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Evaluation of Acute Intestinal Toxicity in Relation to
the Volume of Irradiated Small Bowel in Patients
Treated with Concurrent Weekly Gemcitabine and
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Abstract. Background: Treatment of concurrent gemcitabine
and radiotherapy for pancreatic cancer was reported to have a
higher rate of severe acute intestinal toxicity. This study
evaluated the acute intestinal toxicity in relation to the volume
of irradiated small bowel and other factors using dosimetric
analyses in pancreatic cancer patients treated with gemcitabine-
based chemoradiotherapy. Materials and Methods: The patient
population was derived from a phase II trial of concurrent
weekly gemcitabine and radiotherapy for locally advanced
pancreatic cancer. Gemcitabine was administered weekly at a
dose of 250 mg/m’. The total dose was 50.4 Gy in 28 fractions
using a four-field conformal technique. A dose-volume
histogram was generated for the small bowel, colon and
planning target volume (PTV) and dosimetric parameters were
recorded. Correlations between the acute intestinal toxicity and
the volume of irradiated small bowel and other factors were
evaluated. Results: Forty-two patients enrolled between July
2001 and July 2002 were analyzed. Grade 3+ acute intestinal
toxicities were observed in twenty-four (62%) patients. There
was no correlation between the acute intestinal toxicity and the
volume of irradiated small bowel. However, the total volunie of
PTV was shown to be significantly correlated with the
development of Grade 3+ acute intestinal toxicity (p=0.021).
Conclusion: The volume of irradiated small bowel did not
directly influence the acute intestinal toxicity, but only the
volume of PTV significantly correlated with severe acute
intestinal toxicity.
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Pancreatic cancer is usually diagnosed as an unresectable
locally advanced or metastatic disease in most patients. In
patients with locally advanced pancreatic cancer,
chemoradiotherapy has been commonly used as a standard
treatment since it was recognized that radiotherapy with
concurrent 5-fluorouracil (5-FU) prolonged survival when
compared to radiotherapy or chemotherapy alone (1-3).
Various novel agents and radiation schedules have been
examined in clinical trials to improve the efficacy of the
treatment (4).

Gemcitabine is a novel deoxycitidine analog with a broad
spectrum of antitumor activity against a variety of solid
tumors, including pancreatic cancer, which has demonstrated
greater clinical benefit and survival compared with 5-FU in
patients with advanced pancreatic cancer (5). Gemcitabine
has also been shown to be a potent radiosensitizer in human
pancreatic cancer (6-8). Therefore, concurrent gemcitabine
and radiotherapy are currently being examined in clinical
trials, suggesting that the combination of radiotherapy and
gemcitabine may improve survival in patients with locally
advanced pancreatic cancer (9-13).

However, significant acute intestinal toxicity (AIT) in the
treatment of concurrent gemcitabine and radiotherapy was
reported compared with concurrent 5-FU and radiotherapy
(9, 10, 14). In rectal cancer treated with concurrent
chemoradiotherapy, a significant relatjonship between the
intestinal toxicity and the volume of irradiated small bowel
is well recognized from the results of examinations using
small bowel contrast and orthogonal radiographs to
calculate the volume of small bowel in the high-dose volume
(15-17) and more accurately three-dimensional (3D)
treatment-planning tools (18). However, it has not been
reported whether the volume of irradiated small intestine is
related to the degree of AIT in patients treated with
concurrent chemoradiotherapy for pancreatic cancer. The
purpose of this study was to evaluate the AIT in relation to
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the volume of irradiated small bowel and to other factors
using dosimetric analyses in patients treated with concurrent
weekly gemcitabine and radiotherapy for locally advanced
pancreatic cancer.

Materials and Methods

Patient population. The patient population for this study was
derived from a phase II trial of concurrent weekly gemcitabine and
radiotherapy for unresectable locally advanced pancreatic cancer
at the National Cancer Center Hospital (19). Eligibility criteria for
this phase II trial included histologically or cytologically confirmed
nonresectable adenocarcinoma, 20-74 years of age, an Eastern
Cooperative Oncology Group (ECOG) performance status of 0-2,
no evidence of distant metastasis, adequate hematological function
(hemoglobin =10 g/d], leukocytes 24000 mm3, neutrophils >2000
mm?, and platelets 2100000 mm3), adequate hepatic function
(serum total bilirubin <2.0 mg/dl, and serum transaminase
(aspartate aminotransferase (AST)/ alanine aminotransferase
(ALT) < 2.5 times the upper normal limit (UNL), adequate renal
function (serum creatinine within normal limit) and written
informed consent.

Treatment details and dosimetric analysis. Gemcitabine was
administered intravenously over 30 min starting 2 h before
radiotherapy, weekly for 6 weeks, at a dose of 250 mg/m2, which
had been previously determined in a phase I trial in our hospital
(20). When grade 3 hematological toxicity, serum creatinine of 1.5-
2.0 times UNL, total bilirubin level of 3.0-5.0 times UNL, serum
AST/APT of 5.0-10 times UNL and/or grade 2 non-hematological
toxicity (excluding nausea, vomiting, anorexia, fatigue, constipation,
alopecia and dehydration) were observed, gemcitabine
administration was omitted and postponed to the next scheduled
treatment days.

Radiotherapy was delivered via a racetrack microtron (MM50,
Scanditronix, Uppsala, Sweden) with a 25 MV X-rays. All patients
had treatment planning computed tomography (CT) scans (X-
vision, Toshiba, Tokyo, Japan), 5 mm thickness with a 5 mm slice
interval, with oral small bowel contrast. The clinical target volume
(CTV) included the primary tumor, nodal involvement detected by
CT scan, and draining and para-aortic lymph nodes. The planning
target volume (PTV) was defined as CTV plus a2 10 mm margin in
the lateral direction and a 10-20 mm margin in the cranio-caudal
direction. Four-field techniques (anterior, posterior and opposed
lateral fields) were used. The spinal cord dose was maintained
below 45 Gy and =50% of the liver was limited to =30 Gy, 250%
of both kidneys were limited to <20 Gy. The prescription dose was
50.4 Gy, delivered in 1.8 Gy daily fractions. FOCUS (version 3.2.1,
CMS, St. Louis, MO, USA) was used as a radiotherapy treatment
planning system. The individual loops of small bowel and colon
were delineated on each slice of the planning CT scan from the
upper end level of the liver to the lower end level of the kidneys.
The volumes of small bowel receiving doses between 5 and 45 Gy
were recorded from DVH at 5-Gy intervals.

Toxicity assessment. Patients were evaluated at least weekly during
radiotherapy, prospectively. National Cancer Institute common
toxicity criteria, version 2.0, were used for toxicity assessment. AIT
was defined as any toxicity that could be related to the small bowel,
which included nausea, vomiting, anorexia and diarrhea, according

3756

321

Table 1. Patient characteristics.

Characteristic No. of patients

(N=42)

Gender

male 19

female 23
Age, years

range 43-73

median 59
Performance status

0 12

1 30
Tumor size, cm

range 2.0-10.0

median 4.0
Tumor site

head : 20

body-tail 22

to the previous report for rectal cancer (17) and =grade 3 was
considered severe toxicity.

Statistical analysis. For each 5-Gy dose level from 5 to 45 Gy, an
association between the volume of small bowel irradiated and
grade 3+ AIT was analyzed. The differences in mean small bowel
volume irradiated to each 5-Gy dose level from 5 to 45 Gy were
assessed using the ¢-test for the equality of means. Univariate
analysis comparing the clinical and treatment factors and grade 3+
AIT was performed using the Fisher’s exact test. P-values less than
0.05 were considered to be statistically significant.

Results

Forty-two patients were enrolled in a phase II trial between
July 2001 and July 2002, and all patients were entered in
this study. The patient characteristics are shown in Table 1.
Forty patients completed the planned radiotherapy (50.4
Gy). Two patients discontinued radiotherapy. One patient
stopped at 30.6 Gy because of duodenal bleeding and
another patient stopped at 45.0 Gy because of refusal due
to general fatigue. The number of times gemcitabine was
administered was 6 times in 17 patients, 5 times in 15
patients, 4 times in 6 patients, 3 times in 2 patients and 2
times in 2 patients. Grade 3 and grade 4 non-hematological
toxicities were observed in 31% and 33% of patients,
respectively. Overall, the maximum AIT encountered during
radiotherapy was grade 0 in 4 patients (3.5%), grade 1in 9
patients (21.4%), grade 2 in 3 patients (7.2%), grade 3 in 12
patients (28.6%) and grade 4 in 14 patients (33.3%).
Median and range values of the dosimetric parameters of
small bowel, colon and PTV are shown in Table II. The
volume of irradiated small bowel ranged from 43 cmS to 552
em?, with a median value of 251 cm?3 and the volume of
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Table I1. Median and range values of dosimetric parameters.

Parameter Median Range
Small bowel
total volume, cm3 274 47-663
irradiated volume, cm3 251 43-552
max dose, cGy 5072 3079-5229
mean dose, cGy 1485 376-2915
Colon
total volume, cm?3 403 120-714
irradiated volume, cm3 397 117-686
max dose, cGy 5028 1975-5221
mean dose, cGy 1516 633-2848
Planning target volume
total volume, cm3 555 357-1215
max dose, cGy 5120 3106-5275
mean dose, cGy 4948 3002-5045

Table 1. Volume of irradiated small intestine at each 5-Gy dose level
between S and 45 Gy vs. the degree of acute intestinal toxicity
(mean=SE, cm3).

Table IVa. Univariate analysis of clinical and treatment factors related to
the development of = grade 3 acute intestinal toxicity.

Characteristic n % toxicity p-value*
Gender

male 19 63.2%

female 23 60.9% >0.999
Age, years

<60 22 54.5%

=60 20 70.0% 0.355
PS

0 12 41.7%

1 30 70.0% 0.158
Tumor size, cm

=4 22 54.5%

>4 20 70.0% 0.355
Tumor Site

head 20 65.0%

body-tail 22 59.1% 0.758
Number of times
gemcitabine
was administered

<5 10 80.0%

=5 32 56.3% 0.270

RT dose Grade 0-2 Grade 3-4 , p-value
level (Gy) toxicity toxicity

5 169+99 18299 0.669
10 15094 161x92 0.707
15 14090 14890 0.787
20 64+41 © 6650 0.873
25 53£36 55+42 0.879
30 49+33 50x40 0.910
35 4327 45+36 0.864
40 38+x23 41+32 0.786
45 32+20 35%28 0.715

PTV ranged from 357 cm?3 to 1215 cm3, with a median value
of 555 cm?, corresponding to a cube of 8.2 cm on a side.
The average volume of small bowel irradiated at each 5-Gy
dose level between 5 and 45 Gy are shown in Table III.
The average volume of small bowel irradiated at each
dose level was not significantly different between the group
of grade 34+ AIT and the group of grade 0-2 AIT by the -
test for equality of means. The relationships between grade
34 AIT and clinical factors are shown in Table IVa. No
significant correlation was seen between grade 3+ AIT and
clinical factors, including age, performance status, tumor
size, tumor site, and number of times gemcitabine was
administered. The relationships between grade 3+ AIT and
the calculated parameters are shown in Table IVb. No
significant correlation was seen between grade 34+ AIT and
the volume of small bowel irradiated or other parameters
regarding the small bowel and the colon. However, the
total volume of PTV was shown to be significantly
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*Fisher’s exact test.

Table IVb. Univariate analysis of calculated parameters related to the
development of = grade 3 acute intestinal toxicity.

Characteristic n % toxicity p-value*
Small bowel
irradiated volume, cm3
<250 18 66.7%
2250 24 58.3% 0.750
max dose, cGy
<5100 30 60.0%
=5100 12 66.7% 0.740
mean dose, cGy
<1500 22 63.6%
=1500 20 60.0% >0.999
Colon
irradiated volume, cm3
<400 22 59.1%
=400 20 65.0% 0.758
max dose, cGy
<5000 16 68.8%
=5000 26 57.7% 0.530
mean dose, cGy
<1500 21 66.7%
=1500 21 57.1% 0.751
Planning target volume
total volume, cm?
<500 16 37.5%
=500 26 76.9% 0.021
*Fisher’s exact test,
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correlated with the development of grade 3+ AIT
(p=0.021). The highest incidence of grade 3+ AIT was in
patients with the volume of PTV 2500 cm?, corresponding
to a cube of 7.9 cm on a side.

Discussion

We evaluated the relationship between the AIT and the
volume of irradiated small bowel in patients treated with
concurrent gemcitabine and radiotherapy for pancreatic
cancer and univariate analysis revealed that the volume of
irradiated small bowel, which was significantly related to AIT
in the treatment of rectal cancer, did not correlate to the
AIT here. Minsky et al. reported a significant relationship
between AIT and the volume of irradiated small bowel in
patients with rectal cancer treated with concurrent 5-FU-
based chemotherapy and pelvic radiotherapy (17).
Orthogonal radiographs were used to calculate the volume
of small bowel within the treated volume, using the sum of
the anterior-posterior film volume and the lateral film
volume. The volume of small bowel in the pelvic radiation
field was greater for patients who experienced grade 3+ AIT
(441153 cm®) compared with those who experienced grade
0-2 acute intestinal toxicity (230+43 cm?). Baglan et al.
reported a strong dose-relationship for the development of
grade 3+ AIT in patients treated with concurrent 5-FU
based chemoradiotherapy for rectal cancer using three-
dimensional (3D) treatment planning tools, the same as our
method (18). A highly significant association was found
between the development of grade 3+ AIT and the average
volume of small bowel irradiated to each 5-Gy dose level
between 5 and 40 Gy (p<0.001). The volume of small bowel
that received at least 15 Gy (V15) was strongly associated
with the degree of AIT.

The present report represents the first analysis of AIT
using dosimetric analysis in pancreatic cancer treated with
chemoradiotherapy. In this study, the patient population
and treatment schedule was more homogeneous compared
with previous reports for rectal cancer and toxicities were
evaluated prospectively, because all patients entered in this
analysis were previously enrolled in a clinical trial. The
reasons for the different results regarding AIT and the
volume of irradiated small bowel between rectal cancer and
pancreatic cancer could be several. First, the agent of
chemotherapy in the combination of radiotherapy was
different between the two groups. In previous reports for
rectal cancer, 5-FU based chemotherapy was used, while in
our study for pancreatic cancer, gemcitabine was used. An
in vivo study showed that there was markedly increased
normal tissue toxicity, such as jejunal mucosa, when
gemcitabine was given more than once a week in

. combination with radiotherapy (21). Second, the volume of
irradiated stomach and duodenum may be related to the
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AIT in part, since in the treatment of pancreatic cancer the
upper abdomen is irradiated and the stomach and
duodenum are usually included in the treated volume.
However, in this study we did not evaluate the volume of
irradiated stomach since it was difficult to evaluate the
volume of stomach, exactly, due to the great variation in
volume depending on the time of day compared with the
small bowel and colon. We also did not evaluate the volume
of irradiated duodenum. Because most of the duodenum
was included in the radiation field with prophylactic
regional lymph node area, the volume of irradiated
duodenum was considered similar among the patients.

We found that the PTV was significantly associated with
severe AIT. This result indicates that a larger treated
volume affects a large volume of normal tissue, not just the
small bowel. Recently, in an attempt to decrease the toxicity
in the treatment of gemcitabine-based chemoradiotherapy,
researchers at the University of Michigan and M.D.
Anderson Cancer Center performed and recommended
radiation treatment planning, which set only the gross tumor
in the target volume without a prophylactic regional lymph
node area (11, 14, 22). These authors reported that the PTV
ranged from 134 cm3 to 465 cm?, with a median value of 255
cm?, corresponding to a cube of only 6.3 cm on a side, which
was much smaller compared with conventional radiotherapy
and patients were able to tolerate the treatment (22). Our
result that the smaller PTV (<500 cm3, corresponding to a
cube of 7.9 cm on a side) had less acute intestinal toxicity
supports their recommendation. However, the efficacy of
treatment without prophylactic -regional lymph node
irradiation should be evaluated in clinical trials and a longer
follow-up is needed.

In conclusion, the volume of irradiated small bowel did
not directly influence the AIT in patients treated with
concurrent weekly gemcitabine and radiotherapy for locally
advanced pancreatic cancer. However, only the PTV
significantly correlated with severe AIT. Reducing the
treated volume, e.g, by omitting prophylactic regional lymph
node irradiation, seemed to result in decreased AIT when
patients were treated concurrently with gemcitabine-based
chemoradiotherapy.
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Treatment of lung damage

Retrospective analysis of steroid therapy for
radiation-induced lung injury in lung cancer patients
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Abstract

Purpose: To disclose characteristics of lung cancer patients developing radiation-induced lung injury treated with or
without corticosteroid therapy.

Methods and materials: Radiographic changes, symptoms, history of corticosteroid prescription, and clinical course
after 50—70 Gy of thoracic radiotherapy were retrospectively evaluated in 385 lung cancer patients.

Results: Radiation-induced lung injury was stable without corticosteroid in 307 patients (Group 1), stable with
corticosteroid in 64 patients (Group 2), and progressive to death despite corticosteroid in 14 patients (Group 3). Fever
and dyspnea were noted in 11%, 50% and 86% (p < 0.001), and in 13%, 44% and 57% (p < 0.001) patients in Groups 1-3,
respectively. Median weeks between the end of radiotherapy and the first radiographic change were 9.9, 6.7 and 2.4 for
Groups 1—3, respectively (p < 0.001). The initial prednisolone equivalent dose was 3040 mg daily in 52 (67%) patients.
A total of 16 (4.2%) patients died of radiation pneumonitis or steroid complication with a median survival of 45 (range,
8—107) days.

Conclusion: Development of fever and dyspnea, and short interval between the end of radiotherapy and the first
radiographic change were associated with fatal radiation-induced lung injury. Prednisolone 30—40 mg daily was selected
for the treatment in many patients.
© 2006 Elsevier Ireland Ltd. All rights reserved. Radiotherapy and Oncology 80 (2006) 93-97.

Keywords: Radiation pneumonitis; Radiotherapy; Lung cancer; Corticosteroid

Thoracic radiotherapy is widely used for the curative and 1968 [9]. Although no case series or clinical trials of cortico-
palliative treatment of lung cancer. Radiation-induced lung steroid therapy have been reported since that time, pred-
injury was first described as early as 1922 [1,2], and two nisolone has been given in patients with severe
types of lung injury, radiation pneumonitis and radiation pneumonitis in clinical practice. The initial dose of prednis-
fibrosis, were recognized in 1925 [3]. Radiation pneumonitis olone, approximately 30—100 mg daity, and very slow taper-
occurs in 5—15% of patients who have received radiation ing schedule are in agreement among experts [4—6,10],
therapy for lung cancer. Its clinical symptoms are charac- because early withdrawal results in aggravation of pneumo-
terized by cough, dyspnea and fever developing between 1 nitis [11—13]. There is no consensus, however, about crite-
and 3 months after the end of radiotherapy. Distinctive ria to define when steroids are required for radiation-
radiographic changes of radiation pneumonitis are a induced lung injury. The objective of this study is to disclose
ground-glass opacification or diffuse haziness in early phase, general characteristics of lung cancer patients developing
and then alveolar infiltrates or dense consolidation in late radiation-induced tung injury treated with or without corti-
phase in the region corresponding to the irradiated area costeroid therapy, to obtain data on the initiation criteria,
[4—7]. Radiation pneumonitis may persist for a month or dose, and taper schedule of corticosteroid therapy for fur-
more and subside gradually. In severe cases, however, ther prospective trials.

pneumonitis progresses to death due to respiratory failure
within few weeks [4].
Use of adrenocorticotropic hormone (ACTH) and corti-

sone for radiation pneumonitis in a case was first reported Patients and methods
in 1951 [8], and 9 cases of radiation pneumonitis treated Consecutive lung cancer patients treated with thoracic
with cortisone therapy in the literature were reviewed in radiotherapy at a total dose of 50—70 Gy in National Cancer

0167-8140/$ - see front matter © 2006 Elsevier Ireland Ltd. All rights reserved. doi:10.1016/j.radonc.2006.06.007
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Center Hospital between January 1998 and December 2003
were subjects of this study. We retrospectively reviewed
all chest X-ray films taken during 6 month period from the
end of thoracic radiation to identify the first radiographic
change and its progress. History of corticosteroid prescrip-
tion, symptoms at the time of and one-month period after
the first radiographic change in a chest X-ray film, and clin-
ical course of radiation-induced lung injury were obtained
from medical charts. The diagnosis of radiation-induced
lung injury was defined as radiographic changes including
opacification, diffuse haziness, infiltrates or consolidation
conforming to the outline of the sharply demarcated irradi-
ated area in a chest X-ray film. During clinical course, scar-
ring (fibrosis) was developed within the irradiated area
leading to a reduction in lung volume. In contrast, pulmon-
ary infection spreads through anatomical structure of the
lung, and the boundary of infiltrates corresponds to anatom-
ical boundary of the lung. For patients with fever, the radio-
graphical response to antibiotics was also evaluated.
Observed differences in the proportions of patients in vari-
ous patient subgroups were evaluated using Chi-square test.
Differences between continuous variables were compared
using Mann—Whitney tests. The Dr. SPSS 1l 11.0 for Windows
software package (SPSS Japan Inc., Tokyo, Japan) was used
for all statistical analyses.

Results

Of 544 lung cancer patients receiving thoracic radiother-
apy at a total dose of 50—70 Gy, 111 patients were excluded
from this study because they were not evaluable: loss of fol-
low-up in 88 patients, early lung cancer progression in 18
patients, chemotherapy-induced neutropenic fever and
pneumnonia in three patients, death of bleeding from the
esophageal stent in one patient, and no chest X-ray films
available in one patient. In addition, 48 patients (11% of
433 evaluable patients) were also excluded because no radi-

ation-induced lung injury was noted. Thus, the subject of
this study was 385 patients.

Of the 385 patients, 78 (20%) received corticosteroid
therapy for radiation-induced lung injury, and 307 did not.
Radiation-induced lung injury was stable without corticoste-
roid in the 307 (80%) patients {(Group 1), stable or in remis-
sion with corticosteroid in 64 (17%) patients (Group 2), and
progressive to death despite corticosteroid in 14 (4%) pa-
tients (Group 3). No difference in sex, total dose, intent
of radiotherapy, and combination chemotherapy was noted
among three Groups, but median age of patients was higher
in Group 3 (Table 1). Fever was developed in 50% of patients
in Group 3 at the initial radiographic change, and in 86% of
them during subsequent clinical course, while it was devel-
oped in only 11-12% of patients in Group 1 through their
clinical course (Table 2). Dyspnea was developed in 57% of
patients in Group 3 and in 44% of patients in Group 2 during
clinical course, while it was developed in only 14% of pa-
tients in Group 1 (Table 2). A total of 88 patients developed
fever at the initial change in chest X-ray and/or during sub-
sequent clinical course. Of these, 43 patients received anti-
biotics, but no radiographical response was obtained in
these patients. Five (2%) and seven (2%) patients in Group
1 developed bloody sputum and chest pain, respectively,
but none in Group 2 or 3 developed these symptoms. The
average interval of chest X-rays taken between the start
of radiotherapy and the first appearance of radiographic
change was 1.7 weeks for group 1, 1.3 weeks for group 2,
and 0.9 weeks for group 3 (P < 0.001, Table 3). Interval be-
tween the end of radiotherapy and the first change in a
chest X-ray was shorter in Group 3 than in Group 2 or Group
1 (Table 3). Of 57 patients in whom the first radiographic
change was noted within three weeks, 9 (16%) died of pneu-
monitis, while radiation-induced lung injury that occurred
10 weeks or later after the end of radiation was easily man-
aged with or without steroid therapy (Table 3). Oxygen con-
tent in the blood at the start of steroid therapy was
examined in 70 patients of Groups 2 and 3. Oxygen content

Table 1
Patient demographics and radiotherapy performance
Characteristics Total N (%) Group 1 Group 2 Group 3 p-value
N (%) N (%) N (%)
Total 385 (100) 307 (80) 64 (17) 14 (4)
Sex
Male 300 (78) 240 (78) 47 (73) 13 (93) 0.28
Female 85 (22) 67 (22) 17 (27) 1(7)
Age median (range) 65 (28—-87) 63 (28—87) 65 (37-83) 71 (65—84) 0.008
- Total dose (Gy) ’
Median (range) 60 (50—70) 60 (50—70) 60 (50—61) 60 (50—-60) 0.50
Intent of radiotherapy
Curative 298 (77) 232 (76) 52 (81) 14 (100) 0.074
Palliative 87 (23) 75 (24) 12 (19) 0(0)
Chemotherapy ;
None 121 (31) 101 (33) 15 (23) 5 (36) 0.48
Sequential 121 (31) 93 (30) 25 (39) 321
Concurrent 143 (37) 113 (37) 24 (38) 6 (43)
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Table 2
Symptoms through clinical courses
Symptom At the initial change in chest X-ray During subsequent clinical course
Group 1 Group 2 Group 3 p Group 12 Group 2° Group3® p

Cough 96 (31) 35 (56) 5 (36) 0.001 85 (28) 38 (59) 5 (36) <0.001
Sputum 32 (10) 11 (18) 4 (29) 0.049 30 (10) 11 (17) 3(21) 0.12
Hemosputum 5(2) 0 (0) 0(0) 0.53 4 (1) 0 (0) 0(0) 0.60
Chest pain 7 (2) 0 (0) 0(0) 0.40 2 (0.6) 0 (0) 0 () 0.78
Fever

None 269 (88) 35 (56) 7 (50) <0.001 272 (39) 32 (50) 2 (14) <0.001

37.0-37.9°C 18 (6) 11 (18) 2 (14) 24 (8) 16 (25) 5 (39)

38°C< 13 4) 14 (22) 5 (36) 83 13 (20) 7 (50)

Not specified 7(2) 34) 0 (0) 3(D 34 0 (0
Dyspnea 43 (14) 14 (22) 6 (43) 0.007 40 (13) 28 (44) 8 (57) <0.001
Fever or dyspnea 75 (24) 37 (58) 10 (71) <0.001 65 (21) 49 (77) 14 (100) <0.001
Any 150 (49) 51 (81) 13 (93) <0.001 118 (38) 60 (94) 14 (100) <0.001

2 During one month period following the initial change in the chest X-ray.

b At the start of steroid therapy.
Table 3
The chest X-ray intervals and first radiographic change
Weeks Group 1 Group 2 Group 3 p-value
The average interval of chest X-rays (weeks)®
Median (range) 1.7 (0.7 to 6.0) 1.3 (0.5 to 4.4) 0.9 (0.5 to 3.8) <0.001
Duration between the end of radiotherapy and the first radiographic change (weeks)
Median (range) 9.9 (~2.9 to 45.1) 6.7 (0 to 24.9) 2.4 (0.4 to 10.1) <0.001
<6 82 (27) 26 (41) 11 (79) <0.001
6—-11.9 116 (38) 29 (45) 3 (21)
12—-17.9 71 (23) 7 (11) 0(0)
18< 38 (12) 2 (3) 0 (0)

2 Calculated as follows: the average interval of chest X-rays = (the first radiographic change — the start of radiotherapy)/the number of

chest X-rays taken during this period/7).

was slightly decreased (PaO2 = 70—74.9 Torr) in 12 (19%) pa-
tients of Group 2 and one (7%) patient of Group 3, and mod-
erately to severely decreased (PaO2< 69.9Torr or
Sp02 < 92%) in 21 (33%) patients of Group 2 and 7 (50%) pa-
tients of Group 3 (p=0.38).

Prednisolone was administered as the initial therapy in 69
(88%) patients of Groups 2 and 3. The initial prednisolone
equivalent dose of steroid was 30—40 mg daily in 52 (67%),
and 60 mg of higher only in 8 (10%) patients (Table 4). The
median duration of the initial dose was 10 (range, 2—64)
days, and the dose was reduced within 14 days in 57 (77%)
patients. The median duration of steroid therapy was 10
(range, 2—28) weeks (Table 4). Steroid pulse therapy (meth-
ylprednisolone 1000 mg daily for three days) was adminis-
tered as the initial therapy in one patient, and as salvage
therapy in six patients at the time of pneumonitis aggrava-
tion. Among the seven patients, six died of respiratory fail-
ure due to progressive radiation pneumonitis.

Outcome of steroid therapy was evaluated in 76 patients
(Fig. 1). Symptomatic relief was obtained and the steroid
dose was reduced in 71 (93%) of the 76 patients, while no ef-
fect was noted in the remaining five patients, who all died
of radiation pneumonitis despite escalated steroid adminis-
tration. Of the 71 patients, 15 (21%) developed recurrent
symptoms at the median daily prednisolone dose of 20 mg
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(range, 10—40 mg) within median 33 days (range, 21—42
days) from the start of the steroid therapy, and required
steroids to be escalated. Of the 15 patients, nine died of
radiation pneumonitis and one died of complication of ste-
roid therapy. A total of 54 (71%) patients were in remission
from pneumonitis and steroid therapy was terminated. The
remainder 22 patients died during steroid therapy, 14 of
radiation pneumonitis, two of infectious complication (bac-
terial pneumonia in one, and lung aspergillosis in another
patient), five of lung cancer progression, and one of hem-
optysis. Thus, 16 patients, who accounted for 4.2% of 385
patients receiving 50—70 Gy of thoracic radiotherapy, and
who accounted for 21% of 78 patients treated with steroid
therapy, died of radiation pneumonitis or complication
associated with steroid therapy. Median survival from the
start of steroid therapy in these patients was 45 (range,
8-107) days.

Discussion

Patients with radiation-induced lung injury have been
managed in compliance with the expert opinions, because
there has been no case series or clinical trial report on clin-
ical course and corticosteroid use for this lung injury. This
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Table 4
Corticosteroid, dose and duration of steroid therapy

N (%)
Corticosteroid
Prednisolone 69 (88)
Dexamethasone 4 (5)
Betamethasone 4 (5)
Methylprednisolone 1(1)
Initial dose, mg/body daily (prednisolone equivalent)
Pulse therapy 1(1)
60 7(9)
50 1(1)
40 10 (13)
30 42 (54)
10-25 17 (22)

Duration of the initial dose, days

Median (range) 10 (2—64)
<14 57 (77)
15-28 9 (12)
29< 8 (11)
Not evaluable 4

Total duration of steroid therapy, weeks

Median (range) 10 (2—-28)
<6 16 (30)
6.1-12 . 19 (35)
12.1-18 14 (26)
18.1< 5(9)

Not evaluable 24

study is the first systemic review of these patients both who
received corticosteroid therapy and who did not. Compari-
son between the expert opinions and the results of this
study is given below. First, radiation-induced lung injury is
severer when a radiographic change appears earlier [5]. In

this study, the initial change in a chest X-ray film was
observed in 9.9 (range, —3 to 45) weeks in Group 1, in 6.7
(range, 0—25) weeks in Group 2, and 2.4 (range, 0-10)
weeks in Group 3 after the end of thoracic radiotherapy.
If patients present with symptoms, presumably they receive
a chest X-ray. Thus, the patients with symptoms may have
radiographic findings seen sooner, since they receive an X-
ray when they complain of symptoms. The average interval
of chest X-rays taken between the start of radiotherapy and
the first appearance of radiographic change was longer in
Group 1 than that in groups 2 and 3. The difference, howev-
er, was negligibly small when compared with the difference
in duration between the end of radiotherapy and the first
radiographic change. Second, steroid administration is
determined generally based on the severity of symptoms
[5]. In this study steroid was used when patients developed
dyspnea or fever. Dyspnea has been thought to be the car-
dinal symptom of radiation pneumonitis but fever to be
unusual [5,10]. In this study, however, fever was highly
associated with fatal radiation pneumonitis; fever was not-
ed in 12% patients of Group 1, in 58% patients of Group 2,
and 86% patients of Group 3. This study failed to show utility
of blood gas analysis. An oxygen content in the blood was
decreased moderately to severely in only 28 (36%) patients
in Groups 2 and 3, and did not differ between the two
groups. The oxygen content in Group 1 was measured in only
small number of patients, and therefore it was not evalu-
able in this study. Third, 30—100 mg/day of prednisolone
has been recommended as the initial dose [4—6,10]. In our
practice, a dose of 30—40 mg was the most frequently used.
We selected this relatively low dose of steroid mostly be-
cause steroid therapy was started in out patient clinic.
Forth, duration of the initial dose was within two weeks in
73% of patients, which is consistent to most expert opinions
[6,10]. In contrast, tapering schedutes varied between a pa-

I Evaluable patients (n = 76) l

— T~

Symptomatic relief

| Obtained (n=71) |

I Not obtained (n = 5) ]

Recurrent Not developed Developed
symptoms (n = 56) (n=15)
n=
n=3 / n=1 ¥ n=5
i i Radiation
Cause of Progressive Steroid s n
death disease complication Henz:}o;_:tr)s:s pneumonitis
(n=5) n=2) - (n=14)
v =52 n=2 ¢

[ Remission (n = 54) |

Fig. 1. Outcome of patients who received steroid therapy. Two patients were exctuded because of loss of follow-up. Of 76 evaluable patients,

71 (93%) experienced symptomatic relief by steroid therapy.
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tient and another in this study. This may be partly due to
the diversity in clinical course of radiation pneumonitis,
but mostly due to lacking in available recommendation for
tapering schedules. In this study, median total duration of
steroid therapy was 10 weeks, which may be a tentative
guide. A guideline of taper schedule appeared in the latest
textbook: the dose should be tapered by 10 mg every two
weeks, and be terminated in 12 weeks [10].

Although our clinical practice mostty followed the expert
opinions on the management of radiation-induced lung injury
as mentioned above, there is little evidence that our steroid
use, dose and duration for radiation-induced lung injury were
correct. In this study, 21% of patients received steroid thera-
py and 4% of patients died of radiation pneumonitis among
lung cancer patients treated with thoracic radiotherapy at a
total dose of 50 Gy or higher. These figures are comparable
to the incidence of grade 3 pneumonitis, 3—20%, and that of
fatal pneumonitis, 1—4%, in other reports [10].

In conclusion, development of fever and dyspnea, and
short interval between the end of radiotherapy and the first
radiographic change were associated with fatal radiation-in-
duced lung injury. Prednisolone 30—40mg daily for two
weeks followed by slow taper was selected for the treat-
ment in many patients.
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ORIGINAL ARTICLE

Docetaxel Consolidation Therapy Following Cisplatin,
Vinorelbine, and Concurrent Thoracic Radiotherapy in
Patients with Unresectable Stage Ill Non-small
Cell Lung Cancer

Tkuo Sekine,* Hiroshi Nokihara,* Minako Sumi,1 Nagahiro Saijo,]
Yutaka Nishiwaki,§ Satoshi Ishikura,|| Kiyoshi Mori,¥ Iwao Tsukiyama,#
and Tomohide Tamura™®

Background: To evaluate the feasibility and efficacy of docetaxel
consolidation therapy after concurrent chemoradiotherapy for unre-
sectable stage III non-small cell lung cancer (NSCLC).

Patients and Methods: The eligibility criteria included unresect-
able stage III NSCLC, no previous treatment, age between 20 and 74
years, and performance status 0 or 1. Treatment consisted of cispla-
tin (80 mg/m* on days 1, 29, and 57), vinorelbine (20 mg/m® on days
1, 8,29, 36, 57, and 64), and thoracic radiotherapy (TRT) (60 Gy/30
fractions over 6 weeks starting on day 2), followed by consolidation
docetaxel (60 mg/m® every 3 to 4 weeks for three cycles).
Results: Of 97 patients who were enrolled in this study between
2001 and 2003, 93 (76 males and 17 females with a median age of
60) could be evaluated. Chemoradiotherapy was well tolerated; three
cycles of chemotherapy and 60 Gy of TRT were administered in 80
(86%) and 87 (94%) patients, respectively. Grade 3 or 4 neutropenia,
esophagitis, and pneumonitis developed in 62, 11, and 3 patients,
respectively. Docetaxel consolidation was administered in 59 (63%)
patients, but three cycles were completed in only 34 (37%) patients.
The most common reason for discontinuation was pneumonitis,
which developed in 14 (24%) of the 59 patients. During consolida-
tion therapy, grade 3 or 4 neutropenia, esophagitis, and pneumonitis
developed in 51, 2, and 4 patients, respectively. A total of four
patients died of pneumonitis. We calculated a V., (the percent
volume of the normal lung receiving 20 Gy or more) on a dose—
volume histogram in 25 patients. Of these, five patients developed
grade 3 or more severe radiation pneumonitis. A median V,, for
these five patients was 35% (range, 26—40%), whereas the median
V., for the remaining 20 patients was 30% (range, 17-35%) (p =
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0.035 by a Mann—Whitney test). The response rate was 81.7% (95%
confidence interval [CI], 72.7-88.0%), with 5 complete and 71
partial responses. The median progression-free survival was 12.8
(CI, 10.2~15.4) months, and median survival was 30.4 (CI, 24.5—
36.3) months. The 1-, 2-, and 3-year survival rates were 80.7, 60.2,
and 42.6%, respectively.

Conclusion: This regimen produced promising overall survival in
patients with stage IIT NSCLC, but the vast majority of patients could
not continue with the docetaxel consolidation because of toxicity.

Key Words: Non-small cell lung cancer, Chemoradiotherapy, Con-
solidation, Docetaxel.

(J Thorac Oncol. 2006;1: 810-815)

ocally advanced unresectable non—small cell lung cancer

(NSCLC), stage [1IA with bulky N2 and stage 11IB disease
without pleural effusion, is characterized by large primary
lesions and/or involvement of the mediastinal or supraclavic-
ular Iymph nodes and occult systemic micrometastases. A
combination of thoracic radiotherapy and chemotherapy is
the standard medical treatment for this disease, but the opti-
mal combination has not been established.! Although the
available data are insufficient to accurately define the size of
a potential benefit,> concurrent chemoradiotherapy using a
platinum doublet has been shown to be superior to the sequential
approach in phase III trials of this disease.** However, third-
generation cytotoxic agents, which have provided better patient
survival with extrathoracic spread than the old-generation
agents, must be reduced when administered concurrently with
thoracic radiotherapy.® Thus, it has been hypothesized that the
addition of systemic dose chemotherapy with a new cytotoxic
agent to concurrent chemoradiotherapy, either as induction or
as consolidation chemotherapy, might further improve patient
survival.!

The consolidation chemotherapy with docetaxel was
based on the observation that this drug was highly active in
the primary treatment of metastatic NSCLC, producing a
response rate (RR) as high as 20% after platinum-based
chemotherapy failed.”® Highly encouraging results of a me-
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dian survival time (MST) of more than 2 years and a 3-year
survival rate of nearly 40% were obtained in a phase II trial
of docetaxel consolidation after chemoradiotherapy with cis-
platin and etoposide in patients with stage TIIB NSCLC
(SWOG study S9504).1°

We have developed a combination chemotherapy sched-
ule with cisplatin and vinorelbine concurrently administered
with thoracic radiotherapy at a total dose of 60 Gy in 30 fractions
in patients with unresectable stage TII NSCLC. The results of a
phase 1 study in 18 patients were very promising, with a RR of
83%, a MST of 30 months, and a 3-year survival rate of 50%.¢
Thus, addition of docetaxel consolidation to this regimen is a
particularly interesting therapeutic strategy. The objectives of
the current study were to evaluate the feasibility of docetaxel
consolidation therapy after concurrent chemoradiotherapy with
cisplatin and vinorelbine and to evaluate the efficacy and safety
of the whole treatment regimen including both the chemoradio-
therapy and consolidation therapy in patients with unresectable
stage 1TIA and ITIB NSCLC.

PATIENTS AND METHODS

Patient Selection

The eligibility criteria were histologically or cytologi-
cally proven NSCLC; unresectable stage HIA or IIIB disease;
no previous treatment; measurable disease; tumor within an
estimated irradiation field no larger than half the hemithorax;
age between 20 and 74 years; Eastern Cooperative Oncology
Group performance status (PS) of 0 or 1; adequate bone
marrow function (12.0 X 10°/liter = white blood cell [WBC]
count =4.0 X 10%/liter, neutrophil count =2.0 X 10%/liter,
hemoglobin =10.0 g/dl, and platelet count =100 X 10%/liter),
liver function (total bilirubin 1.5 mg/dl and transaminase no
more than twice the upper limit of the normal value), and
renal function (serum creatinine =1.5 mg/dl and creatinine
clearance =60 ml per minute); and a PaO, of 70 torr or more
under room air conditions. Patients were excluded if they had
malignant pleural or pericardial effusion, active double can-
cer, a concomitant serious illness such as uncontrolled angina
pectoris, myocardial infarction in the previous 3 months,
heart failure, uncontrolled diabetes mellitus, uncontrolled
hypertension, interstitial pneumonia or lung fibrosis identified
by a chest x-ray, chronic obstructive lung disease, infection or
other diseases contraindicating chemotherapy or radiother-
apy, pregnancy, or if they were breast feeding. All patients
gave their written informed consent.

Pretreatment Evaluation

The pretreatment assessment included a complete blood
cell count and differential count, routine chemistry determi-
nations, creatinine clearance, blood gas analysis, electrocar-
diogram, lung function testing, chest x-rays, chest computed
tomographic (CT) scan, brain CT scan or magnetic resonance
imaging, abdominal CT scan or ultrasonography, and radio-
nuclide bone scan.

Treatment Schedule
Treatment consisted of a chemoradiotherapy phase with
three cycles of cisplatin and vinorelbine followed by a con-
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Week

CDDP
(80 mgim?)

4

VNR
{20 mg/m?)

DTX
(602 mgim?)

TRT
(60 Gy/30fr)

FIGURE 1. Treatment schema. CDDP, cisplatin; DTX, do-
cetaxel; TRT, thoracic radiotherapy; VNR, vinorelbine.

t

solidation phase with three cycles of docetaxel (Figure 1).
Cisplatin 80 mg/m” was administered on days 1, 29, and 57
by intravenous infusion for 60 minutes with 2500 to 3000 ml
of fluid for hydration. Vinorelbine diluted in 50 ml of normal
saline was administered intravenously on days 1, §, 29, 36,
57, and 64. All patients received prophylactic antiemetic
therapy consisting of a SHT;-antagonist and a steroid.

Radiation therapy was delivered with megavoltage
equipment (=6 MV) using anterior/posterior opposed fields
up to 40 Gy in 20 fractions including the primary tumor, the
metastatic lymph nodes, and the regional nodes. A booster
dose of 20 Gy in 10 fractions was given to the primary tumor
and the metastatic lymph nodes for a total dose of 60 Gy
using bilateral oblique fields. A CT scan—based treatment
planning was used in all patients. The clinical target volume
(CTV) for the primary tumor was defined as the gross tumor
volume (GTV) plus 1 cm taking account of subclinical
extension. CTV and GTV for the metastatic nodes (>1 cm in
shortest dimension) were the same. Regional nodes, exclud-
ing the contralateral hilar and supraclavicular nodes, were
included in the CTV, but the lower mediastinal nodes were
included only if the primary tumor was located in the lower
lobe of the lung. The planning target volumes for the primary
turnor, the metastatic lymph nodes, and regional nodes were
determined as CTVs plus 0.5- to 1.0-cm margins laterally and
1.0- to 2.0-cm margins craniocaudally, taking account of
setup variations and internal organ motion. Lung heteroge-
neity corrections were not used.

The criteria for starting consolidation chemotherapy
were completion of three cycles of cisplatin and vinorelbine
and a full dose of thoracic radiotherapy, the absence of progres-
sive disease, adequate general condition within 6 weeks of the
start of the third cycle of cisplatin and vinorelbine (PS 0 or 1,
WBC count =3.0 X 10%/liter, neutrophil count =1.5 X 10/liter,
hemoglobin =9.0 g/dl and platelet count =100 X 10%/liter, total
bilirubin =1.5 mg/dl and transaminase no more than twice the
upper limit of the normal value, and a PaO, of 70 torr or more
at room air). Docetaxel (60 mg/m?) was administered intrave-
nously for 1 hour every 3 to 4 weeks for three cycles.

Toxicity Assessment and Treatment
Modification

Complete blood cell counts and differential counts,
routine chemistry determinations, and a chest x-ray were
performed once a week during the course of treatment. Acute
toxicity was graded according to the NCI Common Toxicity
Criteria, and late toxicity associated with thoracic radiother-
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apy was graded according to the Radiation Therapy Oncology
Group/European Organization for Research and Treatment of
Cancer late radiation morbidity scoring scheme. Vinorelbine
administration on day 8 was omitted if any of the following
were noted: WBC count <<3.0 X 10%/liter, neutrophil count
<1.5 X 10%/liter, platelet count <100 X 10°/liter, elevated
hepatic transaminase level or total serum bilirubin of at least
grade 2, fever =38°C, or PS =2. Subsequent cycles of
cisplatin and vinorelbine chemotherapy were delayed if any
of the following toxicities were noted on day 1: WBC count
<3.0 X 10°/liter, neutrophil count <1.5 X 10°/liter, platelet
count <100 X 107/liter, serum creatinine level =1.6 mg/dl,
elevated hepatic transaminase level or total serum bilirubin of
at least grade 2, fever =38°C, or PS =2. The dose of cisplatin
was reduced by 25% in all subsequent cycles if the serum
creatinine level rose to 2.0 mg/dl or higher. The dose of
vinorelbine or docetaxel was reduced by 25% in all subse-
quent cycles if any of the following toxicities were noted:
WBC count <1.0 X 10%/liter, platelet count <10 X 10%/liter,
or grade 3 or 4 infection or liver dysfunction. Thoracic
radiotherapy was suspended if any of the following were
noted: fever =38°C, grade 3 esophagitis, PS of 3, or PaO,
<70 torr. Thoracic radiotherapy was terminated if any of the
following were noted: grade 4 esophagitis, grade 3 or 4
pneumonitis, PS of 4, or duration of radiotherapy of over 60
days. The use of granulocyte colony-stimulating factor during
radiotherapy was not permitted unless radiotherapy was on
hold. The criteria for termination of docetaxel consolidation
were not defined in the protocol.

Response Evaluation

Objective tumor response was evaluated according to
the Response Evaluation Criteria in Solid Tumor.!! Local
recurrence was defined as tumor progression in the primary
site and in the hilar, mediastinal, and supraclavicular lymph
nodes after a partial or complete response; regional recur-
rence as the development of malignant pleural and pericardial
effusions; and distant recurrence as the appearance of a
distant metastasis.

Study Design, Data Management,
and Statistical Considerations

This study was conducted at three institutions: the
National Cancer Center Hospital, National Cancer Center
Hospital East, and Tochigi Cancer Center. The protocol and
consent form were approved by the institutional review board
of each institution. Registration was conducted at the regis-
tration center. Data management, periodic monitoring, and
the final analysis were performed by the study coordinator.

The primary objective of the current study was to
evaluate the feasibility of docetaxel consolidation therapy.
The secondary endpoints were toxicity observed during che-
moradiotherapy and consolidation therapy, the best response,
and overall survival in all patients eligible to participate in
this study. Because no standard method to evaluate consoli-
dation chemotherapy after chemoradiotherapy has been es-
tablished, we arbitrarily defined the primary endpoint of this
study as a ratio (R) of the number of patients receiving
docetaxel without grade 4 nonhematological toxicity or treat-
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ment-related death to the total number of patients receiving
docetaxel. The sample size was initially estimated to be 34
patients with a power of 0.80 at a significance level of 0.05,
under the assumption that a R of 0.95 would indicate poten-
tial usefulness, whereas a R of 0.8 would be the lower limit
of interest, and that 85% of patients would move into the
consolidation phase. An analysis of the first 13 patients,
however, showed that only 8 (61%) patients advanced into
the consolidation phase. The reasons for not receiving do-
cetaxel were disease progression in one, delay in completion
of chemoradiotherapy in two, grade 3 esophagitis in one, and
death due to hemoptysis in one patient. Considering that the
SWOG trial S9504 included 83 patients, we decided to revise
the number of patients in the current study. According to
Simon’s two-stage minimax design, the required number of
patients was calculated to be 59 with a power of 0.80 at a
significance level of 0.05, under the assumption that a R of
0.85 would indicate potential usefulness, whereas a R of 0.7
would be the lower limit of interest.!? Assuming that 61% of
registered patients would move into the consolidation phase,
the sample size was determined to be 97 patients.

Overall survival time and progression-free survival
time were estimated by the Kaplan—~Meier method, and con-
fidence intervals (CI) were based on Greenwood’s formula.!3
Overall survival time was measured from the date of regis-
tration to the date of death (from any cause) or to the last
follow-up. Progression-free survival time was measured from
the date of registration to the date of disease progression,
death (from any cause), or the last follow-up. Patients who
were Jost to follow-up without event were censored at the
date of their last known follow-up. A CI for RR was calcu-
lated using methods for exact binomial Cls. The Dr. SPSS 11
11.0 for Windows software package (SPSS Japan Inc., To-
kyo, Japan) was used for statistical analyses.

RESULTS

Registration and Characteristics of the Patients

A total of 97 patients were enrolled in this study between
April 2001 and June 2003. Four patients were excluded from
this study before the treatment was started because the radiation
treatment planning disclosed that their tumors were too ad-
vanced for curative thoracic radiotherapy. Thus, 93 patients who
received the protocol-defined treatment were the subjects of this
analysis (Figure 2). There were 76 males and 17 females, with a
median age of 60 (range 31-74). Body weight loss was less than
5% in 77 patients; adenocarcinoma histology was noted in 57
patients, and stage IT1A disease was noted in 41 patients (Table 1).

Treatment Delivery

Treatment delivery was generally well maintained in
the chemoradiotherapy phase (Table 2). Full cycles of cispla-
tin and vinorelbine and the full dose of thoracic radiotherapy
were administered in 80 (86%) and 87 (94%) patients, re-
spectively. Delay in radiotherapy was less than 5 days in 61
(66%) patients. In contrast, the delivery of docetaxel was
poor (Table 2). A total of 59 (63%) patients could enter the
consolidation phase, and only 34 (37%) patients completed
three cycles of docetaxel chemotherapy. The reasons for not

Copyright © 2006 by the International Association for the Study of Lung Cancer



Journal of Thoracic Oncology ® Volume 1, Number 8, October 2006

Docetaxel Consolidation after Chemoradiotherapy

Registration: 97 pts

1—————» Ineligible: 4 pts |

IReceiving CDDP/VNR/TRT: 93 pts (100%) |

[ Not receiving DTX: 34 pts |
PD:5 Toxicity: 22 Others: 7

, Receiving DTX: 59 pts (63%) ]

[DTX discontinued: 25 pts |
PD:3 Toxicity: 18 Refusal: 4

B cycles completed: 34 pts (37%) %

FIGURE 2. Patient registration. CDDP, cisplatin; DTX, do-
cetaxel; TRT, thoracic radiotherapy; VNR, vinorelbine.

receiving consolidation were toxicity in 22 (65%) patients
including pneumonitis in seven patients, myelosuppression in
five patients, esophagitis in four patients, liver dysfunction in
two patients, infection in two patients, other toxicity in two
patients, progressive disease in five (15%) patients, patient
refusal in three (9%) patients, early death due to hemoptysis
in one (3%) patient, and other reasons in three (9%) patients.
Of the 59 patients, 18 (31%) discontinued docetaxel consol-
idation because of toxicity, including pneumonitis (n = 14)
and esophagitis, infection, gastric ulcer, and allergic reaction
(n = 1 each), four (7%) because of patient refusal, and three
(5%) because of progressive disease.

Toxicity

Acute severe toxicity in the chemoradiotherapy phase
was mainly leukopenia and neutropenia, whereas grade 3 or
4 thrombocytopenia was not noted (Table 3). Severe nonhe-
matological toxicity was sporadic, and grade 3 esophagitis
and pneumonitis were observed in only 11 (12%) and 3 (3%)
patients, respectively. Acute severe toxicity in the consolida-
tion phase also consisted of neutropenia and associated in-

TABLE 2. Treatment Delivery

Variables

n %

Cisplatin and vinorelbine chemotherapy
Total number of cycles

3 80 86
2 10 11
1 3 3
Number of vinorelbine skips
0 63 68
1 25 27
2-3 5 5
Thoracic radiotherapy
Total dose (Gy)
60 87 94
50-59 4 4
<50 2 2
Delay (days)
<5 61 66
5-9 20 22
10-16 6 6
Not evaluable (<60 Gy) 6 6
Docetaxel consolidation
Number of cycles
3 34 37
2 12 13
1 13 14
0 34 34

fection (Table 4). In addition, grade 3 or 4 pneumonitis
developed in 4 (7%) patients. The R observed in this study
was 0.05 (3 out of 57 patients), which was much lower than
the hypothetical value. Grade 3 or 4 late toxicities were
included lung toxicity in four patients, esophageal toxicity in
two patients, renal toxicity in one patient, and a second
esophageal cancer that developed 35.4 months after the start
of the chemoradiotherapy in one patient. Treatment-related

TABLE 1. Patient Characteristics

Characteristics n %

Gender TABLE 3. Acute Toxicity in Chemoradiotherapy (n = 93)
Male 76 82 Grade
Female 17 18 Toxicity 3 4 344 %

Age median (range) 60 31-74

Weight loss Leukopenia 54 18 72 77
<5% 76 81 Neutropenia 33 29 62 67
5-9% 12 13 Ancmia 21 0 21 23
=10% 3 3 Infection 15 1 16 17
Unknown 2 2 Esophagitis 1 0 11 12

Histology Hyponatremia 11 0 11 12
Adenocarcinoma 57 61 Anorexia 9 1 10 11
Squamous cell carcinoma 23 25 Nausea 5 — 5 5
Large cell carcinoma 12 13 Pnewmonitis 3 0 3 3
Others 1 1 Syncope 2 0 2 2

Stage Hyperkalemia 2 0 2 2
1A 41 44 Heus 0 i i 1
1B 52 56 Cardiac ischemia 1 0 1 1
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TABLE 4. Acute Toxicity in Consolidation Therapy (n = 57)

Grade
Toxicity 3 4 3+4 %
Leukopenia 33 11 44 77
Neutropenia 24 26 50 88
Anemia 5 0 5 9
Infection 5 1 6 11
Esophagitis 2 0 2 3
Anorexia 1 0 1 2
Pneuwmonitis 2 2 4 7

death was observed in four (4%) patients. Of these, three
received docetaxel, and one did not. The reason for death was
pneumonitis in all patients. We calculated a V,, (the percent
volume of the normal lung receiving 20 Gy or more) on a
dose—~volume histogram in 25 patients. Of these, five patients
developed grade 3 or severer radiation pneumonitis. A me-
dian V,, for these five patients was 35% (range, 26—40%),
whereas that for the remaining 20 patients was 30% (range,
17-35%) (p = 0.035 by a Mann—Whitney test).

Objective Responses, Relapse Pattern,
and Survival

All 93 patients were included in the analyses of tumor
response and survival. Complete and partial responses were
obtained in 5 (5%) and 71 patients (76%), respectively, for an
overall RR of 81.7% (95% CI, 72.7-88.0%). Stable and
progressive diseases occurred in 12 (13%) and 5 (5%) pa-
tients, respectively. With a median follow-up period of 29.7
months, 38 patients developed locoregional recurrence, 32 de-
veloped distant recurrence, 4 developed both locoregional and
distant recurrences, and 19 did not. The median progression-free
survival time was 12.8 (95% CI, 10.2-15.4) months (Figure 3).
Two patients underwent salvage surgery for a recurrent primary
tamors. Conventional chemotherapy and gefitinib monotherapy
were administered after recurrence in 20 and 25 patients, respec-
tively. The median overall survival time was 30.4 (95% CI,

1.0

e
©

e
£

Proportion progression free
o
PN

e
o

0 12 24 36 48 60
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FIGURE 3. Progression-free survival (n = 93). The median

progression-free survival time was 12.8 (95% Cl, 10.2-15.4)
months.

Proportion surviving

0

0 12 24 36 48 60
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FIGURE 4. Overall survival (n = 93). The median overall sur-

vival time was 30.4 (95% Cl, 25.4-35.4) months. The 1-, 2-,

and 3-year survival rates were 80, 60, and 40%, respectively.

24.5-36.3) months. The 1-, 2-, and 3-year survival rates were
80.7, 60.2, and 42.6%, respectively. (Figure 4).

DISCUSSION

This study showed that concurrent chemoradiotherapy
with cisplatin, vinorelbine, and standard thoracic radiotherapy
was well tolerated, with a high completion rate exceeding 80%.
The incidence of acute toxicity, including 67% (62/93) of grade
3 or 4 neutropenia, 12% (11/93) of grade 3 esophagitis, and 3%
(3/93) of grade 3 pneumonitis, were comparable with other
reports of concurrent chemoradiotherapy.3#+!© In contrast, con-
solidation docetaxel could be administered in only 59 of 93
(63%) patients eligible to participate in this study. Of the
remaining 34 patients, 22 (65%) patients did not receive con-
solidation chemotherapy because of toxicities affecting various
organs. Other studies also showed that not all patients proceeded
to the consolidation phase after completion of concurrent che-
moradiotherapy: 61 to 78% of patients after two cycles of
cisplatin and etoposide with radiotherapy,’1¢ and 54 to 75% of
patients after weekly carboplatin and paclitaxel with radiother-
apy.'#!5 Thus, for 20 to 40% of the patients, concurrent chemo-
radiotherapy was as much as they could undergo, and the addi-
tional chemotherapy was not practical.

Furthermore, the number of patients who fulfilled the
three cycles of consolidation docetaxel was only 34 (58%) of
the 59 patients, which corresponded to only 37% of those
eligible in this study. The reason for the termination of
docetaxel in the 25 patients was toxicity in 18 (72%) patieats,
especially pneumonitis in 14 (56%) patients. The grade of
pneumonitis during the consolidation phase was within grade
2 in most cases, and this was probably because docetaxel was
discontinued early. Considering that pneumonitis associated
with cancer treatment is more common in Japan, docetaxel
consolidation is not thought to be feasible in the Japanese
population. The MST and the 3-year survival rate in all
eligible patients were 33 months and 44% in this study, but
docetaxel consolidation was unlikely to contribute to these
promising results because only 37% of patients received full
cycles of docetaxel. This contrasts clearly with the result of
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the SWOG study S9504, a phase 1T trial of two cycles of
cisplatin and etoposide with thoracic radiation followed by
three cycles of docetaxel. In this trial, 75% of patients starting
consolidation and 59% of those entering the trial received full
cycles. In addition, docetaxel consolidation seemed to pro-
long survival, although this was drawn from a retrospective
comparison of the results between the two SWOG studies
S9504 and $9019.7°

There is no widely used definition of consolidation
therapy following chemoradiotherapy. Given that consolida-
tion therapy is arbitrarily defined as chemotherapy with three
cycles or more after the completion of concurrent chemora-
diotherapy, only one randomized trial is available in the litera-
ture. The randomized phase III trial of standard chemoradio-
therapy with carboplatin and paclitaxel followed by either
weekly paclitaxel or observation in patients with stage III
NSCLC showed that only 54% of patients proceeded to
randomization, and overall survival was worse in the consol-
idation arm (MST, 16 versus 27 months).!*> Thus, there have
been no data supporting the use of consolidation therapy,
especially when a third-generation cytotoxic agent such as
paclitaxel and vinorelbine is incorporated into concurrent
chemoradiation therapy.

The low complete-response rate of 5% in this study
may be explained partly by an inability to distinguish be-
tween inactive scarring or necrotic tumor and active tumor
after radiotherapy. Positron emission tomography (PET) us-
ing 18F-fluorodeoxyglucose showed a much higher rate of
complete response than conventional CT scanning and pro-
vided a better correlation of the response assessment using
PET with patterns of failure and patient survival.’¢ In addi-
tion, the high locoregional relapse rate in this study clearly
showed that the conventional total dose of 60 Gy was insuf-
ficient. Three-dimensional treatment planning, omission of
elective nodal irradiation, and precise evaluation of the gross
tumor volume by PET may facilitate the escalation of the
total radiation dose without enhanced toxicity.

In conclusion, cisplatin and vinorelbine chemotherapy
concurrently combined with standard thoracic radiotherapy
and followed by docetaxel consolidation produced promising
overall survival in patients with stage III NSCLC, but the vast
majority of patients could not continue with the docetaxel
consolidation because of toxicity.
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