Figure 1: Trial profile

Figure 2: Kaplan-Meier curve for (A) overall survival and (B) progression-free survival in patients with at

Figure 3. Waterfall plot for the best percentage change in target lesions size This plot shows the best percentag

Figure 4: Kaplan-Meier curve for overall survival in patients with (n=14) or without radical gastrectomy (:
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