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Purpose: The aim of this study was to show the benefit of a two-step intensity modulated radiotherapy
(IMRT) method by examining geometric and dosimetric changes.

Material and Methods: Twenty patients with pharyngeal cancers treated with two-step IMRT combined
with chemotherapy were included. Treatment-planning CT was done twice before IMRT (CT-1) and at
the third or fourth week of IMRT for boost IMRT (CT-2). Transferred plans recalculated initial plan on
CT-2 were compared with the initial plans on CT-1. Dose parameters were calculated for a total dose
of 70 Gy for each plan.

Results: The volumes of primary tumors and parotid glands on CT-2 regressed significantly. Parotid
glands shifted medially an average of 4.2 mm on CT-2. The mean doses of the parotid glands in the initial
and transferred plans were 25.2 Gy and 30.5 Gy, respectively. D, (dose to 2% of the volume) doses of the
spinal cord were 37.1 Gy and 39.2 Gy per 70 Gy, respectively. Of 15 patients in whom xerostomia scores
could be evaluated 1-2 years after IMRT, no patient complained of grade 2 or more xerostomia.
Conclusions: This two-step IMRT method as an adaptive RT scheme could adapt to changes in body con-
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tour, target volumes and risk organs during IMRT.
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Asignificant advance in radiation therapy (RT) is the successful clin-
ical use of intensity modulated radiation therapy (IMRT). IMRT is effec-
tive, especially for head and neck cancers, since the clinical target
volumes (CTV) are in contiguity with organs at risk such as the salivary
glands, brain stem, and spinal cord. Two randomized clinical trials
comparing IMRT and conventional RT for patients with early-stage
nasopharyngeal cancer (NPC) showed a significant benefit of IMRT
on salivary function and quality of life (QOL) of patients [1,2].

Although it is very encouraging to use this new technique to im-
prove the therapeutic ratio, questions remain as to whether the con-
formation of target coverage and normal tissue sparing may cause
marginal failure [3]. As treatment planning and quality assurance
(QA) of IMRT plans require a long time to prepare, most investigators
use the initial IMRT plan for the whole course of IMRT. However, sig-
nificant anatomic changes, including shrinking of the primary tumor
or nodal masses and body weight loss during fractionated RT, have
been reported for head and neck cancers [4,5]. Our previous analysis
revealed that the volume of the parotid glands decreased to 74% of
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the initial volume during the course of IMRT [6]. These changes in
body contour, target volumes and risk organs during IMRT can affect
the dose distribution to the target volume and risk organs, which can
be a cause of marginal recurrence or late toxicities. In fact, marginal
recurrences after IMRT for head and neck cancer have been reported
by several investigators [7,3].

To avoid the risk of changes in the dose distribution during
IMRT of 7-8 weeks, we adopted a two-step IMRT method for head
and neck cancers. For all patients, treatment-planning computed
tomography (CT) was done before IMRT (CT-1) and at the third
or fourth week of IMRT for the treatment planning of boost IMRT
after 46-50 Gy (CT-2) [6,7]. The aim of this study was to show
the benefit of our adaptive RT scheme using a two-step IMRT
method by examining the geometric and dosimetric changes in pa-
tients with head and neck cancer.

Materials and methods

Patients’ characteristics and treatment methods

Between February 2006 and April 2010, 20 consecutive patients
with pharyngeal cancers treated by a two-step IMRT method com-
bined with concurrent chemotherapy were analyzed. Patients and
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Table 1
Study cohort and treatment characteristics, and their clinical results.

Two step IMRT for head and neck cancer

Case Primary T stage N stage UIcc Total(Boost) Concurrent Neck Parotid Xerostomia = Overall Local control
site stage RT dose chemotherapy - - dissection Dmean(sum) -~ at 1-2 year - survival
1 HPC T1 N2b VIA ©70(20)Gy Cisplatin Y 25.6 - 15 m DOD 15mLC
2 HPC T2 N2b VIA 70(20)Gy Cisplatin Y 21.6 Grade 0 22mDOD 9mrec
3 HPC T N2a VIA 70(20)Gy S-1 N 225 - 9m DID 9mLC
4 HPC T2 N3 VIB 70(20)Gy Cisplatin Y 216 Grade 0 56 m NED 56 m LC
5 OPC 3 N2b VIA 70(20)Gy B Cisplatin N 26.8 Grade 1 53 m DOD 46 mrec
6 OPC T2 N2 VIA 60(20)Gy Cisplatin, 5FU Y 29.0 - 17mDOD . - 6mrec
7 OPC T1 N2b VIA 66(16)Gy Cisplatin Y 25.1 Grade 0 53 m NED 53m LC
8 OoPC T4a NO VI'A 70(20)Gy Cisplatin N 175 Grade 1 36 m NED 36m LC
9 0oPC T2 - N2C VIA 66(16)Gy. CBDCA N 24.5 = 9m DOD 6 m rec
10 orc T4a NO VIA 70(20)Gy Cisplatin N 21.7 = 8 m DOD 6 m rec
11 NPC T3 NO il 70(20)Gy Cisplatin N 23.0 Grade 0 78 m NED 78 m LC
12 NPC T2b N1 1 70(20)Gy -Cisplatin N 249 Grade 0 74 mNED . 74mLC
13 NPC T2b N1 I 70(20)Gy Cisplatin N 27.8 Grade 0 73 m NED 73 m LC
14 NPC T3 NO 11 70(20)Gy Cisplatin N 239 Grade 0 73 m NED 73 mLC
15 NPC T1 NO 1 70(20)Gy Cisplatin N 224 Grade 0 70 m' NED 70'm LC
16 NPC T1 ‘N1 i - 70(20)Gy Cisplatin N 248 Grade 0 68 mNED ~ 68mLC
17 NPC T3 N1 11 70(20)Gy + Cisplatin N 239 Grade 0 68 m NED 68 m LC
18 NPC T3 N2 - il 70(20)Gy Cisplatin N 23.6 Grade 0 65:m NED 65 m LC
19 NPC T1 N2 1 70(20)Gy Cisplatin Y 214 Grade 1 - 59.m NED 59m LC
20 NPC T3 N2 il 68(20)Gy. Cisplatin ‘N 1262 Grade 0 57 m NED 57m LC

Abbreviations: HPC, hypopharyngeal cancer; OPC, oropharyngeal cancer; NPC, nasopharyngeal cancer; CBDCA, carboplatin; y, yes; n, no; m, months; NED, no evidence of the
disease; DOD, died of the disease; DID, died of the intercurrent disease; LC, loco-regional control.

tumor characteristics and their clinical results are shown in Table 1.
All patients were treated with whole neck IMRT to 46-50 Gy/23-
25 fractions, followed by boost IMRT limited to high-risk CTV to
a total dose of 60-70 Gy/30-35 fractions (median 70 Gy). The de-
tails of target definition and margins for planning target volume
(PTV) has been mentioned elsewhere [7].

Of the 20 patients, 10 had NPC, six oropharyngeal cancer (OPC),
and four hypopharyngeal cancer (HPC) (Table 1). Six patients were
treated with neck lymph node dissection before IMRT. Most pa-
tients were treated with concurrent chemotherapy of cisplatin
80 mg/m? as a Japanese standard dose for 2 or 3 times.

All patients were immobilized with a thermoplastic mask cov-
ering the head, neck and shoulders (Type-S thermoplastic based
system, MED-TEC, Orange City, [A). Computed tomography (CT)
scans or positron emission tomography/CT (PET/CT) for treatment
planning were obtained with contrast medium at 2 mm slice inter-
vals from the head through the aortic arch. For all patients, treat-
ment-planning CT or PET-CT was done twice before IMRT (CT-1)
and at the third or fourth week of IMRT for the treatment planning
of boost IMRT (CT-2) with a new thermoplastic mask. A new mask
was made carefully to be the same bony alignment of the initial
mask. Boost IMRT was started without split at the fifth week of
IMRT. An integrated PET/CT simulation was performed at CT-1
for 15 patients [9].

All treatment planning data for IMRT was obtained by inverse
planning with commercial treatment-planning systems (Eclipse
ver.7.3.10, Varian Medical Systems International Inc., Baden, Swit-
zerland). The IMRT beam arrangements consisted of seven co-planar
beams. The prescribed dose for PTV was 70 Gy, and the following
dose constraints were set on the organs at risk (OARs): maximum
dose for the spinal cord, 45 Gy; maximum dose of the brain stem,
54 Gy; mean dose for at least one parotid gland, 26 Gy, although
both parotid glands were tried to spare. Detailed dose constraints
for IMRT planning used at our institution are described in Table 2.

Method of analysis

To eliminate interobserver variability, re-contouring of OARs
and target volumes was performed by a single observer (TN) and
validated by a single medical doctor (YN). The spinal cord was out-
lined without margin between the first and sixth cervical vertebra
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Table 2
The objective parameters used in IMRT optimization.

Target and risk organs Dose constraints

PTV Dgs = 100% (prescription dose 70 Gy)
E Vii0x< 10% of PTV
Drnax < 120%
Dinean < 105%
Organs at risk ;
Brain (PRV) Dmax < 63 Gy
Brain stem (PRV) Dmax <54 Gy
Spinal ‘cord (PRV) Dax <45 Gy
Optic nerve Dimax < 54 Gy
Ampbhiblestrode Dinean <35 Gy
Lens Dmax <6 Gy
Inner/middle ear Diean < 45 Gy
Oral cavity Dmax < 54 Gy
Larynx Dinean < 45 Gy
Parotid gland (at least one) Dmean < 26 Gy
Non-specific region Dimax <70 Gy

Abbreviations: PTV, planning target volume; PRV, planning organ at risk volume;
Diax, maximum dose; Dinean, mean dose; Dgs, dose to the 95% of the volume; V310,
Volume (%) of receiving 110% of the prescription dose.

level. Parotid glands were also outlined without margin. Utilizing
PET-CT findings, the primary tumors and the largest metastatic
lymph node were re-contoured without margin as gross tumor vol-
ume-p (GTV-p) and GTV-n, respectively.

IMRT plans were defined as follows: Plan-1 was the actual ini-
tial IMRT plan applied to CT-1. Plan-2 was the actual boost IMRT
plan on CT-2. In addition, a Plan-3, in which the initial IMRT plan
was transferred to CT2 based on carefully matched Isocenter and
bony alignment, was made for this study. Dose distributions of
these plans were recalculated to obtain dose-volume histograms
(DVHSs) of re-contoured target volumes and OARs. No optimization
was performed for Plans-1, 2, and 3 after re-contouring.

The changes in volume, distance and dose were analyzed for
each patient. Comparisons of these parameters on Plan-1, Plan-2
and Plan-3 were analyzed by Mann-Whitney-Wilcoxon tests.

Volumes of GTVs and bilateral parotid glands were compared
between CT-1 and CT-2 with a paired samples analysis. To quantify
the positional shifts of the parotid glands, we calculated the dis-
tance from the surface of the parotid glands or the retromandibular
vein in the parotid glands to the midline on the slice with the larg-
est parotid gland area.
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Dosimetric parameters such as Dyean, Dog, and D, were evaluated
for Plan-1, Plan-2, and Plan-3. Dgg, and D, were doses to the 98% and
2% of the volume, respectively. For each IMRT plan, DVHs were calcu-
lated for GTVs and critical risk organs. Plan-3 was compared to Plan-1
to evaluate the effects of anatomic changes on dosimetric outcomes.
The replanning effects for dosimetric outcomes were compared for
Plan-2 and Plan-3. Dose parameters were calculated for a total pre-
scribed dose of 70 Gy for each plan. In addition, Dyean (sum) of the
bilateral parotid glands was calculated for each patient as follows.

Dmean(Sum) = Dpyean(Plan-1) x (initial plan dose)/70
+ Dmean(Plan-2) x (boost plan dose)/70

After the end of IMRT, loco-regional control and distant progression
was evaluated every 3-4 months for more than 5 years by clinical
examination, laryngo-pharyngeal fiberscopy, and every 6 months by
head and neck MRI or CT scan, as well as thoraco-abdominal CT scan.

Late toxicities were graded according to the Common Toxicity
Criteria for Adverse Events (CTCAE) version 3.0. Xerostomia was
scored prospectively and recorded in the clinical chart every 3-
4 months. The attending physicians (YN and TS) asked patients to
follow dietary alterations and the need for a water bottle every
3-4 months, and the best grade at 12-24 months after the start
of IMRT was used as an end-point.

Results

Fig. 1(a-c) shows the volume changes in GTVs and parotid
glands between CT-1 and CT-2. The mean volumes of GTV-p and
GTV-n on CT-2 reached 37.1 £23.5% and 47.6 + 36.8% compared
with CT-1, respectively (p=0.002 and p=0.081). The volume of
parotid glands also decreased to 81.9 + 12.4% of the initial volume
with significant difference (p < 0.0001). The lateral surface of the
parotid glands shifted medially with an average of 4.2 £ 2.9 mm
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(p <0.0001) on CT-2. The retromandibular vein in parotid glands
shifted medially with an average of 2.4 + 3.3 mm (p = 0.00002).

Table 3 shows dose parameters calculated for a total prescribed
dose of 70 Gy for each plan. Dyeans Of parotid glands in Plan-1,
Plan-2 and Plan-3 were 25.4 Gy, 20.0 Gy and 30.3 Gy per 70 Gy,
respectively. In addition, the average Dpean (Sum) of the bilateral
parotid glands was 23.9+ 2.6 Gy. According to the anatomical
change, Dyean Of the parotid glands increased significantly between
Plan-1 and Plan-3 (5.0 £5.1 Gy; 119.9%, p <0.0001). Dppean of the
parotid glands significantly reduced in Plan-2 compared with
Plan-3 (10.3 £ 3.6 Gy; 66.0%, p < 0.0001).

There was no statistically significant difference in the Dyea, 0f the
spinal cord. D, values of the spinal cord were 37.2 Gy, 36.7 Gy and
39.1 Gy per 70 Gy, respectively. The increase in the D, of spinal cord
was statistically significant at Plan-3 compared to Plan-1
(1.9 £2.0 Gy; 105.4%, p = 0.0003). The increase in D, of the spinal
cord was correlated with the volume loss of GTV-p (Spearman’s cor-
relation coefficient 0.91). D, of the spinal cord could be reduced by
Plan-2 compared with Plan-3 (2.4 + 5.2 Gy; 93.9%, p = 0.0507) with
marginal significance. Between Plan-1 and Plan-3, there was a slight
but significant increase in Dyean and Dgg of GTV-p (0.6 £ 0.7 Gy;
p = 0.0007, 0.8 £ 0.6 Gy; p < 0.0001). There were no significant dose
changes in Dyean and Dog of GTV-n.

Fig. 2 shows Plan-1 on CT-1 (a) and the same plan on CT-2 (Plan-
3) (b) for nasopharyngeal cancer. The body size on CT-2 has shrunk,
and the GTV (shown in pink) has apparently regressed. The parotid
glands and spinal cord were included in the high dose region.

The median follow-up period was 57 months (range, 8-
78 months). Grade of xerostomia 1-2 years after the start of IMRT
could be evaluated for 15 patients. There were 12 patients with
grade 0 and 3 patients with grade 1 (Table 1). No patient com-
plained of grade 2 xerostomia in this cohort after 1-2 years. Dyean
(sum) of parotid glands for the 12 patients with grade 0 and 3
patients with grade 1 were 24.1+19Gy (21.6-27.8) and
21.9+4.7 Gy (17.5-26.8), respectively.
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Fig. 1. (a-c). Volume changes of GTV and parotid glands between CT-1 and CT-2. The box represents standard deviation (SD), and the horizontal line in the box represents the

mean of the volumes. The bar represents the range of the volumes.
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Table 3
Dose parameters calculated for a total prescribed dose of 70 Gy for each plan.
- Index Plan-1 ' Plan-2 Plan-3 Plan-3-Plan-1 ! Plan-3-Plan-2
i ! ~ Ave. £ sD " Ave.xSD Ave. 5D Ave. +SD p Value Ave.+SD p Value
GTV-p Dimean (GY) 73208 72.7+0.7 73807 0607 0.0007 . 11z%08 -<0.0001
Dos (Gy) 714+08 71.5+0.7 721+09 0806 <0.0001 - . 07+06 -0.0003"
GTV-n " Dmean (GY) 743%1.6 73.8:05 74317 0.0£1.5 .0.9600 S 05%12 03270
; Dgg (Gy) 728+1.7 . 728108 72615 0222 0.8150 -03%15 - 0.6650
Parotid glands Dmean (GY) 25422 20055 30353 :5.00£5.1 - .<0.0001 103£36 -<0.0001
Spinal cord D; (Gy) 372250 36.7£39 39.1%52 1.9%2.0 0.0003 2452 -0.0507

Abbreviations: GTV-p = the volume of primary gross tumor; GTV-n = the volume of maximum metastatic lymph node; Dean = mean dose; Dgg = dose to the 98% of the

volume; D, = dose to 2% of the volume.

Plan-1 = initial treatment plan applied on CT-1; Plan-2 = boost treatment plan on CT-2; Plan-3 = the original plan with the initial treatment plan transferred to the same

anatomical position of CT-1 on CT-2.

Fig. 2. (a) Dose distribution of the initial IMRT plan on CT-1 (Plan-1) for a patient with nasopharyngeal cancer. (b) Dose distribution of the same plan on CT-2 (Plan-3). The
body size on CT-2 shrank, and the parotid glands shifted medially. A 30 Gy iso-dose line (pink) shifted to the middle of the parotid glands (orange).

Loco-regional control rates for patients with NPC and OPC/HPC
were 100% and 50%, respectively. Loco-regional recurrences were
noted in one patient with HPC and four patients with OPC,
although no marginal recurrences were noted (Table 1).

Discussion

Dosimetric and clinical results of our adaptive RT scheme for a
two-step IMRT method for head and neck cancers were analyzed in
the present study. Although there are many studies on dosimetric
changes during IMRT [10-12], a few studies revealed the dosimet-
ric changes and the clinical outcome of adaptive RT [4]. Schwartz
et al. [4] performed a prospective study of adaptive RT simulta-
neous integrated boost (SIB) method for 22 patients with head
and neck cancer, and demonstrated that one or two adaptive
replanning could provide dosimetric and clinical benefit. Although
one replanning was necessary for all patients, second replanning
was necessary for 36% (8/22) of the patients. As the significant ana-
tomical changes occurred during 3-4 weeks of treatment [4,5], at
least one replanning (two-step) seems necessary for head and neck
cancer. The advantage of a sequential two-step method compared
with replanning of a SIB method [4,12] may be that the irradiated
volume can be reduced in the second step boost IMRT.
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Several studies have demonstrated anatomical changes during
IMRT with concurrent chemotherapy for head and neck cancer
[5-7,10,11]. Similar anatomical and volume changes were noted
in the present study, and the position of the parotid glands shifted
medially with an average of 4.2 mm. The mean volumes of the
GTV-p and parotid glands on CT-2 obtained after 3-4 weeks of
IMRT reached 37.1% and 81.9% respectively, compared with CT-1
with significant difference. If replanning was not performed, the
parotid glands shifted toward a high dose region (Fig. 2).

In terms of dosimetric changes according to the change in body
surface contour and positional changes of target and risk organs for
head and neck cancer, significant changes in maximum dose of the
spinal cord and Dsy (dose to 50% of the volume) of the parotid
glands were reported by Ahn et al. [10]. They concluded a need
for adaptive replanning for head and neck IMRT. In the present
study, the mean dose of the parotid glands and D, of the spinal
cord increased significantly on Plan-3. As a two-step IMRT method
can adjust to the anatomical changes in the body surface contour
and target and risk organs during IMRT treatment, this method is
effective to prevent any increase in the high dose regions of the
spinal cord and parotid glands. No patients complained of
grade-2 or -3 xerostomia 1-2 years after IMRT. In three prospective
studies on one-step IMRT using a SIB method, incidences of grade 2
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or worse xerostomia at 1-2 years were reported 16.1%, 29.0%, and
39.3%, respectively [2,13,14]. Thus, our initial clinical results
suggest that a two-step IMRT may be effective for preventing
xerostomia.

As patients with locally advanced NPC frequently appeared with
large neck lymph node swelling and as both primary tumors and
neck lymph nodes regress rapidly with RT, a two-step IMRT meth-
od is especially desirable for locally advanced NPC. In fact, good
loco-regional control was obtained for NPC in the present study.

In conclusion, the dosimetric advantage of a two-step IMRT
method was shown for patients with head and neck cancer treated
with concurrent chemotherapy. This two-step IMRT method as an
adaptive RT scheme could adapt to changes in body contour, target
volumes and risk organs during IMRT.
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Obijective: Long-term survival and late toxicities of a randomized Phase Il study of chemo-
radiotherapy for esophageal cancer were analyzed.

Methods: Eligible patients were <75 years old and performance status 0—2, and had Stages
l1-1VA esophageal cancer. For arm A (short-term infusion), cisplatin 70 mg/m? Days 1 and 29
and 5-fluorouracil 700 mg/m? Days 1-—5 and 29—33 were given concurrently with radiotherapy
of 60 Gy/30 fr/7 weeks (1 week split). For arm B (protracted infusion), cisplatin 7 mg/m? Days
1-5, 8—~12, 2933 and 36-40, and 5-fluorouracil 250 mg/m? Days 1—14 and 29-42 were
given with the same radiotherapy. Two cycles of consolidation cisplatin/5-fluorouracil chemo-
therapy were given to both arms.

Resulis: Between 2001 and 2006, 91 patients were enrolled; 46 were randomized to arm A,
and 45 to arm B. The 2- and 5-year overall survival rates for arm A were 46 and 35% (95%
confidence interval: 22—-48%), while those for arm B were 44 and 22% (11-35%), respective-
ly. Excluding four patients with early death, seven (17%) patients in arm A and eight (18%) in
arm B showed late toxicities of Grade 3 or more. Most of the toxicities were cardiac or pleural
foxicities. Patients with severe late toxicities often had coexistent hypothyroidism. There were
three patients with a secondary malignancy possibly related to treatment.

Conclusions: Low-dose protracted infusion chemotherapy with radiotherapy is not superior
to full-dose short-term infusion chemotherapy with radiotherapy for esophageal cancer. Late
toxicities, including cardiac and pleural toxicities, hypothyroidism and secondary malignancy,
should be carefully monitored.

Key words: esophageal cancer — chemoradiotherapy — late toxicities — hypothyroidism — secondary
malignancy
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INTRODUCTION

For esophageal cancer, a significant improvement in local
control and overall survival was achieved with concurrent
chemoradiotherapy (CRT) as compared with radiotherapy
(RT) alone (1—3). To improve these results, a Phase III trial
comparing standard dose RT (50.4 Gy) and high-dose RT
(64.8 Gy) concurrently combined with 5-fluorouracil (5-FU)/
cisplatin was conducted (4). In the INTO0123 trial, the high-
dose arm did not offer a survival benefit compared with the
standard dose arm (4). Thus, at present, four cycles of full
dose 5-FU/cisplatin combined with 50 Gy of RT is the stand-
ard CRT regimen for esophageal cancer in the USA.

Several investigators including ourselves also showed
promising clinical results using low-dose protracted infu-
sion chemotherapy (CT) combined with full dose RT of
60—66 Gy for locally advanced esophageal squamous cell
carcinomas (5—10). A low-dose protracted infusion of 5-FU
or 5-FU plus cisplatin was proposed to reduce the acute toxi-
cities due to concurrent CRT (8,10). In addition, to obtain
maximum radiosensitization by CT, daily administration of
low-dose protracted CT combined with RT may be better
than full dose short-term CT plus RT. When this protocol
was started, low-dose protracted infusion CT combined with
full dose RT of 60—66 Gy was popular for locally advanced
esophageal squamous cell carcinomas in Japan an.

To test the above hypothesis, this randomized Phase II
study was conducted to compare the relative toxicity and ef-
ficacy of combining full dose short-term CT (arm A) or
low-dose protracted CT (arm B) with RT for esophageal
cancer (12). The primary endpoint of the study was the
2-year overall survival rate. In the initial report, the 2-year
overall survival rates for arms A and B were 46 and 44%, re-
spectively, without significant difference (12). However, the
survival curve of arm A was slightly higher than that of arm
B after 2 years, with S-year survival rates of 35 and 24%, re-
spectively. As all patients could be followed up for more
than 5 years after randomization, the long-term survival rate
and late toxicities of the trial were re-analyzed in this report.

PATIENTS AND METHODS
INVESTIGATIONAL DESIGN

This randomized Phase II multicenter study was started by the
Kyoto Radiation Oncology Study Group (KROSG), and joined
subsequently by the Japanese Radiation Oncology Study
Group (JROSG). The protocol (KROSG0101/JROSG021) was
approved by the institutional review boards or ethics commit-
tees of all participating institutions, and written informed
consent was obtained before entry into the study. The details
of the protocol have been published elsewhere (12).

ELiGBILITY CRITERIA AND TREATMENT PROTOCOL

Inclusion criteria were histologically confirmed esophageal
squamous cell carcinoma or adenocarcinoma of Stage II-IVA
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(UICC 1997). Only patients with no prior therapy, age <75
years, performance status of 0—2, and adequate bone
marrow, hepatic and renal function were eligible. Multiple
esophageal tumors were also eligible, but tumors with fistula
were excluded.

Al eligible patients were randomly assigned either to arm
A (full dose short-term CT) or arm B (low-dose protracted
CT) by customized randomization software; patients were
stratified according to tumor length (<6 vs. >6 cm), clinical
stage (Stage I1A, IIB vs. Stage III, IVA) and institution.

Two courses of concurrent CT were combined with RT of
60 Gy/30 fractions/7 weeks (1 week split at the fourth week).
A 6—15 MV X-ray was used. The daily fractional dose of
RT was 2 Gy administered 5 days a week. The primary
tumor and involved lymph nodes of >0.5 cm in the shortest
diameter on computed tomography represented the gross
tumor volume (GTV). The initial 40 Gy was delivered to
clinical target volume 1 (CTV1), and the final 20 Gy was
delivered to a reduced volume defined as clinical target
volume 2 (CTV2) including the GTV with a margin (lateral
and anterior/posterior directions 0.5 cm; cranio-caudal direc-
tion 1 cm). CTV1 for cervical, upper, and middle thoracic
esophageal cancer included the GTV with a margin plus the
supraclavicular and mediastinal lymph nodal areas (T-shaped
field). For cervical esophageal cancer, lower mediastinal
lymph nodal areas were excluded from CTV1. For tumors
originating in the lower thoracic esophagus, CTV1 included
the GTV with a margin plus the mediastinal and perigastric/
celiac lymph nodal areas (I-shaped field).

For both CTV1 and CTV2, a margin (lateral and anterior/
posterior directions 0.5 cm; cranio-caudal direction 1 cm)
was added to make planning target volume 1 and 2
(PTV1,2). In addition, leaf margins for PTV1,2 of
0.5—0.8 mm were added. RT doses were specified in the
center of the target volume and calculated with lung inhomo-
genous correction.

Two cycles of CT were delivered concurrently with RT
for both arms. For arm A, cisplatin 70 mg/m? (Day 1) was
delivered via 2 h intravenous infusion (IV), and 5-FU
700 mg/m?/day was administered as a continuous IV
(Days 1-5). For arm B, cisplatin 7 mg/m? (Days 1-5 and
Days 8—12) was delivered 1 h IV, and 5-FU 250 mg/m*/day
was administered as continuous IV (Days 1—14). For arm B,
RT was administered within 1 h after the administration
of cisplatin. The total dose of CT was the same for the
two arms. This schedule was repeated twice every 4 weeks
concurrently with RT. For both arms, two cycles of consoli-
dation CT with cisplatin 70 mg/m* (Day 1) and 5-FU
700 mg/m?*/day (Days 1—4) were given after CRT as the
protocol.

FoLrLow-up

Locoregional recurrence and distant metastasis were evalu-
ated by barium swallow, upper gastrointestinal endoscopy,
and thoraco-abdominal computed tomography scan at



3—6 month intervals after initial evaluation of tumor
response. When tumor progression or recurrence was noted,
salvage treatment was mandatory for the attending
physicians.

Late toxicities observed after 4 months of the start of
treatment was graded once a year according to the RTOG/
EORTC Late Radiation Morbidity Scoring Scheme and the
National Cancer Institute Common Toxicity Criteria
(NCI-CTC) (version 2.0), because the CTC for Adverse
Events version 3.0 was not available in 2001. Maximum
grade scored in the follow-up period was recorded for each
patient. Although hypothyroidism was scored once a year,
periodical thyroid function tests were not mandatory in the
protocol. In terms of secondary malignancy, only malignan-
cies that appeared more than 3 years after the randomization
in or near the RT field were recorded.

ENDPOINTS

The primary endpoint of the study was the 2-year overall sur-
vival rate. Secondary endpoints were overall survival curves,
local control curves, acute and late toxicities and the compli-
ance rate of the protocol. When four cycles of CT and 60 Gy
of RT could be given as the protocol, the patient was
regarded as being in full compliance with the protocol.
When two cycles of CT and 60 Gy of RT could be given
concurrently, the patient was regarded as being in partial
compliance with the protocol. As the concurrent phase of
CRT is a major part of the protocol, when at least two
cycles of CT and 60 Gy of RT could be given concurrently
(full compliance and partial compliance), patients were
regarded as per protocol set.

STATISTICAL ANALYSIS

The probability of survival was estimated using the Kaplan—
Meier method with statistical significance assessed by
the log-rank test. Data were analyzed according to the
intent-to-treat principle. Survival was calculated from the
date of randomization. Overall survival considered deaths
due to any cause. Local control considered any local or re-
gional tumor progression within CTV1 which received
40 Gy or more. When patients died of distant metastasis or
other disease without loco-regional progression, local control
was censored. Relationships between hypothyroidism and
RT fields or other late toxicities were examined by the y?
test with Yates’ correction.

RESULTS

From December 2001 to June 2006, 91 patients were regis-
tered. Forty-six patients were randomly assigned to arm A,
and 45 to arm B (Fig. 1). As of June 2011, 71 patients had
died, and 20 patients were alive. The follow-up period for
the living patients ranged from 59 to 114 months with a
median of 83 months. Table 1 shows the characteristics of
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Figure 1. Flow diagram of the patients registered.

Table 1. Characteristics of patients and treatment parameters according to
treatment arm (intention-to-treat analysis)

Arm A (n=46) B (n = 45)
Age (median) 45-74 (63) 48-74 (63)
Male/female 41/5 41/4
PS: 0/12 23/20/3 22/21/2
Histology; Sq/Ade 45/1 45/0
Primary site

Ce/Ut/Mt/Lt 6/13/15/12 4/15/19/7
Length of the tumor

<6 cm/>6 cm 23/23 (2—12 cm) 21/24 (1-19 cm)

TNM stage (UICC 1997)

T1/2/3/4 4/7/14/21 4/9/13/19

No0/1 8/38 9/36

St 2/3/4a 11/30/5 11/27/7
Initial RT field

T-field 38 38

I-field 8 7

PS, performance status; Sq, squamous cell carcinoma; Ade,
adenocarcinoma; Ce, cervical esophagus; Ut, upper thoracic esophagus; Mt,
middle thoracic esophagus; Lt, lower thoracic esophagus; RT, radiotherapy;
TNM, tumor node metastasis; UICC, International Union Against Cancer.

the 91 patients and treatment parameters according to each
treatment arm. There were no significant differences in
patient characteristics or treatment parameters between the
two arms. The planned dose of 60 Gy was delivered to 88
patients (97%), while RT was terminated at 30 Gy for three
patients. When patients with full and partial compliance
were combined as per the protocol set, the rate per protocol
in arm A (41/46; 89%) was significantly higher than that in
arm B (32/45; 71%) (P = 0.031).
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All 91 patients were evaluated in terms of survival based
on the intent-to-treat principle. Figure 2 shows the overall
survival curves for the two arms. The 2- and 5-year survival
rates for arm A were 46% [95% confidence interval (CI):
31-59%] and 35% (95% CI: 22—48%), respectively. Those
for arm B were 44% (95% CI: 30—58%) and 22% (95% CI:
11-35%), respectively. There was no significant difference
between the overall survival curves.

Figure 3 shows the local control curves for both arms. The
2- and 5-year local control rates for arm A were 38% (95%
Cl: 24—-52%) and 30% (95% CI: 17— 44%), while those for
arm B were 34% (95% CI: 21—48%) and 21% (95% CI:
11-35%), respectively. There were no significant differences
between the two curves. When residual or recurrent tumors
were detected after 60 Gy of CRT, appropriate treatment
was chosen by the attending physicians, and salvage surgery
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Figure 2. Intent-to-treat analysis of overall survival curves for arm A and
arm B.
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Figure 3. Intent-to-treat analysis of local control curves for arm A and arm B.
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was performed for 16 patients. For 12 patients (6 patients in
arm A and 6 in arm B), potentially curative resection was
achieved, while non-curative resection was achieved in 4
patients (2 patients in arm A and 2 in arm B).

Late toxicities associated with CRT were scored for 87
patients excluding 4 patients who died within 4 months
(Table 2). The follow-up period ranged from 4.5 to 114
months (median; 19.5 months). There were no significant
differences in late toxicities between the two arms. Seven
(17%) patients in arm A and eight (18%) in arm B showed
late toxicities of Grade 3 or more. Most of the toxicities
were cardiac or pleural toxicities. Five patients showed
Grade 4 toxicities including pericardial effusion, pleural ef-
fusion and cardiac infarction. Notably, most patients with
severe late toxicities had coexistent hypothyroidism. Table 3
shows the relationship between hypothyroidism and RT
fields or other late toxicities in 41 patients who survived

Table 2. Late toxicities according to treatment arm [National Cancer
Institute Common Toxicity Criteria (NCI-CTC) version 2.0, RTOG/EORTC
late radiation morbidity scoring scheme]

Arm A(n=42) B (n=45)
Esophagus G2/3/4 1/1/0 2/1/0
Heart G2/3/4 0/3/2 2/1/2
Lung G2/3/4 2/0/0 0/1/0
Pleura G2/3/4* 1/3/1 41210
Pneumothorax G2/3/4* 1/0/0 0/0/0
Hypothyroid G2/3/4* 6/0/0 7/1/0
Kidney G2/3/4* 0/0/0 0/1/0
Second cancer G2/3/4/5% 0/0/1/1 0/0/1/0
Patient max G2/3/4/5 5/2/4/1 9/5/3/0
Patient max >G3 7 (17%) 8 (18%)

Four patients who died within 4 months were excluded from the analysis of
late toxicities.
*Late toxicities graded according to NCI-CTC version 2.0.

Table 3. Relationship between hypothyroidism and RT fields or other late
toxicities in patients who survived more than 24 months

Hypothyroidsm T-field I-field
Grade 0 14 7
Grade 1 7 0 GO vs. G1-3;
X*=5.86, P < 0.05
Grade 2—3 13 0 GO—1 vs.
G2-3; NS
Other late toxicities
Grade 0—1 Grade 2—5
Grade 0—1 18 10
Grade 2—3 0 13 x?=12.40, P < 0.001

NS, not significant.



more than 24 months. Hypothyroidism of Grade 13 was
noted in 20 (49%) of the 41 patients. All of the patients with
hypothyroidism (Grade 1—3) were treated with a T-shaped
field (neck + mediastinum), and no patient treated with an
I-shaped field (mediasinum + perigastric/celiac region)
showed hypothyroidism (P < 005). All 13 patients with
Grade 2—3 hypothyroidism had coexistent other late toxici-
ties of Grade 2 or more, while only 10 of 28 patients with
Grade 0—1 hypothyroidism had other late toxicities of Grade
2 or more (P < 0.001).

There were three patients with a secondary malignancy
possibly related to cancer treatment. One patient in arm A
died of acute myelogenous leukemia 77 months after CRT
without recurrence of esophageal cancer (Grade 5). In
another patient, follicular lymphoma of the duodenum was
detected 53 months after CRT. This tumor occurred out of
the perigastric RT field, and was treated successfully with
CT. In one other patient, early gastric adenocarcinoma was
detected out of the RT field 32 months after CRT. This
tumor was resected endoscopically. For this patient, lung
squamous cell carcinoma (TINOMO) was detected 96
months after CRT in the irradiated volume of 20 Gy.
Curative surgery was performed for this early lung cancer,
and this patient showed no evidence of disease up to 110
months after the CRT. In this patient, gastric cancer was not
regarded as a secondary malignancy because of the short
interval, but the lung cancer that occurred in the RT field 96
months after CRT was regarded as a secondary malignancy.

DISCUSSION

The 5-year minimum follow-up of patients in this analysis is
critical for evaluation of long-term survival rates and late
toxicities associated with CRT for locally advanced esopha-
geal cancer. Only a few prospective trials on CRT for
esophageal cancer reported real long-term survival rates. In
the RTOG-8501 trial, the 5-year survival rate of patients
treated with 50 Gy CRT was 27% (1,2). In the trial,
T4 tumors were not included. In the INT-0123 trial, only
overall survival rates within 3 years were reported (4). In the
Japan Clinical Oncology Group (JCOG) Phase II study of
CRT for resectable esophageal cancer excluding T4 tumors,
the 5-year overall survival rate was 37% (13). In arm A, the
5-year overall survival rate was 35% (95% CI: 22—48%),
even though 46% of the tumors were T4 disease. Thus, the
survival rate in this trial especially for arm A (full dose
short-term infusion CT) seems excellent.

In the initial analysis, the survival curve of arm A was
slightly higher than that of arm B after 2 years, with 5-year
survival rates of 35 and 24%, respectively (12). In the
present analysis, the 5-year survival rates were 35 and 22%
for arm A and arm B, respectively (Fig. 2). Although the
5-year survival rate was still higher for arm A than for arm
B, the difference was not statistically significant. In terms of
long-term local control rates, arm A showed a better local
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control rate than arm B, although this was not significant
(Fig. 3). Thus, our initial hypothesis that daily administration
of low-dose protracted CT is better than full-dose short-term
CT in enhancing radio-sensitization effects was not proved.

Grade 3—5 late toxicities were noted in 17—18% of the
patients in this analysis. This rate is much lower than 37% in
the 50.4 Gy arm of the INT-0123 or 29% in the CRT arm of
RTOG-8501 (2,4). The two trials used the same RTOG mor-
bidity scoring criteria for late toxicities as the present study.
Most of the serious late toxicities were cardiac or pleural
toxicities, and five patients showed Grade 4 pericardiac and/
or pleural effusion. Notably, most patients with severe late
toxicities had coexistent hypothyroidism. In the present ana-
lysis, a significant correlation was noted between Grade 2—3
hypothyroidism and Grade 2 or more other late toxicities
(Table 3). Although pericardiac and pleural effusion are
well-known late toxicities associated with CRT for esopha-
geal cancer (9,13—15), no investigators have described the
relationship between hypothyroidism and pericardiac and/or
pleural effusion. Hypothyroidism was only noted for patients
treated with a T-shaped field (neck + mediastinum) after
several years of RT, and 14 patients needed thyroid hormone
therapy. Hypothyroidism is a well-known late toxicity for
head and neck cancer, including cervical esophageal cancer
(16—18). However, pericardiac and/or pleural effusion are
very rare for head and neck cancer. In the treatment of thor-
acic esophageal cancer, in addition to thyroid glands, the
heart and pleura were also irradiated. Thus, the degree of
pericardial or pleural effusion may be enhanced by coexist-
ent hypothyroidism.

As a serious late toxicity, secondary malignancies possibly
related to cancer treatment were noted in three patients.
Although there are several case reports on therapy-related leu-
kemia following definitive CRT for esophageal cancer (19,20),
therapy-related solid tumors following CRT for esophageal
cancer have not been reported. Acute myelogenous leukemia
was noted 77 months after CRT, follicular lymphoma of the
duodenum 53 months after CRT and lung squamous cell car-
cinoma 96 months after CRT. Because a lung tumor was
detected 96 months after CRT in the irradiated volume of
20 Gy, the tumor was considered to be a therapy-related tumor.
In the present study, two of the three secondary malignancies
could be treated curatively. Careful follow-up examinations
after 5 years of CRT may be necessary to detect multiple pri-
maries, including CRT-induced secondary malignancies.

In conclusion, our results suggest that low-dose protracted
infusion CT with RT is not superior to full-dose short-term
infusion CT with RT for esophageal cancer. For long-term
survivors after CRT for esophageal cancer, late toxicities in-
cluding cardiac and pleural toxicities, hypothyroidism and
secondary malignancies should be carefully monitored.
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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-1II, (C) unresectable stages
I-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 T1-3NO,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 M1-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 II
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 (TIN1MO, T2,3N0,1MO; stages
[I-III); group C, those with unresectable tumors (T4 or
M1-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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