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LESSONS LEARNED

e Apatinib combined with S-1 was not superior to other chemotherapy regimens as first-line therapy for advanced gastric
cancer.

e There was a tendency for patients with lymph node metastasis to have prolonged median progression-free survival and
median overall survival, compared with patients with liver metastasis.

ABSTRACT

Background. The best choice of first-line chemotherapy reg-
imen for patients with metastatic gastric cancer is still
debated. We combined apatinib and S-1 as a new first-line
therapy to treat advanced gastric cancer. The efficacy and
safety of the combination were assessed, with the goal of
determining the most appropriate subgroup of patients
who could benefit from this new regimen.

Methods. This study was an open, exploratory single-arm,
phase |l trial. Enrolled patients received apatinib plus S-1
treatment (apatinib, 500 mg, once a day [qd], days 1-21;
S-1, 40 mg/mz, bid, days 1-14). The primary endpoints were
progression-free survival (PFS) and safety of this new regi-
men. Next-generation sequencing was used to explore
potential biomarkers.

Results. A total of 30 patients were enrolled. The median
progression-free survival (mPFS) was 4.21 months (95%
confidence interval [Cl], 2.29-6.13 months). The median
overall survival (mOS) was 7.49 months (95% Cl, 4.81—-
10.17 months). Patients with lymph node metastasis had
prolonged mPFS and mOS when compared with those with

liver metastasis (mPFS, 4.21 vs. 1.84 months; mOS, 8.21
vs. 6.31 months, p = .08). The most common grade 3 to
4 adverse events were abdominal pain, dizziness, and diar-
rhea. Gene mutation profiles between the two subgroups
were significantly different.

Conclusion. Apatinib combined with S-1 was not superior to
other chemotherapy regimens as first-line therapy for
advanced gastric cancer. Toxicity was consistent with known
profiles when given as monotherapy. There was a tendency
toward prolonged mPFS and mOS in patients with lymph
node metastasis compared with patients with liver metasta-
sis, which could support the need to design a future clinical
trial with a better defined patient population. The
Oncologist 2021;26:e374-e381

DiscussioN

There is no consensus about a first-line chemotherapy regi-
men for patients with metastatic gastric cancer. How to
improve the short-term and long-term efficacy of first-line
chemotherapy for gastric cancer patients and, at the same
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Table 1. Post hoc subgroup analysis

Liver
Lymph nodes metastasis
Efficacy metastasis subgroup  subgroup
No. of patients (%) 19 (63.33) 11 (36.67)
Response
assessment
(n=123)°
CR 1(6.25) 0
PR 4 (25.00) 0
SD 9 (56.25) 4 (57.14)
PD 2 (12.5) 3 (42.86)
Duration
assessments, mo
mPFS 4.21 1.84
mOS 8.21 6.31

@23 patients were deemed eligible for evaluation of treatment
response; 3 patients were missed in the lymph nodes metastasis sub-
group, and 4 patients were missed in the liver metastasis subgroup.
Abbreviations: CR, complete response; mOS, median overall sur-
vival; mPFS, median progression-free survival; PD, progressive dis-
ease; PR, partial response; SD, stable disease.

time, improve patient tolerance and reduce serious adverse
reactions as far as possible are currently urgent problems.
We combined two oral medicines, apatinib and S-1, as a
new first-line therapy to treat advanced gastric cancer. Our
two primary endpoints were the progression-free survival
and safety of this new regime.

Of the 30 enrolled patients, the median number of com-
pleted cycles was 5.5. Ten patients completed more than
six cycles. The mPFS was 4.21 months and the mOS was
7.49 months, which failed to show clinical benefit compared
with previous chemotherapy and antiangiogenesis regi-
mens. Adverse events (AEs) observed in this study were
consistent with the known safety profiles of S-1 and anti-
angiogenesis therapy. Because this was an exploratory trial,
the small sample size and broad population may be impor-
tant factors contributing to this outcome. However, we
gained more than the negative results. We discovered that
patients with abdominal lymph node metastasis had pro-
longed mPFS and mOS compared with patients with liver
metastasis, although this difference did not meet signifi-
cance (Table 1). Considering this trend, we could design
future clinical trials with an expanded sample size to choose
the best population for this kind of combination therapy.

We also used next-generation sequencing to explore
potential biomarkers. Gene mutation profiles between the
two subgroups were significantly different. TP53 is the most
commonly mutated gene (18/25); CDH1 and APC are second
(5/25). There is also research on the association between
gene mutations and cancer pathological characteristics.
PIK3CA mutation cases were significantly associated with
bone metastases. Patients with CDH1 or ARID1A mutation
had a greater risk of peritoneal recurrence, and patients
with EGFR or CCNE1 amplification had a greater risk of liver
recurrence. This is also consistent with our research, which
was shown in the genetic profiles distribution.

TriAL INFORMATION

Disease

Stage of Disease/Treatment
Prior Therapy

Type of Study

Primary Endpoints
Secondary Endpoints
Investigator’s Analysis

Gastric cancer

Metastatic/advanced

None

Phase Il, single arm

Progression-free survival, toxicity

Overall response rate, overall survival, disease control rate

Correlative endpoints not met but clinical activity observed

DRuUG INFORMATION

Drug 1
Generic/Working Name
Trade Name
Company Name
Drug Type
Drug Class
Dose
Route
Schedule of Administration
Drug 2
Generic/Working Name
Trade Name

Company Name
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Apatinib

Ai-tan

Jiangsu Hengrui Pharmaceutical Co., Ltd
Small molecule

Angiogenesis -

250 mg mg per flat dose

oral (po)

apatinib, 500 mg, qd, days 1-21

S-1

Ai-Yi

Jiangsu Hengrui Pharmaceutical Co., Ltd
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Drug Type Small molecule
Drug Class Other
Dose 40 mg/m?
Route oral (po)

Schedule of Administration

S-1, 40 mg/m?, b.i.d., days 1-14

PATIENT CHARACTERISTICS

Number of Patients, Male

Number of Patients, Female

Age

Number of Prior Systemic Therapies

Performance Status: ECOG

OTHER

20

10

Median (range): 62.97 4+ 7.94 (41-76) years
Median: 0

0—4

1—24

2—6

3—0

Unknown — 0

No. of metastatic sites <2: 20 (66.67%)

No. of metastatic sites >2: 10 (33.33%)

Metastasis site, posterior peritoneum lymph node: 19 (63.33%)
Metastasis site, liver: 11 (36.67%)

Cancer Types or Histologic Subtypes

PRIMARY ASSESSMENT METHOD: OVERALL ASSESSMENT

G1 (High) 0

G2 (Middle) 7

G3 (Low) 19

G4 (Undifferentiated) 2
Gx (Unknown) 2

Number of Patients Screened

Number of Patients Enrolled

Number of Patients Evaluable for Toxicity
Number of Patients Evaluated for Efficacy
Evaluation Method

Response Assessment CR

Response Assessment PR

Response Assessment SD

Response Assessment PD

(Median) Duration Assessments PFS
(Median) Duration Assessments TTP
(Median) Duration Assessments OS
(Median) Duration Assessments Response Duration

(Median) Duration Assessments Duration Of Treatment

© 2020 The Authors.
The Oncologist published by Wiley Periodicals LLC on behalf of AlphaMed Press.

RECIST 1.1

n=1(4.35%)
n=4(17.39%)

n =13 (56.52%)

n =15 (21.74%)

4.21 months, Cl: 2.29-6.13
6.11 months, Cl: 3.71-14.03
7.49 months, Cl: 4.81-10.17
3.24 months

4.04 months
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ADVERSE EVENTS

All Cycles

Name NC/NA 1
Fatigue 48% 26%
Abdominal pain 56% 22%
Nausea 62% 19%
Dizziness 71% 11%
Abdominal distension 70% 19%
Hypertension 70% 15%
Diarrhea 75% 11%
Headache 74% 11%
Vomiting 74% 7%
Anorexia 78% 7%
Proteinuria 89% 4%

Adverse events occurring in >10% of patients.
Abbreviation: NC/NA, no change from baseline/no adverse event

2 3 4 5 All grades
22% 4% 0% 0% 52%
15% 7% 0% 0% 44%
19% 0% 0% 0% 38%
11% 7% 0% 0% 29%
11% 0% 0% 0% 30%
11% 4% 0% 0% 30%
7% 7% 0% 0% 25%
11% 4% 0% 0% 26%
15% 4% 0% 0% 26%
11% 4% 0% 0% 22%
7% 0% 0% 0% 11%

ASSESSMENT, ANALYSIS, AND DIScUSSION

Completion

Investigator’s Assessment

Because there is still no common consensus about a first-
line chemotherapy regimen for patients with metastatic gas-
tric cancer, several doublet and triplet chemotherapy combi-
nations or that combined with antiangiogenesis therapy have
been tried to improve the clinical efficacy. Patient demo-
graphic and clinical characteristics are shown in Table 2. To
our knowledge, this is the first phase Il study evaluating the
efficacy and safety of apatinib combined with S-1 in patients
with advanced or metastatic gastric cancer as first-line ther-
apy. In this trial, the combination of apatinib and S-1 failed to
show clinical benefit compared with previous chemotherapy
and antiangiogenesis regimens including S-1 as a single agent.
Table 3 shows best response results. The median progression-
free survival (mPFS) was 4.21 months and the median overall
survival (mOS) was 7.49 months. The mPFS of cisplatin plus
S-1 was 4.8 months, whereas the mPFS of cisplatin plus cape-
citabine was 5.6 months [1, 2]. The regimen of bevacizumab
plus fluoropyrimidine-cisplatin showed an mPFS of 6.7
months, and ramucirumab combined with FOLFOX (oxali-
platin, 135 mg/m? (IV) intravenous glucose tolerance test (gtt)
(2 hours) day 1; calcium folinate, 200 mg IV gtt (2h) days 1-3;
fluorouracil, 2600 mg/m? IV 46 hours, pumping in) as front-
line therapy showed an mPFS of 6.4 months [3, 4]. The mOS
of cisplatin plus S-1 regimen and cisplatin plus capecitabine
regimen was 8.6 months and 10.5 months, respectively [1, 2].
For antiangiogenesis combined chemotherapy, the regimen of
bevacizumab plus fluoropyrimidine-cisplatin showed an mOS
of 12.1 months, and ramucirumab combined with FOLFOX as
front-line therapy showed an mOS of 11.7 months [3, 4].
Because this is an explored trial, the small sample size and
broad population may be important factors for this outcome.
However, we learned more than the negative results. We dis-
covered that patients with abdominal lymph node metastasis
had prolonged mPFS and mOS compared with those with liver

www.TheOncologist.com

Study completed

Correlative endpoints not met but clinical activity observed

metastasis, although there was no statistically significant dif-
ference but only a tendency (Figs. 1, 2). According to this ten-
dency, we could further design clinical trials with an expanded
sample size to choose the best population for this kind of
combination therapy.

Adverse events (AEs) observed in this study were consis-
tent with the known safety profiles of S-1 and anti-
angiogenesis therapy. The most common toxicities of apatinib
observed in phase Il and phase Il trials were proteinuria,
hypertension, and hand-foot syndrome (Table 4) [5, 6]. In this
trial, proteinuria, hypertension, and hand-foot syndrome were
also observed, which were not major AEs of this combination.
Common AEs observed with apatinib plus S-1 in this study
were fatigue, abdominal pain, and nausea. Although fatigue,
abdominal pain, and nausea were reported AEs of apatinib or
S-1 used alone, they did not occur with high incidence [7].

Apatinib alone as second-line or followed therapy in
treating metastatic adenocarcinoma gastric cancer showed
improved progression-free survival (PFS) and overall sur-
vival compared with placebo [5, 6]. Massive studies about
apatinib combined with chemotherapy are ongoing, and
there are few data about the efficacy compared with che-
motherapy alone. This exploratory phase Il trial was initi-
ated based on the convenience and tolerance in advanced
age and poor performance status, combined with previous
reports on ramucirumab or bevacizumab combined with
chemotherapy [3, 8, 9], which indicated the feasibility of
this combination. However, we did not reach the expected
endpoint. Although patients with abdominal lymph node
metastasis may have prolonged mPFS and mOS compared
with those with liver metastasis, mPFS and mQOS in this sub-
group were even shorter than chemotherapy alone. The
efficacy of antiangiogenic therapy combined with chemo-
therapy in advanced gastric cancer was not up to

© 2020 The Authors.
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expectations. After the current phase Il trial was nearly ended,
results from a randomized phase Il trial (RAINFALL) in previ-
ously untreated patients (n = 645) became available. In RAIN-
FALL, although the primary analysis for progression-free
survival was statistically significant, this outcome was not con-
firmed in a sensitivity analysis of progression-free survival by
central independent review and did not improve overall sur-
vival. Therefore, the addition of ramucirumab to cisplatin plus
fluoropyrimidine chemotherapy is not recommended as first-
line treatment for this patient population [10]. Also, the addi-
tion of ramucirumab to front-line mFOLFOX-6 (oxaliplatin, 135
mg/m? (IV) intravenous glucose tolerance test (gtt)(2 hours)
day 1; calcium folinate, 200 mg IV gtt (2h) days 1-3; fluoroura-
cil, 2600 mg/m? IV 46 hours, pumping in) did not improve PFS
of advanced gastric cancer [4].

Recently, the field of gastric cancer genomics has been rev-
olutionized by improvements in next-generation sequencing
(NGS) technology. But unlike lung cancer, there are still
fewdriver gene mutation data in gastric cancer to guide ther-
apy beyond HER2. Gastric cancer involves a complicated
arrangement of protein expression and gene alterations, and it
is still difficult to accurately detect prevalent therapeutic tar-
gets [11]. Antiangiogenesis therapy including apatinib has dif-
ferent effects in different populations, and there is no
effective biomarker guiding the choice of exactly the right
patients to improve anticancer activity. NGS in tumor tissues is
in progress to identify potential biomarkers of primary resis-
tance and prognosis for ramucirumab plus paclitaxel as switch
maintenance versus continuation of first-line chemotherapy in
patients with advanced HER2-negative gastric (the ARMANI
phase lll trial), and there is still no result [12]. To our knowl-
edge, this is the first exploratory study to seek biomarkers for
apatinib as first-line therapy in patients ith gastric cancer using
NGS. Unfortunately, we did not find an effective gene muta-
tion. However, we did discover a significant difference in gene
mutation profiles between the different metastatic groups,

REFERENCES

which represents differential activity. Mutations in TP53 and
CDH1 often were considered classic driver mutations of gastric
cancer (Fig. 3), even before the NGS era [13]. In our research,
we also found that TP53 is the most frequent mutation
(18/25); CDH1 and APC are the second most frequent ones
(5/25). There is also research about the association between
gene mutations and cancer pathological characteristics. PIK3CA
mutation cases were significantly associated with the recur-
rence of bone metastases. Patients with CDH1 or ARID1A
mutation had a greater risk of peritoneal recurrence, and
patients with EGFR or CCNE1 amplification had a greater risk
of liver recurrence [14]. This is also consistent with our
research, which was shown in the genetic profiles distribution.

Apatinib combined with S-1 was not superior to other
chemotherapy regimens as first-line therapy for patients
with advanced or metastatic gastric cancer. Safety data
were consistent with known profiles of these agents when
given as monotherapy. There was a tendency that patients
with abdominal lymph nodes metastasis had prolonged
mPFS and mOS compared with those with liver metastasis,
which could be the basis and evidence for us to design clini-
cal trials for a more accurate population.

ACKNOWLEDGMENTS

This work was supported by a grant from the Taishan
Scholar Foundation (tshw201502061 to X.Z.) major innova-
tion projects in Shandong Province (2018CXGC1204 to X.Z),
the Natural Science Foundation of Shandong Province
(ZR2018MH022 to X.Z), and the National Natural Science
Foundation of China (81702605 to N.Z).

DiscLOSURES
The authors indicated no financial relationships.

1. Kang YK, Kang WK, Shin DB et al. Cap-
ecitabine/cisplatin versus 5-fluorouracil/cisplatin
as first-line therapy in patients with advanced
gastric cancer: a randomised phase Il nonin-
feriority trial. Ann Oncol 2009;20:666-673.

2. Ajani JA, Rodriguez W, Bodoky G et al. Multi-
center phase Ill comparison of cisplatin/S-1 with
cisplatin/infusional fluorouracil in advanced gas-
tric or gastroesophageal adenocarcinoma study:
The FLAGS Trial. J Clin Oncol 2010;28:
1547-1553.

3. Ohtsu A, Shah MA, Van Cutsem E et al.
Bevacizumab in combination with chemotherapy
as first-line therapy in advanced gastric cancer: A
randomized, double-blind, placebo-controlled
phase IlI study. J Clin Oncol 2011;29:3968-3976.

4. Yoon HH, Bendell JC, Braiteh FS et al. Ram-
ucirumab combined with FOLFOX as front-line
therapy for advanced esophageal, gastroesopha-
geal junction, or gastric adenocarcinoma: A ran-
domized, double-blind, multicenter phase Il trial.
Ann Oncol 2016;27:2196-2203.

5. Li J, Qin S, Xu J et al. Apatinib for
chemotherapy-refractory advanced metastatic
gastric cancer: Results from a randomized,

© 2020 The Authors.

placebo-controlled, parallel-arm, phase Il trial.
J Clin Oncol 2013;31:3219-3225.

6. Li J, Qin S, Xu J et al. Randomized, double-

blind, placebo-controlled phase Il trial of
apatinib in  patients with chemotherapy-
refractory advanced or metastatic adenocarci-
noma of the stomach or gastroesophageal
junction. J Clin Oncol 2016;34:1448-1454.

7. Geng R, Song L, Li J et al. The safety of
apatinib for the treatment of gastric cancer.
Expert Opin Drug Saf 2018;17:1145-1150.

8. Fuchs CS, Tomasek J, Yong CJ et al. Ram-
ucirumab monotherapy for previously treated
advanced gastric or gastro-oesophageal junction
adenocarcinoma (REGARD): An international,
randomised, multicentre, placebo-controlled,
phase 3 trial. Lancet 2014;383:31-39.

9. Wilke H, Muro K, Van Cutsem E et al. Ram-
ucirumab plus paclitaxel versus placebo plus pac-
litaxel in patients with previously treated
advanced gastric or gastro-oesophageal junction
adenocarcinoma (RAINBOW): A double-blind,
randomised phase 3 trial. Lancet Oncol 2014;15:
1224-1235.

The Oncologist published by Wiley Periodicals LLC on behalf of AlphaMed Press.

10. Fuchs CS, Shitara K, Di Bartolomeo M, et al.
Ramucirumab with cisplatin and fluoropyrimidine
as first-line therapy in patients with metastatic
gastric or junctional adenocarcinoma (RAINFALL):
A double-blind, randomised, placebo-controlled,
phase 3 trial. Lancet Oncol 2019; 20:420-435.

11. Liang H, Kim YH. Identifying molecular
drivers of gastric cancer through next-generation
sequencing. Cancer Lett 2013;340:241-246.

12. Di Bartolomeo M, Niger M, Morano F et al.
Assessment of ramucirumab plus paclitaxel as
switch maintenance versus continuation of first-
line chemotherapy in patients with advanced
HER-2 negative gastric or gastroesophageal junc-
tion cancers: The ARMANI phase Il trial. BMC
Cancer 2019;19:283.

13. Katona BW, Rustgi AK. Gastric cancer geno-
mics: Advances and future directions. Cell Mol
Gastroenterol Hepatol 2017;3:211-217.

14. Kuboki Y, Yamashita S, Niwa T et al. Com-

prehensive analyses using next-generation
sequencing and immunohistochemistry enable
precise treatment in advanced gastric cancer.
Ann Oncol 2016;27:127-133.

Oncologist



Zhou, Zhang, Liu et al.

e379

FIGURES AND TABLES

A ;;,100-
©
2 804
2
3
o 604
2
=
n
[}
O 204
D
=
oo T T T 1
0 5 10 15 20
Time, months
Number at risk 30 11 L5} 1
C 2 100+ . .
s —— hepatic metastasis
.g 80 —— lymphatic metastasis
3
o 604
o
ue
5§ 4
[7]
[}
© 20
[=2]
e
o o0 1
0 5 10 15 20
Time, months
Number at risk
hepatic metastasis 9 4 1 0
lymphatic metastasis 18 7 4 1

B 100+
S 801
©
2 1
s 60
=
2]
E 404
[T}
3 20-
0 T T T T d
0 5 10 15 20 25
Time, months
Number at risk 30 12 8 5 4
D 100- . )
—— hepatic metastasis
& 801 —— lymphatic metastasis
g
=3
[z
<=£ 404
2
O 204

0 5 10 15 20 25

Number at risk
hepatic metastasis
lymphatic metastasis

Time, months

9 5 1 0 0

18 14 7 5 4

Figure 1. Kaplan-Meier estimates of progression-free survival (PFS) and overall survival (OS). (A): The median PFS for the intention-
to-treat (ITT) patients was 4.21 months. (B): The median OS for the ITT patients was 7.49 months. (C): Median PFS was 4.21 months
for patients with posterior peritoneum lymph node metastasis compared with 1.84 months for those with liver metastasis. (D):
Median OS was 8.21 months for patients with posterior peritoneum lymph node metastasis compared with 6.31 months for those

with liver metastasis.
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Figure 2. The trend of compliance rates responding to the quality
of life questionnaire between the different subgroups.
Abbreviations: HM, hepatic metastasis; LM, lymphatic metastasis.
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Figure 3. Genetic alterations analysis of enrolled patients. (A): Comprehensive annotation of top 15 actionable genetic alterations
identified by next-generation sequencing assay in 25 patients. (B): The distribution of representative targeted genetic alterations
between the lymph node metastasis subgroup and liver metastasis group. Statistical significance was defined as p < .05.

Abbreviations: HM, hepatic metastasis; LM, lymphatic metastasis.

Table 2. Patient demographics and clinical characteristics

Characteristic

Patients (n = 30)

Age
Mean + SD
Median (Q1, Q3)
Minimum, maximum
Sex
Male
Female
Differentiation
G1 (high)
G2 (middle)
G3 (low)
G4 (undifferentiated)
Gx (unknown)
ECOG PS
0
1
2
No. of metastatic sites
<2
>2

Metastasis site/organ

Posterior peritoneum lymph node

liver

62.97 + 7.94
64.00 (58.00, 68.00)
41.00, 76.00

20 (66.67)
10 (33.33)

0 (0.00)

7 (23.33)
19 (63.33)
2 (6.67)

2 (6.67)

4(13.33)
24 (80.00)
2 (6.67)

20 (66.67)
10 (33.33)

19 (63.33)
11 (36.67)

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group per-
formance status; G, grade; Q, quartile.

© 2020 The Authors.

Table 3. Best response to apatinib plus S-1 as first-line

treatment

Response No. of patients (%)
n (missing) 23 (7)

CR, n (%) 1 (4.35)

PR, n (%) 4 (17.39)

SD, n (%) 13 (56.52)

PD, n (%) 5 (21.74)

ORR, % (95% Cl)
DCR, % (95% Cl)

21.74 (3.05-36.34)
78.26 (58.09-94.55)

Abbreviations: Cl, confidence interval; CR, complete response; DCR,
disease control rate; ORR, overall response rate; PD, progressive
disease; PR, partial response; SD, stable disease.
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Table 4. Summary of adverse event

No. of any No. of grade 3 or
Adverse events grade (%) 4 (%)
Fatigue 14 (46.67) 1(3.33)
Abdominal pain 12 (40.00) 2 (6.67)
Nausea 10 (33.33) 0
Dizziness 8 (26.67) 2 (6.67)
Abdominal distension 8 (26.67) 0
Hypertension 8 (26.67) 1(3.33)
Diarrhea 7 (23.33) 2 (6.67)
Headache 7 (23.33) 1(3.33)
Vomiting 7 (23.33) 1(3.33)
Anorexia 6 (20.00) 1(3.33)
Hoarseness 4 (13.33) 0
Proteinuria 3 (10.00) 0
Occult blood 3 (10.00) 0
Hand-foot syndrome 2 (6.67) 0
Hyperbilirubinemia 3 (10.00) 2 (6.67)
Elevated 2 (6.67) 0
aminotransferase
Elevated LDH 2 (6.67)
Neutropenia 2 (6.67) 0
Thrombocytopenia 2 (6.67) 0

Abbreviation: LDH, lactate dehydrogenase.
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