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ABSTRACT

Purpose: The Adjuvant chemoRadioTherapy In Stomach Tumors 2 (ARTIST 2) trial was
conducted to compare the efficacy between adjuvant chemotherapy regimens and
chemoradiotherapy in D2-resected, node-positive, stage 2 or 3 gastric cancer.

Methods: In this prospective, multicenter, phase Il trial, we randomly assigned patients
to three treatment arms: patients who receive adjuvant S-1 for 1 year, S-1 plus oxalipla-
tin (SOX) for 6 months, or SOX plus chemoradiotherapy (SOXRT). Herein, we report the
safety outcomes of patients who received adjuvant chemotherapy or chemoradiothera-
Py-

Results: Among a total of 514 patients registered between February 2013 and Decem-
ber 2017, 499 patients who either completed or discontinued the assigned study treat-
ments were included in the present analysis. All the three treatment arms were general-
ly well-tolerated, with the overall treatment completion rate of 94% (96% in S-1, 93% in
SOX, and 92% in SOXRT). The median delivered dose of radiotherapy in the SOXRT arm
was 4,500 cGy (range, 0 to 4,500 cGy). The most frequently observed adverse events
were fatigue (29%) in S-1 arm and peripheral neuropathy in the SOX and SOXRT arms
(59% and 50%, respectively).

Conclusion: Our preliminary data confirm that there are no significant safety concerns
in ARTIST 2 trial (ClinicalTrials.gov, NCT0176146). According to the Independent Data
Monitoring Committee, patient accrual is underway.
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INTRODUCTION

Although complete resection with regional lymph node dissec-
tion (LND) is the only curative treatment for patients with gas-
tric cancer (GC), a significant percentage of patients undergo-
ing curative surgery will experience recurrence, leading to a
poor prognosis. It has been more than a decade ago since the
results from the Intergroup-0116 trial [1] showed that adjuvant
chemoradiotherapy significantly improved overall survival
(0S) and established radiotherapy as part of the standard of
care for the adjuvant treatment of GC. The role of adding radio-
therapy to adjuvant chemotherapy in Asian countries, where
gastrectomy plus D2 LND followed by adjuvant chemotherapy
has already been the standard of care [2,3], has been brought
into question, and we failed to demonstrate a difference in dis-
ease-free survival (DFS) in the Adjuvant chemoRadioTherapy In
Stomach Tumors (ARTIST) trial [4,5]. Although the ARTIST trial
was a negative trial, we observed that improved outcomes
could be achieved by adding radiotherapy in certain patient
subsets [5,6], including those with node-positive disease or
higher lymph node (LN) ratio and intestinal-type GC.

The ARTIST 2 trial was conducted to compare the efficacy
between adjuvant chemotherapy regimens and chemoradio-
therapy in D2-resected, LN-positive, stage 2 or 3 GC. The pur-
pose of the present interim report was to evaluate the safety
of the three study treatment regimens, in part justifying the
continuation of the trial.

METHODS

The ARTIST 2 trial (ClinicalTrials.gov, NCT0176146) was con-

- 900 Patients with D2 resected gastric
adenocarcinoma

- pStage Il to lll, LN+

- Stratified by (1) stage,
(2) type of surgery (STG vs. TG),
(3) Lauren classification
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ducted in accordance with the ethical principles of the Decla-
ration of Helsinki and local guidelines. The Institutional Re-
view Boards (SMC IRB 2012-06-061) or ethics committees of
all participating centers reviewed and approved the protocol.
All patients provided written informed consent after having
been informed about the purpose and investigational nature
of the study.

Patients and study procedures
Patients were eligible in this multicenter, open-label, ran-
domized phase Ill Korean trial if they had histologically con-
firmed adenocarcinoma of the stomach; had undergone
complete surgical resection of the primary tumor without re-
sidual disease and D2 LND, pathologically staged 2 or 3 ac-
cording to the Tth edition of the American Joint Committee
on Cancer (AJCC 2010) system; had LN-positive disease (i.e.,
N1, N2, or N3), had an age of 20 years or older, had a score of
0 or 1 based on the Eastern Cooperative Oncology Group
performance status; and had adequate major organ func-
tions. Patients with coexisting malignancies or who were un-
able to tolerate chemotherapy because of other systemic ill-
nesses or difficulty in swallowing oral medications were ex-
cluded from the study. Patients who had undergone gastrec-
tomy, with D2 LND less likely considered, were also excluded.
Eligible patients were stratified according to pathologic
stage (2 or 3), type of surgery (total or subtotal gastrectomy),
and the Lauren classification (intestinal, diffuse, or mixed/
unknown). They were then randomly assigned to receive ad-
juvant S-1 (given orally twice daily on days 1 to 28, at a dose
of 80 mg/day for patients with a body surface area [BSA]
<1.25 m?, 100 mg/day for patients with a BSA of 1.25 m’ to

Adjuvant chemoRadioTherapy with
S-1(S-1for 1year)

Adjuvant chemoRadioTherapy with
SOX (S-1/oxaliplatin for 6 months)

Adjuvant chemoRadioTherapy
(SOX x2—S-1/RT—SOX x4)

S-1:40-60 mg bid 4/2 weeks q6 weeks
SOX: S-140 mg/m” bid 2/1 weeks g3 weeks+oxaliplatin 130 mg/m* D1

SOXRT: S-1 40 mg bid daily concurrently with RT 45 Gy for 5 weeks

Fig. 1. Study diagram for the Adjuvant chemoRadioTherapy In Stomach Tumors 2 (ARTIST 2) trial. STG, subtotal gastrectomy; TG, total
gastrectomy; SOX, S-1 plus oxaliplatin; SOXRT, SOX plus chemoradiotherapy; RT, radiotherapy; bid, two times a day.
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<1.5m’, and 120 mg/day for patients with a BSA of > 1.5 m?)
every 6 weeks for up to eight cycles, S-1 plus oxaliplatin (SOX;
S-1 twice daily on days 1 to 14 plus oxaliplatin 130 mg/m? in-
travenously on day 1) every 3 weeks for up to eight cycles, or
SOX plus chemoradiotherapy (SOXRT; 2 cycles of SOX and
then 5 weeks of radiotherapy with continuous S-1, 40 mg
twice daily, during radiotherapy, followed by four additional
cycles of SOX) (Fig. 1). Details of the concurrent chemoradio-
therapy involving S-1 have been described previously [7]. As
a summary, three-dimensional conformal radiotherapy tar-
get included the tumor bed in T4 disease or the regional LN
area, anastomosis site, and duodenal stump if the surgical
resection margins were less than 3 cm. Radiotherapy was
performed using 10-megavolt photon beams to 45 Gy with
1.8 Gy daily fractions administered five times a week.

Dose reductions and/or administration delays are provided
in case of severe hematological or non-hematological toxici-
ties while on study treatment. Dose adjustments were made
according to the system showing the greatest degree of toxic-
ity using the Common Terminology Criteria for Adverse
Events (CTCAE v4.0). Chemotherapy was delayed if grade 2 or
higher hematologic toxicities were observed. If hematologic
toxicities lowered after a 1-week delay, chemotherapy was
performed without dose reductions. If a patient required a
delay of longer than 3 weeks for recovery, treatment was dis-
continued, and the patient was treated outside the clinical
trial. For grade 2 or higher non-hematologic toxicities, che-
motherapy was delayed until the patient’s symptoms were
reduced to grade 1 or less. In cases of grade 2 hand-foot syn-
drome and peripheral neuropathy, the doses of S-1 and oxal-
iplatin, respectively, were reduced. Investigators were free to
provide non-protocol supportive care measures any time
during the study if it was for the patient’s best interest.

All patients adhered to the same schedule of follow-up vis-
its during and after the completion of study treatment, which
required recording of symptoms, toxicities, and laboratory
and imaging studies. Abdominal computed tomography
scans and upper gastrointestinal endoscopy were scheduled
to occur every 3 months during study treatment, and every 6
months after completion, up to 5 years.

Statistical considerations

The primary endpoint of the ARTIST 2 trial was DFS, and sec-
ondary endpoints included OS and safety. DFS was measured
from the date of surgery until death, relapse, or presence of
second primary tumor, whichever occurred first. In the pres-
ent randomized trial, the S-1 arm was designated as the con-
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trol arm. Based on previous study [3], adjuvant S-1 would
provide a 3-year DFS rate of 72% and an annual hazard rate of
recurrence of 0.11. To test if experimental arms (SOX or SOX-
RT) lower the hazard rate by 50% (i.e., hazard ratio of 1.5), at
least 855 eligible patients (or 300 patients per arm assuming
5% attrition due to ineligibility or dropout) were needed to
have a 90% of overall power (i.e., 3-year DFS rate is 72% for
S-1 arm and 80.33% for any the two experimental arms). In-
terim analyses for safety and efficacy, as well as the Indepen-
dent Data Monitoring Committee (IDMC), were planned to be
done every year, and the present report contains the safety
outcomes described at the end of 2017. No formal compari-
sons of toxicities between treatment arms are provided.

RESULTS

Between February 2013 and December 2017, a total of 514
patients (57% of the planned sample size) were entered onto
the ARTIST 2 trial. Among them, 499 patients who either

Table 1. Baseline patient and tumor characteristics

Characteristic S-1 SOX SOXRT
No. of patients 152 147 150
Age (yr)

Median 67 66 66

Range 32-82 28-T7 29-74
Sex

Male 101 99 99

Female 51 48 51
Type of gastrectomy

Total 50 40 54

Subtotal 102 107 96
Lauren classification

Diffuse 78 83 80

Intestinal 50 52 46

Mixed/unknown 24 12 24
Performance status

0 76 82 84

1 76 65 66
Pathologic stage”

2 57 51 51

3 95 96 99

SOX, S-1 plus oxaliplatin; SOXRT, SOX plus chemoradiotherapy.
JAccording to the American Joint Committee on Cancer Staging Sys-
tem, 6th edition (2002).

http://pfmjournal.org
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Table 2. Maximum grade adverse events

S-1 (n=152) SOX (n=147) SOXRT (n=150)
Variable
All grades Grade 3/4 All grades Grade 3/4 All grades Grade 3/4

Anemia 42 (28) 6 (4) 11(8) 44.(29) 10 (7)
Neutropenia 16 (11) 2(1) (3) 25(17) 5(3)
Thrombocytopenia 6(4) 0 3(2) 19(13) 0
Nausea 36 (24) 2(1) 31(21) 0
Vomiting 16 (11) 2(1) 3(2) 18(12) 0
Constipation 11(7) 0 0 20(13) 2(1)
Diarrhea 20(13) 6 (4) 3(2) 18(12) 2(1)
Anorexia 31(20) 6 (4) 5(3) 25(17) 2(1)
Fatigue 44.(29) 4(2) 3(2) 24 (16) 2(1)
Skin 40 (26) 0 40 (27) 0
Neuropathy 9 (6) 12(8) 75 (50) 8(5)

Values are presented as number (%).
SOX, S-1 plus oxaliplatin; SOXRT, SOX plus chemoradiotherapy.

completed or discontinued the assigned study treatments
were included in the present interim analysis. All patients
were randomized: 152 patients to the S-1 arm, 147 to the SOX
arm, and 150 to the SOXRT arm. Baseline patient and tumor
characteristics were generally well balanced across treat-
ment arms (Table 1). Men comprised two-thirds of the pa-
tients, and the median age of the patients was 66 years
(range, 28 to 82 years). Overall, 305 patients (61%) had re-
ceived subtotal gastrectomy, 241 (48%) had diffuse-type his-
tology, and 290 (58%) had a stage 3 disease.

All the three treatment arms were generally well-tolerated,
with the overall treatment completion rate of 94% (96% in
arm A, 93% in arm B, and 92% in arm C, respectively). The
median delivered dose of radiotherapy in arm C was 4,500
cGy (range, 0 to 4,500 cGy). Compliance to study treatment
showed no difference according to the type of surgery or
stage. The following were the reasons for the premature dis-
continuation during the study treatment: patient withdrawal
(n=33), occurrence of adverse events (n=25), recurrence
(n=23), and protocol violation (n=4). During the study treat-
ment, surgery-related complications were rarely observed:
wound dehiscence in four patients (three in the SOX arm,
one in the S-1 arm), adhesive ileus in three patients (one in
each arm), and pyloric stenosis in two patients (2 in the S-1
arm). The most frequently observed adverse events (Table 2)
in arms A, B, and C were fatigue (29%) in arm A, and periph-
eral neuropathy in arms B and C (59% and 50%, respective-
ly). Most adverse events were grade 1 or 2 and thus consid-
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ered easily manageable. Two patients died during the study
treatment. A 68-year-old male patient (S-1 arm) died of sud-
den cardiac arrest shortly after the first cycle of S-1. Although
his baseline electrocardiography, as well as the preoperative
cardiac function, was completely normal, the possibility of
drug-related mortality was not completely excluded. Another
patient, a 49-year-old male (SOXRT arm), died of an in-car ac-
cident during the first month of the study treatment.

From 2014, we did interim analyses of safety at the end of
each year, and the present report contained the results from
the 4th interim analysis. At the end of 2017, the IDMC was
held to allow study termination if treatment tolerability was
unacceptable. After a discussion within the IDMC, the stop-
ping rules were not activated, allowing the continuation of
the recruitment.

DISCUSSION

As discussed earlier [4,5], our ARTIST trial confirmed that the
patients with D2-resected GC can achieve long-term DFS with
both adjuvant chemotherapy and chemoradiotherapy. The
ARTIST trial [5], together with the results from other random-
ized trials comparing adjuvant chemotherapy with observa-
tion [2,3], provided additional support for adjuvant chemo-
therapy with either S-1 for 1 year or fluoropyrimidine plus
oxaliplatin for 6 months as standards of care in those pa-
tients. Although we failed to observe significant difference in
DFS between adjuvant chemoradiotherapy and chemothera-
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py, there may be a subset of patients who may benefit from
the addition of radiotherapy to adjuvant chemotherapy (i.e.,
LN-positive disease). Based on the observation, and since
the optimal adjuvant regimen has yet to be identified, we de-
signed the present ARTIST 2 trial comparing adjuvant S-1,
SOX, and SOXRT in LN-positive, pathologically staged 2 or 3,
D2-resected GC within the framework of clinical trials.

There remains controversy surrounding the choice of adju-
vant therapy for D2-resected GC. After the publication of
ACTS-GC trial [3], adjuvant S-1 for 1 year has become one of
the standard treatments in patients treated with curative D2
gastrectomy for stage 2 or 3 GC. However, the 5-year OS rates
in stage 3a and stage 3b patients receiving adjuvant S-1 were
67% and 50%, respectively, which were less satisfactory
compared with the rate for stage 2 patients (84%) [8]. In the
CLASSIC trial comparing adjuvant capecitabine plus oxalipla-
tin with surgery alone [9], the 5-year OS rate for stage 2 GC
fared significantly better compared with the rate for stage 3a
and stage 3b disease (70% and 66%, respectively). These tri-
als led to different treatment strategies to GC patients. While
single-agent S-1 for 1 year now seems likely to be the recom-
mended adjuvant treatment for the stage 2 GC patients,
combination chemotherapy involving oxaliplatin has be-
come the most widely administered adjuvant treatment for
the stage 3 disease [10]. Even in Japan, where S-1 is the only
available adjuvant therapy for GC, SOX is commonly admin-
istered for patients with stage 3 GC [11]. On the contrary, in
Western countries, where D2 LND is less likely considered as
the standard surgery for GC, chemoradiotherapy is the most
frequently recommended adjuvant treatment [5].

Our preliminary report confirms that the three treatment
arms in the ARTIST 2 trial were generally well-tolerated. The
frequencies of adverse events in the three treatment arms
were similar to those already reported in adjuvant trials.
Mild-to- moderate fatigue was the most frequently observed
adverse event in the S-1 arm, and, as expected, peripheral
neuropathy was frequently observed in the SOX and SOXRT
arms. There has been some speculation about oxaliplatin-re-
lated peripheral neuropathy. The incidence of peripheral
neuropathy is known to be associated with the prolonged
use of oxaliplatin [12]. However, most cases were limited to
grade 1 or 2, and it should be noted that the possibility of de-
veloping severe oxaliplatin neuropathy was not related to
the cumulative dose or treatment duration [13]. In support of
our belief that the S-1, SOX, and SOXRT arms are feasible in
the adjuvant setting, we observed very few (<5%) patients
who discontinued the study treatment due to the occurrence
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of adverse events.

In conclusion, we found no significant safety concerns in
the ARTIST 2 trial. According to the IDMC, patient accrual is
underway. Issues raised by the ARTIST and other randomized
trials in the adjuvant setting of GC should hopefully be an-
swered by the ARTIST 2 trial, with the following hypothesis:
the addition of oxaliplatin to S-1 and the addition of radio-
therapy to adjuvant chemotherapy will improve DFS. Com-
pared to the previous ARTIST trial [4], this trial was designed
as a multicenter study in order to increase patient recruit-
ment. However, due to the eligibility criteria involving only
patients with LN-positive, stage 2 or 3 GC, enrollment is a bit
slower than expected.
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