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Abstract

Background

Chemoradiotherapy (CRT) has improved organ preservation or overall survival (OS) of
locoregionally advanced head and neck squamous cell cancer (LAHNSCC), but in clinical
trials of conventional CRT, increasing CRT intensity has not been shown to improve OS.

In the Adjuvant ChemoTherapy with S-1 after curative treatment in patients with Head and
Neck Cancer (ACTS-HNC) phase Il study, OS of curative locoregional treatments improved
more with adjuvant chemotherapy with S-1 (tegafur gimeracil oteracil potassium) than with
tegafur/uracil (UFT). ACTS HNC study showed the significant efficacy of S-1 after curative
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radiotherapy in sub-analysis. We explored the efficacy of S-1 after curative CRT in a subset
of patients from the ACTS-HNC study.

Methods

Patients with stage Ill, IVA, or IVB LAHNSCC were enrolled in this study to evaluate the effi-
cacy of S-1 compared with UFT as adjuvant chemotherapy after curative CRT in the ACTS-
HNC study. Patients received S-1 at 80—120 mg/day in two divided doses for 2 weeks, fol-
lowed by a 1-week rest, or UFT 300 or 400 mg/day in two or three divided doses daily, for 1
year. The endpoints were OS, disease-free survival, locoregional relapse-free survival, dis-
tant metastasis-free survival (DMFS), and post-locoregional relapse survival.

Results

One hundred eighty patients (S-1, n =87; UFT, n = 93) were included in this study. Clinical
characteristics of the S-1 and UFT arms were similar. S-1 after CRT significantly improved
OS (hazard ratio [HR], 0.46; 95% confidence interval [Cl], 0.22—0.93) and DMFS (HR, 0.50;
95% Cl, 0.26—0.97) compared with UFT.

Conclusion

As adjuvant chemotherapy, S-1 demonstrated better efficacy for OS and DMFS than UFT in
patients with LAHNSCC after curative CRT and may be considered a treatment option fol-
lowing curative CRT. For this study was not preplanned in the ACTS-HNC study, the results
is hypothesis generating but not definitive.

Introduction

Chemoradiotherapy (CRT) administered as curative or postoperative treatment for locore-
gionally advanced head and neck squamous-cell carcinoma (LAHNSCC) has been demon-
strated to improve locoregional control, overall survival (OS), and organ preservation [1-10].
However, recent phase III studies that explored whether the combination of induction chemo-
therapy or molecularly targeted drug therapy and concurrent CRT enhances the treatment
effectiveness of concurrent CRT failed to demonstrate improvement in OS [11-14]. Concur-
rent CRT with nonstandard fractionation schedules also failed to prolong OS [15, 16]. New
therapeutic strategies to prolong the survival time of CRT have been investigated.

Although adjuvant chemotherapy after curative treatment for HNSCC has not been shown
to improve OS [17-21], it has been reported to reduce the incidence of distant metastasis [17,
19, 21]. A previous report showed that tegafur/uracil (UFT) as adjuvant chemotherapy was
preferable, in terms of rate of distant metastasis, to non-treatment after curative surgery in
cases of HNSCC, but that there was no difference in disease-free survival (DFS) [21].

Like UFT, S-1 is an oral fluoropyrimidine preparation, but because it contains gimeracil, a
dihydropyrimidine dehydrogenase inhibitor, S-1 has greater antitumor activity than UFT [22].
Indeed, S-1 as adjuvant chemotherapy after curative surgery of rectal cancers significantly
increased the proportion of patients achieving relapse-free survival compared with UFT [23].
In the Adjuvant Chemotherapy with S-1 after definitive Treatment in Patients with Head and
Neck Cancer (ACTS-HNC) study, OS was significantly longer with S-1 than with UFT [24]. If
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adjuvant therapy with S-1 after CRT can reduce the rate of distant metastasis and prolong OS
in patients with LAHNSCC, S-1 may be of benefit.

Therefore, we examined the efficacy of S-1 as adjuvant chemotherapy after curative CRT.
The present analysis compared OS, DFS, distant metastasis-free survival (DMES), locoregional
relapse-free survival (LRRFS), and post-LRR survival (post-LRRS) between S-1 and UFT
among ACTS-HNC study (ClinicalTrial. gov: NCT00336947) patients who had undergone
curative CRT.

Methods
Compliance with ethical standards

Because the current study was an explanatory analysis using the dataset of a previously
reported clinical trial (ACTS-HNC study), no ethical approval was required.

The ACTS-HNC study

Patients, study design, and methods of the ACTS-HNC study have been reported [24]. Briefly,
patients with stage III, IVA, or IVB squamous-cell carcinoma of the maxillary sinus, oral cav-
ity, oropharynx, hypopharynx, or larynx that disappeared, as confirmed by diagnostic imaging
or biopsy, after a combination of curative treatments (radiotherapy or surgery) with or without
chemotherapy were eligible for this trial. If residual tumor was suspected after curative thera-
pies, additional treatment was followed. Additional treatment defined as either the addition of
surgery to the curative radiotherapy + chemotherapy, or the addition of radiotherapy + che-
motherapy to the curative surgery before random allocation. After completion of definitive
treatment confirmed no residual tumor within 2 months, patients were randomly assigned
(1:1) to receive either UFT or S-1. In the UFT group, patients received 300 mg/day [body sur-
face area(BSA)< 1.5 m?] or 400 mg/day (BSA>1.5 m?) of UFT in two or three divided doses
daily. In the S-1 group, patients received 80 mg/day (BSA<1.25 m?), 100 mg/day (BSA>1.25
and <1.5 m?), or 120 mg/day (BSA>1.5 m?) of S-1 in two divided doses for 2 weeks, followed
by one week off treatment. Treatment duration for both arms was 1 year. Stratification factors
for dynamic allocation included subset, stage (III, IVA, or IVB), type of curative therapy (sur-
gery, radiotherapy, or both), and institution. Criteria for dose reduction were developed based
on adverse events.

Patient groups for analysis

Based on the type of curative treatments (surgery, radiotherapy), patients were divided into
either the CRT group (concurrent or consecutive administration of chemotherapy with radio-
therapy) or the Other Therapy group (surgery alone, surgery with chemotherapy, or radiother-
apy alone) (Fig 1).

Outcomes evaluated

OS, DFS, LRRFS, DMEFS, and post-LRRS were evaluated in both groups. Of these, OS, DFS,
post-LRRS were assessed in the phase III trial [24]. For the present study, additional outcomes
were defined as follows: LRRES was the time from the date of randomization to the first date
of local recurrence, cervical lymph node recurrence, or disease-specific death. DMFS was the
time to the first date of distant recurrence or distant metastasis in areas other than local or
cervical lymph nodes, or death from any cause. The censoring time for DMFS was the date

of the last observation that showed no recurrence. Post-LRRS was the time from the date of
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Locally advanced head and neck squamous cell cancer
(ACTS-HNC phase Il study)
N=505
(S-1: N=251, UFT: N=254)

/

!
The Chemoradiotherapy group The Other therapy group
n=180 n=325
(S-1: N=87, UFT: N=93) (S-1: N=164, UFT: N=161)

Radiotherapy combined with chemotherapy « Surgery (N=153)
« Surgery combined with chemotherapy
(N=147)
Radiotherapy (N=25)

Fig 1. Subsets by curative treatment before random allocation. Abbreviations: ACTS-HNC, Adjuvant
chemotherapy with S-1 after curative treatment in patients with Head and Neck Cancer. CRT, chemoradiotherapy.

https://doi.org/10.1371/journal.pone.0198391.9001

randomization to the date of disease-specific death after confirmed locoregional relapse
(LRR). This censoring time was the date of the last observation indicating survival.

Statistical analyses

This reanalysis was performed by using analysis dataset of ACTS-HNC study [24]. Clinical
information was collected before randomization in the phase III trial. Clinical characteristics
were compared using Fisher’s exact test for categorical variables such as sex (male or female),
age (20-59, 60-69, or 70-75), performance status (0 or 1), subsite (maxillary sinus, oral cavity,
oropharynx, hypopharynx, or larynx), stage (IIL, IVA, or IVB), and additional treatments. The
Kaplan-Meier method was used to estimate OS, DES, LRRFS, DMFS, and post-LRRS rates.
Hazard ratios (HRs) and 95% confidence intervals (Cls) were estimated using Cox propor-
tional-hazard models to evaluate effect size. The robustness of results for OS, DMFS, and post-
LRRS was assessed by adjusting the effect of baseline characteristics in the log-rank test. Sex,
age, performance status, subsite, stage, and additional treatment were added to the stratified
log-rank test as stratification factors in the sensitivity analysis. Differences with a P value of
<.05 were considered statistically significant. All statistical analyses were performed using
SAS/STATY software, Version 9.3 (SAS Institute Inc., Cary, NC, USA) and R, Version 3.3.2
[25].

Results
Patient characteristics by curative therapy

Of the 505 ACTS-HNC study patients analyzed, 180 were in the CRT group (S-1 arm, n = 87;
UFT, n = 93) and 325 were in the Other Therapy group (S-1 arm, n = 164; UFT, n = 161)
(Table 1 and Fig 1).

Comparisons between the CRT and Other Therapy groups and between S-1
and UFT in the CRT group

Comparisons of clinical characteristics between the CRT group and the other therapy group
revealed significant differences in subsite (P <.001) and additional treatment (P <.001)
(Table 1). However, baseline characteristics were generally similar between the S-1 and UFT
arms within each group.
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Table 1. Comparison of clinical characteristics between the chemoradiotherapy group and the other therapy group.

Variable Category Chemoradiation (%) Other therapy (%) P value
Total S-1 UFT Total S-1 UFT CRT vs. Others

No. of patients 180 87 93 325 164 161

Sex Male 155 (86) 73 (84) 82 (88) 269 (83) 136 (83) 133 (83) 0.3761
Female 25 (14) 14 (16) 11 (12) 56 (17) 28 (17) 28 (27)

Age Median 62 61 63 61 62 61 0.1888
Range 36-75 40-75 36-75 26-75 26-75 29-75

PS 0 162 (90) 77 (89) 85 (91) 303 (93) 154 (94) 149 (93) 0.2289
1 18 (10) 10 (11) 8 (9) 22 (7) 10 (6) 12 (7)

Stage 1T 55 (31) 27 (31) 28 (30) 78 (24) 40 (24) 38 (24) 0.0622
IVA 115 (64) 55 (63) 60 (65) 238 (73) 121 (74) 117 (73)
IVB 10 (6) 5 (6) 5(5) 9(3) 3(2) 6(4)

Primary Site Maxillary Sinus 16 (9) 9 (10) 7 (8) 23 (7) 12 (7) 11 (7) <0.001
Oral Cavity 15 (8) 6(7) 9(10) 105 (32) 53 (32) 52 (32)
Oropharynx 55 (31) 22 (25) 33 (36) 53 (16) 31(19) 22 (14)
Hypopharynx 71 (39) 37 (43) 34 (37) 71 (22) 34 (21) 37 (23)
Larynx 23 (13) 13 (15) 10 (11) 73 (22) 34 (21) 39 (24)

Additional Treatment Yes 53 (29) 30 (35) 23 (25) 199 (61) 102 (62) 97 (60) <0.001
None 127 (71) 57 (65) 70 (75) 126 (49) 62 (38) 64 (40)

Data presented as Median [Range] or n (%).

Abbreviations: PS performance status.

https://doi.org/10.1371/journal.pone.0198391.t001

Outcomes in the present study

Median follow-up for all patients was 1356 days (range, 35-2116 days). The results of the anal-
ysis for OS, DFS, RES, LRRFS, DMFS, and post-LRRS between the S-1 and UFT arms of the
CRT group are presented in Fig 2.

Overall survival

In the CRT group, S-1 significantly improved OS (HR, 0.46; 95% CI, 0.22-0.93; P = .031) (Fig
2A). Kaplan-Meier curves comparing the effect of S-1 and UFT on OS are shown in Fig 3A. In
sensitivity analysis, the treatment effect of S-1 on OS remained significantly better after adjust-
ment for all stratification factors (sex, age, performance status, subsite, stage, and additional
treatment) (Fig 3B).

Distant metastasis-free survival

In the CRT group, S-1 significantly improved DMFS (HR, 0.50; 95% CI, 0.26-0.97; P = .041)
(Fig 2A). Kaplan-Meier curves comparing the effect of S-1 and UFT on DMFS are shown in
Fig 4A. In sensitivity analysis, when adjusting for stratification factors, the treatment effect of
S-1 on DMFS remained significantly better excluding only after adjustment for subsite (Fig
4B).

Post- locoregional relapse survival

In the CRT group, A trend was observed in improvement of post-LRRS by S-1, but the differ-
ence was not statistically significant (HR, 0.46, 95% CI, 0.18-1.14; P = .094) (Fig 2). Kaplan-
Meier curves comparing the effect of S-1 and UFT on post-LRRS are shown in Fig 5A. In

PLOS ONE | https://doi.org/10.1371/journal.pone.0198391 June 8, 2018 5/12


https://doi.org/10.1371/journal.pone.0198391.t001
https://doi.org/10.1371/journal.pone.0198391

o @
@ : PLOS | ONE Adjuvant chemotherapy with S-1 after curative chemoradiotherapy for head and neck SCC

Outcome All or subset Hazard ratio (95% Cl) p-value
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Others = T +1.00 (0.52-1.95) 0.993

0.1 1
S-1 better Control (UFT) better

Fig 2. Forest plot for subset analysis. Abbreviations: CI, confidence interval. DFS, disease-free survival. DMFS, distant metastasis-free survival. LRRES,
locoregional relapse-free survival. OS, overall survival. post-LRRS, post-locoregional relapse-free survival. UFT, tegafur/uracil.

https://doi.org/10.1371/journal.pone.0198391.9002

sensitivity analysis, when adjusting for stratification factors, the treatment effect of S-1 on
post-LRRS remained significantly better only after adjustment for sex (Fig 5B).

Disease-free survival and Locoregional relapse-free survival
DFS and LRRFS did not differ significantly between S-1 and UFT (Fig 2).

Discussion

The present study has shown a survival effect of adjuvant chemotherapy with S-1 in a subset of
patients who underwent CRT as initial curative treatment (CRT group) in a phase III trial. In
the CRT group, adjuvant chemotherapy with S-1 was associated with significant improvement
in OS and DMFS, and with a trend toward better post-LRRS, compared with UFT. These out-
comes of OS and DMFS were also verified in all patients in the ACTS-HNC phase III study,
and these significant improvements with S-1 in the CRT group remained after sensitivity anal-
ysis with adjustment of HR for stratification factors.

In the CRT group, 127 patients (71%) had no residual tumor without additional surgery.
These patients might be consisted with responder of IC plus radiotherapy or concurrent CRT,
since non-responders to IC or concurrent CRT would be recommended for surgical resection.
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(A) Overall survival (B) HR adjusted by stratification factor
L = oo, } Stratification factors HR for effect P-value
1 T e ‘UJI‘.“-‘LJL.Llu.IULII.ILuII.-u.I.IJLuAJUJLL_IJ-JJ.-J Overa” 0456 0031
0.8 Sex 0.440 0.025
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» '_ —_  UFT Additional treatment 0.457 0.028
0.2 4
1 HR: 0.46 (95%CIl: 0.22-0.93)
0.0
0 1 2 3 4 5 6
No. at Risk Year after randomization
UFT 93 84 80 64 32 10
TS-1 87 81 74 71 44 14

Fig 3. Overall survival in the CRT group. (A) OS derived from Kaplan-Meier curves. (B) HR and corresponding CI were calculated using Cox proportional
hazard model. P values were calculated based on stratified log-rank test. Abbreviations: CI, confidence interval. HR, hazard ratio. OS, overall survival.

https://doi.org/10.1371/journal.pone.0198391.9g003

In previous phase III studies, IC plus radiotherapy or concurrent CRT significantly reduced
the number of occurrences of distant metastasis [1-3, 5, 10]. If reduced rate of distant metasta-
sis was a suitable factor for evaluating the effectiveness of adjuvant chemotherapy, those
patients who responded to IC or concurrent CRT would have further reduction of distant
metastasis with adjuvant chemotherapy following CRT. Indeed, the rate of distant recurrence
in the CRT group was significantly lower than that of the Other Therapy group (P = .044)

(A) Distant metastasis-free survival (B) HR adjusted by stratification factor
Rl e Stratification factors ~ HR for effect P-value
------------- B3 Um0 A R R U LU UL AL S Overa” 0499 0041
08 Sex 0.508 0.035
@ Age 0.508 0.048
= os PS 0.505 0.045
g 5-1 Subsite 0.519 0.085
S 04 i Stage 0.497 0.040
@ — UFT Additional treatment 0.500 0.038
0.2
HR: 0.50 (95%CI: 0.26-0.97)
0.0
0 1 2 3 4 5 6
UF?O‘ a; :’isk " Year after randomizatiop o
TS-1 87 79 7 69 44 14

Fig 4. Distant metastasis-free survival in the CRT group. (A) DMFS derived from Kaplan-Meier curves. (B) HR and corresponding CI were calculated using
Cox proportional hazard model. P values were calculated based on stratified log-rank test. Abbreviations: CI, confidence interval; HR, hazard ratio; DMFS, distant
metastasis-free survival.

https://doi.org/10.1371/journal.pone.0198391.g004
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Stratification factors HR for effect P-value

Overall 0.456 0.094
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Fig 5. Post- locoregional relapse survival in the CRT group. (A) Post-LRRS derived from Kaplan-Meier curves. (B) HR and corresponding CI were calculated using
Cox proportional hazard model. P values were calculated based on stratified log-rank test. Abbreviations: CI, confidence interval; HR, hazard ratio; post-LRRS, post-
locoregional relapse-free survival.

https://doi.org/10.1371/journal.pone.0198391.9005

(data not shown) and, in addition to decreasing the rate of distant recurrence, S -1 displayed a
survival effect more clearly than did UFT.

Although locoregional control was similar between the S-1 and UFT arms, S-1 showed a
greater trend toward better post-LRRS in the CRT group, which may further explain the effi-
cacy of S-1. There have been no phase III studies confirming an OS benefit from adjuvant
chemotherapy [17-21]. Three studies [17, 19, 21] indicated that adjuvant chemotherapy
reduced distant metastasis in patients undergoing curative surgery, and in two of the studies
[17, 19], surgery plus radiotherapy was considered definitive treatment. Definitive treatment
after LRR is surgery or radiotherapy; after surgery, postoperative radiotherapy with or with-
out chemotherapy is recommended, so that salvage treatment of LRR after curative surgery
is limited and will not improve OS. In contrast, because many patients in the CRT group had
no residual tumor without additional surgery, salvage surgery after LRR might be an option.
In addition, the curability of salvage surgery might have been increased by S-1 more than by
UFT because it limited the extent of recurrence. Future clinical studies of adjuvant chemo-
therapy must incorporate not only salvage therapy following LRR, but also patient follow-up,
in their designs.

It has been reported that the prognosis of oropharyngeal cancer is improving because oro-
pharyngeal cancer related to human papillomavirus (HPV) responds well to chemotherapy
and radiotherapy, but that HPV-related oropharyngeal cancer has been increasing over the
years [26, 27]. It has also been reported that the prognosis in patients with HPV-related oro-
pharyngeal cancer is well preserved in nonsmokers and that smoking is a poor prognostic fac-
tor. In the present study, data on HPV expression and smoking status were not available for
patients with oropharyngeal cancer. However, it is unlikely that the lack of information on
HPV status contributed to better results with S-1 because fewer patients with oropharyngeal
cancer were treated with S-1 than with UFT.
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The present study may be limited by the possibility of statistical error from ad hoc analysis
or subset analysis from trial data because what we studied here was not preplanned in the
ACTS-HNC study. Caution should therefore be exercised, and readers should be aware that
the study is only an exploratory subset analysis. We were unable to determine the proportions
of patients who received induction versus concurrent CRT. However, no previous study of
adjuvant chemotherapy shown improvement in the OS of curative locoregional treatment
or curative CRT; therefore, the outcomes of this study, that S-1 as adjuvant chemotherapy
after curative CRT may improve OS and DMFS and possibly ameliorate poor prognosis of
LAHNSCG, are still important. Clinical trials that clarify the efficacy of S-1 as adjuvant chemo-
therapy after curative CRT should be encouraged.

Conclusion

The results of the present study suggest that adjuvant chemotherapy with S-1 may improve OS
and DMFS compared with UFT in patients who have received CRT as curative treatment that
resulted in no residual tumor. Adjuvant chemotherapy with S-1 may therefore be considered a
treatment option following CRT.
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