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Abstract

Background Adjuvant S-1 monotherapy prolongs the survival of patients with pathological stage II or III gastric cancer
undergoing D2 gastrectomy. This therapeutic regimen is standard in Japan. Unfortunately, some patients who undergo this
treatment suffer from recurrent disease. However, information regarding the timing and site-specific trends of recurrence
is insufficient.

Methods Among 396 patients who underwent D2 gastrectomy followed by adjuvant S-1 monotherapy between 2008 and
2012, 122 experienced a recurrence. We retrospectively determined the timing and sites of recurrence.

Results The median RFS of the 122 patients was 19.5 months, and their 1-, 3- and 5-year RFS rates were 67.2%, 23.0% and
5.7%, respectively. There were no significant differences in RFS among disease substages. Local recurrence, lymph node
involvement and peritoneal and hematogenous metastases were found in 6, 25, 63 and 42 patients, respectively. Approximately
10% of patients presented with contemporaneous sites of recurrence. Local recurrence and lymph node metastasis plateaued
3 years after gastrectomy. Peritoneal and hematogenous metastasis increased within 5 years after surgery. In patients with
hematogenous metastasis, the number of liver metastases plateaued but increased in others.

Conclusions In patients with recurrent disease who underwent D2 gastrectomy followed by adjuvant S-1 monotherapy, 80%
of recurrences occur within 3 years after gastrectomy. The timing of recurrence is not significantly different among substages.
Although the rates of local recurrence and lymph node and liver metastasis plateau after 3 years, peritoneal and the other
hematogenous metastases increase within 5 years.
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Introduction

Gastric cancer is the third leading cause of cancer-related
death and the fifth most common cancer diagnosed
worldwide, affecting approximately 1 million new indi-
viduals each year and causing at least 700,000 deaths

Ryo Takahashi and Manabu Ohashi contributed equally to this [1]. Although early gastric cancer is typically curable,
study. reported that 5-year overall survival (OS) rates was 91.7%
50 Manabu Ohashi [2], locally advanced disease sometimes relapses, even in

manabu.ohashi @jfcr.or.jp patients who undergo radical gastrectomy. The Adjuvant

. Chemotherapy Trial of S-1 for Gastric Cancer (ACTS-GC)

Department of Gastroenterology, Cancer Institute was the first to reveal the benefit of adjuvant chemotherapy
Hospital, Japanese Foundation for Cancer Research, . . . .

3-8-31, Ariake, Koto-ku, Tokyo 135-8550, Japan [3, 4]. Specifically, this phase III, multi-center randomized

s . control trial demonstrated that S-1 significantly improves
Division of Surgical Oncology, Department of Surgery, " f . £ .

Nagoya University Graduate School of Medicine, Nagoya, the rates of OS and relapse-free survival (RFS) of patients

Japan with pathological stage (pStage) II or III gastric cancer.
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The results of this nationwide clinical trial, conducted in
Japan, led to the adoption in 2007 of adjuvant S-1 mono-
therapy as the standard treatment for pStage II or III gas-
tric cancer [5].

To prolong the survival periods of patients with recurrent
gastric cancer, postoperative surveillance is an important
component of treatments for gastric cancer, along with sur-
gery and adjuvant chemotherapy. Knowledge of the OS or
RFS of each stage is critically important for the detection of
recurrence during follow-up and for treatment intervention
after recurrence [6]. Moreover, data regarding timing and
site-specific trends of recurrence are sometimes more help-
ful as guides for conducting effective follow-up examina-
tions. For example, before the implementation of adjuvant
S-1 monotherapy, approximately 80% of recurrences were
detected within 2 years after radical gastrectomy for locally
advanced gastric cancer [7, 8]. Although effective adjuvant
S-1 monotherapy may further prolong the interval between
surgery and recurrence [9], to our knowledge, published sup-
porting data are lacking.

Fig. 1 Patient selection

Here, we conducted a retrospective analysis of the tim-
ing of recurrence and site-specific trends experienced by
patients with pStage II or III gastric cancer who received
adjuvant S-1 monotherapy following gastrectomy with D2
lymph node dissection. This is the first report, to our knowl-
edge, focusing on the surveillance strategy. This information
will provide a foundation for implementing systematic and
effective surveillance strategies.

Methods
Patients

We reviewed the records of 550 patients with pStage II or III
gastric cancer, excluding pT1 and pT3NO, who underwent
curative D2-distal or total gastrectomy at the Cancer Insti-
tute Hospital, Tokyo, Japan between 2008 and 2012 (Fig. 1).
We excluded 47 patients who underwent less than D2 lymph
node dissection, with remnant gastric cancer or those who

Patients who were diagnosed with pathologic stage II-III (excluded T3NO, T1N2-3)

gastric cancer after radical standard gastrectomy (n=550)

Exclusion (n=47)
1) <D2 lymphadenectomy (n=28)
2) Chemotherapy before surgery (n=11)

3) Remnant gastric cancer (n=8)

v

Patients eligible for receiving S-1 adjuvant chemotherapy (n=503)

Reasons for not administering S-1 (n=102)
1) Patients attending physicians had determined ineligible (n=34)
2) Refusal (n=21)
3) Others (n=21)
4) Unknown (n=26)

v

Patients who received S-1 adjuvant chemotherapy (n=401)

————»| Losses to follow-up (n=5)

Follow-up (n=396 [Stage ITA/IIB/ITIA/IIIB/IIIC: 25/116/78/83/94])

Patients without recurrence

(included intercurrent disease deaths in 8 patients) (n=274)

—

Patients with recurrence (n=122 [Stage ITA/IIB/IIIA/IIIB/IIIC: 3/18/16/29/56])
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received preoperative chemotherapy. Of 503 patients, 401
were administered S-1 as adjuvant chemotherapy, which was
intended to be continued for 1 year according to the results
of the ACTS-GC [3, 4]. The major reasons for not admin-
istering S-1 to 102 other patients were as follows: physi-
cian’s discretion, patient’s refusal, administration of other
regimens or treatment of other diseases. Although 5 of 401
patients were lost to follow-up, the vital status of each of
the remaining 396 was acquired. Their median follow-up
was 60 months [range 5-105 months, interquartile range
(IQR) 51-65].

Regular visits to the hospital were made by 396 patients
for 5 years after gastrectomy. Patients were evaluated using
assays for serum tumor markers every 3 months for the
first 2 years after gastrectomy and every 6 months for the
remaining 3 years. Whole-body computed tomography was
performed every 6 months. The remnant stomach was endo-
scopically examined during the first, third and fifth postop-
erative years.

The study included 122 of 396 (30.8%) patients who suf-
fered from cancer recurrence during follow-up. Recurrence
was confirmed using at least image analysis, and histological
confirmation was not required. Only elevated levels of tumor
markers were not included in the analysis of recurrence.

All descriptions of gastric cancer were based on the Japa-
nese classification of gastric carcinoma: 3rd English edition
[10]. The cut-off date for acquiring data was April 30, 2018.
The institutional review boards of the Cancer Institute Hos-
pital approved this study.

Adjuvant therapy

S-1 monotherapy was planned and administered according
to the standard protocol used in the ACTS-GC as follows:
80-120 mg/day of S-1 for 4 weeks, 2 weeks of rest, therapy
continued for 1 year after surgery or eight courses. Dose
or schedule modifications of S-1 because of adverse events
or patients’ condition were made mainly according to the
standardized methods described in the ACTS-GC protocol.
We defined completion of initial S-1 therapy as continuing
S-1 on the day 1 year after surgery, regardless of the number
of courses or total dose. Otherwise, cases were designated as
discontinuation of S-1, regardless of the reasons.

Analysis

We analysed the clinicopathological characteristics of
patients with recurrence. RFS was calculated to determine
when disease recurred, and RFS rates among pathological
substages were compared. RFS was defined as the time
from curative surgery to cancer recurrence or death. Post-
recurrence OS was defined as the time from confirmation
of recurrence to death or to the last date when the patient
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was confirmed to be alive. The sites of first relapse have
divided the groups as follows: local recurrence, lymph
node metastasis, peritoneal dissemination and hematog-
enous metastasis. Ovarian metastases were included in
peritoneal dissemination.

To determine the trend of each recurrence, the cumula-
tive incidence was calculated, and the curves were gener-
ated according to each recurrent site.

Statistical analysis

Statistical calculations were carried out using EZR
(Saitama Medical Center, Jichi Medical University,
Saitama, Japan) [11], and survival was calculated using
the Kaplan—Meier method. A log-rank test was used to
compare survival between groups. P values < 0.05 were
considered to indicate statistical significance. The number
of patients with stage II was small. Therefore, patients
with stage IIA or IIB disease were combined into stage II.

Results
Patients’ characteristics

Among the 122 patients who experienced a recurrence,
tumor stages were as follows: pStages 1IA, IIB, IIIA, I1IB
and ITIC in 3, 18, 16, 29 and 56 patients, respectively.
The frequencies of recurrence during follow-up of 396
patients were as follows: 12.0%, pStage IIA; 15.5%, pStage
1IB; 20.5%, pStage 1IA; 34.9%, pStage 1IIB; and 59.6%,
pStage IIIC. Patients’ characteristics are summarized in
Table 1. Among the 122 patients who experienced recur-
rence, 90 (73.7%) had pT4 disease and 71 (58.2%) had
pN3 disease. Therefore, 85 (69.7%) patients with a recur-
rence had stage IIIB or IIIC disease.

Medication histories were not available for two patients
because they were administered chemotherapy at another
hospital. Of 120 patients with a recurrence, the median
duration of adjuvant S-1 monotherapy was 10 months
(range 0—15 months, IQR 4-10). Adjuvant S-1 mono-
therapy was administered to 85 (70.8%) patients for more
than 6 months, 79 (65.8%) completed a 1-year course, 22
experienced a recurrence during chemotherapy and disease
recurred in 14 patients soon after they completed 1 year
of treatment. One-year therapy was incomplete for 41
(34.2%) patients for the reasons as follows: n =22, recur-
rences as described above; n =13, gastrointestinal toxicity;
n=3, hematological adverse events; n=1, eczema; n=1,
ophthalmopathy and n =1 patient’s refusal.
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Table 1 Characteristics of 122 patients with recurrence after radical
gastrectomy followed by S-1 adjuvant chemotherapy

Variable Number of
patients (%)

Sex

Male 84 (68.9)

Female 38 (31.1)
Median age, years (IQR) 63 (56-71)
Surgical procedure

Total gastrectomy 56 (45.9)

Distal gastrectomy 66 (54.1)
Surgical approach

Open 116 (95.1)

Laparoscopic 6(4.9)
Histological type

Differentiated 42 (34.4)

Undifferentiated 80 (65.6)
T factor

T2 10 (8.2)

T3 22 (18.0)

T4a 83 (68.0)

T4b 7(5.7)
N factor

NO 10 (8.2)

N1 19 (15.6)

N2 22 (18.0)

N3 71 (58.2)
Stage

ITA 32.5)

1B 18 (14.8)

1A 16 (13.1)

1B 29 (23.8)

1IC 56 (45.9)
Median duration of S-1, months (IQR) 10 (4-10)

IQR interquartile range

Time to recurrence

The median RFS for all patients was 19.5 months (range
2-78 months, IQR 10-33) (Fig. 2a), and the 1-, 3-, and
5-year RFS rates were 67.2%, 23.0% and 5.7%, respec-
tively. The analysis of RFS as a function of pathological
substages is shown in Fig. 2b. The median RFS (months)
were 20, 24, 18 and 18 for patients with stages II, IIIA,
IIIB, and ITIC, respectively. There were no significant
differences in the RFS among substages (P =0.719),
although the frequencies of recurrence clearly differed.
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Fig.2 Kaplan—Meier analyses of recurrence and survival. a Recur-
rence-free survival (RFS) of patients who underwent radical gastrec-
tomy followed by S-1 adjuvant chemotherapy. b RFS according to the
staging of patients with recurrence after radical gastrectomy followed
by S-1 adjuvant chemotherapy

Sites of recurrence

The sites of initial recurrence were as follows: 63, perito-
neal; 42, hematogenous; 25, lymphatic and 6, local. The
most frequent site of hematogenous metastasis was the
liver, (n=22), and 13 patients (10.7%) experienced recur-
rences at two sites (Fig. 3). Patients with lymphatic metas-
tasis tended to present with contemporaneous peritoneal
and hematogenous metastasis. Only one patient experi-
enced three overlapping sites.
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Local : n=6 P:n=63

LYM : n=25

Local, local recurrence; P, peritoneal dissemination;
LYM, lymph node metastasis; H, hematogenous metastasis.

Fig.3 Overall pattern of relapse of 122 patients with recurrence after
radical gastrectomy followed by S-1 adjuvant chemotherapy. The sites
of the first relapse have divided the groups as follows: Local local
recurrence, P peritoneal dissemination, LYM lymph node metastasis,
H hematogenous metastasis

Trends of recurrence

The numbers of local (100%) and lymphatic (92.0%) recur-
rences plateaued 3 years after gastrectomy (Fig. 4a). In
contrast, the numbers of patients with peritoneal and hema-
togenous recurrence continued to increase within 5 years
after surgery. When hematogenous recurrences were divided
into liver metastasis and others, liver metastasis plateaued in
3 years, and the numbers of the others increased with time
(Fig. 4b).

Survival after confirmation of recurrence

The median post-recurrence OS was 10 months (range
0-100 months, IQR 5-19.5) (Fig. 5a). Post-recurrence sur-
vival curves according to substage are shown in Fig. 5b.
The pathological substage did not significantly affect post-
recurrence OS [P=0.311].

Discussion

Here, we present three new findings about timing and trends
of recurrence of gastric cancer patients with pStage II or III
disease who underwent adjuvant S-1 monotherapy follow-
ing curative gastrectomy. First, 80% of recurrences occurred
within 3 years after surgery, although there were no sig-
nificant differences between recurrences and pathological
substages. Second, trends of recurrence were site-specific.
Third, the median survival time (MST) after confirma-
tion of a recurrence was 10 months, and there was no sig-
nificant association between the duration of survival and
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Fig.4 Analyses of sites of recurrence. a Cumulative numbers of
patients with peritoneal dissemination, hematogenous metastasis,
lymph node metastasis and local recurrence. b Cumulative numbers
of patients with hematogenous metastasis divided into liver metas-
tasis and non-liver metastasis groups. P peritoneal dissemination, H
hematogenous metastasis, LYM lymph node metastasis, Local local
recurrence

pathological substages. These new findings may serve as a
useful reference for managing pStage II or III gastric cancer
patients undergoing curative gastrectomy followed by adju-
vant S-1 monotherapy.

Adjuvant S-1 monotherapy prolonged the time until
a recurrence was detected. Nashimoto et al. reported that
among the patients with recurrence who were not treated
using adjuvant chemotherapy for advanced gastric cancer in
Japan, 79.2% and 90.7% experienced a recurrence within 2
and 3 years after radical surgery [7]. D’Angelica et al. also
reported that 79% of patients with a recurrence were detected
within 2 years after surgery [8], which included small num-
bers of patients with early gastric cancer that were reported
to recur later than those with advanced gastric cancer [12,
13]. Times to recurrence reported here (2- and 3-year RFS
rates were 36.1% and 23.0%, respectively) were longer
compared with those studies described above. S-1 may sup-
press the growth of micrometastasis in some patients for
1 year. Thus, we propose to amend the recommendation of
the guidelines on the surveillance for pStage II or III gastric
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Fig.5 Kaplan—Meier analyses of post-recurrence survival. a Survival
of patients after recurrence was confirmed. b Survival according to
the staging of patients after confirmation of recurrence

cancer patients undergoing curative gastrectomy. As such
patients usually receive adjuvant chemotherapy, we should
survey them every 3 months for at least 3 years after surgery
while the guidelines recommend us to make a survey every
3 months for 2 years [5]. Furthermore, physicians should
take care to consider that 20% of recurrent patients experi-
ence recurrence more than 3 years after surgery followed by
adjuvant S-1 monotherapy.

We initially supposed that patients with earlier substages
would experience recurrence later than those with a more
advanced substage. For example, evidence indicates that

recurrence is experienced by patients with early gastric can-
cer later compared with those with advanced disease [12,
13]. However, the interval between surgery and recurrence
was not significantly affected by the pathological substage.
Only the frequency of recurrence depended on pathological
substages. These results indicate that it may take the same
time for S-1-resistant cancer cells to form a visible tumor,
which is independent of substage. Surgical quality in a high-
volume center that achieves successful radical gastrectomy
for all stages may contribute to this result [6]. However,
there are no reports to our knowledge about the relation-
ship between pathological substages and time-to-recurrence.
Therefore, it is not possible to determine whether the results
reflect a specific feature of adjuvant S-1 monotherapy.

The profile of sites of recurrence reported here is quite
similar to that of the S-1 cohort of the ACTS-GC [3, 4],
which supports the conclusion that the results of our present
study are valid. It is important to note that we are the first to
report trends in recurrence experienced by patients receiving
adjuvant S-1 monotherapy. Specifically, we discovered two
patterns of recurrence. First, the incidences of local recur-
rence and lymph node metastasis plateaued 3 years after gas-
trectomy. Second, peritoneal and hematogenous metastases
increased within 5 years.

Local recurrence and lymph node metastasis were easy to
detect using imaging. In contrast, peritoneal metastasis was
indicated by patients’ symptoms. These different diagnostic
techniques may affect the trend. For example, approximately
50% of hematogenous recurrences localized to the liver
and were easy to detect. However, the other half included
metastasis to bone, lung or adrenal gland, which may be
overlooked by routine imaging examinations. These results
suggest that physicians should be aware of recurrence pat-
terns 3 years after gastrectomy and that they should pay par-
ticularly close attention to symptoms associated with perito-
neal metastasis or hematogenous metastasis other than liver
metastasis. Future improvements in diagnostic techniques,
such as staging laparoscopy, and postoperative management,
may favorably alter the trends reported here.

The MST after confirmation of recurrence was 10
months. Ito et al. reported that the median time from recur-
rence to death was 11.4 months in the adjuvant S-1 group
using the data from patients enrolled in the ACTS-GC, and
adjuvant chemotherapy with S-1 did not influence the time
from recurrence to death [14]. Similarly, the present data
were inferior compared with those of certain clinical trials
that reported the survival periods were 10.1-13.8 months
after recurrence [15-18]. As a result of clinical practice
including various kinds of patients, 10 months survival
might be clinically expected.

Our study had certain limitations. The number of subjects
was 122. These patients were included with those who were
closely followed. Although the total size of this group was
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relatively large for a study such as this, the number in each
subgroup was very small when every substage or site of
recurrence was analysed. Thus, the results of this study are
not definitive, although it is the largest such study conducted
in Japan at a single institution. Further, we did not investi-
gate the relationship between dose intensity of S-1 adjuvant
chemotherapy and the trends of recurrence, which must be
analysed in the future.

In conclusions, 80% of recurrences of pStage II or III
gastric cancer after adjuvant S-1 monotherapy occur within
3 years after curative gastrectomy, independent of patho-
logical substages. Local recurrence, lymph node and liver
metastasis are infrequent after 3 years, although peritoneal
and certain types of hematogenous metastasis increase each
year, even after 3 years. Survival after confirmation of recur-
rence is still poor as the MST is 10 months, which is not
associated with substages. More effective agent and strategy
should be developed immediately.
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