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Purpose: Adjuvant chemotherapy (AC) improves survival outcomes in patients with advanced gastric cancer (GC) after curative surgery;
however, some patients do not receive or complete chemotherapy. This study aimed to identify factors related to patient compliance with
chemotherapy after curative surgery for advanced GC.

Methods: The data of patients who underwent curative gastrectomy for pathologic stage II-1ll GC between 2012 and 2016 were reviewed.
Patients were divided into an AC completion group (group C), AC incompletion group (group 1), and surgery-only group (group S). The AC reg-
imen was either tegafur/gimeracil/oteracil (S-1) or capecitabine plus oxaliplatin (XELOX).

Results: The study enrolled 417 patients; group C had 222 patients, group | had 110, and group S had 85. The most common reason for not
initiating AC was poor general condition (36.5%), while chemotherapy-related complications was the common reason for AC incompletion
(43.6%). In multivariate analysis, age over 65 years, Eastern Cooperative Oncology Group performance status > 1, Charlson comorbidity index
>1, and the presence of postoperative complications were independent risk factors for not initiating AC (odds ratio: 4.32, 2.62, 1.84, and
2.17, respectively). Age over 65 years, longer postoperative stay, and XELOX regimen were significant risk factors for incompletion of AC (odds
ratio: 2.68, 1.72, and 2.23, respectively).

Conclusion: Old age, poor performance status, comorbidities, and postoperative complications, longer postoperative hospital stay, and XELOX
regimen were associated with poor compliance with AC in GC patients. Clinicians can improve compliance with AC by managing postopera-
tive complications and selecting the most appropriate treatment regimen.
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INTRODUCTION adjuvant chemotherapy (AC) after D2 lymph node dissection for

patients with pathologic stage II-1II to improve survival outcomes
Radical gastrectomy is the standard treatment for resectable gastric ~ [1,2]. In 2007, a randomized clinical trial of tegafur/gimeracil/oter-
acil (S-1) therapy, the ACTS-GC trial, demonstrated a survival
benefit of adjuvant oral fluoropyrimidine therapy compared with

surgery alone [3]. Similarly, the CLASSIC trial found that AC with

cancer (GC). South Korean and Japanese guidelines recommend
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capecitabine plus oxaliplatin (XELOX) after gastrectomy with D2
lymph node dissection should be considered for stage 11111 pa-
tients [4].

To maximize the benefits of chemotherapy, appropriate treat-
ment schedules and good patient compliance are important. Most
studies on the efficacy of XELOX and S-1 were based on eight cy-
cles of AC. Recent studies have shown that starting AC within 8
weeks of surgery, and continuing treatment for more than 6
months, improves survival rates [5,6]. Other studies reported that
the completion rate for eight cycles of S-1 or XELOX is approxi-
mately 65%-75% [7,8]. Therefore, 25%-35% of patients do not
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complete or initiate AC for various reasons, including poor physi-
cal condition before or after gastrectomy.

Given the current paucity of data, this study aimed to identify
factors associated with compliance with AC after gastrectomy for
GC.

METHODS

Patients

This single-center cohort study included 440 patients diagnosed
with pathologic stage II-11I GC, who underwent curative radical
gastrectomy at Seoul St. Mary’s Hospital from 2012 to 2016. The
exclusion criteria were as follows: previously received neoadjuvant
chemotherapy, diagnosed with cancer in another organ within 5
years prior to gastrectomy, and missing data due to death or loss to
follow-up. Ultimately, 417 patients were evaluated retrospectively.

Study protocol

Eligible patients were divided into three groups: 222 patients re-
ceived eight cycles of AC (completion group, group C), while in
110 patients AC was initiated but they ultimately received less than
eight cycles of chemotherapy (incompletion group, group I). Final-
ly, 85 patients only underwent gastrectomy without AC (sur-
gery-only group, group S). Baseline characteristics (at the time of
gastrectomy) and operative outcomes were extracted from the
electric medical records. Comorbidities were quantified using the
Charlson comorbidity index (CCI) [9]. The physical status of pa-
tients was categorized using the Eastern Cooperative Oncology
Group performance status (ECOG-PS). The severity of postopera-
tive complications was classified according to the Clavien-Dindo
classification (CDC) [10]. CDC grade = 3 was taken to indicate se-
vere complications. Depth of invasion and lymph node metastasis
were categorized according to the 8th American Joint Committee
on Cancer TNM classification. The reasons for discontinuing che-
motherapy and not initiating chemotherapy were investigated in
groups I and S, respectively. After the AC treatment, patients were
followed up regularly according to the standard protocols of our
institution. Patients visited the outpatient clinic every 3 months for
the first 2 years, and every 6 months thereafter. The median fol-
low-up period was 42 months. This study was approved by the
Ethics Committee and Institutional Review Board of Seoul St.
Mary’s Hospital (approval No. KC20RASI0937). The informed
consent was waived.

Chemotherapy protocols

AC was planned for patients diagnosed with stage II-III GC after
curative surgery. According to the policy of our institute, S-1 thera-
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py was mainly used for stage II patients, and XELOX therapy for
stage I patients. The treatment generally began about 4 weeks af-
ter surgery. The chemotherapy protocols of our institution are as
follows. The S-1 regimen consists of eight 4-week cycles of 80-120
mg oral S-1 per square meter of body surface area per day, followed
by a “rest period” of 2 weeks. The XELOX regimen consists of
eight 3-week cycles of oral capecitabine (1,000 mg/m? twice daily
on days 1-14 of each cycle) plus intravenous oxaliplatin (130 mg/
m” on day 1 of each cycle), followed by a rest period of 1 week. Side
effects were assessed based on blood tests performed at the time of
initiation of each cycle and 1 week thereafter. Cancer progression
was checked using computed tomography and tumor marker tests
performed after every three cycles of chemotherapy.

Statistical analysis

The data were analyzed using SPSS for Windows software version
24.0 (IBM Corp., Armonk, NY, USA). Continuous variables were
analyzed using Student t-test or one-way analysis of variance. Cat-
egorical variables were compared with the chi-square test or Fisher
exact test. The Bonferroni post hoc test was also applied. Overall
survival (OS) was calculated using the Kaplan—Meier method, and
compared among groups using the log-rank test. Factors that dif-
fered significantly among groups were subjected to multivariate
analysis, with logistic regression used to determine risk factors for
chemotherapy compliance and calculate the odds ratios (ORs).
P-value <0.05 was considered statistically significant, and P
<0.017 was considered significant in the post hoc analysis.

RESULTS

The median follow-up duration was 42 months (range, 1-92
months). For groups C, T and S, the 5-year OS rate was 85.5%,
80.6%, and 64.6%, respectively (P <0.001) (Supplementary Fig. S1).
The baseline characteristics and operative details of the three
groups are shown in Table 1. The mean age of groups C, I, and S
was 56.6, 60.5, and 72.1 years, respectively; group S patients were
significantly older than those on the other groups (P <0.001). The
ECOG-PS and CCI were significantly different among the three
groups, and group S had the highest proportions of patients with
an ECOG-PS or CCI =1 (64.7% and 51.8%, respectively). The
mean postoperative length of stay (PLOS) was significantly longer
in group S than groups Cand I(13.1, 8.7 and 9.7 days, respectively,
P <0.001). The proportion of patients receiving S-1 was signifi-
cantly higher in group C than group I (64.0% and 51.8%, respec-
tively, P =0.034). The most common reasons for not receiving che-
motherapy were poor general condition (36.5%) and patient refus-
al (29.4%), while chemotherapy-related complications was the ma-
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Table 1. Comparison of baseline characteristics between three groups

. Completion grou Incompletion grou Surgery only grou
Variable Fn _ 2229) P (t: _ 110)9 P g 3]’= 8;)9 P P-value
Age (yr) 56.6+11.5 60.5+12.6 7214112 0.001?
Sex 0.719
Male 148 (66.7) 77 (70.0) 55 (64.7)
Female 74(33.3) 33(30.0) 30(35.3)
BMI (kg/m?2) 234131 23.1+£3.6 233134 0.729
ECOG-PS 0.001?
0 180 (81.1) 78 (70.9) 30(35.3)
> 42(189) 32(29.1) 55 (64.7)
CCl 0.001#
170 (76.6) 75 (68.2) 41(48.2)
> 52 (23.4) 35(31.8) 44 (51.8)
Approach 0.543
Laparoscopic 159 (71.6) 85(77.3) 63 (74.1)
Open 63 (28.4) 25(22.7) 22 (25.9)
Extent of resection 0.400
Subtotal 73(329) 43(39.1) 26 (30.6)
Total 149 (61.7) 67 (60.9) 59 (69.4)
LN dissection 0.318
<D1+ 32(14.4) 16 (14.5) 18(21.2)
>D2 190 (85.6) 94 (85.5) 67 (78.8)
Reconstruction 0.078
B-I 18 (8.1) 2(1.8) 4(4.7)
B-l 125 (56.3) 62 (56.4) 56 (65.9)
R-Y 79 (35.6) 46 (41.8) 25(29.4)
Pathologic stage 0.094
Il 108 (48.6) 43(39.1) 46 (54.1)
Il 114 (51.4) 67 (60.9) 39 (45.9)
Postoperative complications 62 (279) 34 (309) 40 (47.1) 000679
CDC >3 19 (30.6) 11 (32.4) 14 (35.0) 0.900
Postoperative hospital stay (day) 87432 97440 13.1+11.8 0.007129
Interval from operation to chemotherapy (day) 36.4+104 37.8+10.6 0.289
Chemotherapy regimen 0034
S-1 142 (64.0) 57 (51.8)
XELOX 80 (36.0) 53(48.2)

Values are presented as mean + standard deviation or number (%).

BMI, body mass index; ECOG-PS, Eastern Cooperative Oncology Group performance status; CCl Charlson comorbidity index; LN, lymph node; B-I, Billroth I; B-II,
Billroth II; R-Y, Roux-en-Y; CDC, Clavien-Dindo classification; S-1, tegafur/gimeracil/oteracil; XELOX, capecitabine plus oxaliplatin.

IStatistically significant, P < 0.05. "Completion group vs. incompletion group = 0.102; incompletion group vs. surgery only group=0.001; completion group vs.
surgery only group = 0.003. “Completion group vs. incompletion group = 0.608; incompletion group vs. surgery only group = 0.026; completion group vs. surgery
only group = 0.002. “Completion group vs. incompletion group=0.436; incompletion group vs. surgery only group=0.001; completion group vs. surgery only

group=0.003.

jor reason for incompletion thereof (43.6%) (Table 2).

Anage over 65 years, PLOS over 7 days, and use of XELOX were
significant risk factors for incompletion of AC (OR: 2.68, 1.72, and
2.23, respectively) (Table 3). An age over 65 years, ECOG-PS =1,
CCI = 1, and presence of postoperative complications were signif-
icant risk factors for not initiating AC (OR: 4.32, 2.62, 1.84, and

2.17, respectively) (Table 4).

DISCUSSION

The benetits of AC for advanced GC have been proven in large-
scale, randomized controlled trials. However, some patients do not
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Table 2. Reasons for not completing adjuvant chemotherapy for
group | and group S

Table 3. Multivariable analysis of factors for incompletion of adju-
vant chemotherapy

Reason No. of patients (%) Variable OR 95% Cl P-value
Reasons for incompletion (group I, n = 110) Age > 65 yr 2.68 1.57-4.58 <0.007?
Chemotherapy-related complications 48 (43.6) ECOG-PS 1 or more 1.38 0.71-2.60 0.279
Gastro-intestinal symptoms 23 (47.9) CCl 1 or more 1.44 0.84-2.48 0.147
Poor oral intake 14 (29.2) Postoperative complication 1.07 0.47-2.45 0.393
Skin eruption 8(16.7) Postoperative admission day >7 1.72 1.04-2.85 0.034?
Neuropathy 3(63) XELOX regimen 223 1-33=373 0.002
Patient's refusal 20(182) OR, odds ratio; Cl, confidence interval; ECOG-PS, Fastern Cooperative Oncol-
Disease progression 12(109) ogy Group performance status; CCl, Charlson comorbidity index; XELOX,
Surgery-related complication 5(45) capecitabine plus oxaliplatin.
Others 25(22.7) “IStatistically significant, P < 0.05.
Reasons for no initiation (group S, n==85)
Poor condition 31(36.5) Table 4. Multivariable analysis of factors for no initiation of adju-
Patient's refusal 25(29.4) vant chemotherapy
Surgery-related complication 10(11.8) VErall OR 950 Cl e
Others 19 (224) Age > 65 yr 432 223-834  <0001°
ECOG-PS 1 or more 2.62 1.41-4.88 0.002?
receive chemotherapy for various reasons, resulting in poor sur- 4 o more 184 106-321 0,030
vival outcomes. This study investigated factors associated with  pogonerative complication 217 124-378 0006”
compliance with AC. In multivariate analysis, old age, comorbidi- Postoperative admission day > 7 153 0.80-293 0197

ties, and postoperative complications were risk factors for not initi-
ating AC. Old age, long PLOS, and XELOX regimen were risk fac-
tors for discontinuing AC. Clinicians should pay close attention to
patients with such risk factors and try to prevent those that are
controllable, such as postoperative complications and PLOS.

In this study; old age and comorbidities were risk factors for not
initiating chemotherapy (Supplementary Tables S1, S2). One of the
most common sequelae after GC surgery is dietary problems,
which can lead to weight loss and sarcopenia [11]. A previous
study reported that postoperative weight loss can affect compli-
ance with AC in GC patients [12]. Older patients with comorbidi-
ties are more likely to experience postoperative dietary problems
or severe weight loss, which may reduce compliance with chemo-
therapy. A previous study reported that old age (> 60 years), low
body mass index (<23 kg/m?), and poor physical status were asso-
ciated with lower compliance [13]. Other studies on the S-1 regi-
men for GC patients reported than an age over 65 years was a sig-
nificant factor for poor compliance with AC [14,15].

Prolonged PLOS was a risk factor for incompletion of AC in this
study. Gastrectomy patients in our institution are discharged on
postoperative day 7 following application of the clinical protocol.
Therefore, a PLOS over 7 days indicates problems such as opera-
tive complications or delayed recovery. Although the proportion
of patients with a CDC grade > 3 did not differ significantly among
the three groups, that was not the case for CDC grade> 1 patients.
This suggests that minor complications, such as gastric stasis and
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OR, odds ratio; Cl, confidence interval; ECOG-PS, Eastern Cooperative Oncol-
ogy Group performance status; CCl, Charlson comorbidity index.
“IStatistically significant, P < 0.05.

temporary ileus, can also affect postoperative recovery and the pa-
tient’s condition. As postoperative complication was a risk factor
for incompletion of AC, clinicians should pay close attention to
minor complications and complaints after surgery to enhance
compliance.

The XELOX was applied in stage ITI GC patients and S-1 was
applied in stage II GC patients at our institution, respectively. A
previous study reported that neither of these two regimens was
significantly superior to the other [16]. However, other studies
have reported that the XELOX regimen may be more effective in
stage I11B and ITIC GC patients, supporting the approach of our
institution [7]. In this study, patients on the XELOX regimen were
more likely to fail to complete chemotherapy than those on the S-1
regimen. The rate of dose reduction was higher in the XELOX
than S-1 group (15% vs. 5.5%, P=0.004) (Supplementary Table S3),
suggesting that the XELOX regimen was generally more difficult
for patients to maintain. In the CLASSIC trial, grade 34 chemo-
therapy-related adverse events were reported in 56% of the XE-
LOX group, compared to 22.8% of the S-1 group in the ACTS-GC
trial. Jang et al. [14] reported a more than two-fold higher rate of
grade 3—-4 chemotherapy-related adverse events in their XELOX
group than the S-1 group (47% vs. 21%) [17]. Finally, oncologic pa-
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tients tend to prefer oral over intravenous drugs for reasons of
convenience, perceived efficacy, and past experience [18]. There-
fore, clinicians need to pay more attention to patients on the XE-
LOX regimen.

Thirty-three patients stopped chemotherapy in the first cycle,
which was the highest drop-out rate in group I (30%) (Supplemen-
tary Fig. 52). Almost two-thirds of patients failed to complete more
than half of the entire chemotherapy cycles (70%, n=77). This
suggest that patients may be more vulnerable to treatment in the
early period. Therefore, it is necessary to focus more on patients
with risk factors at the beginning of treatment.

This study had some limitations. First, it used as a retrospective,
single center design, which could give rise to certain biases. Some
factors found to be significant in other studies, including postoper-
ative weight change, serum creatinine, and sarcopenia, were not
analyzed in our study [19]. Second, the results of this study may
not generalize to Western countries. While AC is frequently used
in Asian countries, perioperative chemotherapy and adjuvant
chemoradiation are used more often in Western countries [20,21].
Further research is also needed on the associations of health insur-
ance and socioeconomic status with treatment outcomes.

In conclusion, an age over 65 years, prolonged PLOS, comorbid-
ities, postoperative complications and XELOX treatment were as-
sociated with poorer compliance with AC in advanced GC pa-
tients. Compliance can be improved by treating postoperative
complications appropriately, reducing the postoperative hospital
stay, and selecting the appropriate treatment regimen according to
the patient’s life expectancy and systemic conditions.
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