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Abstract

Purpose. The optimal chemotherapeutic protocol for the
treatment of esophageal cancer has not yet been estab-
lished. This study was performed to identify the dif-
ferences in toxicity and completion rates of various
chemotherapy protocols with that goal in mind.
Materials and methods. A total of 61 patients with esoph-
ageal cancer were enrolled in this study between June
2002 and January 2004. The total radiotherapy dose was
64 Gy. Three chemotherapy protocols were used. Arm
A comprised daily low-dose cisplatin (CDDP) and 5-
fluorouracil (SFU) (CF protocol) (3 mg/m* and 180 mg/
m’, respectively). Arm B was intermediate between arm
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A and C (CDDP 7 mg/m® and SFU 250 mg/m® on days
1-5, 8-12, 29-33, and 36-40). Arm C comprised two
courses of standard CF (CDDP 70 mg/m? on day 1 and
5FU 600 mg/m?/24 h on days 1-4).

Results. Although there were no significant differences
in hematological toxicity between the protocols, leuko-
cytopenia was slightly milder in arm A. Nausea was sig-
nificantly more severe in arm C. The completion rate was
higher in arm A. The 3-year survival rates were 40%,
31%, and 62%, respectively.

Conclusion. The daily low-dose CF protocol showed
a trend of mild toxicity regarding leukocytopenia.
However, we could not find statistical difference between
arms. It also showed a better completion rate than the
other two arms.
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Introduction

Concurrent chemoradiation therapy has been widely
used for esophageal cancer. Cooper et al.' reported a 5-
year survival rate of 26% in the group undergoing 50 Gy
radiotherapy with chemotherapy consisting of cisplatin
(CDDP) 75 mg/m?* and S-fluorouracil (SFU) 1000 mg/
m?%. Today, this type of regimen, involving intermittent
administratiofi of CDDP and 5FU (standard CF proto-
col), is widely given; and it has been confirmed that it is
better than radiotherapy alone’™ Standard CF with
radiotherapy is an effective form of treatment, although
it is associated with relatively frequent, severe, acute
toxicity. ‘

On the other hand, daily administration of low-dose
CDDP and 5FU (daily low-dose CF) with radiotherapy
has been reported to result in less toxicity than standard
CF.*!! Sasamoto et al.,* in a prospective study, showed
less hematological toxicity in the daily low-dose group
than in the standard CF group. ‘

Furthermore, a new type of regimen, which would
be classified as “intermediate CF” (between standard
CF and daily low-dose CF) has emerged. Ohtsu et al.”?
reported 3-year survival of 23% with two courses of
CDDP (40 mg/m® on days 1 and 8) and SFU (400 mg/
m*/24 h on days 1-5 and 8-12).

However, to the best of our knowledge, there have
been no prospective studies comparing the clinical out-
comes of low-dose CF with standard CF. Thus, we tried
to compare these three representative chemotherapy
regimens (standard CF, daily low-dose CF, intermediate
CF). : :

The purpose of this study was to evaluate the acute
toxicities and completion rates of these three regimens
using data obtained from our routine clinical work. Each
participating institution used one of these three regimens
as standard chemoradiation therapy for esophageal
cancer. This study was supported by the Japanese Radi-
ation Oncology Study Group (JROSG).

Materials and methods

Study design

This study was reviewed and approved by the review
board of each participating institution, and all patients

gave their written informed consent prior to enrolment
in the study. The study was designed to evaluate differ-

ences in the acute toxicities and completion rates among
the three chemotherapy protocols that were used as stan-
dard chemoradiation therapy in the daily clinical prac-
tice of each institution.

Chemotherapy arms

Three representative chemotherapy protocols were
selected (standard CF, daily low-dose CF, intermediate
CF). Each institution performed one of the chemother-
apy regimens, which was then given concurrently with
thoracic radiotherapy (64 Gy in 32 fractions).

These chemotherapy protocols, daily low-dose CF,
intermediate CF, and standard CF, were named arm A,
arm B, and arm C, respectively. The study schema is
shown in Fig. 1.

Arm A involved daily low-dose CF (CDDP 3 mg/
m*/30 min and 5FU 180 mg/m?/24 h) given on each day
of radiotherapy. This regimen was based mainly on the
report from Hsu et al.’ in which study there was a 56%
incidence of grade 3 leukocytopenia. Based on that study
and other reports, we reduced the doses of the chemo-
therapeutic agents to less than those used in these previ-
ous studies to increase the completion rate.

Arm B consisted of CDDP 7 mg/m* and 5FU 250 mg/
m?/24 h on days 1-5, 8-12, and 29-33. This regimen was
based on data from the study by Ohtsu et al."* As our
total irradiation dose was higher than theirs and we did
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Fig. 1. Schema of the chemoradiation protocols. Radiation com-
prised 2.0 Gy/day, 5 days a week. Arm A [daily low-dose CDDP/
SFU (CF) protocol): CDDP (cisplatin) 3 mg/m%30 min +
S-fluorouracil (SFU) 180 mg/m%24 h on each day of radiotherapy.
The total doses of CDDP and 5-FU were 96 and 5760 mg/m’,
respectively. Arm B (intermediate CF protocol): CDDP 7 mg/m®
+ SFU 250 mg/m%24 h on days 1-5, 8-12, 2933, and 36-40. Total
doses of CDDP and 5FU were 140 and 5000 mg/m?, respectively,
Arm C (standard CF protocol): CDDP 70 mg/m’ on days 1 and
29 + 5FU 600 mg/m?/24 h on days 1-4 and 29-32. Total doses of
CDDP and 5-FU were 140 and 4300 mg/m?, respectively
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not interpose radiotherapy, the dose of the chemother-
apy was modified from their original regimen.

Arm Cinvolved two courses of chemotherapy (CDDP
70 mg/m* on day 1 with SFU 600 mg/m%24 h on days
1-4). This arm represents the standard CF protocol. The
doses of CDDP and 5FU were slightly decreased for
two reasons: Severe adverse effects occurred in 48% of
patients in the Radiation Therapy Oncology Group
(RTOG) 85-01'trial’; and the radiation dose in the
present study was higher than that in the RTOG 85-01
trial.!

Thirteen JROSG member institutions were entered
into the present study. Five were entered in arm A, five
in arm B, and three in arm C.

Eligibility

Eligibility criteria included the following: (1) Interna-
tional Union against Cancer (UICC) TNM clinical stage
I-IVA; (2) age between 20 and 80 years, Eastern Coop-
erative Oncology Group (ECOG) performance status
(PS) of 0-2; (3) adequate organ function—white blood
cell (WBC) count >3000/mm’, hemoglobin >8 g/dl, plate-
lets >100 000/mm?, total bilirubin <1.5 mg/dl, creatinine
<1.0 g/dl, creatinine clearance >60 ml/min, no severe
electrocardiogram changes (e.g., acute ischemic changes,
poorly controlled arrhythmias); and (4) written informed
consent to participate in the study. Exclusion criteria
included esophageal perforation before treatment;
history of another active cancer; or severe complications,
such as poorly controlled heart disease, liver cirrhosis,
diabetes, or infectious disease.

Overall, 61 patients (56 men, 5 women) with previ-
ously untreated esophageal squamous cell carcinoma
were enrolled between June 2002 and January 2004. The
details of the patients’ characteristics are shown in Table
1. Two patients were excluded from the study before
treatment began at their or their family’s request. Two
other cases that deviated from the eligibility criteria and

Table 1. Patients’ characteristics

another that deviated from the treatment protocol
(excess radiation dose) were also excluded from the

“analysis.

Radiotherapy

We adopted 64 Gy of total irradiation dose based on the
study by Minsky et al. INT0122" and INT0123"). They
compared 64.8 Gy and 50.0 Gy with chemotherapy and
found no survival benefit with 64.8 Gy; however, they
concluded that the dose escalation did not increase acute
toxicities.

Two opposing anteroposterior fields with 6- to 20-
MYV photons, including the primary esophageal tumor,
metastatic lymph nodes, and prophylactic lymph nodes,
were irradiated with an initial dose of 40 Gy. The patients
were treated 5 days per week with daily fractions of
2 Gy. The fields were extended approximately 4 cm lon-
gitudinally beyond the primary tumor margins with ref-
erence to radiotherapy planning computed tomography
(CT) and endoscopic findings. The prophylactic area
included bilateral supraclavicular fossa for patients with
cervical and upper thoracic esophageal cancer and the
root of the celiac artery for those with abdominal esoph-
ageal cancer. .

After the initial radiotherapy dose of 40 Gy, a boost
irradiation dose of 24 Gy to the macroscopic lesion was
performed using the two opposing oblique fields to avoid
the spinal cord.

Dose modifications

The chemotherapy dose was reduced by 50% if the WBC
count was <2000/mm?, the platelet count was <50 000/
mm’, the blood urea nitrogen (BUN) was >25 mg/dl, or
the serum creatinine was >1.3 mg/dl. Fever >38°C was
not considered tumor fever.

Characteristic Arm A Am B Am C
Total no. of patients 20 27 14
Male/female 19/1 24/3 131
Age (years), median and range 69 (55-78) 68 (57-79) 58 (51-71)
Stage
1 4 (20%) 2 (%) 5 (36%)
ITIA 4 (20%) 2 (7%) 0 (0%)
1IB 3 (15%) 4 (15%) 3 (21%)
114 7 (35%) 13 (48%) 5 (36%)
v 2 (10%) 6 (23%) 1 (7%)

Statistics: age, P = 0.079; clinical stage, P = 0.058 (Kruskal-Wallis test)
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Chemotherapy was canceled if the WBC count was
<1000/mm?, the platelet count was <30 000/mm’, the
BUN was >30 mg/dl, or the creatinine was >1.5 mg/dl.

Statistical analysis

The RTOG acute radiation morbidity criteria were used
for evaluation of acute toxicities. Differences in toxicities
and completion rates between arms were analyzed using
the Kruskal-Wallis test.

Results

The incidence of acute toxicity in each arm is shown in
Table 2. The differences in the incidence rates of grade
3/4 esophagitis between arms were not significant. Grade
4 esophagitis (esophageal perforation) was observed in
one patient in arm A.

The incidence of Grade 3/4 leukocytopenia was
slightly less in arm A than in the other arms, although
the differences were not statistically significant (P =
0.051). The rate of grade 3/4 thrombocytopenia was
lowest in arm A, although the differences between arms
were not significant. Platelet transfusion was required in

only one patient (arm B). There were no significant dif- -

ferences in the rate of anemia between arms.

Table 2. Adverse events

Adverse event Arm A Arm B Am C
Esophagitis 3 (18%) 3 (12%) 2 (14%)
Leukocytopenia 3 (18%) 7 (29%) 4 (29%)
Thrombocytopenia 0 (0%) 2 (8%) 1 (7%)
Erythrocytopenia 1 (6%) 2 (8%) 1 (7%)
Nausea - 4 (24%) 4 (17%) 11 (79%)

All adverse events were grade 3/4 except for nausea, which was
grade 2/3 [Radiation Therapy Oncology Group (RTOG) acute
radiation morbidity criteria]

Nausea was significantly more severe in arm C (P <
0.01). There were no significant differences with regard

-to liver or renal function between arms, and there were

no patients with gi'ade 3/4 dysfunction among those
included in the analysis.

One patient in arm C died of pneumonia during treat-
ment. In this case, autopsy demonstrated that the cancer
had disappeared. None of the other cases showed
clinically significant respiratory symptoms (grade 2 or
above).

Compliance

The completion rates of the patients in each arm were
100%, 74%, and 86%, respectively (P = 0.027). Of the 27
patients in arm B, 5 (19%) did not complete chemother-
apy; two of these cases were due to myelosuppression,
and the remaining three were due to renal dysfunction.
Of the 14 patients i arm C, 2 (14%) did not complete
therapy: one due to renal dysfunction and the other due
to severe pneumonia. Overall, tolerability appeared to
be better in arm A than in the other arms.

Survival

Although the observation period was relatively short
and the number in each arm was small, a survival analy-
sis was performed. The median observation period for
all survivors was 45 months (range 7-70 months). The
median survival time (MST) of all patients was 23
months, and the 3-year overall survival rate was 42%.
The 3-year survival rates of arms A, B, and C were 40%,
31%, and 62%, respectively (Fig. 2). The 3-year disease-
free survival rate of all patients was 29%, and those
for each arm were 40%, 22%, and 27%, respectively.
However, it was not possible to compare the survival
rates among the arms because the patients’ backgrounds
differed. S

Fig. 2. a Overall patient 1.0
survival (Kaplan-Meier). The
3-year survival rates for arms
A, B, and C were 40%, 31%,
and 62%, respectively. b The

3-year disease-free survival
rates for arms A, B, and C
were 40%, 22%, and 27%,
respectively
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There was one patient (arm B) with sudden cardiac
arrest within 3 months after treatment. This patient had
a past history of old myocardial infarction. The cause of
death was unclear because no autopsy was performed;
however, no obvious causal link between this episode
and the protocol treatment was evident.

Discussion

Randomized controlled studies comparing chemoradia-
tion therapy with radiotherapy alone for esophageal
cancer have been reported since the 1990s."* Cooper et
al.' reported in the RTOG 85-01 trial that the 5-year
survival rate was 26% in the chemoradiation group
undergoing 50-Gy radiotherapy with concurrent CDDP
75 mg/m* and SFU 1000 mg/m*/24 h chemotherapy.
It has been confirmed that this regimen (standard CF)
is better than radiotherapy alone, and it has been
widely used. However, the regimen is associated with
relatively high acute toxicity, which limits its use in

elderly patients and in patients whose general condition
is poor. v

-~ On the other hand, daily low-dose CF has been used

for esophageal cancer with the expectation that it would
have less acute toxicity. Hsu et al.’ reported a 3-year
survival rate of 24% in patients given chemoradiation
therapy with daily CDDP and 5FU doses of 6 mg and
225 mg, respectively. They noted that 72% of patients
could complete their planned chemoradiation therapy
without interruption.

Recently, a daily low-dose CF protocol has been
widely adopted in a number of institutions in Japan, and
there have been many reports of its use ! (Table 3). -
Furthermore, outcomes following daily low-dose CF
may equal those following standard CF. Ito et al’
reported a 2-year survival of 24%, and they also noted
that 85% of patients were able to complete their planned
therapy. Sai et al.” reported that the median survival time
was 15 months in the daily low-dose CF group and 14
months in the standard CF group. They also found that
79% of the daily low-dose CF group could complete

Table 3. Previous reports for chemoradiation therapy for esophageal cancer

Study Year Regimen (radiotherapy/CDDP/SFU) MST (months) Survival
Daily low-dose CF group
Hsu® 1999 50-60 Gy 8 3-year: 24%
: CDDP 6 mg/m®
SFU 225 mg/m®
Itoh’ 1999 60 (40.0-80.2) Gy 10-11(D) 2-year: 24%
. + CDDP 3-6 mg/m®
+ 5FU 200 mg/m’
Sasamoto® 2007 60-70 Gy+ 19 2-year: 40%
‘ + CDDP 3-6 mg/m? 3-year: 32%
+ SFU 250-300 mg/m® S-year: 20%
Sai’ 2004 60 Gy - 15 2-year: 50%
+ CDDP 5 mg/m®
+ 5FU 200 mg/m’
Intermediate CF group )
Ohtsu® 1999 60 Gy 9 3-year: 23%
+ CDDP 40 mg/m’
+ SFU 400 mg/m’
Standard CF group
Cooper' 1992 50 Gy 14.1 S-year: 26%
(RTOG 85-01) + CDDP 75 mg/m®
+ SFU 1000 mg/m**4
Hironaka'® 2003 60 Gy 33 3-year: 49%
+ CDDP 80 mg/m® S-year: 46%
+ 5FU 800 mg/m’
Minsky" 2002 64.8 Gy 13 2-year: 31%
(INT0123) + CDDP 75 mg/m®
+ SFU 1000 mg/m®
Sai’ 2004 60 Gy 14 2-year: 39%
+ CDDP 70 mg/m®
+ 5FU 200 mg/m’
Minsky" 1999 64.8 Gy 20 3-year: 30%
(INT0122) CDDP 75 mg/m? S-year: 20%

5FU 1000 mg/m’

MST, median survival time; CF, CDDP + 5FU protocol; CDDP, cisplatin; 5FU, S-ﬂuorougacﬂ



