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Abstract

Background
Despite advances in surgical techniques, long-term survival after esophagectomy for esophageal cancer
remains unacceptably low, and more effective perioperative chemotherapy is expected. However, an
important concern regarding the application of postoperative adjuvant chemotherapy is treatment
toxicity. We aimed to evaluate the feasibility of adjuvant chemotherapy with S-1 in patients after
esophagectomy.

Methods
We investigated the tolerability of a 2-week administration followed by 1-week rest regimen of S1 as
postoperative adjuvant therapy in 20 patients who received neoadjuvant chemotherapy (NAC) and 22
patients who did not receive NAC during 2011–2020.

Results
In the non-NAC group, the mean and median relative dose intensity (RDI) were 78.7% and 99.4%,
respectively, and 11 patients (50%) had altered treatment schedules. The corresponding rates in the NAC
group were 77.9% and 100%, and 9 patients (45%) had altered treatment schedules, with no signi�cant
difference between the groups. Moreover, 17 patients (77.2%) in the non-NAC group and 16 patients
(80.0%) in the NAC group continued S-1 treatment as planned for one year postoperatively, with no
signi�cant difference in the S-1 continuation rate (p = 0.500). Seventeen of 22 patients (77.3%) and 15 of
20 patients (75.0%) experienced several adverse events in the non-NAC and NAC groups, respectively. The
frequency, severity, and type of adverse events were consistent among patients with and without NAC.

Conclusions
S-1 could be safely and continuously administered as adjuvant chemotherapy for patients with
esophageal cancer regardless of NAC. Long-term prognosis should be evaluated for S-1 to become the
standard treatment after esophagectomy.

Background
Several studies have shown that nearly half of the patients who underwent resection for esophageal
cancer develop tumor recurrence and metastasis within the �rst postoperative year [1–3]. In this context,
perioperative chemotherapy is attracting attention increasingly, and the development of more effective
treatment regimens is urgently needed.
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In Japan, JCOG9204 was conducted as a phase III trial to compare the survival bene�t between surgery
alone and surgery plus postoperative adjuvant chemotherapy with two courses of cisplatin and
�uorouracil (FP) in patients who underwent curative esophagectomy. Their results demonstrated that
adjuvant chemotherapy improved disease-free survival but did not show signi�cant differences in overall
survival (OS) when compared with surgery alone [4]. Subsequently, the JCOG9907 phase  trial aimed to
compared survival following postoperative adjuvant chemotherapy with FP versus preoperative
chemotherapy. Their results showed that preoperative chemotherapy signi�cantly improved OS, but there
was no signi�cant difference between the groups in terms of progression-free survival [5].

While the clinical importance of preoperative adjuvant chemotherapy is generally accepted, the
effectiveness of postoperative adjuvant therapy in patients who have already received preoperative
adjuvant chemotherapy followed by esophagectomy has not been su�ciently proven [6, 7]. Because
esophagectomy for esophageal cancer is highly invasive, and many patients experience postoperative
complications, which result in frailty for several postoperative weeks, adjuvant chemotherapy appears to
be a high-risk intervention of uncertain therapeutic value. Moreover, the optimal adjuvant chemotherapy
regimen for patients who underwent resection of esophageal cancer following neoadjuvant
chemotherapy (NAC) has not yet been established.

The present study aimed to retrospectively determine the tolerability and safety of adjuvant
chemotherapy with S-1 in patients who underwent esophagectomy and received NAC in comparison with
those who did not receive NAC.

Patients And Methods
Patients

We retrospectively reviewed 53 consecutive patients who received postoperative adjuvant chemotherapy
using S-1 after curative esophagectomy for histologically diagnosed esophageal squamous cell
carcinoma (ESCC) between January 2011 and December 2020 in our institute. Eligibility criteria were
stage I, II, and III histologically con�rmed ESCC after curative esophagectomy [8]. Curative resection was
de�ned as complete tumor removal without the involvement of any microscopic resection margin. All
patients underwent thoracoscopic subtotal esophagectomy with three-�eld lymph node dissection
and reconstruction using the gastric conduit with anastomosis of the cervical esophagus and the gastric
conduit.

Written informed consent from all patients was waived owing to the retrospective nature of this study.
This study was approved by the institutional ethical review board and was conducted in accordance with
the Declaration of Helsinki and the Japanese Ethical Guidelines for Clinical Studies.

Postoperative adjuvant chemotherapy
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Oral S-1 (tegafur, gimeracil, oteracil potassium; Taiho Pharmaceutical Co., Ltd, Tokyo, Japan) was
administered twice daily for 2 weeks, followed by 1 week rest, as one course within 10 weeks post-
surgery. This 3-week cycle was repeated for up to 1 year after the start of oral administration [9].
Treatment was continued until unacceptable toxicity by dose modi�cation and temporary withdrawal of
drug administration, patient’s refusal, or physician’s decision.

Daily S-1 dose was calculated by body surface area (BSA). Patients with a BSA of <1.25 m2 received 80
mg of S-1 daily, those with a BSA of 1.25–1.5 m2 received 100 mg daily, and those with a BSA of >1.5 m2

received 120 mg daily.

Physical examination and biochemical analysis were performed at least every 3 weeks during the
adjuvant chemotherapy. The assessment and grading of adverse events were evaluated according to the
National Cancer Institute Common Toxicity Criteria for Adverse Events, version 4.0
(https://ctep.cancer.gov/protocoldevelopment/electronic_applications/ctc.htm#ctc_40).

If patients experienced unacceptable hematological adverse events of grade 3 or higher, or non-
hematologic adverse events of grade 2 or higher, then S-1 treatment was temporarily discontinued until
recovery to grade 2 or lower. When resuming treatment, the S-1 dose was reduced from 120 to 100 mg,
from 100 to 80 mg, or from 80 to 50 mg per day.

Evaluation of outcomes and statistical analysis

We compared the safety and feasibility of the administration of S-1 adjuvant chemotherapy for patients
who underwent thoracoscopic esophagectomy with and without preoperative treatment. For feasibility
evaluation, we calculated the continuation rate of S-1 oral administration for one year. The continuation
rate was calculated by dividing the number of patients who received S-1 oral administration for one year
by the total number of patients. The Kaplan-Meier method was used to calculate the continuation rate in
patients who received postoperative S-1 adjuvant chemotherapy for one year, and differences were
examined using the log-rank test. With the scheduled dosing period set to 12 months, the ratio of the
actual cumulative dose to the planned cumulative dose was calculated to yield the relative dose intensity
(RDI) [10]. Patients who had drug discontinuations for reasons other than adverse drug reactions (e.g.,
recurrence, death, surgery, or patient’s refusal) were deemed to be dropouts. Continuous variables and
categorical variables were compared using Mann-Whitney U test and chi-square test, respectively. A
probability value of less than 0.005 was regarded as being statistically signi�cant for all analyses. JMP
software, version 16.0, was used for performing all statistical analyses.

Results
Patient characteristics

Overall, 53 patients with ESCC received adjuvant chemotherapy with S-1 after curative esophagectomy.
Twenty-six patients received NAC, and 6 patients were excluded from the analysis because of tumor
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recurrence within 1 year after surgery. Twenty-seven patients underwent upfront esophagectomy without
preoperative treatment, and 5 patients were excluded from the analysis because of tumor recurrence
within 1 year after surgery (Fig. 1). We analyzed 20 patients who received NAC treatment and 22 patients
who did not receive NAC treatment without tumor recurrence for 1 year after surgery. There was no
signi�cant difference in patients’ background characteristics between the two groups, and there was no
difference in the occurrence of postoperative complications regardless of NAC (Table 1).

Feasibility and tolerability of S-1

Treatment events are summarized in Table 2. The mean and median time from surgery to the start of S-1
administration in the non-NAC group were 83.8 and 74 days (interquartile range [IQR], 61.8–95.8 days),
respectively. The corresponding values in the NAC group were 67.6 and 64 days (IQR, 51.3–81.8 days),
with no signi�cant differences in the time from surgery to the start of S-1 administration between the two
groups (p = 0.110).

In the non-NAC group, the mean and median RDI values were 78.7% and 99.4% (IQR, 57.3–100), and 11
patients (50%) had discontinued treatment, reduced doses, or changed treatment schedules. Similarly, in
the NAC group, the mean and median RDI values were 77.9% and 100% (IQR, 62.3–100), and the
treatment schedule was modi�ed in 9 patients (45%), with no signi�cant difference between the two
groups.

In the non-NAC group, the number of patients who continued S-1 treatment as planned for 1 year was 20
(90.1%), 19 (86.3%), 18 (81.8%), and 17 (77.2%) at 3, 6, 9, and 12 months after surgery, respectively. In the
NAC group, 19 patients (95.0%) continued S-1 treatment for 3 months; 17 patients, for 6 months (85.0%);
and 16 patients (80%), for 9 and 12 months. There was no signi�cant difference in the S-1continuation
rate between the two groups (p = 0.500).

Adverse events due to S-1

The adverse events due to S-1 are listed in Table 3. Seventeen of 22 patients (77.3%) and 15 of 20
patients (75.0%) experienced several adverse events in the non-NAC and NAC groups, respectively.

Grade 3 or higher hematological toxicities included neutropenia (9.1%), anemia (4.5%), and
thrombocytopenia (4.5%), and most of the other adverse events were grade 2 or lower in the non-NAC
group. Additionally, grade 3 or higher non-hematological toxicities included only neutropenia (5.0%), and
most of the other adverse events were grade 2 or lower in the NAC group.

The most frequent grade 3 or higher non-hematological toxicity was fatigue (18.2% and 15.0% in the non-
NAC and NAC groups, respectively). The frequency, severity, and type of adverse events were fairly
consistent among patients with and without NAC, and the incidence of non-hematologic toxicity did not
differ signi�cantly between the two groups.
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None of the patients had grade 4 toxicity, and there were no treatment-related deaths. All patients,
whether or not they had hematological or non-hematological toxicity, had a manageable clinical condition
with appropriate medical care.

Treatment continuation rate based on postoperative complications

The Kaplan-Meier method was used to compare the continuation rates of adjuvant chemotherapy based
on postoperative complications. Although there was no signi�cant difference, the S-1 continuation rate
through oral administration tended to be lower in the group with postoperative complications (p = 0.07)
(Fig. 2). Treatment discontinuation was more often observed during the �rst 3-4 months in both the
groups.

Discussion
The present study showed that S-1 therapy was safe as an adjuvant chemotherapy regimen for patients
with esophageal cancer regardless of whether NAC was administered.

Esophagectomy plays a pivotal role in the treatment of esophageal cancer. Despite advances in surgical
techniques, long-term survival after surgery for advanced esophageal cancer has remained unacceptable
owing to poor survival. Hence, there is a need for more effective perioperative chemotherapy regimens [1,
2]. However, whether or not to add adjuvant chemotherapy to esophageal cancer surgery remains
controversial because treatment toxicity is an important concern for the application of postoperative
adjuvant chemotherapy [6, 7]. The main purpose of adjuvant chemotherapy is to eradicate
micrometastatic tumor cells. Therefore, it is essential to continue chemotherapy with minimal duration
and dose to ensure that these tumor cells are eradicated [11, 12].

A regimen involving 2-week S-1 administration followed by a 1-week rest (3-week regimen) was devised
with an expectation to reduce toxicity and improve drug adherence while maintaining the same dose of S-
1 as the standard 6-week regimen (4-week S-1 administration followed by a 2-week rest).

This regimen was established based on the knowledge that the median time required for marrow
suppression and the onset of nonhematological toxicity were 22 days and 15 days, respectively, and that
a drug-free interval of 3 weeks after the start of S-1 treatment may reduce the incidence of adverse
events. Previous reports of patients with gastric cancer have reported that a 3-week regimen improves
medication adherence and reduces adverse events while maintaining the same dose of S-1 as the
standard 6-week regimen [13, 14]. Based on the above �ndings, we provided a 3-week regimen of
postoperative adjuvant therapy with S-1 for patients after surgery for advanced esophageal cancer in our
institution.

The treatment completion rate of S1 was as high as 80% in the NAC-treated group and 80% in the NAC-
non-treated group, which was almost the same as the result of Adjuvant Chemotherapy Trial of S-1 for
Gastric Cancer (ACTS-GC), which examined the e�cacy of adjuvant therapy with S1 in patients with
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gastric cancer [15]. The quality of life of patients is affected more by non-hematological toxicity such as
loss of appetite, malaise, and nausea than by hematological toxicity [16]. In this study, S-1 treatment
could be continued owing to the low incidence of grade 1–2 non-hematological toxicity. In addition,
according to ACTS-GC studies, the incidence of grade 3/4 neutropenia was approximately 5%. In this
study, grade 3 neutropenia was observed equally in 18% and 18% of patients in the NAC-treated and non-
NAC-treated groups, respectively, and was transient and manageable. To the best of our knowledge, this
is the �rst study to demonstrate that the feasibility and toxicity pro�le of adjuvant chemotherapy with S-1
was similar in patients who received and did not receive NAC.

The 3-week regimen was considered equally acceptable in terms of RDI, completion rate, and frequency
of adverse events, demonstrating better feasibility in both the groups. Our results suggested that S-1
adjuvant chemotherapy was safe and feasible for patients with esophageal cancer who underwent
esophagectomy regardless of NAC administration. Therefore, it is unnecessary to avoid chemotherapy or
to reduce the dose of S-1 in patients who received NAC. If future studies reveal that the 3-week regimen
has a detectable preventive effect on long-term prognosis, then this regimen will be established as a safe
postoperative adjuvant chemotherapy regimen.

Esophagectomy is highly invasive with three-�eld lymph node dissection and reconstruction with the
gastric conduit despite advances in minimally invasive esophagectomy [17, 18]. Therefore, during the
early postoperative period, patients would have not yet recovered from surgical stress and are more likely
to experience adverse events such as loss of appetite and nausea.

To resolve these issues, it is necessary to determine the appropriate start time and criteria for adjuvant
therapy, as well as the factors that are likely to cause adverse events.

The present study has some limitations, which must be considered when interpreting the results. First,
this was a retrospective single-center study with a small sample size. Larger sample sizes are needed to
draw well-founded conclusions. However, because the toxicity pro�le in this study was recorded using a
check sheet in most patients at the time of consultation during S-1 adjuvant treatment, su�cient
information on adverse events was collected, and the results of this study can be reliable. Second,
patients’ follow-up period was too short to assess the therapeutic effect of the S-1 adjuvant therapy on
long-term outcomes. The main purpose of present study was to assess the toxicity pro�le, not the
e�cacy of the adjuvant S-1 treatment. Long-term survival outcomes are a topic for future research, and
our data support the administration of adjuvant chemotherapy for patients who have undergone curative
esophagectomy after preoperative chemotherapy. Third, there is a selection bias in patients treated with
S-1. Among patients of the same stage, some received postoperative adjuvant chemotherapy and some
did not, resulting in a selection bias. Patients with esophageal cancer often have comorbidities such as
chronic obstructive pulmonary disease and liver dysfunction as well as physiological problems that can
cause more drug toxicity than patients with other cancers [19, 20]. Therefore, it is important to determine
the clinical predictors of serious adverse events and early discontinuation of S-1 adjuvant therapy.
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In conclusion, S-1 could be safely and continuously administered as adjuvant chemotherapy for patients
with esophageal cancer regardless of the administration of NAC. Although S-1 has a very high antitumor
effect on many carcinomas, long-term prognosis needs to be evaluated in a prospective study to become
the standard treatment for postoperative patients with esophageal cancer. Furthermore, to further
improve the therapeutic outcomes, it is also important to develop individual treatment strategies in the
future.
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Figure 1

Consort diagram
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Figure 2

Comparison of the treatment continuation rates based on postoperative complications

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

Tab.pptx

https://assets.researchsquare.com/files/rs-1522031/v1/7c9ec94bb1402d16b0e3bc4a.pptx

