The median OS for their entire group was 20 months, which
was better than previously published data® Also, the
Okayama Lung Cancer Study Group (OLCSG) 0007 trial
showed a median OS of 24 months in the MVP arm.” The
reason for this favorable survival is not clear, but it appears
that recent Japanese trials are reporting better OS than
previously published data.

Another possible reason for the better OS in our study
was our adoption of modern radiotherapy planning, which
decreased toxicities, whereas previous studies'” did not
adopt dosimetric parameters such as V20. In our study, only
1 patient developed severe pneumonitis; the remaining 58
patients had no grade 3/4 pulmonary toxicity. Also, grade 3
esophagitis did not occur, except in 1 patient. In addition,
58% of the patients in our study underwent PET staging,
which may have introduced a selection bias and resulted
in better OS, in that patients in whom distant metastases
were detected by PET were no longer continued on
chemoradiotherapy.

Although there was the limitation that our study was a
retrospective analysis, the difference in survival between
the two groups was likely to have been due to the chemo-
therapy regimen selected, because the baseline patient
characteristics were well matched and the radiotherapy was
homogeneous in terms of the total tumor dose, daily frac-
tion size, and the beam arrangements. Theoretically, there
are other possible explanations for the advantageous
survival outcome in the group treated with the weekly
regimens. First, the radiosensitizing effect”® of weekly
administrations may have played a more important role.
However, there was no significant difference in either the
LRC or DMFS between the weekly-regimen and full-dose-
regimen groups; thus, the radiosensitizing effect of the
weekly regimens could not be confirmed.

In our study, the prescribed dose was 60 Gy in 30 frac-
tions for all patients. Although several trials have tested
high-dose radiotherapy to improve the LRC, no random-
ized study of high-dose radiotherapy vs standard-dose
radiotherapy has been published. Therefore, 60 Gy remains
the standard radiation dose for stage III NSCLC*

In patients with metastatic NSCLC (without radiother-
apy), third-generation regimens have been proven to be
more effective than second-generation regimens.*" Thus,
the lower survival outcome of patients treated with the full-
dose regimen in our study may be attributable to the MVP
regimen, in which second-generation agents are used.
However, in both our regimen groups, including the patients
with consolidation chemotherapy, distant visceral recur-
rences did not seem to be suppressed. On the other hand,
one-quarter of patients with locally advanced NSCLC had
no recurrence and were deemed curable.

In the present study, the toxicities of and compliance
with the regimens were favorable and were comparable
between the two groups. However, a 1-week split in the
planned thoracic radiotherapy was needed for recovery
from myelosuppression in the group of patients treated with
the MVP regimen. Thus, the duration of radiotherapy was
more prolonged in patients treated with the MVP regimen
than in those treated with a weekly regimen. This shorter
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duration of radiotherapy is another advantage of a weekly
regimen.

Although there is the limitation that our study was small
and retrospective, the results suggested favorable survival
of the patients with weekly regimens compared with that in
the patients with the full-dose regimens. Confirmation of
the results by randomized phase III trials is warranted.
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Objective: The aim of this study was to analyze the clinical results of our adaptive radiation
therapy scheme of a two-step intensity-modulated radiotherapy (IMRT) method for nasoph-
aryngeal cancer (NPC) at Kinki University Hospital.

Methods: Between 2000 and 2007, 35 patients with Stage |-1VB NPC treated by IMRT were
included. For all patients, treatment-planning computed tomography was done twice before
and during IMRT to a total dose of 60-70 Gy/28-35 fractions (median 68 Gy).
Chemotherapy (cisplatin 80 mg/m?/3 weeks x 1-3 courses) was given concurrently with
IMRT for 31 patients.

Results: The 3- and 5-year overall survival rates for the 31 patients treated with concurrent
chemotherapy were 88% and 83%, respectively. The 3- and 5-year loco-regional control rates
for the 31 patients were 93% and 87%, respectively. Planning target volume delineation for
the primary site or involved nodes was insufficient for three early cases, resulting in marginal
recurrence in the three patients (9%). Except for one patient with early death, xerostomia
scores at 1-2 years were: Grade 0, 11; Grade 1, 17; Grade 2, 5; Grade 3, 1.

Conclusions: Excellent overall survival and loco-regional control rates were obtained by a
two-step IMRT method with concurrent chemotherapy for NPC, although marginal recurrence
was noted in some early cases.

Key words: intensity-modulated radiotherapy — nasopharyngeal cancer — radiation therapy

INTRODUCTION

For locally advanced nasopharyngeal carcinoma (NPC), con-

clinical target volumes (CTVs) are in contiguity with
organs at risk such as the salivary glands, brain stem and

current chemo-radiotherapy (CRT) showed better overall sur-
vival rates compared with radiotherapy (RT) alone by
several randomized clinical trials and a meta-analysis (1-5).
In the meta-analysis, significant benefit for overall survival
and event-free survival was observed when chemotherapy
was administered concomitantly with RT (1). In the random-
ized clinical trials comparing RT alone and concurrent CRT
for locally advanced NPC, the 3-year overall survival rates
were 46—65% for RT alone and 76—85% for CRT (2-5).
Thus, for locally advanced NPC, concurrent CRT is regarded
as a standard treatment.

Another advance in the treatment of NPC is the success-
ful clinical use of intensity-modulated RT (IMRT). IMRT
is effective especially for head and neck cancers, since the

spinal cord. Two randomized clinical trials comparing
IMRT and conventional RT for patients with early-stage
NPC showed significant benefit of IMRT on the salivary
function and quality of life of patients (6,7). Single
institutional reports on IMRT for NPC showed excellent
loco-regional control rates and overall survival rates
(8—14).

Although it is really exciting to use this new technique to
improve the therapeutic ratio, questions remain whether the
conformation of target coverage and normal tissue sparing
may cause marginal failure (15—17). As treatment planning
and quality assurance (QA) of IMRT plans require a long
time to prepare, most investigators use the initial plan of
IMRT for the whole course of IMRT. However, significant

© The Author (2009). Published by Oxford University Press. All rights reserved.
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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 (13,18).
Our previous analysis revealed that the volume of the parotid
glands decreased to 74% during the course of IMRT (19).
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 mar-
ginal recurrence or late toxicities. In fact, marginal recur-
rences after IMRT for head and neck cancer are reported by
several investigators (20,21).

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) (19). In the present study, the clinical
results of our adaptive RT scheme of a two-step IMRT
method for patients with NPC were analyzed
retrospectively.

PATIENTS AND METHODS

Between December 2000 and December 2007, 38 consecu-
tive patients with NPC were treated at our institution.
Excluding three patients with Stage IVc disease (UICC,
sixth edition in 2002), 35 patients treated by IMRT were
included. Patients and tumor characteristics are shown in
Table 1. Staging work-up included clinical examination,
laryngo-pharyngeal fiberscope with biopsy from the primary
tumors, plain chest XP, head and neck magnetic resonance
imaging (MRI) and thoraco-abdominal CT scan. CT scan
was performed with contrast enhancement whenever poss-
ible. After October 2005, positron emission tomography
(PET) was performed for all patients, and for 14 patients, an
integrated PET-CT simulation was performed at CT-1 after
April 2006 (22,23).

Informed written consent for IMRT as a new method of
RT was obtained from all patients. All 35 patients were
treated by a two-step IMRT method; 34 treated with whole-
neck radiotherapy to 46—50 Gy/23—25 fractions by IMRT,
followed by boost IMRT to the high-risk CTV to a total
dose of 60—70 Gy/30—35 fractions (median 70 Gy), and one
patient treated with whole-neck radiotherapy to 44 Gy/22
fractions by a conventional method, followed by IMRT to a
total dose of 70 Gy/35 fractions. The median follow-up
period of the patients was 39 months with a range of 5-94
months.

When we started IMRT in December 2000, the present
institutional protocol for Stage I-IVB NPC was adopted,
i.e. concurrent chemotherapy (cisplatin 80 mg/m?/3
weeks x 3 courses) was given with a two-step IMRT
method (70 Gy/35 fractions/7 weeks), followed by two
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courses of adjuvant chemotherapy (cisplatin 70 mg/m?,
5-fluorouracil 700 mg/m? x 4 days). The dose of che-
motherapy was reduced compared with the Intergroup
Study 0099 because the dose used in the USA was too
toxic for Japanese patients (2,24). For two elderly patients
(>76 years old) and two patients with poor renal function,
concurrent chemotherapy was not given, and they were
treated with IMRT alone (Table 2). The remaining 31
patients were treated with concurrent chemotherapy, but the
third course of concurrent chemotherapy was not adminis-
tered for most patients because of acute toxicities.
Although we recommended adjuvant chemotherapy for the
patients, eight patients refused to receive adjuvant
chemotherapy because of the toxicities associated with che-
motherapy. Thus, adjuvant chemotherapy was given for 23
patients (Table 2).

Table 1. Patient and tumor characteristics

Age Median: 56 y.o. Range: 14—81
y.o.
Gender Male: 26 Female: 9
PS PS 0: 27 PS1:7 PS2:1
Histology WHO type I; 6

WHO type II; 26
WHO type II; 3
Double cancer: 3 patients
Nasal NK/T cell lymphoma; 3 years after NPC
Colon cancer (mucosal cancer); 1 year after NPC
Carcinoma in situ of the tongue; 4 years after NPC
TNM stage (UICC, 2002)

T1: 10 T2a: 3 T2b: 6 T3:7 T49
NO: 12 N1: 9 N2: 10 N3a:2 N3b:2
L5 Ila: 1 IIb: 6 I 11 Iva:8 Ivb: 4

P8, performance status; NK/T cell, natural killer T cell; NPC,
nasopharyngeal cancer.

Table 2. Summary of treatment parameters

Radiation therapy
Full IMRT: 34 patients, conv. RT + IMRT: 1 patient
Total dose: 60—70 Gy/2 Gy (median: 68 Gy)
Overall treatment time: 44—66 days (median: 51 days)
Concurrent chemotherapy: cisplatin 80 mg/m?/3 weeks

O course: 4 patients, 1 course: 1 patient, 2 courses: 21 patients, 3 courses:
9 patients

Adjuvant chemotherapy: cisplatin 70 mg/m?, 5-FU 700 mg/m? x 4 days

O course: 12 patients, 1 course: 5 patients, 2 courses: 17 patients, 4
courses: 1 patient

IMRT, intensity-modulated radiotherapy; 5-FU, 5-fluorouracil.

—300—



132 A two-step IMRT method for NPC

SIMULATION AND TREATMENT PLANNING

All patients were immobilized with a thermoplastic mask
covering the head, neck and shoulders (Type-S
thermoplastic-based system, MED-TEC, Orange City, 1A,
USA) Treatment-planning CT scans were obtained with con-
trast medium at 2 or 5 mm slice intervals from the head
through the aortic arch. For all patients, treatment-planning
CT was done before IMRT (CT-1) and at the third or fourth
week of IMRT for boost IMRT (CT-2). For most patients, a
new thermoplastic mask was made for CT-2.

Treatment planning for IMRT was done by inverse plan-
ning with commercial treatment-planning systems (TPSs)
(Cadplan Helios, Varian Associates, Palo Alto, CA, USA;
Eclipse, Varian Medical Systems International Inc., Baden,
Switzerland). The IMRT beam arrangements consisted of
seven coplanar beams. Typically, seven beam angles of 60—
75°, 105—115°, 135—-150°, 180°, 210—225°, 245-255° and
285-300° were used.

TARGET DEFINITION AND DOSE SPECIFICATION

Following the recommendations of the International
Commission on Radiation Units reports 50 and 62, the gross
tumor volume (GTV) including the primary tumor and
involved lymph nodes and CTV were determined. The defi-
nition of involved lymph nodes (GTV) was as followed.
Cervical lymph nodes with the shortest axial diameter of
>10 mm and retropharyngeal lymph nodes with the shortest
axial diameter of >5 mm on CT or MRI were defined as
malignant. Lymph nodes of borderline size with abnormal
enhancement were also indications of malignancy (25,26).
The nasopharyngeal area, bilateral Level II-V nodes and the
retropharyngeal nodes were included in the initial CTV (27).
Submandibular lymph nodes (Level Ib) were only included
in the CTV when involved lymph nodes were suspected in
the area.

Margins of 3—5 mm for treatment set-up and internal
organ motion error were added to the CTV to determine the
planning target volume (PTV) (28). For planning organ at
risk volume, a margin of 3 mm was added to the spinal cord.
For the parotid glands, no margin was added in treatment
planning.

After whole-neck irradiation of 44—50 Gy in 22-25 frac-
tions, boost IMRT was given to the PTV2 including the
GTV with appropriate margin on the basis of CT-2. The
daily prescribed dose to the PTV was 2.0 Gy. The prescribed
dose was normalized to the dose to 95% volume (D95) of
the PTV, and the dose to 10% volume (D10) of the PTV
was <110% of the prescribed dose to the PTV (27).

Our goals on dose—volume histogram (DVH) were
PTV-max <120% of the prescribed dose, PTV-mean
<105% (usually 103—-104%), D10 of PTV <110%,
maximum dose of the spinal cord <48 Gy, maximum dose
of the brain <64 Gy, median dose <19 Gy or mean dose
<25 Gy for at least one parotid gland.

TREATMENT DELIVERY AND QA

IMRT was delivered using dynamic multileaf collimation
with one of two linear accelerators equipped with a 40-leaf
dynamic multileaf collimator (Clinac-600C, Clinac-21EX;
Varian Associates). Beam energy of 4 or 6 MV X-rays was
used. The daily treatment time was 15—20 min. To verify the
leaf motion of each beam, various QA performance tests
were conducted. Details of QA procedures at our hospital
have been described elsewhere (28,29).

FoLLow-up, SURVIVAL AND TOXICITIES

After the end of IMRT with or without adjuvant chemother-
apy, loco-regional control and distant progression was evalu-
ated every 3—4 months for >5 years by clinical examination
and laryngo-pharyngeal fiberscope, and every 6 months by
head and neck MRI or CT scan and thoraco-abdominal CT
scan. When tumor recurrence or distant metastasis was
noted, salvage treatment was mandatory for attending
physicians.

The probability of survival was estimated using the
Kaplan—Meier method with statistical significance assessed
by the log-rank test. Survival was calculated from the first
date of RT. Overall survival considered deaths due to any
cause. Progression-free survival (PFS) considered any
loco-regional or distant tumor progression and any cause of
deaths as events. Loco-regional control rate considered any
recurrence in the primary site or regional lymph nodes as an
event.

Acute and late toxicities were graded according to the
Common Toxicity Criteria for Adverse Events (CTCAE),
version 3.0. Although this is a retrospective analysis, grade
of acute hematologic and non-hematologic toxicities were
scored prospectively once a week during RT by one of two
attending physicians (Y.N. and T.S.) after the start of IMRT
and recorded in the clinical chart. Late toxicities on xerosto-
mia, hearing and dysphagia were also scored prospectively
and recorded in the clinical chart every 3—4 months. In
terms of xerostomia, the attending physicians asked patients
on dietary alteration and necessity of a water bottle every
3—4 months, and the best grade at 12—24 months after the
start of IMRT was recorded.

RESULTS

Figure 1A shows overall survival rates according to concur-
rent chemotherapy for all the 35 patients included. The sur-
vival rate for patients treated without chemotherapy was
apparently worse than that for the 31 patients treated with
concurrent chemotherapy. The 3- and 5-year overall survival
rates for the 31 patients treated with concurrent chemother-
apy were 88% and 83%, respectively. The 5-year overall sur-
vival rates for 23 patients with Stage 1—3 disease and 12
patients with Stage 4 disease were 73% and 62%, respect-
ively (Fig. 1B). As of March 2009, five patients died of
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Figure 1. (A, B) Overall survival rates for 35 patients according to (A) con-
current chemotherapy or (B) clinical stage.

NPC, three patients died of intercurrent disease (pneumonia,
nasal natural killer T cell lymphoma and suffocation by
food) without evidence of recurrence of NPC and two
patients are alive with the disease. The remaining 25 patients
are alive without evidence of the disease.

Figure 2A shows loco-regional control rates according to
clinical stages (Stages 1-3 vs. Stage 4). The 5-year
loco-regional control rates for patients with Stage 13
disease and those with Stage 4 disease were 88% and 64%,
respectively, with significant difference (P = 0.044). The 3-
and 5-year loco-regional control rates for the 31 patients
treated with concurrent chemotherapy were 93% and 87%,
respectively. Figure 2B shows PFS rates according to clinical
stages (Stages 1—-3 vs. Stage 4). The 5-year PFS rates for
patients with Stage 1—3 disease and those with Stage 4
disease were 73% and 29%, respectively, with significant
difference (P = 0.0059).

Recurrence or persistent tumors in the primary site were
noted in six patients (17%). Recurrence or a persistent
tumor was noted at the area of PTV receiving 60—68 Gy
in four of the six patients, whereas recurrence from the
PTV margin was noted in two patients at the
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Figure 2. (A) Local control rates and (B) progression-free survival rates for
23 patients with Stage 1—3 disease and 12 patients with Stage 4 disease.

pterygopalatine fossa or at the posterior edge of the clivus
(Fig. 3A—D). One late recurrence at the nasopharynx was
noted 66 months after chemo-IMRT (65.4 Gy/35 fractions).
For this patient, second chemo-IMRT (66 Gy/30 fractions)
was done and there was no evidence of the disease at 94
months after the initial IMRT without significant late
toxicities.

Residual or recurrence of neck lymph nodes was noted in
four patients (11%). In two patients, PTV delineation for the
neck nodes was insufficient, and recurrences were noted at
posterior chain lymph nodes and at a periparotid lymph node
(Figs 3E—F and 4A—D). As both the primary site and neck
node recurrence were noted in one patient (Fig. 3), the PTV
marginal recurrence was noted in three patients (9%). In two
of the three patients with marginal recurrences, keen review
of the pretreatment MRI or CT scan of the patients showed
the involved nodes or the extension of the primary tumor at
the edge of the PTV. In the remaining one patient, marginal
recurrence was noted at the pterygopalatine fossa 3 years
after chemo-IMRT. For this patient, pre-treatment MRI and
CT scan did not show the tumor invasion to the pterygopala-
tine fossa. After February 2003, no marginal recurrence was
noted at our institution.
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134 A two-step IMRT method for NPC

Figure 3. An 81-year-old man with NPC (T4N3aMO). This patient was treated with 66 Gy/35 fractions without concurrent chemotherapy. (A) MRI before
IMRT showing primary tumor invading to the clivus. (B) Red line indicates PTV, which misses the right posterior edge of the clivus. (C) Isodose curves. The
right posterior edge of the clivus was covered only by the 80% dose line (outer pink line). (D) Ten months after the start of IMRT, MRI showed recurrence
from the right posterior edge of the clivus. No recurrence was noted on the mucosal surface of the nasopharynx. (E) MRI before IMRT showing bilateral three
upper jugular neck lymph nodes (Level Ia,b). (F) Red line indicates PTV for the initial plan. (G) Red line indicates PTV for the boost plan after 47 Gy. The
right posterior lymph node (Level IIb) was not included in the PTV. (H) Ten months after the start of IMRT, MRI showed recurrence from the smallest right
posterior lymph node, although the other two lymph node metastases were controlled by IMRT. NPC, nasopharyngeal cancer; MRI, magnetic resonance
imaging; IMRT, intensity-modulated radiotherapy; PTV, planning target volume.
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Figure 4. A 63-year-old man with NPC (T4N2MO). This patient was treated with 66 Gy/35 fractions and concurrent cisplatin of 370 mg in three courses. (A)
Computed tomography before IMRT showing It periparotid lymph node of 7 mm in diameter. (B) Red line indicates PTV, which misses the periparotid lymph
node. (C) Isodose curves. The It periparotid lymph node was located at the dose gradient region between PTV and the 1t parotid grand. (D) Fourteen months
after the start of IMRT, computed tomography showed recurrence of the It periparotid lymph node. Re-irradiation was done for the recurrent lymph node.

Table 3 shows the acute toxicities associated with IMRT
with or without concurrent chemotherapy. Hematological
toxicities were mild, and no Grade 4 hematological tox-
icity was noted. Two patients showed Grade 4 mucositis.
One patient with Grade 4 mucositis refused CRT after
60 Gy with two doses of concurrent cisplatin, and this
patient required interruption of RT for 22 days. Sepsis
with high fever of Grade 4 toxicity was noted immediately
after the first chemotherapy in one patient. RT was inter-
rupted for 10 days for this patient. Except for the two
patients, no treatment interruption due to acute toxicities
was necessary, and the median overall treatment time was
51 days (Table 2).

Late toxicities associated with IMRT with or without con-
current chemotherapy are shown in Table 4. Hearing diffi-
culty, tinnitus and otitis were common late toxicities.
However, most patients with auditory toxicities had the same
symptom at presentation. Although several patients com-
plained of dysphagia after treatment, no patient needed per-
cutaneous endoscopic gastrostomy. One patient died of
suffocation by food 3 months after the end of IMRT without
evidence of disease. Except for the patient with early death,
xerostomia scores at 1—2 years were: Grade 0, 11; Grade 1,
17; Grade 2, 5; Grade 3, 1. The patent with Grade 3 xerosto-
mia was treated by conventional RT followed by boost
IMRT. '
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136 A two-step IMRT method for NPC

Table 3. Acute toxicities (CTCAE, version 3.0)

Toxicities G2 G3 G4
WBC 16 10 0
Hb 11 0 0
Plt 0 1 0
Mucositis 16 13 2
Dysphagia 19 14 4]
Dermatitis 8 2 0
Nausea 22 9 0
Vomiting 16 1 0
Infection 0 1 1
Fever 3 0 1
Fatigue 0 1 0
Creatinine 1 0 0
Liver 2 0 0

CTCAE, Common Toxicity Criteria for Adverse Events; WBC, white blood
cells; Hb, hemoglobin; Plt, platelets.

Table 4. Late toxicities (CTCAE, version 3.0)

Toxicities Gl G2 G3 G4 G5
Hearing 0 5 1 1 0
Tinnitus 0 6 0 0 0
Otitis, middle ear 1 5 0 0 0
Xerostomia at 12—24 months 17 5 1 0 0
Dysphagia 4 3 0 0 1?
Pharyngeal wall 0 1 0 0
Larynx i1 0 0 0 0
Hypothyroidism 0 2 0 0 0
Skin 1 0 0 0 0
Creatinine 1 0 0 0 0
DISCUSSION

Clinical results of our adaptive RT scheme of a two-step
IMRT method for NPC were analyzed in the present study,
and excellent overall survival and loco-regional control rates
were obtained when concurrent chemotherapy was combined
with IMRT. When introducing IMRT for head and neck
cancers at our hospital, we chose a most conservative
method, although it is a time-consuming strategy. Inverse
planning for IMRT was performed twice. This two-step
IMRT method obviously took a longer time for the treatment
planning and QA than a single-step simultaneous integrated
boost (SIB) method which gives several dose levels for
CTVs and GTV simultaneously (8,10,11,14). It took 5
working days at our institution for the inverse planning and
its verification, and the IMRT plan was started 7—10 days
after CT simulation. Because CT-2 for boost IMRT plan was

performed at an RT dose of 36—40 Gy, no treatment inter-
ruption due to treatment planning was inserted for all
patients. A two-step IMRT method has an advantage, in that
it can adapt the treatment to changes in body contour, target
volumes and risk organs during IMRT. As patients with
locally advanced NPC frequently appeared with large neck
lymph nodes swelling and as both primary tumors and neck
lymph nodes regress rapidly by RT, a two-step IMRT
method is especially desirable for locally advanced NPC. In
the only other report of a two-step IMRT method, Lee et al.
(13) described a Phase I/II study of a two-step SIB method
for 20 patients with NPC.

No direct comparison in terms of clinical or DVH results
between a single-step and a two-step IMRT was shown in
the present study, because all patients with NPC were treated
with a two-step IMRT method at our institution. We do not
argue a two-step IMRT method is a new standard method of
IMRT. A two-step method has been used in the conventional
RT for head and neck cancer. Thus, a two-step IMRT
method is a conventional and conservative method of IMRT
compared with a single-step SIB IMRT method with larger
fraction sizes for GTV. For early-stage NPC with T1,2NOMO
disease, effects of tumor regression during IMRT may be
small, and a single-step method may be applicable. In fact, a
single-step SIB IMRT method is applied for early orophar-
yngeal cancer (T1,2N0,1MO0) at our institution. However,
even for patients with early NPC, body weight and contour
can be changed when concurrent CRT is used. Therefore, we
consider that a two-step IMRT method is one of the safe
methods of IMRT for patients with NPC treated by concur-
rent CRT.

In our early cases, PTV marginal recurrence was noted in
three patients (9%). There may be several reasons for the
early marginal recurrence. In our first TPS (Cadplan Helios),
the function of adding a margin to CTV or GTV was
lacking, i.e. PTV was contoured directly at that time (Figs 3
and 4). In two of the three patients with marginal recur-
rences, pre-treatment MRI or CT scan of the patients could
depict the involved nodes or the extension of the primary
tumor. Precise contouring of CTV and PTV based on
various imaging modalities including MRI and FDG-PET is
most important for the success of IMRT. TPS was changed
to the second generation type (Eclipse) in 2004 and PTV
margins of 3—5 mm were added to CTV (28). In addition,
an integrated PET-CT simulation was started in 2006
(22,23). PET-CT simulation was especially effective to
depict GTV invading the skull base. Along with improve-
ments in equipment and knowledge of contouring, PTV mar-
ginal recurrence has never occurred since 2003.

Only six patients (18%) complained of Grade 2 or 3 xer-
ostomia 1-2 years after IMRT. Thus, a two-step IMRT is
also effective for preventing xerostomia. One notable late
toxicity is dysphagia. Recently, several investigators have
noted the importance of the RT dose to the pharyngeal con-
structors (30—32). Seven patients complained of Grade 1 or
2 dysphagia, and one patient died of suffocation by food
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3 months after the end of IMRT without evidence of the
disease. As this patient had complained of dysphagia, this
accident may have been a treatment-related death (Grade 5
toxicity).

In conclusion, excellent overall survival and local-PFS
rates were obtained by a two-step IMRT method with con-
current chemotherapy for NPC. This two-step IMRT method
as an adaptive RT scheme could correspond to changes in
body contour, target volumes and risk organs during IMRT.
A prospective multi-institutional clinical trial of a two-step
IMRT method for NPC is warranted.
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Objective: The optimal management of elderly patients with limited-disease small cell lung
cancer (LD-SCLC) has not been established.

Methods: The records of elderly (>70 years of age) patients with LD-SCLC who had been
treated with etoposide and cisplatin chemotherapy with early concurrent twice-daily thoracic
radiotherapy (TRT) were reviewed retrospectively.

Results: Of the 25 elderly patients with LD-SCLC identified, 12 (48%) individuals received eto-
poside—cisplatin chemotherapy with early concurrent twice-daily TRT. The main toxicities of this
treatment regimen were hematologic, with neutropenia of Grade 4 being observed in all patients
and febrile neutropenia of Grade 3 in eight patients during the first cycle of chemoradiotherapy.
The toxicity of TRT was acceptable, with all patients completing the planned radiotherapy within
a median of 29 days (range, 19—-33). No treatment-related deaths were observed. The median
progression-free survival and overall survival times were 14.2 months (95% confidence interval,
4.3-18.2) and 24.1 months (95% confidence interval, 11.3-27.2), respectively.

Conclusions: Etoposide—cisplatin chemotherapy with early concurrent twice-daily TRT was
highly myelotoxic in elderly patients with LD-SCLC, although no treatment-related deaths were
observed in our cohort. Prospective studies are required to establish the optimal schedule and
dose of chemotherapy and TRT in such patients.

Key words: elderly — small cell lung cancer — chemoradiotherapy — cisplatin — etoposide —
concurrent thoracic radiotherapy

INTRODUCTION

Small cell lung cancer (SCLC) accounts for 10—15% of all
lung cancer cases, with individuals aged 70 years or older
constituting up to 25—40% of the SCLC patients (1,2).
Limited-disease (LD) SCLC is a disease that is confined to
one hemithorax and its regional lymph nodes and which can
be encompassed by a single radiation therapy port. About
30—40% of all SCLC patients present with LD-SCLC (1,2).
The proportion of elderly SCLC patients continues to
increase with the growing geriatric population (1,3).

The combination of radiotherapy and chemotherapy,
specifically etoposide and cisplatin chemotherapy with early

concurrent twice-daily thoracic radiotherapy (TRT), is now
regarded as the standard treatment for LD-SCLC (4).
However, many clinical trials of potential new treatments for
LD-SCLC have excluded elderly patients for various reasons,
such as the presence of concomitant chronic illness, a decline
in organ function that may interfere with drug clearance and
possible decreased bone marrow tolerance to myelosuppres-
sive agents (5). The optimal management of elderly patients
with LD-SCLC has therefore not been defined to date.

We have now performed a retrospective analysis to evaluate
patient characteristics as well as treatment delivery, toxicity
and antitumor efficacy for elderly individuals (70 years or

© The Author (2009). Published by Oxford University Press. All rights reserved.
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older) with LD-SCLC who were treated with etoposide and
cisplatin chemotherapy and early concurrent twice-daily TRT.

PATIENTS AND METHODS

We retrospectively evaluated the records of elderly (>70
years) patients with LD-SCLC who were treated at Kinki
University School of Medicine from January 2003 to
December 2008. All patients had a pathological diagnosis of
SCLC. LD-SCLC was defined as cancer that is confined to
one hemithorax including contralateral mediastinal and hilar
lymph nodes as well as ipsilateral or bilateral supraclavicular
lymph nodes, but excluding malignant pleural effusion.
Response evaluation was assessed after completion of treat-
ment on the basis of the Response Evaluation Criteria in Solid
Tumors (RECIST). Laboratory testing and toxicities were
graded weekly during the whole treatment according to the
National Cancer Institute—Common Terminology Criteria for
Adverse Events (NCI-CTCAE, version 3). Progression-free
survival time was measured from the date of initiation of treat-
ment to the date of disease progression. Overall survival time
was measured from the date of initiation of treatment to death
or to the time that the patient was last known to be alive. After
completion of all treatment, patients were followed up at 1- to
2-month intervals until the time of progression or death.
Median progression-free survival time and overall survival
time were estimated by the Kaplan—Meier method.

RESULTS
PATIENT CHARACTERISTICS

Of the 170 SCLC patients treated between 2003 and 2008,
48 individuals were diagnosed with LD-SCLC and 25 of

Table 1. Characteristics of the study cohort

Jpn J Clin Oncol 2010;40(1) 55

these individuals were 70 years of age or older. Among
these 25 patients, 12 (48%) elderly patients with LD-SCLC
received etoposide and cisplatin chemotherapy with early
concurrent twice-daily TRT. The characteristics of these
12 patients are shown in Table 1. They included eight men
and four women as well as seven individuals aged between
70 and 74 years and five aged 75 years or older. All the
patients were in good general condition, although they had
some complications. The remaining 13 patients’ character-
istics are shown in Table 2. Two of the 13 elderly patients
with LD-SCLC were treated with chemotherapy and sequen-
tial TRT, and 1 patient was treated with etoposide—carbopla-
tin and concurrent TRT. Chemotherapy alone was
administered in 4 of the 13 patients. Two patients were sub-
jected to surgery followed by chemotherapy. Four patients
did not receive intensive therapy.

TREATMENT DELIVERY

The treatment plan consisted of an initial cycle of concurrent
chemoradiotherapy followed by three cycles of consolidation
chemotherapy (Table 3). All patients received the same che-
motherapy regimen of cisplatin at 40—80 mg/m? on day 1
combined with etoposide at 80—100 mg/m? on days 1-3.
Twice-daily TRT was performed with X-rays at 6—10 MV
and with an interval of at least 6 h and a total dose of 45 Gy
(1.5 Gy bid) over 3 weeks. TRT was initiated on day 1 of
the first cycle of chemotherapy. All patients completed the
TRT protocol, with the days of irradiation ranging from 19
to 33 (median of 29). Reasons for a delay in TRT included
febrile neutropenia of Grade 3 in eight patients and leukope-
nia of Grade 4 in three patients. All patients proceeded to
consolidation chemotherapy. However, five patients (42%)
did not complete the planned three cycles of consolidation

Patient Age/sex TNM stage PS Complications Smoking history

1 70/M T2NIMO 1 HT 20/day x 50 years
2 T0/M T3NIMO 0 Berger disease, old TB 40/day x 50 years
3 7/M T3N2MO 0 DM, bladder cancer 20/day x 50 years
4 7I/M TIN2MO 1 Harada disease 20/day x 50 years
5 72/F T2N2MO 1 HT, old TB, asthma, one kidney 20/day x 35 years
6 72/M TIN2MO 0 HT, hyperlithuria 10/day x 50 years
7 73/M TIN2MO 1 HT 25/day x 60 years
8 76/M T2NIMO 0 None 20/day x 50 years
9 TUF T3NOMO 1 Deafness 15/day x 57 years
10 78/M T3NOMO 0 DM, ASO, old TB 20/day x 58 years
11 79/F T2N2MO 1 None None

12 79/F TIN2MO 0 HT S/day x 50 years

PS, Eastern Cooperative Oncology Group performance status; HT, hypertension; TB, tuberculosis; DM, type 2 diabetes mellitus; ASO, arteriosclerosis

obliterans.
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Table 2. Characteristics of patients who did not received EP with concurrent TRT

Patient Age/sex TNM stage PS Complications Treatment Reason®

1 70/M T4N2MO 1 HT, renal dysfunction CE and sequential TRT Complication

2 70/M TINOMO 1 HT, DM Surgery Physician’s decision
3 71/ T3N2MO 1 HT Best supportive care Patient’s refusal

4 72/M ‘T2NIMO 1 DM, renal dysfunction CE and concurrent TRT Complication

5 74/M T3N2MO 1 HT, renal dysfunction CE and sequential TRT Complication

6 74/M T2NIMO 2 DM, IP, chronic renal failure, dialysis, old TB Chemotherapy Complication

7 75/M T3N2MO 3 HCC, chronic HCV Best supportive care Complication

8 77 T2NIMO 2 renal dysfunction, dementia Chemotherapy Complication

9 78/M TINIMO 1 SSS, HT, DM Chemotherapy Physician’s decision
10 81/M T2N2MO 1 renal dysfunction Chemotherapy Patient’s refusal

11 82/M TIN2MO 1 HT Surgery Physician’s decision
12 84/M T2NOMO 2 HT Best supportive care Patient’s refusal

13 84/M T2NOMO 2 HT, asthma, heart failure, cerebral infarction Best supportive care Complication

EP, etoposide and cisplatin; TRT, thoracic radiotherapy; CE, carboplatin and etoposide; IP, interstitial pneumonia; HCC, hepatic cancer; HCV, hepatitis C

virus; SS8S, sick sinus syndrome.

*The reason for not to select the combination therapy of etoposide and cisplatin with early concurrent TRT.

chemotherapy because of the development of pneumonitis of
Grade 3 in one patient, a decline in renal function in one
patient, suspected invasive aspergillosis in one patient and
refusal by two patients. A dose reduction was necessary in
seven patients because of the development of febrile neutro-
penia of Grade 3 in three patients, leukopenia of Grade 4 in
two patients and nausea—vomiting of Grade 3 in two
patients. The actual dose intensities of cisplatin and etopo-
side were 13.7 mg/m?/week (68.7% of the planned dose
intensity) and 52.4 mg/m*/week (69.9% of the planned dose
intensity), respectively.

ToxXIicITIES

Reported toxicities during the concurrent chemoradiotherapy
are listed in Table 4. Leukopenia and neutropenia of Grade
3 or 4 were observed in all patients (100%), and eight
patients (67%) had febrile neutropenia of Grade
3. Thrombocytopenia of Grade 3 or 4 was apparent in three
patients (25%), with one patient requiring platelet
transfusion. Reported toxicities during the consolidation
chemotherapy are listed in Table 5. Leukopenia and neutro-
penia of Grade 3 or 4 were observed in 8 (67%) and 11
(92%) patients, respectively, and 4 patients (33%) developed
febrile neutropenia of Grade 3. Anemia and thrombocytope-
nia of Grade 3 or 4 were each observed in four patients
(33%). The major non-hematologic toxicity observed during
the entire treatment period was nausea—vomiting. None of
the patients developed esophagitis of Grade 3 or 4, but one
patient manifested radiation pneumonitis of Grade 3 during
consolidation chemotherapy. There were no treatment-
related deaths.

REspoONSE AND SURVIVAL

All 12 patients were evaluated for progression-free survival
and overall survival. With a median follow-up time of 23.1
months (ranged, 7.2—45.0 months), six patients were still
alive. An objective tumor response was observed in all
patients: a complete response (CR) in five patients and a
partial response in seven patients (Table 3). Prophylactic
cranial irradiation was not routinely administered and deliv-
ered to three patients who achieved CR after completion of
the planned treatment. The median progression-free survival
time was 14.2 months, and the median overall survival time
was 24.1 months.

PATTERN OF RELAPSE

Seven of the 12 patients relapsed, 3 with local regional
failure inside the radiation field and 4 with distant failure.
Among the latter four patients, three individuals manifested
metastases in the brain as the sole site and the remaining
individual had both local and distant failure including the
liver.

DISCUSSION

Two meta-analyses have shown that the combined modality
of chemotherapy and TRT improves the survival of individ-
uals with LD-SCLC in comparison with chemotherapy alone
(6,7). The schedule, dose and fractionation of TRT have
been extensively investigated in patients with LD-SCLC in
several randomized controlled trials (8,9). On the basis of
two pivotal Phase III trials (10,11), etoposide and cisplatin
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Table 3. Treatment details and outcome for the study cohort

Survival time
(months)
14.04

Response  PFS

V20
(%)
21

Duration of

DIof E (mg/ RDIof

m%/week)
375

RDI of

DI of P (mg/

consolidation chemotherapy m?/week)

Dose reduction in

Total no.

Patient Regimen (mg/m?)

(months)
14.0+

TRT (days)

23

E (%)
50.0

P (%)
25.0

of cycles

E(100) + P(40)* + TRT 2

CR
CR

5.0
17.2

No

1
2
3
4
5
6
7
8

7.3+
10.7+

222

7.3+
10.7+

25

19
27

98.2

73.7

86.0

Yes

4
4
4
2
4
4
3

E(100) + P(80) + TRT
E(100) + P(80) + TRT
E(100) + P(80) + TRT
E(100) + P(80) + TRT
E(100) + P(80) + TRT
E(100) + P(80) + TRT
E(80)° + P(80) + TRT

CR

35

91.6

68.7

89.1

17.8

Yes

9.3
43
18.2

PR
PR
PR
PR
PR
CR

13
20
30
27
21

30
29
29
26
30
30
28
33
29

82.1
475

61.6

78.4

157

Yes

11.4

48.1+

35.6

475

9.5
19.6

No

98.2

73.7

98.2

No

26.14

17.1

13.1

86.2

64.6

86.2

17.2

No

83
20.6+

14.4

52.5

39.4

56.9

11.4

Yes

20.6+
16.5

25

814

61.0

71.8

144

Yes

E(100) + P(60)* + TRT 4

9

PR
PR
CR

NA

655
40.6

49.1

65.5

13.1

Yes

4
2
2

E(100) -+ P(80) + TRT
E(100) + P(80) + TRT
E(100) + P(80) + TRT

10
11

12

14.8

3.9
14.1

26

30.5

39.5

7.9
9.9

Yes
_ No

27.2

22

49.6

372

49.6

DI, dose intensity; P, cisplatin; RDI, relative dose intensity; E, etoposide; V20, the percentage of lung volume receiving >20 Gy; PFS, progression-free survival; CR, complete response; -+, without event;

PR, partial response; NA, not available.

2Dose reduction because of a decline in renal function.
*Dose reduction because of physician’s decision.
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Table 4. Toxicities during concurrent chemoradiotherapy

Toxicity Grade 1 Grade2 Grade3 Grade4 Grade3or
4 (%)
Leukopenia 0 0 2 10 100
Neutropenia 0 0 0 12 100
Anemia 2 1 0 0 0
Thrombocytopenia 0 2 2 1 25
Febrile neutropenia — _ 8 0 67
Nausea—vomiting 2 2 2 0 17
Esophagitis 1 3 0 0 0
Appetite loss 5 2 2 0 17
Table 5. Toxicities during consolidation chemotherapy
Toxicity Grade Grade Grade Grade Grade3or
1 2 3 4 4 (%)
Leukopenia 0 2 4 4 67
Neutropenia 0 0 2 9 92
Anemia 2 4 3 1 33
Thrombocytopenia 2 2 2 2 33
Febrile neutropenia  — — 4 0 33
Nausea—vomiting 2 S 2 0 17
Appetite loss 4 1 1 0 8
Radiation 3 0 1 0 8

pneumonitis

chemotherapy with early concurrent twice-daily TRT is cur-
rently considered the standard treatment for patients with
LD-SCLC. An age-specific subset analysis of one of these
Phase I11 trials (11), in which patients received etoposide—
cisplatin with early concurrent TRT, showed that the survival
outcomes for individuals aged 70 years or older were similar
to those of their younger counterparts, although the elderly
patients experienced greater toxicity, in particular hematolo-
gic toxicity (12). However, given that the patients in this
subgroup analysis were assigned either once- or twice-daily
TRT, the significance of early concurrent twice-daily TRT in
the management of elderly patients with LD-SCLC has
remained undefined. No specific Phase III trial of elderly
patients with LD-SCLC has been reported. We therefore ret-
rospectively analyzed the feasibility and antitumor efficacy
of etoposide—cisplatin chemotherapy with early concurrent
twice-daily TRT for treatment of LD-SCLC in patients aged
70 years or older.

The median overall survival time of 24.1 months in our
cohort is similar to that described for non-elderly patients
with LD-SCLC in previous studies (10,11). This favorable
survival outcome may be attributable to the strict selection
of elderly patients in good general condition; all 12 patients
in the present study had normal organ function, an Eastern

—311—



58 Optimal management of elderly patients with LD-SCLC

Cooperative Oncology Group performance status of 0 or 1
and no severe co-morbidity. Given that the elderly are more
likely to have reduced organ function as well as concomitant
morbidities or medications, the general condition of elderly
SCLC patients is worse than that of younger patients (1).
Among LD-SCLC patients, increasing age was found to be
significantly associated with a lower likelihood of receiving
combined chemoradiotherapy (7). Indeed, in the present
study, only 12 (48%) of the 25 identified elderly patients
with LD-SCLC were treated with etoposide—cisplatin and
early concurrent twice-daily TRT.

Despite the strict selection of patients, highly
treatment-related toxicity was observed in our cohort. The
major adverse events were hematologic toxicities, with neu-
tropenia of Grade 4 being apparent in all patients (100%)
and febrile neutropenia of Grade 3 in eight patients (67%)
during the first cycle of concurrent chemoradiotherapy. The
previous analysis of the outcome of elderly patients in the
Phase III study in which individuals received etoposide—
cisplatin chemotherapy with early concurrent once- or twice-
daily TRT found statistically significant differences not only
in the incidence of hematologic toxicity (Grade 4 or 5: 61%
in younger patients vs. 84% in patients aged 70 years or
older, P < 0.01) but also in that of treatment-related deaths
(1% vs. 10%, respectively, P =0.01) (12). Although no
treatment-related deaths were observed in the present study,
severe hematologic toxicity was consistent with that in this
foregoing analysis (12). In addition, maintenance of the
optimal dose intensity of chemotherapy was difficult in our
cohort because of frequent dose reductions or treatment
delays due to hematologic or infection-related toxicities.
Indeed, the actual dose intensity was <<70% of the planned
dose intensity for both etoposide and cisplatin in the present
study, a value much smaller than that for non-elderly
patients in a previous Phase III study (>90% for both
agents) (10). On the other hand, the toxicity of radiotherapy
was acceptable in our study, with all patients completing
TRT within a median of 29 days (range, 19—33). None of
our patients developed radiation esophagitis of Grade 3 or
higher. With regard to pulmonary complications, one patient
developed radiation pneumonitis of Grade 3. A recent
meta-analysis of randomized trials in which patients with
LD-SCLC were treated with chemoradiotherapy reported that
the time between the first day of chemotherapy and the last
day of radiotherapy was an important prognostic factor for
LD-SCLC, with the survival advantage being more pro-
nounced if the TRT was completed in <30 days (13). In the
present study, a shorter time to completion of TRT may also
be associated with our favorable survival outcome. However,
elderly patients with LD-SCLC must be carefully selected
and monitored during treatment because of the increased
potential for the development of treatment-related morbidity
and mortality.

The optimal therapeutic strategy for elderly patients with
LD-SCLC remains a matter of debate. Despite the highly
treatment-related toxicity, patients in our cohort derived a

survival benefit with no treatment-related deaths, suggesting
that the full-dose chemoradiotherapy may represent a valid
option for ‘fit’ elderly patients with adequate organ function.
Since the general condition of elderly patients varies widely
from patients to patients, prospective evaluation and defi-
nition of ‘fit’ elderly patients who are candidates for full-
dose chemoradiotherapy are important. Research is also
needed to develop modified chemoradiotherapy regimens
that are less toxic for the elderly. A modified chemotherapy
schedule designed to reduce toxicity for elderly patients with
LD-SCLC was evaluated in a Phase II trial, with two cycles
of a chemotherapy regimen (oral etoposide and carboplatin)
combined with early concurrent twice-daily TRT being
found to have acceptable toxicity and to produce promising
results, with a S-year survival rate of 13% (14). A recent
Phase III trial specifically designed for elderly or poor-risk
patients with extensive-disease SCLC found that split doses
of cisplatin plus etoposide (cisplatin at 25 mg/m? and etopo-
side at 80 mg/m” on days 1—3) could be safely administered
and were effective (15). Such split-dose chemotherapy might
also be suitable for the treatment of patients with LD-SCLC.
We are currently conducting a clinical trial to evaluate the
feasibility of etoposide at 80 mg/m? and cisplatin at 25 mg/
m? on days 1—3 with early concurrent twice-daily TRT for
elderly patients with LD-SCLC.

The overall findings of the present study suggest that
administration of full-dose chemotherapy and early concur-
rent twice-daily TRT is highly myelotoxic for elderly
patients with LD-SCLC. Development and assessment of
modified treatment regimens with reduced toxicity are thus
warranted for such patients.
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Purpose: A randomized phase II study was conducted to compare the toxicity and efficacy of combining
short-term chemotherapy (CT) or protracted CT with radiotherapy (RT) for esophageal cancer.
Materials and methods: Eligible patients were <75 years and with performance status (PS) of 0-2, and had
stages II-IVA esophageal cancer. Two cycles of cisplatin 70 mg/m? for 1 day and 5FU 700 mg/m? for 5
days (arm A) or cisplatin 7 mg/m? for 10 days and 5FU 250 mg/m? for 14 days (arm B) were given with
RT of 60 Gy/30 fractions/7 weeks (1-week split).

Results: Of 91 patients enrolled, 46 were randomized to arm A and 45 to arm B. Two cycles of CT were
given concurrently with RT for 89% in arm A and for 71% in arm B with significant difference
(P=.031). The 2- and 5-year overall survival rates for arm A were 46% and 35%, while those for arm B
were 44% and 24%, respectively, without significant difference. The 2- and 5-year progression-free sur-
vival rates for arm A were 30% and 30%, while those for arm B were 29% and 12%, respectively.
Conclusions: Protracted infusion CT with RT provides no advantage over standard short-term infusion CT

Keywords:

Esophageal cancer

A randomized phase II study
Chemoradiotherapy

with RT for esophageal cancer.
© 2009 Elsevier Ireland Ltd. All rights reserved. Radiotherapy and Oncology 92 (2009) 260-265

For locally advanced esophageal cancer, a significant improve-
ment in local control and overall survival was achieved with con-
current chemoradiotherapy (CRT) as compared with radiotherapy
(RT) alone [1-3]. In the phase lil randomized trial (RTOG-8501),
four cycles of full-dose 5-FU/cisplatin were concurrently combined
with 50 Gy of RT [1,2]. However, the incidence of local failure was
still as high as 44-54%. 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-FU/cisplatin was conducted [4]. In
the INT0123 trial, the high-dose RT arm did not offer a survival ben-
efit compared with the standard RT dose arm [4]. Thus, at present,
four cycles of full-dose 5-FU/cisplatin combined with 50 Gy of RT
are a standard CRT regimen for advanced esophageal cancer in
the USA.

* Corresponding author. Address: Department of Radiation Oncology, Kinki
University School of Medicine, 377-2, Ohno-Higashi, Osaka-Sayama, Osaka, Japan.
E-mail address: ynishi@med.kindai.ac.jp (Y. Nishimura).

0167-8140/$ - see front matter © 2009 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.radonc.2008.12.012

In Japan, surgical resection is preferably performed for esopha-
geal cancer with the T1-3NO, 1MO disease, staged according to the
1997 International Union Against Cancer TNM classification (UICC
1997). Thus, many patients to be treated with CRT in Japan have T4
squamous cell carcinomas. Our previous study of concurrent CRT
with the protracted infusion of cisplatin and 5-FU for T4 esopha-
geal cancer with or without a fistula showed a 2-year survival rate
of 27% for patients with stage III disease [5]. Several investigators
also showed promising clinical results of low-dose protracted infu-
sion CT combined with full-dose RT of 60-66 Gy for locally ad-
vanced esophageal squamous cell carcinomas [5-10]. Low-dose
protracted infusion of 5-FU or 5-FU plus cisplatin was proposed
to decrease the acute toxicities of concurrent CRT [8,10]. In addi-
tion, to obtain maximum radiosensitization by CT, daily adminis-
tration of low-dose protracted CT combined with RT may be
better than full-dose short-term CT plus RT.

To test the hypothesis, a randomized phase Il study was con-
ducted to compare the relative toxicity and efficacy of combining
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full-dose short-term CT or low-dose protracted CT with RT for
esophageal cancer.

Patients and methods
Investigational design

This randomized phase II multicenter study was started by the
Kyoto Radiation Oncology Study Group (KROSG), and joined subse-
quently by the Japanese Radiation Oncology Study Group {(JROSG).
The protocol (KROSG0O101/JROSG021) was approved by the institu-
tional review boards or ethics committees of all participating insti-
tutions, and written informed consent was obtained before entry
into the study.

Eligibility criteria

Inclusion criterion was histologically confirmed esophageal
squamous cell carcinoma or adenocarcinoma with stages II-IVA
(UICC 1997). Only patients with no prior therapy, age <75 years,
performance status (PS) of 0-2, and adequate bone marrow, hepa-
tic and renal functions were eligible. Patients with a serum creati-
nine level <1.5mg/dl, creatinine clearance value =60 ml/min,
white blood cell count (WBC) =4000/mm?, hemoglobin (Hb)
210 g/dl, and platelet count >100,000/mm?® were eligible. Patients
treated with thoracotomy alone for unresectable tumors were eli-
gible, but patients after complete or incomplete resection of tu-
mors were ineligible. Multiple esophageal tumors were also
eligible, but tumors with fistula were excluded. Exclusion criteria
were patients with serious infection, uncontrolled heart disease,
uncontrolled diabetes mellitus, suffering from other cancers within
3 years, and esophageal stent.

Staging work-up included clinical examination, plain chest XP,
upper gastrointestinal fiberscope with biopsies, an upper gastroin-
testinal series, and thoraco-abdominal computed tomography scan.
Computed tomography was performed with contrast enhancement
whenever possible. Endoscopic ultrasonography (EUS), bronchos-
copy, brain MRI or computed tomography, or bone scintigraphy
was performed optionally when available. Although EUS was per-
formed to determine the depth of tumors for most T1 or T2 tumors,
EUS was not done for more advanced tumors due to stenosis of the
esophageal lumen. Positron emission tomography (PET) was not
performed for most patients because availability of PET was limited
in most participating institutions during the study period.

Design and random assignment

All eligible patients were registered at the office of the primary
investigator. The patients were randomly assigned either to arm A
(full-dose short-term CT) or to arm B (low-dose protracted CT) by
customized randomization software; patients were stratified
according to tumor length (<6 cm vs. >6 cm), clinical stage (stages
A, IIB vs. stages llI, IVA), and institution. Because the Common
Toxicity Criteria for Adverse Events (CTCAE) version 3.0 was not
available in 2001, acute toxicity was graded according to the Na-
tional Cancer Institute Common Toxicity Criteria (NCI-CTC) (ver-
sion 2.0), and late toxicity was graded according to the RTOG/
EORTC Late Radiation Morbidity Scoring Scheme.

Treatment: radiation and chemotherapy

Two courses of concurrent CT were combined with RT of 60 Gy/
30 fractions/7 weeks (1-week split at the 4th week) (Fig. 1). 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 the involved

Arm A day 8 15 22 28 38 43
f I T I I T I
RTQ6Yd)  ¥4¥i vk v¥ei TR HEY b
somamz 1 ]
Soomgmz  DRNA it
ArmB dayt 8 15 22 28 36 43
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RTQGy) ¥4 v 4o

mn
gsz?ns/mz B@

For both arms, 2 cycles of consofidation CT with cisplatin 70 mg/m? (day 1) and
5-FU 700 mg/m? (days 1 to 4) were given after CRT.

cisplatin
Tmgim2

Fig. 1. Treatment design of the KROSG-0101/JROSG-021. CT, chemotherapy: RT,
radiation therapy. Arm A full-dose short-term CT with RT. Arm B low-dose
protracted CT with RT.

lymph nodes of 20.5 cm in the shortest diameter on computed
tomography were 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 direction
1 c¢cm). CTV1 for cervical, upper, and middle thoracic esophageal
cancers 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 ex-
cluded from CTV1. For tumors originating in the lower thoracic
esophagus, CTV1 included the GTV with a margin plus the medias-
tinal and perigastric/celiac lymph nodal areas (I-shaped field).

For both CTV1 and CTV2, a margin (lateral and anterior/poster-
ior directions 0.5 cm; cranio-caudal direction 1 cm) was added for
planning target volumes 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 inhomog-
enous correction.

At 40 Gy, the RT field was reduced to the PTV2. The total RT
dose delivered to the spinal cord was limited to 40 Gy, usually by
using oblique opposed fields. RT was stopped if grade-4 leukocyto-
penia, thrombocytopenia of <20,000/mm?, grade-4 esophagitis, or
a fever of >38 °C was observed.

Two cycles of CT were delivered concurrently with RT for both
arms (Fig. 1). For arm A, cisplatin 70 mg/m? (day 1) was delivered
during 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 admin-
istration of cisplatin. The total dose of CT was the same for the two
arms. This schedule was repeated twice every 4 weeks concur-
rently with RT. For both arms, 2 cycles of consolidation CT with cis-
platin 70 mg/m? (day 1) and 5-FU 700 mg/m?/day (days 1-4) were
given after CRT as protocol.

For both arms, the second to fourth cycles of CT were started
when WBC count of >3000/mm?, a platelet count of >75,000/
mm?, and a creatinine level of <1.5 mg/dl were confirmed. CT
was postponed if grade-3 leukocytopenia or thrombocytopenia
was noted. When grade-4 hematological toxicities or grade-3
non-hematological toxicities excluding nausea, vomiting, and
esophagitis were observed in the first course of CT, 80% dose for
both 5-FU and cisplatin was used in the second course of CT.
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Follow-up

The local response was evaluated 2-4 weeks after the CRT by
barium swallow, esophageal endoscopy with biopsy, and thoraco-
abdominal computed tomography scan with contrast enhancement.
Esophagography or endoscopy was performed every 2-4 months for
asymptomatic patients, and any clinically suspected tumor recur-
rence required biopsy and histopathological confirmation. Com-
puted tomography scans were obtained at 3- to 6-month intervals,
and used to evaluate the recurrence of primary tumors and regional
lymph nodes. When tumor progression or recurrence was noted,
salvage treatment was mandatory for the attending physicians.

Endpoints

The primary endpoint of the study was the 2-year overall sur-
vival rate. Secondary endpoints were overall survival curves, pro-
gression-free survival (PFS) curves, acute and late toxicities, and
compliance rate of the protocol. When four cycles of CT and
60 Gy of RT could be given as protocol, the patient was regarded
to be in full compliance with the protocol. When two cycles of
CT and 60 Gy of RT could be given concurrently, the patient was re-
garded to be in partial compliance with the protocol. Other pa-
tients were regarded as non-compliant. 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

In the RTOG-8501 trial, in which T4 tumors were not included,
the 2-year survival rate of patients treated with 50 Gy CRT was 36%
[1,2]. In one Japanese phase Il trial for advanced esophageal cancer
with T4 or distant lymph node metastasis, the 2-year survival rate
of patients treated with 60 Gy CRT was 31.5% [11]. As our protocol
included T4 tumors, the baseline 2-year survival rate was expected
to be 35%. In this protocol, two arms were studied. The sample size
for a randomized phase II trial was calculated as 35 patients per
arm, with a probability of 0.80 of selecting the treatment schedule
that had a 2-year survival rate of 35% + 10% = 45% [12]. In the pro-
tocol, the sample size was estimated as 45 patients per arm sup-
posing several ineligible or dropped cases.

The probability of survival was estimated using the Kaplan-Me-
ier 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. For overall
survival, deaths due to any cause were considered. For progres-
sion-free survival, any local or distant tumor progression and
deaths due to any causes were considered as an event. The differ-
ence in compliance rates was assessed by the chi-squared test.

Results

From December 2001 to June 2006, 91 patients were registered.
Forty-six patients were randomly assigned to arm A, and 45 were
assigned to arm B (Fig. 2). Although all the 91 patients were eligible
at registration, bone metastasis was detected 13 days after regis-
tration by bone scintigraphy in one patient in arm A. This patient
was also included according to the intent-to-treat analysis. Table
1 shows the characteristics of the 91 patients and treatment
parameters according to treatment arm. There were no significant
differences in patient characteristics and treatment parameters be-
tween the two arms.

Table 2 shows the compliance rates according to treatment arm.
The planned dose of 60 Gy was delivered to 88 patients (97%),
while RT was terminated at 30 Gy for three patients. Two patients

Registered: n=91

Eligible: n=91

] Randomly assigned: n=81 ]

v ¥
Arm A: n=46 Arm B: n=45
Terminated at 30 Gy (n=2) Terminated at 30 Gy (n=1)

680Gy + CTx1 (n=3)
Per protocol (n=41)

+ K

Intent-to-treat analysis (n=46)
Per protocol analysis (n=41)
No follow-up lost
Alive (n=17)

Died (n=29)

60Gy + CTx1 (n=12)
Per protocol (n=32)

Intent-to-treat analysis (n=45)
Per protocol analysis (n=32)
No follow-up lost
Alive (n=13)

Died {n=32)

Fig. 2. The 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 415 o 414
PS; o2 ‘ 23/20/3 2221
Body surface of patients - k

Range (median) = 120-197m?(1.59 115-1.90 m2(1.52)
Comorbidity i o 1 '

Double cancer 2(1)é 5032
Histology: - - -

s e s
Primary site. ‘ ‘ = -

Ce/Ut/Mt/Lt ; 6/13/15/12 4150197
Lengthof the tumor. . - g

<6mpbem 23/23 (2-12 cm) _ 21/24(1-19cm)
TNM stage (UICC 1997) = .

T1)2/3/4 47421 491319

NOjT. 838 93
St23/4a 11/30/5 - 1R
Shapeof initial RTfield ~ -

T-field - 38 : o 38

lfed . & 7
Length of initial RT field ‘ .

Range (median) 18-35¢m {26) 19-33 cm (26)

Note: There was no significant difference between arms for any of the character-
istics. Sq, squamous cell carcinoma; Ade, adenocarcinoma; Ce, cervical esophagus;
Ut, upper thoracic esophagus; Mt, middle thoracic esophagus; Lt, lower thoracic
esophagus.

? Detected other cancers in the follow-up period of CRT for esophageal cancer.

in each arm underwent surgery due to poor tumor regression by
30 Gy of CRT. The remaining one patient in arm A refused further
treatment due to grade-3 acute toxicities and worsening of depres-
sion, and committed suicide at the 67th day of the protocol
treatment.

Although the full compliance rate was higher in arm A (54%)
than in arm B (36%), there was no significant difference. When pa-
tients with full and partial compliance were combined as per the
protocol set, the rate of per protocol in arm A (89%) was signifi-
cantly higher than that in arm B (71%) (P = 0.031). Because of pro-
longed leukopenia (<3000/mm?), second CT could not be started
during RT as a protocol for eight patients in arm B, while there
was only one such patient in arm A (Table 2). As the patients in
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