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Background: Concurrent chemoradiotherapy (CRT) with 5-fluorouracil (5-FU) and cisplatin (CDDP) are
often associated with significant incidence of toxic effects in elderly patients with esophageal cancer. This
phase I trial was designed to determine the maximum tolerated dose (MTD) and dose-limiting toxicity (DLT)
of S-1, an oral 5-FU derivative, when given with radiotherapy in elderly patients.

Methods: Patients who were age of 70 years or older with histologically confirmed esophageal cancer, and
had an Eastern Cooperative Oncology Group (ECOG) score of 0-2 were eligible for this study. Radiotherapy
was administered in 1.8 Gy fractions 5 times weekly to a total dose of 54 Gy. S-1 was administered on days
1-14 and 29-42 at the following dosages: 60, 70, and 80 mg/m’/day. Trial registration: NCT01175447
(Clinical Trials.gov).

Results: Twelve previously untreated patients were enrolled in this study. No grade 3 or 4 toxicity was
observed in six patients treated at the 60 and 70 mg/m’ dose levels. DT was observed in four of six patients
treated at the 80 mg/m” dose level. Two patients developed grade 3 esophagitis, one patient developed grade
3 esophagitis and pneumonitis, and one patient developed grade 3 thrombocytopaenia. Endoscopic complete
response (CR) was observed in eight patients (66.7%). The median progression free survival (PFS) was
20 months and median overall survival was 29 months.

Conclusions: The MTD of S-1 was 80 mg/m’, and the recommended dose (RD) for phase II studies was
70 mg/m’. This regimen was well tolerated and active in elderly patients with esophageal cancer, meriting

further investigation in phase II studies.
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Introduction

Esophageal cancer is the eighth most common cancer and
the sixth cause of cancer mortality worldwide (1). In the
United States, 44% and 30% esophageal cancer occurs
in patients over 60 and 75 years of age respectively (2).
Similar situation was observed in China, the region with

one of the highest incidences of esophageal cancer in the
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world (3). Approximately 30-40% of the total esophageal
cancer patients were 70 years old or above (4). Because
China is rapidly becoming an aging society, the number of
elderly patients with esophageal cancer is likely to increase
significantly in the near future.

Surgery is the most important approach for radical
treatment of esophageal cancer. However, elderly patients
were more likely to be referred to non-surgical treatment,
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partially because of medical comorbidities and reduced
functional reserve of organs (5-7). A population-based study
of the National Cancer Registry in Ireland showed that,
when compared with patients younger than 60 years of age,
the likelihood for resection was significantly lower among
older cohorts by 33%, 74% and 93% for patients aged
60-69, 70-79 and 80+, respectively (7).

Chemoradiotherapy (CRT) has been accepted nowadays
as the standard nonsurgical treatment for locally advanced
esophageal cancer. The Radiation Therapy Oncology
Group (RTOG) phase III intergroup trial RTOG
85-01 demonstrated that CRT with 5-fluorouracil (5-FU) and
cisplatin (CDDP) provided a significant survival advantage
over RT alone (8,9). However, the toxicity of CRT was
substantial. 64% of patients treated with CRT experienced
severe or life threatening adverse events comparing to
28% of patients treated with RT alone (9). And only 23%
of patients enrolled in this study were over age 70, which
brought a question about the suitability of CRT for elderly
patients. Recently, several retrospective studies suggested that
elderly patients with esophageal cancer may also benefit from
CRT with 5-FU and CDDP (10-12). The clinical complete
response (CR) rate was found at a range of 57.8-63.6%
and survival time of 8.6-15.2 months. However, only
9-38.5% of patients finished the scheduled treatment
because of the significant incidence of toxic effects (10-12).
Moreover, a study on patients aged over 75 demonstrated
a treatment-related mortality rate of up to 18% (13).
Therefore, potent new CRT regimens with lower toxicity
are needed to improve the treatment outcome for elderly
patients.

S-1 is a novel agent designed to enhance anticancer
activity and to reduce toxicity through the combined use of
an oral fluoropyrimidine agent (tegafur), a dihydropyrimidine
dehydrogenase inhibitor (5-chloro-2,4-dihydroxypyridine),
and an orotate phosphoribosyl transferase inhibitor
(potassium oxonate) (14). S-1 has been shown to have one
of the highest response levels as a single agent for metastatic
stomach cancer, non-small cell lung cancer, and colorectal
cancer with mild toxicity (15-19). S-1 could be expected to
have several advantages over 5-FU in CRT. First, prolonged
exposure is desirable in order to achieve radiosensitisation.
Studies have shown that the half-life of 5-FU after oral
S-ladministration was markedly prolonged compared with
that of 5-FU after intravenous administration (20,21).
Second, gimeracil, a component of S-1, has been found
to enhance the efficacy of RT through the inhibition of
the repair of radiation-induced DNA damage (22,23). A
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preclinical study using human cancer xenograft models
showed that oral S-1 produced better response than
intravenous 5-FU in the CRT (23). Moreover, S-1 is
administered orally; it can be given on a daily basis, which is
convenient for fractionated radiotherapy.

In the light of these data, we conducted a phase I trial
to evaluate the maximum-tolerated dose (MTD), the
recommended dose (RD), and the dose-limiting toxicity
(DLT) of S-1 in combination with radiotherapy in elderly
patients older than 70 years with esophageal cancer

(Clinical Trials.gov identifier NCT01175447).

Materials and methods

Eligibility criteria

Eligible patients were required to meet the following criteria:
(I) histologically confirmed squamous cell carcinoma or
adenocarcinoma; (II) stage I to IV diseases according to the
2002 (version 6.0) American Joint Committee on Cancer
staging system, with the exception of stage IVb of distant and
hematogenous visceral metastasis (eligible if it was lymph
node metastases); (III) Eastern Cooperative Oncology Group
(ECOG) performance status (PS) score of 0-2; (IV) age
270 years old; (V) 12 weeks or more life expectancy; (VI)
adequate bone marrow reserve (leukocyte count 24,000 mm’,
neutrophil count >2,000 mm’, platelet count >100,000 mm’,
and haemoglobin 210 g/dL); (VII) normal liver function
(total serum bilirubin <1.5 mg/dL, with aspartate
transaminase and alanine transaminase levels being lower
than double of the upper normal limit); (VIII) normal renal
function (normal serum creatinine and blood urea nitrogen
levels); and (IX) adequate pulmonary function (FEV,>1 L).
Patients were excluded if they had one of the following: (I)
malignant pleural or pericardial effusion; (II) a concomitant
serious illness such as uncontrolled angina pectoris; (III)
myocardial infarction in previous 3 months; (IV) heart
failure; (V) interstitial pneumonia; or (VI) infection or other
diseases contraindicating chemotherapy or RT. The study
was approved by the Ethics Committee of Zhejiang Cancer
Hospital, and the written informed consent was obtained
from all patients.

Pre-treatment evaluation

The pre-treatment evaluation included history, physical
examination, electrocardiography, and assessment of bone
marrow, renal, and hepatic functions. The items of the
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disease evaluation included a neck, chest and abdominal
CT, an upper GI endoscopy, endoscopic ultrasound (EUS),
and barium oesophagraphy. Bronchoscopy was performed
for cervical or midesophageal tumours. A brain MRI,
and radionuclide bone scan were performed if clinically
indicated. PET-CT scan was recommended but not a
requisite part of the pre-treatment evaluation. The clinical
TNM system stage was determined according to the 2002
(version 6.0) American Joint Committee on Cancer staging
system. The Charlson score was used for the analysis of
patient comorbidity (24).

Tireatment

Patients received an oral dose of S-1 twice daily after meal
on days 1-14 and 29-42. A powder form of S-1 would be
administered if patients could not swallow the oral capsule.
The starting S-1 dose was 60 mg/m’/day, which represents
75% of the daily monotherapeutic dose. The doses were
escalated as follows: 60, 70, and 80 mg/m’/day, and no dose
modification was permitted at each dose level. Because S-1 is
only available for use in 20- or 25-mg capsules, the individual
dose was rounded down to the nearest pill size less than the
calculated dose. Antiemetic drugs were not routinely used.

RT was administered beginning on day 1 of chemotherapy
using a linear accelerator (10 MeV). Each patient received
a single 1.8 Gy daily fraction for 5 consecutive days each
week, until a total dose of 54 Gy was reached. Each patient
underwent a treatment-planning CT scan with intravenous
contrast. The gross tumour volume (GTV) was contoured
based on the EUS, barium oesophagraphy and chest CT
scans. The clinical target volume (CTV) consisted of the
GTV plus a 0.5-1 cm circumferential margin and 3—4 cm
cranio-caudal margin. The supraclavicular nodes were
included for upper esophageal lesions, and celiac nodes
were included for distal esophageal lesions. The planning
target volume (PTV) consisted of the CTV plus a 0.5-1 cm
margin for daily set-up error and organ motion. Dose-volume
histogram analysis was required to ensure that the spinal
cord, lung, heart, and liver exposure were within organ
tolerance. There are no consolidate chemotherapy after
concurrent CRT in our study.

Assessment of toxicity and dose modifications

"Toxicity was assessed based on the National Cancer Institute
Common Terminology Criteria for Adverse Events v3.0.
A complete blood cell count and serum chemistry profile
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was performed at least once a week during treatment.
Non-hematologic toxicity was evaluated on a daily basis
via interview and physical examination throughout the
treatment period. If grade 3 neutropenia alone occurred,
S-1 was held and RT continued. S-1 was then restarted at
the same dose when the absolute neutrophil count became
>1,000/mm’. If other grade 3 or 4 toxicities occurred, both
RT and S-1 were held until recovery to grade 2.

Dose escalation

DLT was defined as the development of at least one of the
following adverse events: grade 4 hematologic toxicity; fever
(i.e., body temperature 238 °C) with grade 3 neutropenia;
grade 3 or higher thrombocytopenia; any RT delay for
2 weeks or more; any delay of the scheduled oral intake
of S-1 for 2 weeks or more; and grade 3 or higher non-
hematologic toxicity. Initially, three patients were scheduled
to enter the study at each dose level; if all three patients at
a given dose level developed DLT; that dose was designated
as the maximum tolerated dose (M'TD). If only two patients
experienced DLT, three additional patients were subjected
to the same dose level. The MTD was defined as the dose
at which three or more out of six patients developed any of
the specified DLTs. The dose level immediately below the
MTD was considered the RD for phase II studies.

Response assessment

Clinical response was assessed according to Response
Evaluation Criteria in Solid Tumours (RECIST) (25). The
primary tumour was assessed on CT scan with the measures
of the vertical length and maximal thickness of the esophageal
wall on transverse plane. Endoscopic CR was assessed
according to the criteria proposed by Tahara et a/., which
was defined upon observation of the entire esophagus as:
(1) disappearance of the tumour lesion; (i) disappearance of
ulceration (slough); and (iii) absence of cancer cells in biopsy
specimens (26). This evaluation was performed 5-6 weeks
after CRT completion. Endoscopy and CT scans were
performed every 3 months during follow-up.

Results

Patient characteristics

Between February 2010 and December 2011, 12 patients
with a median age of 74 years (range, 70-83 years) were
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Table 1 Patient characteristics Table 2 Principal toxicities
Characteristic . No. of .Valid Toxicity Dose level 1 Dose level 2 Dose level 3
patients (n=12) patients (%) (n=3) 1/2/3/4 (n=3) 1/2/3/4 (n=6) 1/2/3/4
Age (y) Anaemia 1/1/0/0 3/0/0/0 2/3/0/0
Median (range) 74 [70-83] Leukopenia 2/1/0/0 2/1/0/0 3/2/1/0
Sex Neutropenia 3/0/0/0 2/1/0/0 4/2/0/0
Male 9 75.0 Thrombocytopenia  0/0/0/0 0/1/0/0 1/1/1*/0
Female 3 25.0 Esophagitis 0/3/0/0 0/3/0/0 0/3/3*/0
Histology Pneumonitis 1/1/0/0 0/1/0/0 1/1/1*/0
Squamous cell carcinoma 12 100.0 Nausea 1/0/0/0 2/1/0/0 5/1/0/0
Adenocarcinoma 0 0 Diarrhoea 0/0/0/0 0/0/0/0 0/1/0/0
ECOG performance status Anorexia 1/1/0/0 2/1/0/0 4/2/0/0
score *, DLT, dose-limiting toxicity.
0 1 8.3
1 11 91.7

Tumour locations . . . . .
enrolled in this study. The patient clinical characteristics

Cervical ! 8.3 were detailed in Table 1. All patients had squamous cell
Upper third 5 4.7 carcinoma. There were eight stage III-IV patients (66.7%),
Middle third 4 33.3 among whom two patients were at stage IVb (16.7%), and
Lower third 2 16.7 both had distant lymph node metastasis but no visceral
Stage organ metastasis. In most patients (8/12, 66.7%), the
I 1 8.3 tumour length was greater than 5 cm. Nine cases (75.0%)
lla 2 16.7 were associated with other diseases, including six cases of
b 1 8.3 peripheral vascular disease (50%), four cases of chronic
m 5 1.7 obstructive pulmonary disease (33.3%), and one case each of
Va ; 8.3 diabetes, heart disease, ulcers, and cerebrovascular disease
Vb » 167 (8.3%). The median Charlson score was 1 (range, 0-3).
Nine patients (75.0%) had a Charlson score 21, and four
Tumour length patients (33.3%) had a Charlson score >2.
<5cm 4 33.3
25-<10cm 6 60.0 .
>10 cm 2 16.7 Towicity
Histologic grade® All 12 patients received a toxicity evaluation. The results are
Gx 2 16.7 shown in Tizble 2. DI'T was not observed at level 1 (60 mg/m”)
G1 2 16.7 and level 2 (70 mg/m’). At level 3 (80 mg/m’ of S-1), two
G2 6 50 patients of the first three developed grade 3 esophagitis.
a3 5 16.7 The third patient developed grade 3 leucopoenia, resulting
ad 0 0 in delayed S-1 chemotherapy for 4 days. Because two of
three patients developed DLT, an additional three patients
Charlson score .

i . were enrolled at level 3. One patient developed grade 3
Median (min-max) 1[0-3] thrombocytopenia, resulting in delayed S-1 chemotherapy
Charison score 2 of more 4 333 for more than 14 days. Another patient developed grade

%, Gx, grade could not be assessed; G1, well differentiated; 3 esophagitis and grade 3 pneumonia. Both RT and
G2, moderately differentiated; G3, poorly differentiated; G4, chemotherapy were terminated, and the esophagitis
undifferentiated. and pneumonia were relieved by steroid and antibiotic
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treatment. One patient did not show any grade 3 or greater
toxicity. Therefore, the dose level 3 was considered to be
the MTD because four of the six patients presented with
DLT, and dose level 2 was recommended as the dose for
phase II trials. The incidences of grade 3 toxicity were
40.0% and 42.9% in patients with age 275 and <75 years
old, respectively.

Treatment delivery

The powder form of S-1 was administered in five patients
who could not swallow the oral capsule. Among them, a
feeding tube was inserted before CRT in two patients with
severe esophageal stenosis. Full dose chemotherapy was
completed without delay in seven patients (58.3%). One
patient restarted S-1 administration on day 39 instead
of day 35 because of leucopoenia. Four patients could
not take S-1 for 4, 6, 7, and 11 days because of esophagitis
and pneumonitis, esophagitis, esophagitis, and
thrombocytopenia, respectively. Full dose RT was
completed in 11 patients (91.7%), three of whom had RT
interruption for 3, 4, and 7 days, respectively. One patient
could not complete planned RT (total dose: 52.2 Gy)
because of esophagitis and pneumonitis. The mean lung
dose in this patient was 12.38 Gy, and the percent of the
total lung volume exceeding 20 Gy (V20) was 26%.

Response and follow-up

Responses to therapy and disease status during the follow-up
were summarized in 7able 3. Endoscopic CR was observed
in eight patients (66.7%). According to RECIST criteria,
two (16.7%) patients achieved CR, nine (75%) patients
achieved partial response (PR), and one (8.3%) patient had
stable disease.

At a median follow-up of 29 months (range, 6-36 months),
two patients (16.7%) developed local progression, and
four patients developed distant metastases. Five patients
were still alive (41.7%), all of whom had endoscopic CR.
Five patients died of tumour progression. One patient
with T4N1MO diseases (tumor invades trachea) died of
esophageal hemorrhage 8 months after the completion
of protocol treatment. There was no evidence of tumor
progression, aortic invasion, deep esophageal ulcer and
tracheoesophageal fistula from chest CT and endoscopy
during follow-up. The massive hemorrhage perhaps caused
by tumor necrosis. However, the exact reason was unknown
because the patient was died at home and no autopsy was
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done. One patient who had no evidence of neoplasm at
the time of death died of cerebral infarction 5 months
after enrolling in this trial. The median survival time and
median progression free survival (PFS) time were 29 and
20 months, respectively.

Discussion

"This is the first report of a phase I study of CRT using S-1
in the treatment of esophageal cancer in elderly patients.
Esophagitis was the most common toxicity in our study,
with grade 3 esophagitis observed in 3 of 12 patients.
Haematological toxicity was mild, with grade 3
thrombocytopenia and leukopenia observed in one and one
patients, respectively. Grade 3 pneumonia was observed
in one patient. No grade 4 toxicity or treatment-related
deaths was observed. The endoscopic CR rate was 66.7%;
the median survival time was 29 months. Compared with
conventional CRT using 5-FU and CDDP in elderly
patients (10-12), our regimen seems to be well tolerated and
active, although the efficacy was not a primary object in this
small phase I study.

Previously, several studies suggested that the elderly patients
with esophageal cancer could benefit from CRT with 5-FU
and CDDP, but the treatment compliance was quite low due
to adverse events (10,11,27). Tougeron ez a/. (10) reported a
study with 109 patients older than 70 years receiving CRT
with 5-FU/CDDP (n=98) or CPT-11/CDDP (n=10). Only
38.5% of patients completed the planned treatment. The
CR rate was 57.8%; the median survival was 15.2 months.
Takeuchi et al retrospectively analyzed the results of CRT with
5-FU and CDDP in 33 elderly patients and 145 non-elderly
patients. They found that the elderly patients demonstrated
much lower treatment compliance than non-elderly patients,
with only 33.3% of the elderly completed the planned
treatment, comparing to 68.3% of non-elderly patients.
Toxicity caused by CRT to elderly patients was significantly
higher than that to non-elderly patients. The incidences of
over grade 3 leukopenia was 70.0% in elderly patients versus
49.7% in non-elderly, anaemia at 51.5% versus 17.9%, and
thrombocytopenia at 33.3% versus 18% (11).

As it is difficult to reach a standard dose intensity for a
two-drug combination regimen with concurrent radiotherapy
in elderly patients with esophageal cancer, CRT with
single-agent chemotherapy may be a reasonable alternative.
Servagi-Vernat et al. (28) reported 22 patients with stage
TI-IIT esophageal cancer over the age of 75 received a 50 Gy
RT concurrent with CDDP 75 mg/m’ on days 1 and 21. All
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Table 3 Response and survival
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Clinical . . Survival
Patient No.  Age Tum?ur TNM stage  response- Endoscopic Site of PFS time Follow-up
locations . CR recurrence (months)
RECIST criteria (months)

Cohort1 1 83 Middle third T3N1MO PR Yes Abdominal 24 32 Died of tumour
lymph nodes, progression
peritoneal
effusion

2 74 Middle third T4N1M1b PR No None 5 5 Died of cerebral
infarction

3 77 Middle third T4N1M1b SD No Liver, brain 5 11 Died of tumour
progression

Cohort2 4 71 Upperthird T2N1M1a PR Yes Lung 7 12 Died of tumour

progression
5 78 Lowerthird T4N1MO PR No None 10 10 Died of
esophageal
hemorrhage
74 Upper third T2NOMO CR Yes None 38 38 Alive
Cohort3 7 70 Upperthird T1NOMO CR Yes None 36 36 Alive
70 Lowerthird T2NOMO PR Yes Local, liver 16 29 Died of tumour
progression
9 77 Cervical T4N1MO PR Yes None 34 34 Alive
10 72 Upperthird T2N1MO PR Yes None 32 32 Alive
11 73 Upperthird T4N1MO PR No Local 5 9 Died of tumour
progression
12 76 Middle third T3N1MO PR Yes None 30 30 Alive

RECIST, Response Evaluation Criteria in Solid Tumours; CR, complete response; PFS, progression free survival; PR, partial

response; SD, stable disease.

patients completed the planned treatment, with no grade 4
toxicity observed. A total of 63.6% patients achieved CR,
36.4% of patients experienced no tumour effect or local
progression, and the median survival time was 15 months. In
our study, all patients at the RD or lower dose level completed
the planned CRT, only one patient at the MTD could not
complete planned RT (total dose: 52.2 Gy). The endoscopic
CR rate was 66.7%, and only two patients (16.7%) developed
local progression at a median follow-up of 29 months.
However, because of the small number of patients in these
studies, further trials will be necessary to evaluate the role of
CRT with single-agent chemotherapy in elderly patients.
Recently, CRT with S-1 and platinum for non-
age-selected patients with esophageal cancer had been
investigated. Iwase er al. (29) reported a phase II study of
116 patients receiving CRT with S-1 and CDDP. The
median survival time was 7.0, 2.6, and 1.3 years for the
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stage 11, III, and IVa patients, respectively. The most serious
toxicity was myelosuppression: grade 3 and 4 neutropenia
occurred in 28.4% and 9.5% of patients, respectively.
In a prospective study of CRT with S-1 and nedaplatin
in 20 patients with stage II/III esophageal cancer, the
3-year overall survival rate was 58.0%. The reported
toxicities were grade 4 leukopenia (15% incidence),
thrombocytopenia (10%), and anaemia (5%), as well as
grade 3 esophagitis, occurred in 15% of the patients (30).
The results of these studies were good compared to CRT
using 5-FU and CDDP with a median survival time of
13-18 months (8,9,31). That suggested the combination
of S-1 and radiation could be a powerful regimen for
controlling tumour progression with tolerable toxicity in
patients with esophageal cancer.

We observed a high incidence of esophagitis compared
to the previous studies on CRT with S-1 and platinum for
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non-age-selected patients with esophageal cancer, which
could be explained by the differences of RT schedules.
In the study by Iwase er al. (29), there was an interval of
2 weeks after 30 Gy RT so that the acute radiation injury
of the oesophagus could be repaired partly. In the study of
CRT with S-1 and nedaplatin, a boost dose was delivered
to the primary tumour after doses of 41.4 Gy (30). In
addition, studies have shown that age is an independent
prognostic factor of radiation esophagitis, and the incidence
of over grade 2 esophagitis was significantly increased in
elderly patients (32). The toxicity profiles in our study
were relatively similar to that reported in a phase I trial of
preoperative CRT for squamous cell carcinoma of the oral
cavity. The RD for S-1 was 65 mg/m’ 5 days per week for
4 weeks when given concurrently with 40 Gy RT. The DLT
in this study was mucositis, and the haematological toxicity
was also mild (33).

In conclusion, the concurrent administration of S-1 and
RT is well tolerated and promising in elderly patients with
esophageal cancer. The RD of S-1 with concurrent RT
for this protocol is 70 mg/m” on days 1-14 and 29-42. We
have already started a phase II study in multiple institutes to
evaluate the efficacy and safety of this regimen.
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