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of administration. If recovery from such toxicities was con-
firmed at a reduced dose, administration at the reduced dose
was continued. If a patient with a BSA less than 1.25 m?
experienced the above toxicities, then no further treatment
with S-1 was performed. If a rest period of more than 4 weeks
between two chemotherapy cycles of concurrent and consol-
idation phases was required or if the consolidation chemo-
therapy could not start within 6 weeks after SP-RT, then the
SP treatment was discontinued.

Radiotherapy

All patients were treated with a linear accelerator pho-
ton beam of 6 MV or more from day 1. The primary tumor
and involved nodal disease received 60 Gy in 2-Gy fractions
over a period of 6 weeks. In this protocol, both 2- and
3-dimensional (D) treatment planning systems were allowed.
The radiation doses were specified at the center of the target
volume. The doses were calculated assuming tissue homoge-
neity without correcting for lung tissues for both 2- and 3-D
treatment planning. Among the 54 patients assessable for
toxicity, 2- and 3-D treatment planning were performed for 7
and 47 patients, respectively. The initial 40 Gy/20 fractions
were delivered to clinical target volume 1 (CTV1), and the
final 20 Gy/10 fractions were delivered to a reduced volume
defined as clinical target volume 2 (CTV2). CTV1 included
the primary tumor, ipsilateral hilum, and mediastinal nodal
areas from the paratracheal (no. 2) to subcarinal lymph nodes
(no. 7). For the primary tumors and the involved lymph
nodes of 1 cm or more larger in the shortest diameter, a margin
of at least 0.5 cm was added. The contralateral hilum was not
included in CTV1. The supraclavicular areas were not treated
routinely but were treated when the supraclavicular nodes
were involved. CTV2 included only the primary tumor and
the involved lymph nodes, with a margin of 0.5 to 1 cm. The
spinal cord was excluded from the fields for CTV2 by
appropriate methods, such as the oblique opposing method.
The appropriate planning target volume margin and leaf
margin were added for CTV1 and CTV2. When grade 4
hematologic toxicity, grade 3 to 4 esophagitis or dermatitis,
pyrexia of =38°C, or a decrease in the partial pressure of
arterial oxygen of 10 torr or more were compared with that
before RT occurred, RT was interrupted. If a rest period of
more than 2 weeks was required, then the patient was with-
drawn from the study.

Evaluation of the Response and Toxicity

All registered patients, excluding those withdrawn from
the study, received the following evaluations. Chest x-rays,
complete blood cells, and blood chemistry studies were
repeated once a week during the treatment period. Thoracic
CT was performed every 1 or 2 months during the treatment
period. After the treatment, a thoracic CT was obtained every
6 months, and other imaging examinations were obtained
when recurrence was suspected. The response was evaluated
in accordance with the RECIST version 1.0 guidelines.?! In
this study, the results of the response which an investigator
determined were not used, and all responses were confirmed
by the board members of the independent response review.
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During the evaluation of both the initial staging and the
antitumor effects, an extramural review was conducted. Only
patients whose initial clinical stage was judged to be stage
IIIA and [IB and who were eligible for the study were
analyzed for the response to treatment. The toxicity for all
patients who received any treatment was assessed and graded
by using the National Cancer Institute Common Terminology
Criteria for Adverse Event version 3.

Statistical Analysis

The primary end point of this study was the objective
tumor response rate. On the basis of the assumption that a
response rate of higher than 80% would be expected from the
combined modality treatment, while a rate below 60% would
make a further investigation unnecessary, a sample size of 49
patients was required by the exact binomial test with a
one-sided alpha error of 0.05 and a beta error of 0.1. There-
fore, a total of 55 patients was the planned accrual size in
view of possibly including ineligible patients. For determin-
ing the response rate, the exact binomial confidence interval
(CI) was calculated. OS was defined as the time from regis-
tration until death from any cause. Progression-free survival
(PFS) was defined as the time between registration and
disease progression or death. The Kaplan-Meier method was
used to estimate OS and PFS curves. All statistical analyses
were done with SAS version 9.1.

RESULTS

Characteristics of Patients

Between November 2006 and December 2007, a total
of 55 patients were enrolled from 18 institutes. One patient
withdrew his consent and four patients were found to be
ineligible by the extramural review (one malignant effusion,
one carcinomatous lymphangitis, and 2 stage IV diseases).
Therefore, the efficacy analyses were performed for the 50
remaining eligible patients. Safety analyses were performed
for 54 patients who underwent SP-RT. Table 1 shows that
80% of the 50 eligible patients were male, with a mean age of
63 years (range, 40—74 years). Squamous cell carcinoma was
the most common histological diagnosis, including 48% of
the patients, and most patients had clinical stage I1IB disease
(IIIA versus IIIB; 36% versus 64%). The most frequently
classified TNM categories were T1-3N2 (36%), T1-3N3MO
(28%), and T4NO-1MO (18%).

Adverse Events

The major adverse events (grade 3 and 4 toxicities) of
SP-RT are listed in Table 2. Among the hematologic toxici-
ties of the concurrent phase, grade 3 or higher leukopenia and
neutropenia was observed in 17 patients (32%) and 14 pa-
tients (26%), respectively. Five patients (9%) developed
grade 3 or higher thrombocytopenia. Among the nonhemato-
logic toxicities, grade 3 and 4 febrile neutropenia was ob-
served in four (7%) and one (2%) patient, respectively,
whereas grade 3 esophagitis occurred in 4 patients (7%).
Although no cases of severe pneumonitis occurred in the
concurrent phase, two patients had a treatment-related death:
one patient died of sepsis soon after the completion of the
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TABLE 1.

Patient Characteristics

TABLE 3. Radiation Delivered (N = 50)

No. of eligible patients

Age, yrs

Mean (range)
Gender

Male

Female
ECOG PS

0

1
Smoking history

Absent

Present
Histology

Squamous cell carcinoma

Adenocarcinoma
Others
c¢TNM

Stage IITA
T1-3N2

Stage IIIB
T1-3N3M0
T4N0-1MO
T4N2MO
T4N3IMO

Location of primary site

Upper lobe
Middle lobe
Lower lobe
Others

50
63 (40-74)

40 (80%)
10 (20%)

21 (42%)
29 (48%)

2 (4%)
48 (96%)

24 (48%)
20 (40%)
6 (12%)

18 (36%)
18 (36%)
32 (64%)
14 (28%)
9 (18%)
7 (14%)
2 (4%)

36 (72%)
4 (8%)
8 (16%)
2 (4%)

ECOG, Eastern Cooperative Oncology Group; PS, performance status; TNM,

tumor, node, metastasis.

TABLE 2. Hematological and Nonhematological Major

Adverse Events

Concurrent Consolidation
Chemoradiotherapy Chemotherapy
(n = 54) (n = 39)
Grade Grade

Frequency of

Frequency of

Toxicities 3 4 3 or 4 (%) 3 4 3 or 4 (%)
Hematological

Leukopenia 12 5 315 6 0 154

Neutropenia 10 4 25.9 4 0 10.3

Thrombocytopenia 1 4 9.3 4 0 10.3

Anemia 4 2 11.1 7 1 20.5
Nonhematological

Febrile neutropenia 4 1 9.3 0 0

Nausea 1 1 3.7 0 0

Vomiting 2 0 3.7 0 0

Anorexia 6 1 13.0 0 0

Creatinine 0 0 0 0

AST/ALT 11 3.7 0 0

Diarrhea 2 0 3.7 0 0

Stomatitis 1 0 1.9 0 0

Pneumonitis 0 0 1 0 2.6

Esophagitis 4 0 7.4 1 0 2.6

AST, aspartate transaminase; ALT, alanine aminotransferase.
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Radiation dose (Gy)

Median (range) 60.0 (28-60)
Average 58.4
Reasons for interruption, N (%)
Adverse events 7 (14.0)
Other 2 (4.0)
Rate of completion of treatment with 60 Gy, N (%) 47 (94.0)
TABLE 4. Chemotherapy Delivered (N = 50)
N (%)
Concurrent chemotherapy
Chemotherapy cycles
1 50 (100)
2 46 (92.0)
Reasons for discontinuation
Adverse event 2 (4.0)
Patient decision 2 (4.0)
Reasons for not proceeding to
consolidation chemotherapy
Adverse event 8 (16.0)*
Other 1(2.0)
Consolidation chemotherapy
Chemotherapy cycles
1 37 (74.0)
2 31 (62.0)
Reasons for discontinuation
Adverse event 5(10.0)
Disease progression 1(4.0)

Rate of completion of 4 cycles of
treatment (95% CI)

62% (47.2-75.3)

“Two treatment-related deaths were included after completion of concurrent
chemotherapy.
CI, confidence interval.

concurrent phase and the other patient died of pneumonia
after the recovery from the bone marrow suppression because
of that phase.

Thirty-nine (72%) of the 54 patients proceeded to
consolidation chemotherapy. As shown in Table 2, the fre-
quency of grade 3 or 4 in any major toxicity caused by
consolidation chemotherapy was lower than that in concur-
rent chemoradiotherapy, except for anemia and pneumonitis.
It was of note that no febrile neutropenia was observed.

Treatments Delivered to Eligible Patients

Tables 3 and 4 show RT and chemotherapy delivered to
50 eligible patients, respectively. Forty-six patients (92%)
completed two cycles of SP concurrent with thoracic RT of
60 Gy. Two patients refused further protocol treatment after
one cycle of chemotherapy because of adverse events. The
other two patients did not meet the criteria to start the second
cycle of SP because of prolonged neutropenia. Although 46
patients completed the concurrent phase of the SP-RT, seven
patients could not proceed to the consolidation phase because
of mainly prolonged hematological toxicity, and two patients
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were lost to treatment-related death. Of 37 patients, one and
five patients received only one cycle of the consolidation
chemotherapy because of disease progression and adverse
events, respectively. Thus, a total of 31 (62%) of the 50
eligible patients received all four cycles of SP chemotherapy.

Response

Of the 50 patients eligible for efficacy analysis, 42
patients had responses (84%; 95% CI, 71-93%; p < 0.0001),
including 1 patient with a complete response, and 2 patients
with stable disease. Only one patient showed progressive
disease. Five patients were unevaluable for a response. There
were no differences in the response rate by histology (88% in
squamous cell carcinoma versus 81% in others, p = 0.704 by
the exact binomial test).

Survival

The overall median follow-up time for the 29 patients
who were still alive as of January 2010 was 28 months
(range, 24-37 months). As shown in Figure 2, the median
PFS and OS was 20 months and not reached, respectively,
and the OS rates at 1 and 2 years were 88% (95% CI,
75-94%) and 70% (95% CI, 55-81%), respectively.

Sites of First Failures

With respect to the sites of first failure among the 28
(56%) patients with disease progression of the 50 eligible
patients, 19 (38%), 6 (21%), and 3 (6%) patients had distant
metastases, intrathoracic local diseases, and both, respec-
tively. Those nine occurred in the irradiated field. The fre-
quently observed initial distant metastases were observed in
bone in eight patients and in brain and lung in four each. Only
four patients (8%) developed a brain metastasis alone as the
initial failure site.

DISCUSSION

The purpose of concurrent chemoradiotherapy for
NSCLC patients with stage III disease is to achieve local
control, for which RT plays the main role, and also to
eradicate occult distant metastases by chemotherapy. For the
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progression-free survival (ss+==). Each tick

represents one patient who is alive with/

2 without recurrence. The bars represent
the 95% confidence intervals of the sur-

1 vival rate at 1 and 2 years after treatment.

latter purpose, the development of regimens that can allow
administration of the systemic (full) doses of chemotherapy
during RT is necessary. Although the so-called “third gener-
ation” agents such as paclitaxel, vinorelbine, docetaxel, and
gemcitabine have been evaluated in several concurrent stud-
ies in combination with platinum compounds, a lower dose of
that agent plus the platinum compound has generally been
used due to toxicities. Therefore, induction chemotherapy
with sufficient systemic doses of the agents was considered a
potentially effective addition to the concurrent chemoradio-
therapy.?? Nevertheless, a recent randomized trial (CALGB
39801) showed that two cycles of induction chemotherapy
with full doses of CP did not provide a survival benefit over
concurrent chemoradiotherapy alone, using weekly CP at
lower doses.?®> Furthermore, the randomized phase III trial
conducted by the Hoosier Oncology Group and U.S. Oncol-
ogy Group demonstrated that the addition of consolidation
chemotherapy using docetaxel after full-dose chemotherapy
using cisplatin plus etoposide with concurrent RT (PE-RT)
failed to achieve the primary end point of improved survival
compared with PE-RT alone.2* On the basis of these random-
ized trials, concurrent chemotherapy alone is recommended
for the treatment of locally advanced-NSCLC. However, the
optimal chemotherapy regimen remains to be determined.
In this study, SP-RT using systemic doses had the
advantage of eradicating occult distant metastases. In addi-
tion, 5-FU has been reported to have a radiosensitizing effect
in preclinical and clinical studies of various cancers, includ-
ing NSCLC,!5.16 and S-1 is orally administered for 14 con-
secutive days in each course of chemotherapy, providing
long-term potential radiosensitization. The antitumor effects
of SP-RT might explain the high response rate of 82% and the
prolonged median PFS of 20 months, as well as the median
OS, which was not reached when follow-up time ranged from
24 to 37 months. Another SP-RT phase II trial with a similar
schedule and dose, which was conducted during almost the
same period as the present trial, also demonstrated a good
overall response rate of 88%, median PFS of 12 months, and
a median OS of 33 months, whereas the median follow-up
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time was 25 months, ranging from 12 to 38 months.?> Nev-
ertheless, these data cannot be directly compared with our
data. In this trial, the extraordinarily good results may not be
only because of the chemotherapy regimen but also to the
high frequency of the primary site being within the upper
lobe. In completely resected NSCLC with N2 disease, the
5-year survival rate in patients with their primary site in the
upper lobe is well known to be significantly better than that
of patients with the primary tumor in the lower lobe.26 In
addition, the tumors in the upper lobe with upper mediastinal
nodal metastases are easier to treat with RT than the tumors
in the lower lobe in terms of the irradiation field.

Two additional cycles of the same chemotherapy after
concurrent chemoradiotherapy were called consolidation che-
motherapy in this trial. Although the original PE-RT regimen
used two additional cycles of the same PE after PE (two
cycles)-RT, the above-mentioned randomized trial did not
use consolidation PE in both control and experimental
groups.?* Similarly, the original mitomycin, vindesine plus
cisplatin (MVP)-RT regimen had the two additional cycles of
the same MVPS5 after MVP (two cycles)-RT, whereas a recent
randomized trial used MVP (two cycles)-RT alone as a
control arm.?? The median OS of PE (2 cycles)-RT and MVP
(2 cycles)-RT was 23.2 and 23.7 months, respectively.2427 In
addition, only 41% of the patients could complete four cycles
of MVP in the MVP-RT group of a recent WITOG phase 11
trial (WJTOGO0105), which had a median OS of 20.5
months.?8 In this trial, 62% of the patients completed four
cycles of SP despite a low frequency of severe toxicities,
whereas the WJOG phase HI trial showed that the safest
regimen with concurrent RT was CP among MVP, CP, and
carboplatin plus CPT-11, although the completion rate of two
cycles in the consolidation chemotherapy of CP arm was only
50%.2% These observations suggest that a phase III trial is
necessary to clarify whether or not a total of four cycles of
chemotherapy in this setting provides a better result than two
cycles of chemoradiotherapy.

The irradiated dose of 60 Gy in 30 fractions with
concurrent chemotherapy is currently used in the majority of
institutes in Japan, whereas that of 66 Gy in 33 fractions in
combination with chemotherapy in the United States seems to
be the most common treatment regimen. Because PET/CT
scan and 3-D planning were not used in all patients, it would
therefore be interesting to elucidate whether or not the present
survival of such patients can be prolonged by these tech-
niques, including a total irradiated doses of 66 Gy.

Although the present treatment with SP-RT should be
acceptably safe in terms of the frequency of grade 3 and 4
adverse events, the treatment-related death of two patients
was observed. Therefore, it is necessary to keep in mind that
there is no totally safe regimen for concurrent chemoradio-
therapy. At present, the WJOG is conducting a randomized
phase II trial comparing SP-RT to combination chemotherapy
using cisplatin plus vinorelbine with concurrent RT.
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Abstract

Dose escalation to the target while sparing the organs at risk near the lesion has been difficult over the
last decade. However, recent radiotherapy techniques can deliver more sophisticated doses to the target.
This study evaluated whether intensity modulated radiotherapy can deliver more homogeneous and
conformal doses to the target than dynamic three-dimensional conformal radiotherapy while sparing
organs at risk near the lesion in 13 patients with central nervous system tumors and other tumors
around the central nervous system. Dynamic three-dimensional conformal radiotherapy and intensity
modulated radietherapy plans were calculated and dose distributions were compared for all patients
with regard to the planning target volume and organs at risk. The plan of intensity modulated radiother-
apy was significantly superior to that of dynamic three-dimensional conformal radiotherapy in target
dose conformity (p = 0.0006) and organs at risk sparing (p = 0.0257). Intensity modulated radiotherapy
could deliver more homogeneous and conformal doses to the target than dynamic three-dimensional
conformal radiotherapy with sparing organs at risk near the lesion and may improve local control of

radioresistant tumors via dose escalation.

Key words: intensity modulated radiotherapy,
dose escalation

Introduction

The goal of radiotherapy is to treat patients with the
best therapeutic ratio that provides the highest local
control and the lowest toxicity rates. Dose escalation
to the lesion improves local control of the tumors,312
but also increases the risk of normal tissue complica-
tion. Therefore, radiation dose distributions should
be designed conforming to the entire lesion while
sparing the surrounding normal tissues, especially
organs at risk (OARs) which are radiosensitive and
related to late complications, such as cataract of the
eye lens.

Recent advancements in radiotherapy technol-
ogies have allowed sophisticated radiation dose
delivery, including the use of dynamic three-dimen-
sional conformal radiotherapy (3D-CRT) and inten-
sity modulated radiotherapy (IMRT).2?) Both dy-
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organ at risk,

namic 3D-CRT and IMRT are linear accelerator
therapies using the multileaf collimator (MLC), a
computer-controlled device that uses movable
“leaves” to conform the radiation beam to the shape
of the tumor while protecting normal adjacent tis-
sue. Dynamic 3D-CRT stereotactically delivers doses
which conform to the shape of the each projected
target using the MLC. IMRT can also use MLC but
the shapes are not restricted to the projected images.
In IMRT, the fixed radiation beam from each angle
can be turned off and on, or set to deliver dose at
different intensities freely. Therefore, the plans of
IMRT are highly complicated so inverse-planning is
usually selected. The planner defines targets and
OARs, and gives target doses. Then, the most suita-
ble treatment plan is calculated automatically (Fig.
1).
The present study tried to evaluate whether IMRT
can deliver more homogeneous and conformal dose
distributions to irregular shaped tumors than dy-
namic 3D-CRT with sparing of OARs near lesions in
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Fig. 1 Features of dynamic three-dimensional confor-
mal radiotherapy (3D-CRT) and intensity modulated
radiotherapy (IMRT). Dynamic 3D-CRT stereotactically
delivers doses which conform to the shape of the each
projected target using multileaf collimator (MLC). IMRT
also uses MLC but not stereotactic technolegies. The
most suitable ireatment plan using intensity modulated
fixed beams is inversely calculated automatically. Arc:
gantry arc, OARs: organs at risk.

the central nervous system (CNS) and other tumors
around the CNS. Various tumors have been already
treated with these techniques®8810.13,18.20) and recent
studies compared the dose conformity of dynamic
3D-CRT with IMRT?21419 but little attention has fo-
cused on the OARs, especially in the CNS.? Patients
with CNS tumors and other tumors around the CNS
were enrolled in this study because these tumors
were very close to the OARs. We compared dynamic
3D-CRT with IMRT focusing on target dose
homogeneity, target dose conformity, and mean
dose to the OARs.

Patients and Methods-

Thirteen patients, 8 males and 5 females aged 8-69
years (median 48 years), with 9 skull base tumors, 1
brain stem tumor, and 3 vertebral body tumors were
randomly enrolled (Table 1). Both computed tomo-
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Table 1 Thirteen patients with central nervous system
tumors

(1:\?3? E;lg:) Sex Lesion Histology

1 45 M skull base squamous cell carcinoma
2 62 M skull base squamous cell carcinoma
3 62 M skull base squamous cell carcinoma
4 48 F skull base squamous cell carcinoma
5 69 M skull base adenoid cystic carcinoma
6 68 F skull base adenoid cystic carcinoma
7 62 M skull base multiple myeloma
8 37 M skull base olfactory neuroblastoma
9 50 F skull base plasmacytoma

10 8 F  brain stem anaplastic ependymoma

11 32 F vertebral body  myxoid liposarcoma

12 10 M vertebral body PNET

13 67 M  vertebral body adenocarcinoma

F: female, M: male, PNET: primitive neuroectodermal
tumor.

graphy (CT) and magnetic resonance (MR) imaging
were used for planning, and three-dimensional ge-
ometrical registration of the CT and MR imaging
data was performed. All patients were treated with
IMRT.

The planning target volume (PTV), which was de-
fined as the area of the enhanced lesion with 3 mm
margin, and OARs, such as the brain stem, eye balls,
optic nerves, chiasma, and spinal cord, were
delineated in the corresponding MR imaging and
CT slices. Three OARs were chosen and numbered
from 1 to 3 in order of distance from the lesion in
each patient. OAR1 was closer to the PTV than the
other OARs.

Both dynamic 3D-CRT and IMRT treatment plans
were calculated for each patient by the same treat-
ment planning system, Brain SCAN (BrainLAB
GmbH, Heimstetten, Germany). To eliminate in-
teroperator variations, the same operator estab-
lished all treatment plans. The same prescribed dose
was determined in the dynamic 3D-CRT and IMRT
plans to compare the two treatment plans for the
same patient. The IMRT plan covered the entire
PTV with higher than 95% of the prescribed dose
(V95 was 100%). The dynamic 3D-CRT plan covered
the entire PTV with higher than 80% of the
prescribed dose (V80 was 100%). The percentage of
the corresponding prescribed dose was calculated
for the OARs to facilitate dosimetric comparison be-
cause each patient was treated with different
prescribed doses.

To compare the dynamic 3D-CRT plan and the
IMRT plan, we used dosimetric distribution and
dose volume histogram (DVH) techniques. Dosimet-
ric distribution is a two-dimensional contour map of
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delivered dose on some representative CT or MR im-
aging plane. The area inside the 80% contour line
receives more than 80% of the prescribed dose. DVH
is a three-dimensional dosimetric distribution in a
graphical two-dimensional format, so DVH visual-
izes the volume not area. The vertical axis
represents the percentage of total tissue volume that
receives a dose more than a specified dose. The
horizontal axis represents cumulative dose. Ideally,
DVH displays 100% of the PTV receiving 100% of
the prescribed dose and very low volumes of OARs
receiving very low doses.

The homogeneity index (HI) was calculated using
the following formula without using the prescribed

%Volume
%Volume

80 100 0 60 100
%Dose %Dose
Dynamic 3D-CRT IMRT

Fig. 2 Dosimetric distributions (upper row) and dose
volume histograms (lower row) of the dynamic three-
dimensional conformal radiotherapy (3D-CRT) plan (left
column) and the intensity modulated radiotherapy
(IMRT) plan (right column) in representative Case 10. An
8-year-old girl presented with recurrent brain stem
anaplastic ependymoma. Magnetic resonance images
showed an oval-shaped tumor which compressed the
brain stem into a concave form. In the dynamic 3D-CRT
plan, the conformal dose was delivered to the planning
target volume (PTV) but the brain stem and the spinal
cord were not spared. In the IMRT plan, flat dosimetric
distribution spared the brain stem and the spinal cord.
Dose volume histogram of the IMRT plan showed dose
reduction to the spinal cord without dose reduction to
the PTV.
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dose: maximum dose within the PTV/minimum dose
within the PTV. This formula is the simplest of
several similar HIs. The HI is a useful tool to evalu-
ate dose uniformity within the PTV and a value of HI
close to 1 indicates better dose homogeneity in the
treatment plan.9

The conformity index (CI) was calculated using
the following formula: 1 + Vioma/Verv. Vaormal i the
volume of the normal tissue and Vpry is the volume
of the PTV receiving the indicated dose; 95% of the
prescribed dose in the IMRT plan and 80% in the dy-
namic 3D-CRT in this study. Therefore, Vppy
represented the entire PTV in both plans because we
intended V95 as 100% in the IMRT plan and V80 as
100% in the dynamic 3D-CRT plan. A value of CI

%Volume

% 20 60 80 100 % 20 40 60 80 100
%Dose %Dose
Dynamic 3D-CRT IMRT

Fig. 3 Dosimetric distributions (upper row) and dose
volume histograms (lower row) of the dynamic three-
dimensional conformal radiotherapy (3D-CRT) plan (left
column} and the intensity modulated radiotherapy
(IMRT) plan (right column) in representative Case 13. A
67-year-old man presented with vertebral body metasta-
sis from lung cancer. Computed tomography scans
showed that the concave-shaped tumor surrounded the
spinal cord. The dosimetric distribution of dynamic 3D-
CRT was round and the spinal cord was not spared at
all. The dosimetric distribution of IMRT was a confor-
mal concave form corresponding with the planning tar-
get volume (PTV) and the spinal cord was spared. Dose
volume histogram of the IMRT plan showed dose reduc-
tion to the spinal cord.
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close to 1 indicates better reduction of normal tissue
irradiation (Vogma is lower) in the treatment plan.?

The data were analyzed by the Mann-Whitney U
test. A probability value of p < 0.05 was considered
statistically significant. Statistical analyses were de-
termined using StatView software (SAS Institute,
Cary, North Carolina, USA).

Results

First, we show two representative cases in which
IMRT was very effective.

Representative Case 10: An 8-year-old girl present-
ed with recurrent brain stem anaplastic ependymo-
ma. MR imaging showed an oval-shaped tumor
which compressed the brain stem into a concave
form. The brain stem, spinal cord, and optic nerve
were defined as OARs, with the brain stem as QAR1.
Dosimetric distributions are shown in Fig. 2. In the
dynamic 3D-CRT plan, the conformal dose was deli-
vered to the PTV but the brain stem and the spinal
cord were not spared. In the IMRT plan, the flat
dose distribution spared the brain stem and the spi-
nal cord. DVH showed dose reduction to the spinal
card without dose reduction to the PTV. This patient
was treated with IMRT using a prescribed dose of 50
Gy. MR imaging showed obvious tumor shrinkage.
However, local recurrence was observed 9 months
after IMRT treatment and the patient died 6 months
after the recurrence. There was no complication due
to IMRT.

Representative Case 13: A 67-year-old man present-
ed with vertebral body metastasis from lung cancer.
This lesion was impossible to treat with convention-
al radiotherapy because he had been already treated
with conventional radiotherapy to the neighboring
vertebral body with a total dose of 30 Gy in 10 frac-
tions. The OAR of this patient was the spinal cord.
CT showed that the concave-shaped tumor sur-
rounded the spinal cord {Fig. 3). The dosimetric dis-
tribution of dynamic 3D-CRT was round and the spi-
nal cord was not spared at all. We expected that this
lesion would be difficult to treat with dynamic 3D-
CRT practically because of the high dose to the spi-
nal cord. The dosimetric distribution of IMRT was a
conformal concave form corresponding with the
PTV and the spinal cord was spared. DVH showed
dose reduction to the spinal cord. This patient was
treated with IMRT using a prescribed dose of 30 Gy.
The patient had no local recurrence or radiological
complication, such as paraparesis of the lower
limbs, for 3.5 years.

Nine patients with skull base tumors were enrolled,
6 cases located at the maxillary sinus and the others
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Fig. 4 Homogeneity index and conformity index of the
dynamic three-dimensional conformal radiotherapy
(3D-CRT) plan and the intensity modulated radiotherapy
(IMRT) plan. In 11 of the 13 cases, the homogeneity in-
dex of the IMRT plan was lower than that of the dynam-
ic 3D-CRT plan but the IMRT plan was not significantly
superior to the dynamic 3D-CRT plan (p = 0.1178). The
conformity index of the IMRT plan (mean 1.358) was
significantly better (p = 0.0006) than that of the dynam-
ic 3D-CRT plan (mean 1.802). Statistical analyses were
determined using StatView software.

at the orbit, the upper pharynx, and the cribriform
plate. The OARs were usually the eye balls, optic
nerves, optic chiasm, and brain stem. The optic
nerve was most frequently designated as the QAR1.
Almost all PTVs of skull base cases were not con-
cave and sparing the OARs was easier than in the 2
representative cases. The most frequent disease of
the skull base was maxillary squamous carcinoma.
All 4 patients had new lesions and underwent
chemotherapy and IMRT with a prescribed dose of
54 Gy. All patients remained alive with mean overall
survival of 1770 + 253 days, although one patient
experienced local recurrence. No radiological com-
plication was observed,

The IMRT and dynamic 3D-CRT plans were com-
pared for target dose homogeneity, target dose con-
formity, and mean dose to OARs. In 11 of the 13
patients, the HIs of the IMRT plans were lower than
those of the dynamic 3D-CRT plans but the IMRT
plan was not significantly superior to the dynamic
3D-CRT plan (p = 0.1178) because the HIs of IMRT
plans of only two cases were extremely close to 3
(Fig. 4). In those cases, the PTV attached and sur-
rounded the OAR1 (one of the two cases was
representative Case 13) and the minimum dose wi-
thin the PTV was very low to decrease the dose to
the OAR1. The CI of the IMRT plan (mean 1.358)
was significantly better (p = 0.0006) than that of the
dynamic 3D-CRT plan (mean 1.802) (Fig. 4). The per-
centage of the corresponding prescribed dose of the
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Fig. 5 Prescribed doses to the organs at risk (OARs) of
the three-dimensional conformal radiotherapy (3D-CRT)
plan and the intensity modulated radiotherapy (IMRT)
plan. The percentage of the correspending prescribed
doses of the IMRT plan in the OAR1 (mean 41.0%) and
OAR2 (mean 25.5%) were significantly lower than those
of the dynamic 3D-CRT plan (mean 58.2% and 41.9%,
respectively). Statistical analyses were determined us-
ing StatView software.

IMRT plan in mean dose to the PTV (mean 98.8%)
was obviously higher (p = 0.0052) compared to that
of the dynamic 3D-CRT plan (mean 96.3%) (figure
not shown). The percentage of the corresponding
prescribed dose of the IMRT plan in the OAR1 (ine-
an 41.0%) was significantly lower (p = 0.0257) than
that of the dynamic 3D-CRT plan (mean 58.2%) (Fig.
5). The percentage of the corresponding prescribed
dose of the IMRT plan in the OAR2 (mean 25.5%)
was also lower (p = 0.0179) than that of the dynamic
3D-CRT plan (mean 41.9%). However, there was no
significant difference in the OAR3 between the
plans {(p = 0.4884).

Discussion

The aim of radical radiotherapy is to deliver a high
dose to the tumor target while minimizing the dose
to surrounding normal tissues. Recent innovations
of irradiation technique may meet these contradicto-
ry requirements. Stereotactic radiosurgery/radio-
therapy (SRS/SRT) is one of these novel irradiation
techniques. SRS/SRT was chiefly developed in re-
cent years for dose escalation sparing the OARs, and
can deliver much conformal doses to spherical
tumors. For spheroidal tumors, the two-isocenter
plan is more effective than the one-isocenter plan.!
However, SRS/SRT is not suitable for irregularly
shaped tumors. The multiple-isocenter plan can
deliver a more conformal dose, but is more complex
and the technique has limits.” Dynamic 3D-CRT is
one of the most excellent stereotactic radiothera-
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pies.?'® Dynamic 3D-CRT with the MLC can deliver
more conformal doses to the irregularly shaped
tumors than SRS/SRT (Fig. 1), but sophisticated
doses are still difficult to deliver to the concave
form. In addition, SRS/SRT usually delivers a higher
dose to the center of the PTV and the high dose spot
over the prescribed dose is accrued within the PTV
when the peripheral region receives a sufficient
freatment dose.

IMRT is another advanced irradiation method
without using stereotactic technologies, can modu-
late radiation intensity with MLC and deliver more
homogeneous and conformal radiation doses using
fixed beams based on inversely calculated planning
(Fig. 1). The most important feature of IMRT is the
excellent dose delivery conforming to irregularly
shaped tumors, especially concave shaped tumors
(representative Case 13). Our study showed that
IMRT could deliver more homogeneous and confor-
mal doses to irregularly shaped tumors than dynam-
ic 3D-CRT, but the superior homogeneity was not
statistically important because of sparing of the
OAR surrounded by the PTV. In the treatment
phase, the surgeon must determine whether the PTV
has priority over the OAR or not. The decision is
probably case-by-case.

Sparing of the OARs is very important as well as
to treat the PTV with homogeneous and conformal
dose. In our study, we intended that the entire PTV
received higher than 95% of the prescribed dose in
IMRT and 80% in dynamic 3D-CRT. Therefore, the
percentage of the corresponding prescribed dose of
the IMRT plan in the mean dose to the PTV was
higher than that of the dynamic 3D-CRT plan.
However, the receiving doses of the OARs were sig-
nificantly lower in IMRT using the same planning.
In OAR1 and OARR2, the differences in the dynamic
3D-CRT plan and the IMRT plan were significant
but the difference in the OAR2 was greater than that
in the OAR1. Therefore, the OAR adjoining the PTV
is difficult to spare. In our case of brain stem tumor
{representative Case 10), the lesion had compressed
the brain stem into a concave form, but IMRT deli-
vered a conformal dose to the PTV, sparing the spi-
nal cord but not sparing the brain stem adequately.
On the other hand, the difference in the OAR3 was
not significant. Both dynamic 3D-CRT and IMRT
plans could deliver treatment doses to the PTV spar-
ing the OARs distant from the target.

Heavy charged particle radiotherapy is another
promising treatment. Heavy charged particles, such
as carbon ions, have excellent dose localizing prop-
erties compared with fast neutrons. The Bragg peak
of the energy loss occurs immediately before the par-
ticles come to rest and the maximum depth of
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penetration of a charged particle beam can be ad-
justed by varying the energy. These features of the
particles result in excellent dose conformity, Com-
parisons of heavy charged particle radiotherapy and
IMRT showed that heavy charged particle radiother-
apy delivered a more sophisticated conformal dose
to the target than IMRT.'® However, few establish-
ments worldwide have heavy ion medical accelera-
tor equipment and the cost performance is usually
poor. Presumably heavy charged particle radiother-
apy will not become common as standard radiother-
apy at the present time.

All of our 13 patients were treated with IMRT, and
radiosensitive tumors were successfully controlled
for several years with sufficient sparing of OARs.
However, in radioresistant tumor such as anaplastic
ependymoma, we could not inhibit tumor prolifera-
tion using IMRT with the usual irradiation dose.
Dose escalation to the PTV improves local control of
the tumors,”' but also increases the risk of normal
tissue complication. Safe irradiation requires deliv-
ery of homogeneous and conformal dose to the PTV
and minimum doses to the OARs. Although IMRT is
one of the best radiotherapies for dose escalation,
the complex treatment plan and long treatment time
are problems. In the choice of irradiation modality,
we have to consider the cost/benefit ratio, and IMRT
is suitable for irregularly shaped tumors close to
OARs.

In this study, dynamic 3D-CRT and IMRT were
compared with regard to dose distribution and spar-
ing of OARs. IMRT was superior to dynamic 3D-
CRT for irradiation of irregularly shaped tumors
near the OARs. Therefore, dose escalation using
IMRT will improve local control of radioresistant
tumors in the future.
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Abstract

Background To determine the clinical results of radio-
therapy (RT) for esophageal cancer in Japan.

Materials and methods A questionnaire-based survey was
conducted for esophageal cancer treated by definitive RT
between 1999 and 2003. Clinical results of definitive RT
for patients were collected from 9 major institutions. Only
patients with good performance status (PS 0-2) who
received a total dose of 50 Gy or more were included.
Patients were classified into three groups: (A) stage I,
(B) resectable stages II-III, (C) unresectable stages
HI-IVA. For group A, all patients treated by RT alone or
chemo-radiotherapy (CRT) were included. For groups B
and C, only those treated by CRT were included.

Results In total, 167 patients were included in group A,
239 in group B, and 244 in group C. Approximately half of
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the patients in group A were treated by CRT. The median
total RT dose ranged from 60 to 66 Gy. The median and
range of the 5-year overall survival rates were 56%
(48-83%) for group A, 29% (12-52%) for group B, and
19% (0-31%) for group C, respectively. A wide disparity
in overall survival rates was noted among the institutions.
A significant correlation between the number of patients
treated per year and the 5-year overall survival rate was
noted for groups B and C (both p < 0.05).

Conclusion  Although the overall survival rates for stage I
esophageal cancer were excellent, a significant disparity in
survival rates was noted among the institutions for stage
II-IVA tumors treated by CRT.
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Introduction

In the treatment of esophageal cancer, significant
improvements in local control and overall survival have
been achieved with concurrent chemo-radiotherapy
(CRT) compared with radiotherapy (RT) alone [1-3]. In a
phase III randomized trial (RTOG-8501), four cycles of
full-dose 5-FU/cisplatin (FP) combined with 50 Gy of RT
was compared with RT alone (64 Gy), and the CRT arm
showed a significant improvement in the overall survival
rate [1, 2]. To improve these results, a phase III trial
(INT-0123) comparing standard dose RT (50.4 Gy) and
high-dose RT (64.8 Gy) concurrently combined with FP
was conducted [4]. In the INT-0123 trial, however, the
high-dose RT arm did not show a survival benefit com-
pared with the standard-dose RT arm [4]. Therefore, four
cycles of full-dose FP combined with 50.4 Gy of RT is
the standard CRT regimen for esophageal cancer in the
USA.

In Japan, surgical resection has been preferred for
resectable esophageal cancer for T1-3N0,1MO disease
(International Union Against Cancer TNM classification;
UICC 2002). Until the mid-1990s, many patients treated by
CRT had unresectable T4 disease or metastatic cervical
lymph nodes (M1-lymph). Even for these locally advanced
T4 or Ml-lymph esophageal cancers, 2-year overall sur-
vival rates of 20-30% have been reported by Japanese
investigators using concurrent CRT of 60 Gy [5-7].
Because of the success of concurrent CRT for unresectable
esophageal cancer, definitive CRT has been applied for
resectable esophageal cancer (T1-3N0,1MO0) since the late
1990s in Japan. Although no randomized clinical trials
comparing definitive CRT and surgery for resectable
esophageal cancer have been reported, clinical results of
concurrent CRT for resectable esophageal cancer are very
promising [8-10].

For superficial esophageal cancer (TINOMO), RT alone

with or without intraluminal brachytherapy (IBT) is also as-

effective as concurrent CRT [11-14]. Recently, a phase 11
clinical trial of concurrent CRT for superficial esophageal
cancer with submucosal invasion has been reported by the
Japan Clinical Oncology Group (JCOG) [15]. In the trial,
60 Gy of RT was combined with two courses of FP for 72
patients with stage I (TINOMO) esophageal cancer, and the
4-year overall survival and major relapse-free survival
rates were 81 and 68%, respectively. This survival rate is
very similar to that of surgery.

In the early 2000s, concurrent CRT became one of the
standard treatments for both resectable and unresectable
esophageal cancers in Japan [10, 16, 17]. A questionnaire-
based national survey on CRT or RT for esophageal cancer
was conducted to evaluate the clinical results for esopha-
geal cancer in major Japanese institutions.
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Patients and methods

A questionnaire-based survey of RT for esophageal cancer
treated definitively between January 1999 and December
2003 was conducted by the Japanese Radiation Oncology
Study Group (JROSG). In May 2008, questionnaires on the
results of definitive RT for patients with esophageal cancer
were collected from 9 major institutions of the JROSG.
Only patients with good performance status (PS 0-2) who
received a total dose of 50 Gy or more were included.
Patients treated by preoperative or postoperative RT (or
CRT) were excluded.

Patients were classified into three groups: group A, those
with superficial tumors (TINOMO; stage I); group B, those
with resectable tumors (TINIMO, T2,3N0,IMO; stages
II-1I); group C, those with unresectable tumors (T4 or
MI-lymph; stages III-IVA). For group A, all patients
treated definitely by RT or CRT with or without IBT were
included. For groups B and C, only those treated by con-
current CRT were included.

Results

Table 1 shows the numbers of patients in the institutions
and groups. In total, 650 patients with esophageal cancer
treated by definitive RT were included from nine institu-
tions. All but 10 tumors (98.5%) were squamous cell car-
cinomas. The age of the patients ranged from 35 to 87
years, and the median ages at each institution ranged from
63 to 71 years. The clinical practice of each institution
between 1999 and 2003 is also shown in Table 1. Periodic
cancer board meetings consisting of radiation oncologists
and surgical oncologists were performed at six institutions,
and salvage surgery for locally recurrent or persistent
esophageal tumors were performed at seven institutions.
The median follow-up periods of surviving and censored
patients ranged from 42 to 70 months with a median of
56 months.

Table 2 shows the treatment methods in the institutions
between 1999 and 2003. For stage I disease (group A), 60
patients (36%) were treated by IBT following external RT.
In terms of chemotherapy for stage I disease, 74 patients
(44%) were treated by CRT with or without IBT, and 93
patients (56%) were treated by RT with or without IBT. For
all institutions, the median total RT dose for CRT ranged
from 60 to 66 Gy.

The type of chemotherapy given concurrently with RT
differed significantly among the institutions. Full-dose
FP was used most frequently, followed by low-dose FP.
Various chemotherapy regimens of full-dose FP were
included: (1) two cycles of cisplatin 70-80 mg/m?* (day 1)
and 5-FU 700-800 mg/m*/day administered as continuous
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Table 1 Numbers of patients and clinical practice in each institution

Institution No. of patients Cancer Salvage Median follow-up period
board surgery of surviving patients (months)
Group A Group B Group C Total

Nagoya Univ. 10 10 17 37 (1) ‘No No 57

Niigata Univ. 16 12 17 45 (0) No No 56

Univ. Ryukyus 16 11 20 47 (1) Yes Yes 43

Kyoto Univ. 29 19 57 (2) No Yes 52

Kinki Univ. 17 42 66 (0) Yes Yes 69

Nara Med. Univ. 10 36 28 74 (1) Yes Yes 46

Hiroshima Univ. 38 15 26 79 (0) Yes Yes 70

Tenri Hospital 27 49 26 102 (2) Yes Yes 42

Tohoku Univ. 34 60 49 143 (3) Yes Yes 56

Total 167 239 244 650 (10)

Values in parentheses indicate number of patients with non-squamous cell carcinoma histology
Group A, TINOMO; Group B, TIN1MO,T2-3N0,1MO0; Group C, T4,M1-lymph

Table 2 Treatment methods according to each institution between 1999 and 2003

Institution Total no. Treatment for stage I RT dose Type of chemotherapy

of patients CRT RT +IBT Range (median) Full FP  Low FP  Others  Consolidation
Nagoya Univ. 37 2 3 5 50-70 Gy (60 Gy) 1 19 11 No
Niigata Univ. 45 5 11 0 50-70.2 Gy (66 Gy) 1 22 11 No
Univ. Ryukyus 47 2 2 5 50-66.6 Gy (60 Gy) 28 4 0 No
Kyoto Univ. 57 2 2 5 60 Gy (60 Gy) 19 13 19 Some
Kinki Univ. 66 3 4 0 60 Gy (60 Gy) 11 51 0 Yes
Nara Med. Univ. 74 3 1 6 60-70 Gy (60.8 Gy) 10 58 0 No
Hiroshima Univ. 79 7 6 25 52-71 Gy (62 Gy) 16 15 19 No
Tenri Hospital 102 9 0 18 66 Gy (66 Gy)* 94 0 6 No
Tohoku Univ. 143 20 14 0 56-76 Gy (64 Gy) 57 23 49 Yes
Total 650 53 54 60 21%) 237 205 115

# Hyperfractionation of 66/1.1 Gy b.i.d. was used
® Number of patients treated with CRT and IBT

intravenous infusion (IV) (days 1-4 or 1-5) [18-20], (2)
two cycles of cisplatin 40 mg/m? (days 1 and 8) and 5-FU
400 mg/m?/day as continuous IV (days 1-5 and 8-12) [6,
10], and (3) two or three cycles of cisplatin 60 rng/m2
(day 1) and 5-FU 400 mg/mzlday as continuous IV (days
1-4) [9, 21]. Low-dose FP included the following regi-
mens: (1) two cycles of cisplatin 7 mg/m? (days 1-5 and
8-12) and 5-FU 250 mg/m*/day as continuous IV (days
1-14) [5, 18, 19], and (2) six weekly cycles of cisplatin
3-5 mg/m?> (days 1-5) and 5-FU 180-250 mg/m” as
continuous IV (days 1-5 or 1-7) [19, 20, 22]. The other
regimens included: (1) two cycles of cis-diammine-gly-
colatoplatinum (Nedaplatin) 55-80 mg/m? and 5-FU
300-700 mg/m2 as continuous IV (days 1-5) [23], and (2)
daily administration of 5-FU 300 mg/m?/day as continu-
ous IV for 6 weeks [7].
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Two cycles of consolidation chemotherapy with cis-
platin 70-80 mg/m? (day 1) and 5-FU 700-800 mg/m*/day
(days 1-4 or 1-5) were given after CRT at three institutions
[10, 18]. No consolidation chemotherapy was given at the
remaining six institutions.

Figure 1 shows the 3- and 5-year overall survival rates in
the institutions for groups A, B, and C. The median and range
of the 5-year overall survival rates of the nine institutions were
56% (48-83%) for group A, 29% (12-52%) for group B, and
19% (0-31%) for group C, respectively (Table 3). The 5-year
overall survival rates for group A were good for all 9 institu-
tions, although 56% of patients were treated by RT alone with
or without IBT. A wide disparity in the 5-year overall survival
rate was noted especially for group B.

The relationship between the number of patients treated
per year and the 5-year overall survival rates of each
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Fig. 1 The 3- and 5-year overall survival rates at each institution are
shown for (a) group A, (b) group B, and (c) group C. The left and
right columns are the 3- and 5-year overall survival rates of each
institution, respectively

institution was analyzed for groups A, B, and C (Fig. 2).
The correlation coefficient (r) and its 95% confidence
interval for groups A, B, and C were 0.50 (—0.2455 to
0.8740), 0.70 (0.0602 to 0.9303), and 0.70 (0.0670 to
0.9312), respectively. A significant correlation between the
number of patients treated per year and the 5-year overall
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Table 3 The median and range of overall survival (OS) rates for
patients with esophageal cancer treated between 1999 and 2003 at the
9 institutions

3 years OS 5 years OS

Group A
Group B

67% (50-100%)
42% (24-69%)
21% (10-36%)

56% (48-83%)
29% (12-52%)

Group C 18% (0-31%)
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Fig. 2 Correlations between the number of patients treated per year
(x-axis) and the 5-year overall survival rates of each institution
(y-axis) for groups A, B, and C are plotted. The linear regression lines
and correlation coefficients (r) for each group are shown
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Table 4 Number of patients with serious late toxicities associated
with CRT or RT

CTCAE version 3.0 Grade 34 Grade 5
Cardiac ischemia 1 3
Pericardial effusion 14 1
Pleural effusion 7 1
Radiation pneumonitis 4 2
Dysphagia 9 0
Hemorrhage, esophageal varices 1 0

survival rates was noted for groups B and C (both
p < 0.05).

Based on the clinical charts of all patients, late toxicities
of grade 3 or more (CTCAE version 3.0) were collected.
The median and range of grade 3 or higher late toxicity rate
for each institution were 11% (0-18%). Table 4 shows the
number of patients with late toxicities of grade 3 or higher.
Pericardial effusion and pleural effusion are most common
late toxicities associated with CRT, followed by dysphagia
and radiation pneumonitis. Although seven (1%) treatment-
related deaths (grade 5) were reported, the deaths from
cardiac ischemia may be coincidental.

Discussion

The present questionnaire-based survey revealed both
clinical practice of care and outcomes for esophageal
cancer treated by definitive RT or CRT in nine academic
and major institutions between 1999 and 2003. The chan-
ges in clinical practice of RT for esophageal cancer in
Japan have been well reported by the Japanese Patterns of
Care Study (JPCS) [16, 17]. Based on the Comprehensive
Registry of Esophageal Cancer in Japan for 2002, a total of
4,281 cases were registered from 222 institutions in Japan
[24]. For cStage I-TIA (T1-3NOMO), the 5-year overall
survival rates with concurrent CRT or RT alone were 52.0
and 32.5%, respectively. For cStage IIB-IVB, the 5-year
overall survival rate with concurrent CRT was 14.9% [24].
However, no comparison of clinical outcomes of definitive
RT or CRT at various institutions for esophageal cancer
has been reported in Japan.

The JPCS between 1999 and 2001 revealed that CRT
had become a common treatment for T2-4 esophageal
tumors, although 72% of T1 tumors were treated by RT
alone [16]. Therefore, clinical data for both RT alone and
CRT were collected for stage I esophageal cancer (group
A), although only data on CRT were collected for groups B
and C. In the present analysis, 56% of the patients in group
A were treated by RT alone and 44% were treated by CRT.
Although the CRT rate for T1 tumors was higher than that
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in the JPCS between 1999 and 2001, more than half of T1
tumors were still treated by RT alone in Japanese academic
and major institutions between 1999 and 2003. Following
RT alone or CRT, 60 patients (36%) in group A were
treated with IBT. The preference for IBT was heavily
dependent on the institutional policy [9-12, 25].

For all institutions, medians of total RT dose for CRT
ranged from 60 to 66 Gy. Although a total dose of 50.4 Gy
combined with FP is the standard regimen for esophageal
cancer in the USA, no institutions in this survey used a
total dose of 50.4 Gy for definitive CRT. The type of
chemotherapy differed significantly among the institutions.
In Japan, low-dose protracted infusion chemotherapy
combined with full-dose RT of 60-66 Gy used to be a
popular regimen for locally advanced esophageal squa-
mous cell carcinomas [5, 7, 16, 20, 22]. In the present
analysis, full-dose FP was used most frequently (42.5%),
followed by low-dose FP (36.8%) (Table 2). During this
period, two clinical trials comparing full-dose FP and low-
dose FP were performed at several institutions [18, 19]. In
both trials, protracted low-dose FP with RT provided no
advantage over standard short-term full-dose FP with RT
for esophageal cancer. Low-dose FP will therefore decline
in clinical practice in Japan.

The 5-year survival rates for stage I esophageal cancer
exceeded 50% at most institutions, with a median 5-year
survival rate of 56%. This survival rate seems excellent, as
more than half of the patients were treated with RT alone.
Thus, RT alone seems a definitive and effective treatment
for elderly and complicated patients with superficial
esophageal cancer.

One of the most notable findings in the present study
was a significant disparity in overall survival rates among
the institutions for patients with stage II-IVA disease
treated definitively by CRT. The biggest difference in the
5-year overall survival rate was noted for group B. The
highest 5-year overall survival rate of 52% was achieved at
Tenri Hospital. At the hospital, definitive CRT was per-
formed for responders to neoadjuvant CRT of 44 Gy/40
fractions, and surgery was performed for non-responders
[9, 21]. This patient selection approach may be linked to
the excellent survival rate. On the other hand, neither sal-
vage surgery nor cancer board meetings were done for
esophageal cancer at two hospitals showing poor 5-year
survival rates of 12 and 22% for resectable esophageal
cancer (Table 1). Thus, the disparity in overall survival
rates may be related to the clinical practice at each
institution.

A significant correlation between the number of patients
treated per year and the 5-year overall survival rates
was noted for groups B and C (both p < 0.05) (Fig. 2).
A similar volume-outcome relation was demonstrated
between the number of esophagectomy operations
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performed per year and the operative mortality [26]. In
terms of esophagectomy for cancer, a hospital with less
than five esophagectomy operations per year was classified
as a low-volume hospital with high operative mortality
[26]. As the present series included only medium- and
high-volume hospitals for CRT, survival rates by CRT at
low-volume hospitals may be much lower than this series.

High rates of serious late toxicities, especially of the
heart and pleura, associated with CRT have been reported
[4, 27]. In this analysis, the median grade 3 or higher late
toxicity rate of each institution was 11%. This late toxicity
rate was considered acceptable, although it may have been
underestimated due to the retrospective nature of the
analysis.

In conclusion, the S5-year survival rates for stage I
esophageal cancer were excellent, even with RT alone, at
most institutions. However, for patients with stage II-IVA
tumors treated definitively by CRT, a significant disparity
in overall survival was noted among the institutions.
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