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ABSTRACT

Adjuvant chemotherapy following the curative resection could improve the survival outcome of advanced
gastric cancer (GC) patients. However, it is unclear whether delayed initiation of adjuvant chemotherapy
had a negative impact on survival outcome in GC patients. The purpose of this study was to review cur-
rent published literature about the impact of delaying adjuvant chemotherapy on survival outcome and
summarize risk factors for delaying adjuvant chemotherapy. Delayed initiation of adjuvant chemotherapy
was quite frequent in GC patients who underwent gastrectomy due to postoperative complications, poor
nutritional status, comorbid diseases and socioeconomic status. Therefore, it is important for these patients
to have a sufficient and smooth transition from surgery to initiation of adjuvant chemotherapy. Based on
current available evidence, there is no specific timing interval for the initiation of adjuvant chemother-
apy in GC patients. Earlier initiation of adjuvant chemotherapy (<4 weeks) may not be mandatory for GC
patients who underwent curative resection. However, the patients should be recommended to receive ad-
juvant chemotherapy within 6-8 weeks if their performance status and nutritional status were deemed to
be appropriate. Minimizing postoperative complications and providing requisite nutritional advice may be
helpful for timely initiation of adjuvant chemotherapy.
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Introduction

Although the survival outcome of gastric cancer patients has been significantly improved, it
still is the third leading cause of cancer-related deaths in the world.! Curative resection with
adequate lymphadenectomy is the most powerful treatment method for advanced gastric cancer
patients.? However, a substantial proportion of these patients experience tumor recurrence even
after curative resection, which makes it important to consider adjuvant treatment.>* To date,
increased evidence has demonstrated that gastric cancer patients with stage II-IIl could gain a
survival benefit from adjuvant chemotherapy following the curative resection.’-® In East Asian
countries, capecitabine plus oxaliplatin for 6 months or S-1 monotherapy for 1 year has become
the standard treatment regimens, with a promising result.5-

In routine clinical practice, physicians are frequently asked by their patients when adjuvant
chemotherapy should be administrated after surgery. The patients concerned that delayed initi-
ation of adjuvant chemotherapy could impair their survival. Actually, there is no specific timing
interval from radical operation to initiation of adjuvant chemotherapy for gastric cancer patients.
In general, adjuvant chemotherapy should be initiated within 4-8 weeks after curative resection
according to the current guidelines and clinical trials.®:° However, whether adjuvant chemother-
apy beyond a time cutoff-point has a negative impact on survival outcome of cancer patients
remains controversial. Delayed initiation of adjuvant chemotherapy has been reported to be re-
lated to poorer survival outcome in colorectal cancer patients,'?:!! ovarian cancer patients,'?
breast cancer patients'®> and gastric cancer patients.'*'> However, a few studies have demon-
strated that time to initiation of adjuvant chemotherapy has no impact on tumor recurrence or
cancer-related death.'®20 In a retrospective study involving 7942 gastric cancer patients from
the National Cancer Database, Greenleaf et al showed adjuvant chemotherapy the following cu-
rative resection remained effective even the starting time beyond 12 weeks.?!

Clinical trials that determine the impact of delaying adjuvant chemotherapy on survival out-
come in gastric cancer patients are not ethically permissible. In view of no consensus on this
topic, more research evidence need to be provided to help us better understand this impor-
tant clinical concern. In the present study, we systematically searched and reviewed current
published literature about the impact of delaying adjuvant chemotherapy on the survival out-
come of gastric cancer patients, and summarized risk factors for delayed initiation of adjuvant
chemotherapy.

Evidence acquisition

To identify related studies, systematic search strategy was performed using PubMed, Em-
base and Cochrane Library databases until the end of October, 2019. The following keywords
and search terms were used for this search strategy: “gastric cancer,” “adjuvant chemotherapy,”
“time to initiation” and “timing for initiation.” Through these combined keywords, the primary
collection of studies was defined. Besides, the reference lists of relevant articles were manually
searched to identify additional relevant studies. There was no language limitation for the iden-
tification of published literature. The titles and abstracts of each retrieved studies were scanned
by investigators for evaluating the topic relevance. The full text of potentially relevant studies
was obtained and further assessed.
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Fig. 1. Impact of delaying adjuvant chemotherapy on overall survival (OS) in gastric cancer patients.

Impact of delayed initiation of adjuvant chemotherapy on survival outcome in gastric cancer
patients

A total of 11 studies have evaluated the relationship between time to initiation of adjuvant
chemotherapy and survival or recurrence in gastric cancer patients. The main characteristics and
detailed results of these studies were summarized in Table 1. Among these studies, 2 studies
compared the prognostic difference between the initiation of adjuvant chemotherapy <4 weeks
and >4 weeks. Lee et al showed that the initiation of adjuvant chemotherapy beyond 4 weeks
had no negative impact on the recurrence-free survival (RFS) relative to the initiation of adju-
vant chemotherapy within 4 weeks (HR:1.04, 95% CI: 0.62-1.74, P > 0.05).22 However, Kang et
al reported a significant association between delaying adjuvant chemotherapy (>4 weeks) and
poorer survival in gastric cancer patients (HR:1.63, 95% CI: 1.17-2.26, P < 0.05)."* In addition,
the authors also used 3 weeks as the cutoff time point to distinguish between early and delayed
initiation of adjuvant chemotherapy, but the results indicated that gastric cancer patients could
not gain a benefit from earlier initiation of adjuvant chemotherapy (<3 weeks vs >3 weeks;
HR:1.13, 95% CI: 0.85-1.49, P > 0.05).14

Three studies used 6 weeks as the cutoff point for evaluating the impact of delayed initiation
of adjuvant chemotherapy on survival outcome in gastric cancer patients. Fujitani et al reported
that overall survival (OS) of the patients who initiated adjuvant chemotherapy beyond 6 weeks
was not different from that of those who initiated adjuvant chemotherapy within 6 weeks.23
However, the results of Yamamoto et al and Qu et al indicated that the initiation of adjuvant
chemotherapy within 6 weeks was beneficial for improved survival in gastric cancer patients
who underwent curative gastrectomy.!>>* The pooled results of 3 studies showed a similar find-
ing that the patients with initiation of adjuvant chemotherapy beyond 6 weeks had a worse OS
than those who started adjuvant chemotherapy within this interval (HR:1.41, 95% CI: 1.12-1.77,
P< 0.001) (Fig 1).

Three studies evaluated the impact of the initiation of adjuvant chemotherapy at an 8-week
interval, the pooled results indicated that delaying adjuvant chemotherapy beyond 8 weeks was



Table 1
The main characteristics and detailed results of relevant studies.
Study Country Inclusion Sample TNM Follow-up median Time to Cutoff value Outcome and HR (95%CI)  Chemotherapy regimen Quality
period size stage (range) chemotherapy
median (range)
Qu et al* China  2004-2013 266 [-11 28 mo (7-139) 42.5d (12-115d) <45d; >45d  OS, HR:1.77(1.09-2.89) S-1,XELOX,5-FU-based 7
Kang et al' Korea  1996-2004 410 M-111 150 mo (97-195) 21d (7-80 d) <21d; >21d  OS, HR:1.13(0.85-1.49) 5FU+MMC+PSK 7
<28d; >28d  0OS, HR:1.57(1.12-2.19)
Yamamoto et al'® Japan  2003-2013 113 MI-111 476 mo (4.6-116) N/A <6 wk; >6 wk 0S, HR:1.55(1.03-2.33) S-1 7
Lee et al* Korea  2008-2014 460 1111 48 mo (3-101) 5wk (2-9 wk) <4 wk; >4 wk RFS, HR:1.04(0.62-1.74) S-1,XELOX 7
Ahmed et al*® Canada 2002-2007 174 -IvV 18 mo (9-37) 29d (1-109d) <56d; >56d  DFS, HR:1.16(0.58-2.32) 5-FU-based 6
Park et al?’ Korea  2005-2011 840 1-111 34 mo (1-96) 5 wk (2-21 wk) <4 wk, 4-8 wk, RFS, HR:0.94(0.74-1.20) S-1,XELOX,S-1+-DDP,5- 7
>8 wk; RFS, HR:1.77(1.09-2.89) FU+DDP
0S, HR:1.10(0.83-1.45)
0S, HR:2.24(1.30-3.86)
Greenleaf et al’’  United 2003-2012 2332 [-111 N/A N/A <8 wk, 8-12 0S, HR:0.91(0.68-1.23) N/A 6
States wk, >12 wk 0S, HR:1.00(0.72-1.41)
Fujitani et al* Japan  2008-2010 498 [I-111 N/A 6 wk (2-20 wk) <6 wk; >6 wk OS, HR:0.84(0.60-1.18) S-1 7
Nakanishi et al*® Japan  2010-2014 401 1111 45.5 mo (3.8-94) 6 wk <6 wk, 6-8 wk, RFS, HR:1.19(0.77-1.81) S-1 7
>8 wk RFS, HR:2.05(1.22-3.36)
Huang et al*® China  2006-2013 538 1I-111 42.4 mo 6 wk <8 wk; >8 wk RFS, HR:1.46(1.02-2.09) S-1,XELOX,5-FU or 7
0S, HR:1.34(0.98-1.83) 5-FU+cisplatin-based
Brenkman et al*° 2010-2014 463 I-111 341 mo 6.1 wk <6 wk, 6-8 wk, OS, HR:1.14(0.79-1.65) epirubicin, cisplatin or 7
Netherlands >8 wk 0S, HR:1.04(0.68-1.57) oxalipatin, and capecitibine

or fluorouracil

DDP, cisplatin; DFS, disease-free survival; 5-FU, 5-fluorouracil; HR, hazard ratio; LV, leucovorin; MMC, mitomycin-C;

S-1, oral fluoropyrimidine; XELOX, capeitabine plus oxaliplatin.

0S, overall survival; PSK, polysaccharide; RFS, relapse-free survival;
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Fig. 2. Impact of delaying adjuvant chemotherapy on recurrence-free survival (RFS) in gastric cancer patients.

associated with increased risk of recurrence or death compared with the initiation within 8
weeks (Figs 1 and 2).2°%7 Similarly, Nakanishi et al reported that there was no significant prog-
nostic difference between the starting adjuvant chemotherapy <6 weeks and 6-8 weeks in terms
of RFS, but the administration of adjuvant chemotherapy beyond 8 weeks showed a higher risk
of recurrence.?®

The objective of adjuvant chemotherapy is to eradicate remaining micrometastatic cancer
cells and reduce tumor recurrence. Previous animal models and studies have shown that the
removal of the primary tumor could promote entry of tumor cells into the circulation and tu-
mor angiogenesis.? The increased interval between operation and adjuvant chemotherapy may
result in an exponential growth of cancer cells. Theoretically, adjuvant chemotherapy should be
administrated as soon as possible after surgery. However, there was a time discrepancy among
gastric cancer patients for the initiation of adjuvant chemotherapy, because biological behaviors
of tumor, histopathological type, disease stage and postoperative recovery were various. It is dif-
ficult to determine what optimal timing for the initiation of adjuvant chemotherapy in these
patients. To date, there have been no convincing evidence to support that early initiation of ad-
juvant chemotherapy could improve the survival outcome in gastric cancer patients. Therefore,
earlier initiation of adjuvant chemotherapy (<4 weeks) may not be mandatory for gastric can-
cer patients who underwent curative resection. In fact, decreased interval between operation
and the initiation of adjuvant chemotherapy could be detriment to the recovery of gastrointesti-
nal function and physical condition, which further could result in a poor tolerance for adjuvant
chemotherapy. Unlike breast cancer and lung cancer patients, the patients who underwent ab-
dominal operation had a longer recovery period. Those patients who received subtotal or total
gastrectomy often required a long transition period from liquid diet to normal diet. Therefore,
prompt initiation of adjuvant chemotherapy seems unrealistic for gastric cancer patients. It is
important to encourage them to have sufficient recovery time before the initiation of adjuvant
chemotherapy. Of course, this did not mean that the protective effect of adjuvant chemother-
apy could be occur irrespective of when it was initiated. Based on current available evidence,
adjuvant chemotherapy should be initiated within 6-8 weeks for gastric cancer patients if their
performance status and nutritional status were deemed to be appropriate. However, whether ad-
juvant chemotherapy beyond a certain time window had little or no impact on survival outcome
of gastric cancer patients remains controversial. Brenkman et al reported that the initiation of
adjuvant chemotherapy beyond 8 weeks was not associated with poorer survival outcome in
gastric cancer patients.>® Similarly, Greenleaf et al showed that delayed initiation of adjuvant
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chemotherapy did not affect the prognosis of gastric cancer patients even when it was adminis-
trated later than 12 weeks after surgery.2! They concluded that the patients who received adju-
vant chemotherapy at any postoperative interval had a better prognosis than those who failed to
receive systematic chemotherapy.?! In the future, further research need be performed to answer
this clinical concern.

Risk factors for delayed initiation of adjuvant chemotherapy

Aggressive efforts should be made to timely initiate adjuvant chemotherapy, but not all gas-
tric cancer patients could fulfill treatment plan in a prescriptive timing interval. Many studies
emphasized that the presence of postoperative complications was the most important risk fac-
tor for delaying adjuvant chemotherapy,?’-2%:3! and severe postoperative complications increased
the risk of failure to receive adjuvant chemotherapy.32:>3> Merkow et al reported that colorectal
cancer patients who had severe postoperative complications were more than twice as likely to
experience the omission of adjuvant chemotherapy or delayed initiation of adjuvant chemother-
apy (=10 weeks).>? It is well established that gastric cancer patients could gain a survival bene-
fit from D2 lymph node dissection,>*3> but a high incidence of postoperative complications and
hospital mortality were reported.>%:3” Recently, some studies showed that the presence of post-
operative complications, especially for severe postoperative complications such as anastomotic
leakage and intra-abdominal infection, could have a negative impact on tumor recurrence and
long-term survival in gastric cancer patients.>$-4° Systemic inflammatory response and immune
suppression caused by surgical trauma may partially explain why postoperative complications
are associated with poor survival outcome.??#! A large amount of cytotoxic mediators released
by activated leukocytes (eg: TNF-«, IL-1, and IL-6) could provide a favorable microenvironment
for the growth and invasion of residual cancer cells, resulting in a tumor recurrence.’?-42

In a recent retrospective study, Jin et al reported an interaction between postoperative com-
plications and failure to receive adjuvant chemotherapy. The results indicated that at least 50% of
gastric cancer patients who experienced postoperative complications were less likely to receive
adjuvant chemotherapy following the curative resection.*> Compared with those patients who
had no postoperative complications, the combination of postoperative complications and failure
to receive adjuvant chemotherapy increased the risk of death more than 200%.*> However, the
adverse effect of postoperative complications on OS became nonsignificant for those patients
who experienced postoperative complications but received adjuvant chemotherapy.*> These re-
sults suggested that poor survival may be partially attributable to the presence of postoperative
complications and not receiving adjuvant chemotherapy, empathizing the necessity of adjuvant
chemotherapy and reducing postoperative complications for gastric cancer patients. A previous
study demonstrated that isolated tumor cells and micrometastases were vulnerable to preop-
erative or postoperative chemotherapy.** The administration of neoadjuvant chemotherapy has
been reported to improve RO resection rate and the survival outcome of locally advanced gastric
cancer patients by downstaging the tumor and eliminating micrometastases.*>%6 One particu-
lar concern was the potential increased risk of postoperative complications after neoadjuvant
chemotherapy. However, increasing evidence regarding this issue have shown that neoadjuvant
chemotherapy could not affect the incidence of postoperative complications.*’+*8 Recently, Eto et
al reported that neoadjuvant chemotherapy could abolish the poor prognosis induced by post-
operative complications via eliminating micrometastases and suppressing the growth of residual
tumor cells.*? Similarly, some studies showed a prophylactic effect of neoadjuvant chemother-
apy on postoperative complications in gastric cancer patients.’’->' Therefore, preoperative and
postoperative chemotherapy have an important clinical significance for the patients with high
risk of postoperative complications.

On the other hand, improved surgical procedures could be helpful to reduce the incidence
of postoperative complications. In the recent decade, laparoscopic gastrectomy for gastric can-
cer has become increasingly popular.”>>3 In the past, the primary indication for laparoscopic
gastrectomy was early gastric cancer (cT1N+/-MO). Recently, laparoscopic surgery has been ap-
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Table 2
Risk factors for delaying adjuvant chemotherapy identified in literature.
Treatment-related factors Patient-related factors
Postoperative complications Advanced age
Prolonged recovery Comorbidities
Surgical procedure Body weight loss (or nutritional status)

Performance status
Socioeconomic status
Education level

plied to the treatment of advanced gastric cancer.”*>% Laparoscopic gastrectomy had more ad-
vantages than open gastrectomy such as decreased surgical trauma and pain, fewer amount of
intraoperative blood loss and faster recovery.”2-°%:>7 Some studies reported that the patients who
underwent laparoscopic surgery had a shorter hospital stay and earlier initiation of adjuvant
chemotherapy than those who underwent open abdominal surgery.3!->8 To accelerate the post-
operative recovery and initiation of adjuvant chemotherapy, laparoscopic gastrectomy is optional
for gastric cancer patients.

In addition to postoperative complications and surgical procedure, Katio et al reported that
body weight loss following the gastrectomy was associated with delayed initiation of adjuvant
chemotherapy.’! Unlike other surgeries, the patients who underwent gastrectomy often lost ap-
proximately 10%-20% of their body weight after surgery, especially for those who underwent to-
tal gastrectomy.””-! Insufficient caloric intake was quite frequent in gastric cancer patients who
underwent gastrectomy due to limited absorption of nutrients, reflux esophagitis and dumping
syndrome. Body weight loss following the operation may represent a poor nutritional status
and could result in a decline in postoperative quality of life.5? The nutritional status at the
initial several months was very important for the administration of adjuvant chemotherapy.
The patients with poor nutritional status could delay the initiation of adjuvant chemotherapy,
and even not complete chemotherapy as treatment schedule.’> What's more, the malnutrition
might increase the potential toxicity of chemotherapy drugs and chemotherapy-related adverse
events.5*65 Aoyama et al reported that the patients with body weight loss >15% had a lower
6-month continuation rate of S-1 treatment than those with body weight loss <15% (36.4% vs
66.4%).5% About half of patients with body weight loss > 15% terminated S-1 treatment due to
chemotherapy-induced adverse events.®> Some researchers believed that gastric cancer patients
with severe body weight loss could gain little or no benefit from S-1 adjuvant treatment.%¢ Suf-
ficient nutritional support may improve the response to chemotherapy and radiotherapy, and
provide a potential survival benefit for cancer patients. Recently, a randomized controlled trial
(RCT) involving 358 digestive or lung cancer patients with body weight loss was performed to
evaluate the effect of nutritional intervention before the start of chemotherapy, and the results
indicated that the patients who gained weight had a better survival outcome than those who
did not.5” Therefore, the assessment of nutritional status and nutritional support should be in-
dispensable for those patients undergoing the transition from surgery to adjuvant chemotherapy.
Providing nutritional advice, dietary counseling and the prescription of oral nutritional supple-
ment for these patients may be helpful to improve oral intake, nutritional status and even sur-
vival outcome.5370 In the future, RCTs involving the patients at risk of malnutrition could be
designed for evaluating the impact of nutritional support on treatment toxicities and clinical
outcomes during adjuvant chemotherapy.

Other patient-related factors, including advanced age, severe comorbid diseases and poor per-
formance status, have been reported to be associated with delay or failure to receive adjuvant
chemotherapy (Table 2).°8.71.72 There was a significant increase in hospital stays, the incidence
of postoperative complications and re-admission with increasing age. This could inevitably im-
pede the administration of adjuvant chemotherapy. In addition, comorbid diseases and patient
performance status were another important concerns when considering the administration of
adjuvant chemotherapy. It has been shown that chronic diseases, such as congestive heart fail-
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ure, cerebrovascular problems, chronic obstructive pulmonary disease, renal and hepatic dys-
function, had a negative impact on decision-making and administration of adjuvant chemother-
apy.”>”* The patients with poor performance status and severe comorbid diseases were less
likely to timely receive adjuvant chemotherapy. Moreover, supplemental insurance, economic
status, the level of education, marital status, delayed referral and increased waiting times for
oncological treatment were potential reasons for delay or failure to receive adjuvant chemother-
apy.”8:7>.76 These illustrated the potential impact of socioeconomic factors on timely treatment.
In many institutions, the plans for adjuvant chemotherapy are based on final pathological reports
of patients and are determined by collective discussion from a multidisciplinary treatment team.
The clinicians explain the necessity of adjuvant chemotherapy and predict the risk of tumor re-
currence for patients after the operation. This mode may avoid a delay in referral and shorten
waiting times for oncological treatment. In general, the clinicians are more likely to recommend
those with high recurrence risk to receive adjuvant chemotherapy. However, whether or not to
receive adjuvant chemotherapy is largely depended on patients and their families. Some patients
may refuse further treatment or not complete all treatment plans due to socioeconomic rea-
sons. In fact, these factors may indirectly reflect the impact of patient compliance on therapeutic
outcome of adjuvant chemotherapy in some manners. In the ESPAC-3 study evaluating optimal
timing and duration of adjuvant chemotherapy, the results demonstrated that pancreatic cancer
patients who completed all 6 cycles of adjuvant chemotherapy had a better survival outcome
than those who failed to complete treatment plan.”’ The researchers confirmed that treatment
completion rather than early initiation of adjuvant chemotherapy was associated with improved
survival of these patients.”’ Similarly, Bartolomeo et al reported that failure to complete planned
treatment had a negative effect on the recurrence and OS in gastric cancer patients. However,
delayed initiation of adjuvant chemotherapy, at least, did not worsen the survival outcome.”8

Limitations

Current studies evaluating the impact of delaying adjuvant chemotherapy on survival out-
come in gastric cancer patients were single-center, small sample size and retrospective design.
Due to basic ethical consideration and treatment needs, prospective cohort studies and RCTs
were unlikely to be performed. Therefore, the level of current available evidence is relatively
low. In addition, whether delayed initiation of adjuvant chemotherapy is associated with poor
prognosis remain controversial. Various cutoff thresholds for delay time of adjuvant chemother-
apy may limit direct comparison between different studies and result in a significant hetero-
geneity. It also should be noted that different studies were relatively heterogeneous in patient
demographics, tumor stage, chemotherapy regimens and the dose of anticancer drugs, which
might have affect the prognostic assessment for gastric cancer patients. On the other hand,
many confounding factors could play a potential role in evaluating the impact of delaying ad-
juvant chemotherapy on survival outcome. The presence of postoperative complication was the
strongest factor for delaying adjuvant chemotherapy and failure to receive adjuvant chemother-
apy. Based on current retrospective studies, it is unclear that postoperative complications or
delayed initiation of adjuvant chemotherapy directly impair survival of gastric cancer patients.
Besides, the patients with advanced age or with multiple comorbidities or with poor nutrition
status had a higher risk of postoperative complications and a higher rate of delaying adjuvant
chemotherapy than other patients. Therefore, it is difficult to determine the association between
delaying adjuvant chemotherapy and poor survival should be attributable to patient-specific con-
ditions (eg: poor performance status, severe comorbidities and advanced age) or delay initiation
itself. These factors were inevitable bias when evaluating the time to initiation of adjuvant treat-
ment. A previous meta-analysis indicated that initiation of adjuvant chemotherapy per 4-week
delay was associated with a significant decrease in OS but not RFS for colorectal cancer pa-
tients.”> It is reasonable to assume that the patients with poor performance status or severe
comorbidities or advanced age might have a higher risk of noncancer related deaths than other
patients. In the future, further accumulation of data and high-quality studies need to be per-
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formed to explore the potential association between delaying adjuvant chemotherapy and sur-
vival outcome of gastric cancer patients.

Conclusions

Delayed initiation of adjuvant chemotherapy is quite frequent in gastric cancer patients who
underwent gastrectomy due to postoperative complications, poor nutritional status, comorbid
diseases and socioeconomic status. Therefore, it is important for gastric cancer patients to have
a sufficient and smooth transition from surgery to initiation of adjuvant chemotherapy. Earlier
initiation of adjuvant chemotherapy (<4 weeks) may not be mandatory for all gastric cancer pa-
tients. However, the patients should be recommended to receive adjuvant chemotherapy within
6-8 weeks if their performance status and nutritional status were deemed to be appropriate.
Minimizing postoperative complications and providing requisite nutritional advice may be help-
ful for timely initiation of adjuvant chemotherapy.
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