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Early glottic cancer treatment with concurrent 
chemoradiotherapy with once-daily orally administered S-1
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ABSTRACT

Glottic carcinoma is the most common laryngeal cancer. The outcomes for T1 bulky Glottic carcinoma 
and T2N0 Glottic carcinoma after radiation therapy alone are unsatisfactory. This study was conducted 
to evaluate the efficacy and safety of unique concurrent chemoradiotherapy regimen using S-1 for early 
glottic cancer. Concurrent chemoradiotherapy consisted of 60 Gy in 30 fractions with once-daily, orally 
administered S-1 exclusively within three to six hours prior to each irradiation. Twenty-one consecutive 
patients treated with this regimen were retrospectively reviewed. Initial complete remission was achieved 
in all patients without any subsequent local and/or regional recurrences to the last follow-up. The 4-year 
local control, overall survival, and disease-free survival rates were all 100%. No significant toxicities 
were observed, except for three cases with Grade 3 acute dermatitis.This regimen is highly effective and 
well-tolerated, and these results encourage further research to long-term efficacy and functional preservation.
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INTRODUCTION

Glottic carcinoma (GC) is the most common laryngeal cancer. Because of symptomatic hoarse-
ness, it is usually detected early. The recommended treatment for early GC with the intention to 
preserve the larynx is radiation therapy (RT), transoral laser therapy, or a partial laryngectomy.1,2 
For patients with unfavourable or deeply invasive T2N0 GC, concurrent chemoradiotherapy 
(CCRT) with cisplatin is recommended.2 For T1N0 GC, the local control (LC) rate with RT 
alone has been reported to range from 82% to 93%.3,4 However, the outcomes for T1 bulky GC 
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and T2N0 GC after RT alone are unsatisfactory; the LC rate has been reported to range from 
74% to 76% and from 65% to 80%, respectively.5,6,7 

Various CCRT regimens with several antineoplastic agents have been adopted to improve 
the LC rate for T2N0 GC; however, the optimal regimen is still undetermined. S-1 is an orally 
administered antineoplastic agent that was found to be effective against a variety of solid tumours 
including head and neck cancer. Additionally, it has been reported that S-1 acts not only as an 
antitumor medication but also as a radiosensitizer.8,9,10,11,12 Therefore, we conducted a phase I study 
of patients with head and neck cancer at the Nagoya University Hospital from February 2004 to 
June 2007. The results of the study concluded that 55.3mg/m2/day was the recommended dose 
for phase II study which we have previously reported with 14 patients.13,14 With the successful 
outcome of phase II study, our institution has treated favourable T2N0 or T1 bulky N0GC with 
this regimen until 2016.

The purpose of the present study was to review the clinical outcomes of favourable T2N0 
GC and T1 bulky N0 GC and to evaluate the feasibility, efficacy, and potential toxicity of our 
protocol.

MATERIALS AND METHODS

This study was approved by the institutional review board and the ethics committee of 
the Nagoya University Hospital, after which clinical records of each patient were collected 
retrospectively.

Patient Population
The clinical records of 21 consecutive patients who received definitive CCRT for favourable 

T2N0 or T1 bulky N0 glottic squamous cell carcinomas between January 2007 and December 
2016 were reviewed. All tumours were staged according to the 2002 Union for International 
Cancer Control staging classification system.15 Favourable T2 was defined as a superficial tumour 
on radiographic imaging with normal cord mobility. T1 bulky was defined as a tumour involving 
an entire true vocal cord and/or a horseshoe-shaped tumour involving the anterior commissure 
plus more than one third of both true vocal cords.6 Twenty (95%) were male and one (5%) was 
female. The median patient age was 66 years (58–75 years), and the median study follow-up time 
was 4years (2.0–9.0 years). Patient characteristics are described in Table 1. The tumours of 3 
patients (14%) were classified as favourable T2N0 and those of 18 patients (86%) as favourable 
T1 bulky N0. According to the Eastern Cooperative Oncology Group criteria, the performance 
status was 0 for 13 patients (62%) and 1 for 8 patients (38%).

Concurrent Chemoradiotherapy
Our CCRT protocol has been described in a previous report.14 To summarize briefly, oral S-1 

and RT were initiated on the same day. S-1 was taken only once a day after breakfast, and RT 
was delivered 3–6 hours afterwards. The dose of S-1 was 55.3 mg/m2/day, which was determined 
by our phase I study.13 RT consisted of 2.0 Greys (Gy)/fraction/day, 5 days/week, for a total of 
30 fractions. On the days when RT was not performed, S-1 was also not administered. RT was 
initiated after appropriate immobilization with a thermoplastic mask and 3D CT-based techniques. 
All patients underwent RT with a 4-MV photon beam using parallel opposed lateral fields. Pairs 
of wedge filters were used for better dose homogeneity.
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Evaluation Of Response And Toxicity
The outcomes of this study were: clinical response after primary CCRT, the LC rate, overall 

and disease-free survival rate, and CCRT protocol completion rate and toxicity. A clinical 
complete response was recognized according to the combined results from fiberscope, computed 
tomography, and/or magnetic resonance imaging, which were performed 1 to 2 months after the 
end of CCRT. A clinical complete response was defined as the complete disappearance of all 
measurable lesions as observed with a fiberscope, without any evidence of progression or lymph 
node metastases on computed tomography or magnetic resonance imaging. The completion rate 
was determined as the proportion of patients who completed both chemotherapy and RT according 
to the protocol. Adverse events were classified according to the Common Terminology Criteria 
for Adverse Events version 3.0.

Statistical analysis
Four-year LC, overall survival, and disease-free survival rates were calculated using the 

Kaplan-Meier method.

Table 1 Ptatients’ characteristics

Characteristics Number of patients 
n = 21 (%)

Age at diagnosis (years)

Median (range) 66 (58–75)

Sex

Male 20 (95)

Female 1 (5)

ECOG performance status

0 13 (62)

1 8 (38)

Smoker

Current 12 (57)

Former 7 (33)

Never 2 (10)

History of habitual drinking

Yes 14 (67)

No 7 (33)

T classification

T1 bulky 3 (14)

T2 favorable 18 (86)

Anterior commisure invasion

Yes 6 (29)

No 15 (71)

ECOG: Eastern Cooperative Oncology Group



254

Yuuki Takase et al

RESULTS

Completion Rate
CCRT was delayed or discontinued in 3 patients, reducing the CCRT protocol completion rate 

to 86% (18/21 patients). One patient with T2N0 GC showed a grade 1 serum creatinine increase 
on day 38 after treatment initiation. RT was continued up to 60 Gy without interruption, but S-1 
administration was discontinued that day and was never restarted. Another patient with T2N0 
GC had a grade 1 fever on day 29. Since the cause of the fever could not be determined, both 
S-1 administration and RT were delayed. After the fever resolved, only RT was restarted on day 
34 and continued to 70 Gy. The third patient who had T1 bulky N0 GC was taking warfarin 
regularly, and subcutaneous bleeding was detected on day 32. Considering that S-1 may have 
amplified the anticoagulant effect of warfarin, S-1 administration was discontinued on day 32. 
RT, however, was continued up to 60 Gy without interruption.

Response and Survival
For all 21 patients, clinical complete response was achieved, and all were alive without any 

evidence of local recurrence or metastases at the last follow up. Thus, the 4-year LC, overall, 
and disease-free survival rates were 100%.

Toxicity
The toxicities are summarized in Table 2. Grade 3 acute dermatitis in the radiation field was 

observed in 3 patients. However, all were healed by topical steroid and no other grade 3 or 
higher toxicities were observed.

Table 2 Toxicities (CTCAE version 3.0)

Grade (% of patients) (n = 21)

1 2 3
Grade 
4 or 5

Acute
Hematologic

Leukopenia 0 0 0 0
Neutropenia 0 0 0 0
Anemia 7 (33) 0 0 0
ALT 2 (9.5) 0 0 0
AST 2 (9.5) 0 0 0
Total bilirubin 2 (9.5) 1 (4.8) 0 0
Creatinine 2 (9.5) 0 0 0

Non-hematologic
Dermatitis 10 (48) 8 (38) 3 (14) 0
Mucositis 7 (33) 14 (67) 0 0
Nausea 1 (4.8) 0 0 0
Diarrhea 2 (9.5) 0 0 0
Fever 1 (4.8) 0 0 0

Late
Non-hematologic

Hypothyroidism 1 (4.8) 1 (4.8) 0 0

CTCAE: Common Terminology Criteria for Adverse Events
AST: Aspartate aminotransferase
ALT: Alanine aminotransferase
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DISCUSSION

Our group previously reported efficacy and safety of concurrent chemoradiotherapy unique 
regimen using S-1.14 S-1 is one of the antineoplastic agents used for some CCRT regimens, 
is a combination of tegafur (a prodrug of 5-fluorouracil (5-FU)), gimeracil (an inhibitor of 
dihydropy - rimidine dehydro genase), and oteracil potassium (a suppressor of gastrointestinal 
toxicities).16 The original S-1 dose was twice-daily for 28 days, followed by 14 days of rest. 
However, the optimal dosing and administration schedule for combining S-1 with RT has not 
been determined. The radiosensitizing effects of 5-FU are affected by the concentration and 
duration of 5-FU during RT.17,18 A comparison of once- and twice-daily administrations of S-1, 
which result in the same total dosage, have demonstrated higher blood concentrations of 5-FU 
with once-daily administrations.19 The CCRT protocol for favourable T2N0 or T1 bulky N0 GC 
in our institution was designed based on the hypothesis that a higher sensitization effect can be 
obtained by administering RT while keeping the S-1 blood concentration high. In the present 
study, we revaluated our regimen including newly treated 7 patients with longer follow-up period. 

In the present study, the initial response rate was 100%, and the 4-year LC, overall, and 
disease-free survival rates were also 100%. Several reports on S-1-based CCRT regimens for 
early GC are shown in Table 3. Of these, our regimen adopted lowest RT dose and lowest total 
S-1 dosage. However, the effectiveness was still comparable to that of recent studies and superior 
to that of RT alone. This may be because there was no period when administration of S-1 was 
paused during treatment. However, it is necessary to consider the outcomes carefully because 
the sample size in the present study was small and because recent studies with S-1 regimens 
might include impaired cases of T2 GC, whereas ours did not. In our institution, CCRT with 
high-dose cisplatin and 5-FU is administered to patients with unfavourable T2 GC because of 
the poor outcomes found in our experiments with CCRT and low-dose cisplatin /5FU for T2N0 
GC, which suggested that for those cases, S-1 was ineffective.23,24 In contrast, we included T1 
bulky cases because the low 5-year LC rate reported was equivalent to that of T2 cases. 

Table 3 Clinical studies of CCRT with S-1 for early glottic cancer

Authors N Radiation
S-1 

dosage 
per day

S-1 
schedule

total 
S-1 

dosage 
(mg/m2)

Therapeutic effect 
(%)

Toxicities 
(≧Grade 3) (%)

RR
3-year 

LC
3-year 

OS
Derma-

titis
Muco-

sitis

Nonoshita 
et al20 
2010

23
70 Gy
/35 fr

65 mg/m2 
twice 
a day

4 wks On
/2 wks Off
/1 wk On

2275 100 95.4 100 0 56.5

Nakayama 
et al21 
2010

22
60 Gy
/30 fr

80 mg/m2 
twice 
a day

3 wks On
/1 wk Off
/2 wks On

2800 100 94.7 85.4 N/A 22.7

Ikeda 
et al22 
2008

12
60–70 Gy
/30–35 fr

55.3 mg/m2 
twice 
a day

2 wks On
/2 wks Off
/1 wk On

1936 100 N/A N/A 16.7 16.7

Present 
study

21
60 Gy
/30 fr

55.3 mg/m2 
once 
a day

1659 100
100 

(4 year)
100 

(4 year)
14 0

CCRT: Concurrent chemoradiotherapy 
RR: Response rate
LC: Local control rate
OS: Overall survival rate 
N/A: not available
Wk: week
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With regard to adverse events, the rate of grade 3 dermatitis is slightly higher (14%, 3 out 
of 21 patients) in the present study than our previous report (7.7%, 1 /14 patients). Although, 
JCOG0701, led by Kodaira et al, documented that standard fractionated RT (66–70 Gy in 2.0 
Gy/fraction over 7 weeks) without chemotherapy resulted in 4.0% (7/177) developing grade 3 
mucositis and 10.2% (18/177) developing grade 3 dermatitis.25 The Grade 3 dermatitis in present 
study population still can be comparable with that of recent studies with S-1 regimens and RT 
alone. Recent studies with S-1 regimens shown in Table 3 have also reported 16.7–56.5% of cases 
developed grade 3 or higher mucositis. However, no mucositis grade 3 or higher was seen in the 
present study. This may be because the total dose of S-1 was lower than that in other studies. 

Since S-1 is an oral agent, patients can receive outpatient RT and follow an S-1 regimen. 
There is little question that oral chemotherapy has many potential benefits regarding patients’ 
quality of life. Liu et al reported that patients prefer oral to intravenous chemotherapy providing 
that efficacy is not compromised.26 However, adherence to S-1 is a concern. The adherence 
rate to antineoplastic agents can be low, and nonadherence may have a negative impact on the 
treatment of the malignancy. In their review, Greer et al documented that the rate of adherence 
to antineoplastic agents ranged from 46% to 100% and that self-reported adherence rates tended 
to be higher than those calculated based on pharmacy data or electronic medication event 
monitoring systems.27 The S-1 administration protocol adopted in the present study was simpler 
than the original in 2 respects. First, patients took S-1 only once a day on weekdays. Second, 
there was no period of time during the treatment when administration of S-1 was paused. In 
addition, medical workers could confirm that patients took the S-1 by asking the patients or 
examining empty capsules before RT. This simple and monitorable protocol may assist patients 
in taking S-1 as prescribed.

CONCLUSION

Although the limitations of this retrospective study include the small sample size and relatively 
short follow-up period, CCRT with once-daily administration of S-1 for early GC is feasible, 
well tolerated, and effective.

CONFLICTS OF INTEREST

The authors declare that they have no competing interests.

REFERENCES

 1 Laryngeal Cancer Treatment (Adult) (PDQ®)–Health Professional Version - National Cancer Institute. https://
www.cancer.gov/types/head-and-neck/hp/adult/laryngeal-treatment-pdq. Accessed March 2, 2020.

 2 Forastiere AA, Ismaila N, Lewin JS, et al. Use of larynx-preservation strategies in the treatment of 
laryngeal cancer: American society of clinical oncology clinical practice guideline update. J Clin Oncol. 
2018;36(11):1143–1169. doi:10.1200/JCO.2017.75.7385.

 3 Mendenhall WM, Mancuso AA, Amdur RJ and Werning JW: Laryngeal Cancer. In: Perez and Brady’s 
Principles and Practice of Radiation Oncology. 6th edition. Halperin EC, Perez CA and Brady LW (Eds.). 
Philadelphia: Lippincott William & Wilkins, pp. 850–868, 2013.

 4 Mendenhall WM, Werning JW, Hinerman RW, Amdur RJ, Villaret DB. Management of T1-T2 glottic 
carcinomas. Cancer. 2004;100(9):1786–1792. doi:10.1002/cncr.20181.

 5 Reddy SP, Hong RL, Nagda S, Emami B. Effect of Tumor Bulk on Local Control and Survival of Patients 
With T1 Glottic Cancer: A 30-Year Experience. Int J Radiat Oncol Biol Phys. 2007;69(5):1389–1394. 



257

Early glottic cancer treatment with S-1

doi:10.1016/j.ijrobp.2007.05.077.
 6 Jin J, Liao Z, Gao L, Huang X, Xu G. Analysis of prognostic factors for T1N0M0 glottic cancer treated 

with definitive radiotherapy alone: Experience of the cancer hospital of Peking Union Medical College and 
the Chinese Academy of Medical Sciences. Int J Radiat Oncol Biol Phys. 2002;54(2):471–478. doi:10.1016/
S0360-3016(02)02920-6.

 7 Frata P, Cellai E, Magrini SM, et al. Radical radiotherapy for early glottic cancer: Results in a series of 
1087 patients from two Italian radiation oncology centers. II. The case of T2N0 disease. Int J Radiat Oncol 
Biol Phys. 2005;63(5):1387–1394. doi:10.1016/j.ijrobp.2005.05.013.

 8 Harada K, Kawaguchi SI, Supriatno, Onoue T, Yoshida H, Sato M. Combined effects of the oral fluoropy-
rimidine anticancer agent, S-1 and radiation on human oral cancer cells. Oral Oncol. 2004;40(7):713–719. 
doi:10.1016/j.oraloncology.2004.01.013.

 9 Harada K, Kawaguchi S, Supriatno, Kawashima Y, Yoshida H, Sato M. S-1, an oral fluoropyrimidine anti-
cancer agent, enhanced radiosensitivity in a human oral cancer cell line in vivo and in vitro: Involvement 
possibility of inhibition of survival signal, Akt/PKB. Cancer Lett. 2005;226(2):161–168. doi:10.1016/j.
canlet.2004.12.048.

10 Zeng L, Ou G, Itasaka S, et al. TS-1 enhances the effect of radiotherapy by suppressing radiation-induced 
hypoxia-inducible factor-1 activation and inducing endothelial cell apoptosis. Cancer Sci. 2008;99(11):2327–
2335. doi:10.1111/j.1349-7006.2008.00943.x.

11 Fukushima M, Sakamoto K, Sakata M, Nakagawa F, Saito H, Sakata Y. Gimeracil, a component of S-1, 
may enhance the antitumor activity of X-ray irradiation in human cancer xenograft models in vivo. Oncol 
Rep. 2010;24(5):1307–1313. doi:10.3892/or_00000987.

12 Sakata K, Someya M, Matsumoto Y, et al. Gimeracil, an inhibitor of dihydropyrimidine dehydrogenase, 
inhibits the early step in homologous recombination. Cancer Sci. 2011;102(9):1712–1716. doi:10.1111/j.1349-
7006.2011.02004.x.

13 Fujimoto Y, Kato S, Itoh Y, Naganawa S, Nakashima T. A phase I study of concurrent chemoradiotherapy 
using oral S-1 for head and neck cancer. Anticancer Res. 2014;34(1):209–213.

14 Kimura K, Itoh Y, Okada T, et al. Critical evaluation of a prospective study of concurrent chemoradiotherapy 
with S-1 for early glottic carcinoma. Anticancer Res. 2015;35(4):2385–2390.

15 Sobin LH, eds. Cancer IU against: TNM Classification of Malignant Tumours. 6th ed. New York: Wiley-Liss; 
2002.

16 Shirasaka T, Shimamato Y, Ohshimo H, et al. Development of a novel form of an oral 5-fluorouracil 
derivative (S-1) directed to the potentiation of the tumor selective cytotoxicity of 5-fluorouracil by two 
biochemical modulators. Anticancer Drugs. 1996;7(5):548–557. doi:10.1097/00001813-199607000-00010.

17 Lawrence TS, Blackstock AW, McGinn C. The mechanism of action of radiosensitization of conventional 
chemotherapeutic agents. Semin Radiat Oncol. 2003;13(1):13–21. doi:10.1053/srao.2003.50002.

18 Byfield JE, Calabro-Jones P, Klisak I, Kulhanian F. Pharmacologic requirements for obtaining sensitization 
of human tumor cells in vitro to combined 5-Fluorouracil or ftorafur and X rays. Int J Radiat Oncol Biol 
Phys. 1982;8(11):1923–1933. doi:10.1016/0360-3016(82)90451-5.

19 Taguchi T, Inuyama Y, Kanamaru R, et al. Phase I study of S-1. S-1 Study Group[in Japanese]. Gan To 
Kagaku Ryoho. 1997;24(15):2253–2264.

20 Nonoshita T, Shioyama Y, Nakamura K, et al. Concurrent Chemoradiotherapy with S-1 for T2N0 Glottic 
Squamous Cell Carcinoma. J Radiat Res. 2010;51(4):481–484. doi:10.1269/jrr.09134.

21 Nakayama M, Hayakawa K, Okamoto M, Niibe Y, Ishiyama H, Kotani S. Phase I/II trial of concurrent use 
of S-1 and radiation therapy for T2 glottic cancer. Jpn J Clin Oncol. 2010;40(10):921–926. doi:10.1093/
jjco/hyq077.

22 Ikeda Y, Tsukuda M, Tanigaki Y, Yabuki K, Mitake D, Ishitoya J. Concurrent chemoradiotherapy with S-1 
for T2N0 glottic carcinoma[in Japanese]. Gan To Kagaku Ryoho. 2008;35(5):789–792.

23 Itoh Y, Fuwa N. Retrospective analysis: Concurrent chemoradiotherapy using protracted continuous infu-
sion of low-dose cisplatin and 5-fluorouracil for T2N0 glottic cancer. Radiat Med. 2006;24(4):277–281. 
doi:10.1007/s11604-005-1517-1.

24 Hirasawa N, Itoh Y, Ishihara S, et al. Radiotherapy with or without chemotherapy for patients with T1-T2 
glottic carcinoma: Retrospective analysis. Head Neck Oncol. 2010;2:20. doi:10.1186/1758-3284-2-20.

25 Kodaira T, Kagami Y, Shibata T, et al. Results of a multi-institutional, randomized, non-inferiority, phase 
III trial of accelerated fractionation versus standard fractionation in radiation therapy for T1-2N0M0 glottic 
cancer: Japan Clinical Oncology Group Study (JCOG0701). Ann Oncol. 2018;29(4):992–997. doi:10.1093/
annonc/mdy036.

26 Liu G, Franssen E, Fitch MI, Warner E. Patient preferences for oral versus intravenous palliative chemo-



258

Yuuki Takase et al

therapy. J Clin Oncol. 1997;15(1):110–115. doi:10.1200/JCO.1997.15.1.110.
27 Greer JA, Amoyal N, Nisotel L, et al. A Systematic Review of Adherence to Oral Antineoplastic Therapies. 

Oncologist. 2016;21(3):354–376. doi:10.1634/theoncologist.2015-0405.


