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regimen was applied to previously untreated patients
with NSCLC, the response rate was high, at 29-46% [1,
3, 4, 8, 15, 18]. When a combination of PTX (adminis-
tered every 3 weeks) and GEM was used for second-
line chemotherapy, the response rate was either 18 or
39% {2, 14]. i

Weekly chemotherapy for lung cancer has recently
been attempted at several facilities [3, 9]. Favorable
results of weekly chemotherapy have also been
reported for recurrent NSCLC (5, 16, 26, 28]. Com-
pared to standard regimens of chemotherapy, with
administration of drugs at intervals of 3-4 weeks,
weekly chemotherapy has certain advantages. For
example, the single dose level of anti-cancer drugs can
be reduced with weekly chemotherapy, and the dose
level can be adjusted after the start of treatment
depending on signs of hematological toxicity of the
drugs or the general condition of individual patients. In
comparison with treatment at intervals of 34 weeks,
weekly chemotherapy was of equal efficacy but had
fewer side effects [3]. Weekly chemotherapy is thus a
promising means of treating cases of recurrent NSCLC
in which bone marrow function has been compromised
by first-line chemotherapy.

The present study was undertaken to evaluate the
effectiveness and safety of weekly chemotherapy using
a combination of PTX and GEM in cases of advanced
NSCLC in which tumor had recurred or relapsed after
platinum-based first-line chemotherapy or platinum-
based first-line chemotherapy had failed to exert
efficacy.

Patients and methods
Patient selection

Patients were required to have histologically or cyto-
logically confirmed non-resectable or metastatic
NSCLC that had progressed during or after one or
more chemotherapy regimens. The trial was initiated
after a rest period of at least 4 weeks following previ-
ous chemotherapy (2 weeks in the case of radiother-
apy). Patients were required to have recovered
completely from prior therapy, and to have no ongoing
toxicity greater than grade 1. Other eligibility criteria
were as follows: measurable lesions; life expectancy of
at least 12 weeks; Eastern Cooperative Oncology
Group (ECOG) performance status <2; adequate
bone marrow reserve (defined as absolute granulocyte
count > 2,000/ml and platelet count > 100,000/ml);
adequate hepatic and renal function (defined as serum
creatinine level < 2 mg/dl, AST and ALT < 1.5 times
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the upper limit of normal, and bilirubin < 1.5 mg/dl).
Exclusion criteria included pre-existing motor or sen-
sory neurological signs or symptoms > grade 2 (Com-
mon Terminology Criteria for Adverse Events version
3.0) and active infections. Asymptomatic treated or
untreated patients with brain metastases were not
excluded from the study. The Ethics Committee of the
Tochigi Cancer Center approved the study protocols.
Written informed consent was obtained from every
patient stating that the patient was aware of the investi-
gational nature of this treatment regimen.

Treatment

Paclitaxel was administered at a dose of 100 mg/m?
intravenously during a 1-h infusion on days 1 and 8 of
the treatment cycle. Gemcitabine was administered at
a dose of 1,000 mg/m? intravenously during a 30-min
infusion on days 1 and 8 of the treatment cycle. Prior to
each treatment, patients were given diphenhydramine
50 mg orally, and an H2 blocker intravenously along
with dexamethasone 16 mg 30 min before PTX admin-
istration. Granisetron 3 mg was administered intrave-
nously as an antiemetic. The length of each
chemotherapy cycle was 21 days. Patients who experi-
enced grade 4 leukopenia or neutropenia that lasted
for 3 or more days, or who experienced grade 4 throm-
bocytopenia or reversible grade 2 neurotoxicity or liver
dysfunction, received reduced doses of both PTX and
GEM (PTX 80 mg/m?, GEM 800 mg/m?) for the next
cycle. If non-hematological toxicities of grade 3 or
higher occurred, treatment was stopped. Subsequent
courses of chemotherapy were started after 3 weeks
when the leukocyte count was 3,000/mm?® or more, the
neutrophil count was 1,500/mm?® or more, the plateiet
count was 75,000/mm? or more, serum creatinine were
less than 1.5 mg/dl, GOT and GPT were less than twice
the upper limit of the normal range, and neurotoxicity
was grade 1 or less. If these variables did not return to
adequate levels by the first day of the next course of
chemotherapy, treatment was withheld until full recov-
ery. If more than 6 weeks passed from the time of the
last treatment before these criteria were met or if
change in treatment more significant than reduction of
dose was indicated, the patient was removed from the
study at that time, but still included in the analysis of its
results.

Evaluation of responses and toxicity
Pretreatment evaluation included medical history,

physical examination, complete blood count, bone
marrow examination, serum biochemical analyses,



Cancer Chemother Pharmacol (2007} 60:189-195

chest roentgenogram, electrocardiogram, and urinaly-
sis. All patients underwent radionuclide bone scan,
magnetic resonance or computerized tomography (CT)
of the brain, and CT of the thorax and abdomen. Com-
plete blood count, biochemical tests, serum electro-
lytes, urinalysis, and chest roentgenograms were
obtained before patients received chemotherapy.

Responses and toxicity were evaluated on the basis
of tumor images obtained by CT and other techniques,
laboratory data, and subjective/objective symptoms
and signs before, during, and after administration of
the study drugs and during the period from comple-
tion of treatment to final analysis. Measurable disease
parameters were determined every 4 weeks by various
means such as computerized tomography. Evaluation
was performed in compliance with the Response Eval-
uation Criteria in Solid Tumors (RECIST) Guidelines
for antitumor activity and with Common Terminology
Criteria for Adverse Events version 3.0 for safety.
Patients were withdrawn from the study if evidence of
tumor progression was obtained. The Institutional
Ethical Review Committee gave approval to the
study.

The primary endpoint of the study was the response
rate. Simon’s two-stage optimum design was used to
determine sample size and decision criteria. It was
assumed that a response rate of 30% among eligible
patients would indicate potential usefulness while a
rate of 10% would be the lower limit of interest, with
a=0.05 and B =0.10. Using these design parameters,
the fist stage of the study was initially to enroll 18
patients, and this regimen was to be rejected if fewer
than two patients had an objective response. If two or
more patients responded, accrual was to be continued
to 36 patients. Considering the percentage of probable
dropout cases, 40 patients were required. Secondary
endpoints were toxicity and overall survival. Response
and survival rates were both calculated on an intent-to-
treat basis. Overall survival and time to progression
were measured from the start of this treatment up to
the time of death or up to the date of the last follow-up
clinical assessment. Survival curves were constructed
using the Kaplan-Meier method.

Results

Patient characteristics

Forty patients were enrolled in this study from October
2000 to July 2003. All patients were assessable for tox-

icity, response, and survival. Characteristics of the 40
patients are listed in Table 1. All 40 patients had

191
. 1\_ Overall survival curve
' (n=40)
8o 8 1 MST=41.7 weeks
s
=
(]
B 4
[=3
Q.
2
A~ 24
0 -

0 200 400 600 800 1000 1200 1400
Time (day)

Fig. 1 Kaplan—-Meier estimated overall survival curves. Median
survival time, 41.7 weeks; 1-year survival rate, 38%

received a prior platinum-based chemotherapy regi-
men (Table 1). Two of these patients had received
more than one chemotherapy regimen. All 40 patients
were eligible for toxicity assessment. Four patients had
received prior chemotherapy in the neoadjuvant set-
ting. Of the 40 patients, 15 had initially responded to
platinum-based therapy, 24 patients had achieved sta-
ble disease (SD), and one had progressive disease
(PD).

Efficacy of treatment

The mean number of cycles administered per patient
was 4, and number of cycles ranged from one to twelve.
Three patients required reduction of dose due to neu-
tropenia and thrombocytopenia. Thirteen patients
exhibited partial response (PR). Overall response rate
was 32.5% (13/40) [95% confidence interval (CI): 18-
47%]. SD was achieved in 26 patients (65%), and one
(2%) achieved PD. All 40 patients were included in the
survival analysis, with a median follow-up time of
82.9 weeks (range 56-263 weeks). The overall median
survival time was 41.7 weeks (95% CI: 28.5-
54.7 weeks). The 1-year survival rate was 37.5% (15/
40) (Fig. 1). The median time to disease progression
was 19 weeks.

Toxicities (Table 2)

Table 2 lists toxicities observed during this study.
Hematological toxicities included high incidences of
leukopenia and neutropenia, with leukopenia and
neutropenia of grade 3 or higher occurring in 45 and
60% of patients, respectively. Anemia and thrombocy-
topenia of grade 3 or higher occurred in 15 and 12.5%
of patients, respectively. Non-hematological toxicities
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Table 1 Patient characteristics

Eligible patients 40
Gender

Male 27
Female 13
Age (years)

Median 59
Range 33-75
Performance status

0 7

1 27
2 6
Histology

Adenocarcinoma 30
Squamous cell 8
Large cell 2
Stage I1I 10
Stage IV 30
Number of metastatic sites

Median 2
Range 0-3
Location of metastases

Bone 13
Lung nodules 12
Brain 10
Lymph nodes 7.
Liver 5
Adrenals 3
Subcutaneous 1
Prior surgery 4
Prior irradiation 15
Lung only 9
Brain only 4
Lung and bone 2
Prior chemotherapy 40
Cisplatin/vinorelbine 32
Cisplatin/docetaxel 5
Cisplatin/irinotecan 3
Response to prior chemotherapy

Partial response 15
Stable disease 24

Progressive disease

observed included grade 3 preumonitis in one patient,
who exhibited rapid recovery following administration
of steroids, grade 3 diarrhea in one, and grade 3 rash in
one. Other non-hematological toxicities observed were
of grade 2 or less and included nausea in 47.5%, vomit-
ing in 20%, alopecia in 45%), sensory neuropathy in
35%, and fatigue in 32.5% of patients. All of these tox-
icities disappeared or were improved by symptomatic
treatment. There were no deaths due to toxicity.

Discussion
Although a standard regimen of chemotherapy for recur-

rent NSCLC is being established, it is still important to
determine how the outcome of treatment of this cancer
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can be improved [13, 23, 24]. At this point, the results
of large-scale phase III clinical trials indicate single-
agent ‘chemotherapy with docetaxel, erlotinib, or
pemetrexed as the standard chemotherapy regimen for
recurrent NSCLC. In recent years, however, many
reports have been published investigating two-drug
combined therapy rather than single-agent therapy for
recurrent NSCLC, with the objective of further
improving therapeutic outcomes [2, 5, 7, 11-14, 20-26,
28].

A large number of reports have been published con-
cerning salvage chemotherapy for recurrent NSCLC.
Platinum-based chemotherapy is now used as the first-
line chemotherapy at most medical facilities. Reports
on second-line chemotherapy for NSCLC published to
date have principally concerned uncombined drug
therapy or two-drug combined therapy using non-plati-
num preparations [2, 5, 7, 11, 12, 14, 16, 17, 20-22, 25,
26, 28]. At several facilities, weekly administration che-
motherapy has been adopted [5, 16, 26, 28]. Weekly-
administration chemotherapy allows single dose levels
to be reduced, thus making it possible to adjust the
dose levels of anti-cancer agents after the start of treat-
ment depending on adverse reactions or the general
condition of individual patients.

Table 3 summarizes the results of two-drug com-
bined therapy for recurrent NSCLC using non-plati-
num preparations (2, 6, 9, 10, 14, 19, 27]. The studies
shown in this table were phase I-II in the case of that
reported by laffaioli [14], phase IIF in that by Fossella
[9], and phase Il in the other studies. The overall
response rate varied widely among studies, from 0.8 to
39%. The overall median survival time was 24-
47 weeks and the one-year survival rate was 19-46%.
Major adverse reactions observed in these studies were
signs of hematological toxicity (particularly neutrope-
nia), excluding the studies involving prophylactic G-
CSF treatment reported by Androulakis [2] and Wach-
ters [27]. Signs of non-hematological toxicity varied
depending on the drugs used, and symptoms and signs
unique to each drug were noted.

For combined PTX and GEM therapy for recurrent
NSCLC, Androulakis [2] reported an overall response
rate of 18%, an overall median survival time of
47 weeks, and a median time to disease progression of
34 weeks. Compared to the present study, the overall
response rate reported by Androulakis was lower,
while the overall median survival time and median
time to disease progression were more favorable in the
study by Androulakis. The dosing regimen used by
Androulakis involved administration of PTX (175 mg/
m?% day 8), GEM (900 mg/m?% days 1 and 8), and
granulocyte colony-stimulating factor (G-CSF; days
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:::rlel §2 2’;2;: :}:g‘;::igz) CTCAE v 3.0 grade (number of patients) Grade 3 < (%)
0 1 2 3 4
Leukopenia 7 4 1 15 3 18 (45)
Neutropenia 6 5 5 17 7 24 (60)
Febrile neutropenia - - - 2 ~ 2(5)
Anemia 4 8 22 ) 1 6 (15)
Thrombocytopenia 9 21 5 3 2 5(12.5)
Pneumonitis . 36 1 0 1 0 1(2.5)
Diarrhea 27 9 3 1 0 1(2.5)
Rash 22 15 2 1 0 1(2.5)
Nausea 21 19 0 0 0
Vomiting 32 3 5 0 0
Fatigue 27 11 2 0 6
Alopecia 22 17 1 0 0
CTCAE v 3.0 Common termi- ~ Neuropathy-sensory 26 14 0 0 0
nology criteria for adverse Edema 32 8 0 0 0
events version 3.0 Arthralgia 33 7 0 0 0
Table 3 Nou-platinum regimens used as second-line treatment of non-small cell lung cancer
First author No. of Regimen and schedule Response Survival
H )
. (Ref.) patients rate (%) Median (weeks) Tyear (%)
Androulakis [2] 49 P 175 mg/m? d8q3w 18 47 37
G 900 mg/m? d18q3w
G-CSF 150 pg/m? d9-15
Iaffaioli {14] 37 p 90-240 mg/m? d1q3w 39 40 46
G 1,000 mg/m? d1,8q3w
Fossella [9) 123 FO 2 gim¥day d1-3q3w 0.8 24 19
\Y 30 mg/m? d1815q3w :
Kosmas [19] 43 D 100 mg/m? d8q3w 33 36 28
G 1,000 mg/m? d18q3w
Cao [6] 33 CPT11 300 mg/m? d1qdw 9 25 : 23
_ v 30 mg/m? d 1,14 q 4w
Georgoulias [10] 76 CPT11 300 mg/m? d8q3w 184 38 245
G 1,000 mg/m? d1,8q3w
Wachters [27] 52 CPT11 200 mg/m? d1q3w 10 27 30
D 60 mg/m? d1q3w
G-CSF 150 pg/m? d2-12
Present study 40 P 100 mg/m? di,8q3w 325 42 38
G 1,000 mg/m? d18q3w

P paclitaxel, G gem citabine, F0 infostamide, V vinorebine, D docetaxel, CPT-11 irinotecan, G-CSF granulocyte colony-stimurating

factor, d day, g every

9-15), with each cycle of treatment lasting for 3 weeks.
Because their regimen involved prophylactic adminis-
tration of G-CSF, the incidence of grade 3 or worse
neutropenia was lower than that in the present study
(12 vs. 60%). However, the incidence of grade 2 or
worse fatigue (a sign of non-hematological toxicity)
was lower in the present study (4%) than in that
reported by Androulakis (51%).

Belani [19] reported the results obtained with com-
bined use of PTX and GEM as first-line chemotherapy

for NSCLC. In their study, PTX was administered using
two regimens and a comparison was made between
treatment with PTX on day 1 (200 mg/m?) and weekly
treatment with PTX on days 1 and 8 (100 mg/m*dose;
identical to the regimen used in the present study).
According to their report, the response rate was 45%
for the first regimen and 46% for the second regimen,
the median survival time was 42 and 39 weeks and the
1-year survival rate 46 and 41% for the first and second
regimens, respectively. Efficacy thus did not differ

@) Springer

318



194

Cancer Chemother Pharmacol (2007) 60:189-195

significantly between the two regimens. Signs of hema-
tological toxicity were the major adverse reactions
observed following treatment with both regimens. The
incidences of neutropenia and alopecia were lower with
the weekly regimen. On the basis of these resuits,
Belani concluded that weekly PTX treatment combined
with GEM is also useful as first-line chemotherapy for
NSCLC.

In conclusion, weekly chemotherapy with PTX
and GEM is a tolerable and active regimen for
patients with advanced NSCLC previously treated
with platinum-containing chemotherapy regimens. It
should be recommended as a candidate regimen in
planning a phase III clinical study of NSCLC previ-
ously treated with platinum-containing chemother-
apy, and will ultimately be evaluated in a phase IIl
clinical study.
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KEYWORDS Summary The purpose of this phase Il trial was to evaluate the efficacy and toxicity of
Non-small cell lung carboplatin plus pactitaxel in the treatment of advanced non-small cell lung cancer (NSCLC)
cancer; : previously treated with chemotherapy. Patients with a performance status (PS) of 0 or 1 who
Carboplatin; had received one or two previous chemotherapy regimens for advanced NSCLC were eligible.
Paclitaxel; Paclitaxel 200 mg/m? was infused over 3 h and followed by carboplatin (area under the curve 6)
Chemotherapy; o infusion over 1h, once every 3 weeks. Thirty patients were enrolled. A complete response was
Second-line . observed in 1 patient and a partial response in 10 patients, for an overall response rate of 36.7%.
treatment; o The median time to progression was 5.3 manths. The median survival time was 9.9 months, and
Toxicity - the 1-year survival rate was 47%. Hematologicat toxicity in the form of grade 3/4 neutropenia

occurred in 54%, but grade 3 febrile neutropenia developed in only 3%. Non-hematological grade
3 toxicities were less frequent. There were no treatment-related deaths. The combination of
carboplatin plus paclitaxel is an active and well-tolerated regimen for the treatment of NSCLC
patients who have previously been treated with chemotherapy and have a good PS.

© 2007 Elsevier Ireland Ltd. All rights reserved.

1. Introduction 1B or IV disease at presentation, and patients with advanced
NSCLC are candidates for systemic chemotherapy. Platinum-
based chemotherapy is considered the standard first-line
treatment for patients with advanced NSCLC, and prolongs
survival, palliates symptoms, and improves quality of life
{1,2]. Many patients with good performance status (PS) when
progression occurs after first-line chemotherapy are suitabte
candidates for second-line chemotherapy [3].
* Corresponding author. Tel.: +81 4 7133 1111; The taxanes are an important class of new agents for
fax: +81 4 7131 4724. the treatment of advanced NSCLC. Paclitaxel, in com-
E-mail address: kyoh@east.ncc.go.jp (K. Yoh). bination with carboplatin, is the most common regimen

Lung cancer remains a major cause of death from cancer
in many countries. More than half of all patients diagnosed
with non-small cell lung cancer (NSCLC) have advanced stage

0169-5002/% ~ see front matter © 2007 Elsevier lreland Ltd. All rights reserved.
doi:10.1016/j.lungcan.2007.04.015
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used as first-line chemotherapy for advanced NSCLC, and
this combination has a more favorabte toxicity profile and
is more convenient to administer than other platinum-
based regimens [4,5]. Docetaxel has been investigated more
extensively than any other agent for second-line treatment
of advanced NSCLC, and the results of two randomized
phase lil trials of second-line chemotherapy in patients with
advanced NSCLC demonstrated that docetaxel monotherapy
significantly improved survival compared with best support-
ive care or other single agents (vinorelbine or ifosfamide)
[6,7].

Belani et al. recently reported that results of a phase Il
trial comparing a carboplatin plus paclitaxel regimen with
a cisplatin plus etoposide regimen for first-line treatment
of advanced NSCLC [8]. Carboplatin plus paclitaxel yielded
a higher response rate (23% versus 15%), time to progres-
sion (121 days versus 111 days), and overall quality of life
benefit than cisplatin plus etoposide, but the median sur-
vival time was better in the cisplatin plus etoposide arm
than in the carboplatin plus paclitaxel arm (274 days and 233
days, respectively [P=0.086]}. The authors reported that a
substantially greater proportion of patients in the cisplatin
plus etoposide arm received second-line chemotherapy with
a taxane-containing regimen than in the carboplatin plus
paclitaxel arm, and suggested that treatment with tax-
anes in a second-line setting may have had an impact on
the survival in their study. Remarkably, more than half of
the regimens that were used in the second-line setting of
their study consisted of paclitaxel alone or carboplatin plus
pactitaxel, not docetaxel. While the efficacy of paclitaxel-
containing regimens as first-line chemotherapy for advanced
NSCLC has been established in many randomized phase
i trials [9], the data on the efficacy of paclitaxel-
containing regimens in second-line settings are limited
[10,11].

Based these considerations we conducted a phase |l trial
to evaluate the efficacy and toxicity of carboplatin plus
paclitaxel in the treatment of advanced NSCLC previously
treated with chemotherapy.

2. Patients and methods
2.1. Eligibility criteria

The inclusion criteria were: pathologically confirmed
advanced NSCLC patients with measurable disease who had
received one or two previous chemotherapy regimens for
their disease. Patients were required to submit evidence
of failure of prior chemotherapy. Patients who were previ-
ously treated with carboplatin or paclitaxet were excluded
if the best response was progressive disease (PD). Patients
who had received prior radiotherapy were eligible provided
that at least 30 days had elapsed between the comple-
tion of radiotherapy and entry into the study. Patients
were also required to be 20-75 years of age, have an
Eastern Cooperative Oncology Group PS of 0 or 1, and
have adequate organ function as indicated by the follow-
ing parameters: absolute neutrophil count >1500mm-3,
platelet count >100,000 mm~3, hemoglobin >9.0g/dl, AST
and ALT <2.0 x the institutional upper normal limits, total
bilirubin <1.5mg/dl, creatinine <1.5mg/dl, Pa0; >65Torr.
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Exclusion criteria were: uncontrolled pleural or pericardial
effusion, active concomitant malignancy, prior irradiation
to areas encompassing more than a third of the pelvis plus
spine, active infection, myocardial insufficiency or myocar-
dial infarction within the preceding 6 months, uncontrolled
diabetes mellitus or hypertension, any other condition that
could compromise protocol compliance, pregnancy and/or
breast-feeding. All patients were required to provide writ-
ten informed consent before entry into the study. The study
was approved by the institutional review board of our insti-
tuion.

2,2. Treatment plan

Treatment was started within a week of entry into the
study. Patients received paclitaxel 200 mg/m? diluted in
500mt of 0.9% saline as a 3-h intravenous infusion fol-
lowed by carboplatin (area under the curve [AUC] 6;
Calvert formula) diluted in 250mt of 5% glucose as a 1-
h intravenous infusion, every 3 weeks. All patients were
premedicated with dexamethasone (24 mg i.v.), famotidine
(20mg i.v.), and diphenhydramine (50mg orally) 30min
before the paclitaxel infusion to prevent a hypersensitiv-
ity reaction. A 5-HT3-receptor antagonist was intravenously
administered as an antiemetic before carboplatin. Ther-
apy was continued for at feast two cycles untess the
patient experienced unacceptable toxicity or had PD. The
maximum number of cycles of chemotherapy was six. In
the event of grade 4 leukopenia or thrombocytopenia or
of grade 3 neutropenic fever, the dose of carboplatin
and paclitaxel was reduced to AUC 5 and 175mg/m?,
respectively, in the following cycle of chemotherapy. The
next cycle of chemotherapy was started if the neutrophil
count was >1500mm™3, the platelet count >100,000 mm~3,
AST and ALT <100IU/L, total bilirubin <2.0mg/di, cre-
atinine <1.5mg/dl, PS 0 or 1, and the patient was
afebrile.

Pretreatment evaluation included a medical history, a
physical examination, vital signs, height and body weight,
PS, complete blood count, biochemical studies, arterial
blood gas analysis, electrocardiogram, chest radiograph
and computed tomography scan (CT), abdominal ultra-
sound or CT, and brain magnetic resonance imaging or CT.
A complete blood count, biochemical studies, and chest
radiograph were performed weekly during the first cycle
of chemotherapy, and 2 weekly starting with the second
cycle.

2.3. Response and toxicity assessment

Objective tumor response was assessed as complete
response (CR), partial response (PR), stable disease >8
weeks (SD), or PD according to the Response Evaluation
Criteria in Solid Tumors. Measurable lesions were defined
as lesions whose longest diameter was >2cm. Imaging
studies were repeated every 4 weeks until the objec-
tive tumor response was confirmed. All responses were
reviewed by an independent radiologist. Toxicity was graded
using National Cancer Institute-Common Toxicity Criteria
version 2.0.
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2.4. Statistical analysis

The primary endpoint of this study was the response rate,
defined as the proportion of patients whose best response
was CR or PR among all enrolled patients in the intent-to-
treat analysis. The secondary end points were toxicity and
overall and progression-free survival (PFS) from the date of
enrollment in this study.

According to Simon’s minimax two-stage phase |l study
design, the treatment program was designed for a minimal
response rate of 5% and to provide a significance level of 0.05
with a statistical power of 80% in assessing the activity of the
regimen according to a 20% response rate. The upper limit
for first-stage drug rejection was no response in 13 evaluable
patients. The upper limit for second-stage drug rejection
was three responses in 27 evaluable patients. Overall sur-
vival time was defined as the interval between enrollment in
this study and death or the most recent foltow-up visit. PFS
was defined as the interval between enroliment in this study
and the first documented PD, death, or the most recent
follow-up visit. Survival was estimated by the Kaplan—Meier
analysis method. All comparisons between proportions were
performed by Fisher’s exact test.

3. Results

3.1. Patient characteristics

Between October 2002 and November 2003, 30 patients
were enrolled in this study, and their characteristics are
shown in Table 1. Twenty-six (87%) patients were men, and
21 (70%) patients had adenocarcinoma. Median age was 60
years. The majority of the patients (93%) had received prior
platinum-based chemotherapy, and seven (23%) patients had
received two prior chemotherapy regimens. The platinum-
based chemotherapy regimens that had been used were:
cisplatin plus vinorelbine (n=26), cisplatin ptus gemcitabine
(n=1), and carboplatin plus gemcitabine (n = 1). There were
15 (50%) responders to any of the prior chemotherapy reg-
imens and 12 of them had experienced a response (CR/PR)
to cisplatin-based chemotherapy. Twenty-one (70%) patients
had a treatment-free interval of 3 or more months since the
final dose of the prior chemotherapy regimen.

A total of 94 cycles of chemotherapy were administered,
and the median number of cycles per patient was three
{range, 1—6). Four patients had received only one cycle of
treatment either because of toxicity (two patients, grade
3 rash), the patient’s refusal (one patient), or PD (one
patient).

3.2. Response and survival

Two patients were not evaluable for response because the
protocol treatment had been terminated because of toxi-
city (grade 3 rash) during the first cycle of chemotherapy,
and they subsequently received further chemotherapy with-
out PD, There was 1 CR and 10 PRs among the 30 patients,
and the objective response rate in the intent-to-treat anal-
ysis was 36.7% (95% confidence interval [Cl], 19.9-56.1%)
(Table 2). Treatment outcomes of all patients are listed in
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Table 1 . Patient characteristics
Characteristic .- No. of patients (%)
Patients enrotled 30
Sex
Male- 26
Female .4
Age, years ) S
Medlan . ;‘_:" 60
Range ) 39-75
ECOG performance status .
0 7
1 23
Stage '
IIIB 1
AV 19
Histology .
Adenocarcmoma — 21
Squamous cell carcinoma - 7
Large cell carcnioma 2
Priof treatment - R
. Platinum- based chemotherapy e 28(93)
_:Docetaxel - . . - 5(16)
Chest radtotherapy e e 4(13)
No of pnor chemotherapy reg\mens T
I IR . 23
2 "7

Table 3. The response rate of patients who experienced
a response (CR/PR) to prior cisplatin-based chemother-
apy was 43% (6/14), as opposed to 23% (3/13) among the
non-response patients (P=0.41)., The response rate of the
patients who had received one prior chemotherapy regi-
men was 39% (9/23), as opposed to 28% (2/7) among the
patients who had received two regimens (P> 0.99). Accord-
ing to the treatment-free interval since the final dose of the
prior chemotherapy regimen, the response rate of patients
whose interval was 3 months or more was 33% (7/21), com-

Tablé 2 - Tréatinent éfficacy (n=30)

. No, of patients

%
Response
Overall response rate 11 36.7
Complete response 1 3.3
Partial response .. 10 33.3
. Stable disease =~ . 12 40
- Progressive d;sease L5 16.7
’ 5',Not evaluable et 2 - 6.7
Survwal : T
Median (months) .99
1 year (%) 47
Progression-free survival
Median (months) 5.3




K. Yoh et al.

76

-asuodsal 339)dwod ‘YD) ‘aseastp aassalSoid ‘gd ‘asuodsal jelnsed ‘Yd ‘aigenjeas Jou
‘IN {aseasip 31qes ‘QS ‘Adelayioipel 35aY3 1y {1axe1920p ‘D0 ‘FutqRIDWS ‘WIO ‘aulq)aIouIA YNA ‘unreidsid 4aaD {leAIAINS 33.5-uopssasBoud ‘S44 f1axenpord ‘Xid ‘uneidogied ‘yaagd)

€€ : e . @S 60 .. .0d - UNA+dAad : - ad T qunyan - 0g

v'g SRR ) . ad : by R S Yd <. - UNA+dQQd - B4

B A .6 .80 - . e = Colas . UNA+dAOD 74

S 2 TR 4 S8 S 2 4 S s T e o ad T - ¥NA+dOGD 14

SRR A 4 SN A S e e s T = D L AN s WNAaaD 9T

8% S 4+ T Udd L Ty . dd . Quyen . T odd . - - ¥NA+dGAD RN 74

Lror . Es S dd e e T s T T Yd L UNASdAeY e

LU X cedd T e T = s - L - quigan SRR ¥ 4

g'g R o 4 Sohad R X T LoQS . s L 00@ it s 7 dNA+daad SR 44

HEL L U6 Db e e e e T ad o MNA+AaD R 4

B A 4 O 1 T A SR RO S S i YNA+dAAD R

09 e e T e e 4 . INA+dAAD . el

. 0% Y X 4 T S U ~ 14+200+YNA+LGAD . . - 8L

JoA9NT U ES e Lo ..0S WED+D0a L ¥NA+dGAD L

RURRN 3 -1 S A T cone DU UUWNA+4EAD . 9L

A1) Y 1+ TUREe e e i e LY +¥NA+dGAD LS

- L6 IR 3 4 B A e S UNA+da@d i

AT R 4 R S Lo -UNA+da@d . - 6L

€9 R ) LOTeTh L WD quuayao UL UNA®dGad T
IR A S o 68 Lo P UNA+dAad R

S I 0 ¥NA+daad

e
>~

L9 S A _ - _

e o o g - C .l T ¥NA+d0aD
+0'57 e Rt & A - C. U LY+¥NA+d0QD
gL T I RN (X A -, o ¥NA+W39

917 .08 o9 - . 1¥+200+¥NA+4Aad

- - ¥NA+daad
T UWI9+daad
: “UNA+dGaD

T 2 8T
ERDE Y 3 3 5 Coe
8L RN -2
28 g€
rA74 vl

Yo 66
80 - - ad  QuIYso W39 +¥2a4)
g ad © ood UNA+d40ad

1 asuodsas 1sag usunBay - asuodsal 3sag uauyday

Nt OB O
. -

* (syjuow) . asuodsals 3s3q - .?cucoev Adeiay) R
JRAIAING {syjuow) sid “Y1d+v2agd Ise) wouy awt} Adeiayy aug)-puodas jouyd " Adeiayy aut}-3sty Joud "ON Ju3iled

sjuaired e JO SBWOdIN0 JuaWIRaL,  § JjqeL

324



Carboplatin plus paclitaxel as second-line chemotherapy

77

100+

Probabitity (%)
5 2 8

N
o
N

(-4

12 18 24 30 36
Time (months)

[~
[ ]

Fig. 1  Kaplan—Meier curve for overall survival.
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Fig. 2 Kaplan—Meier curve for progression-free survival,

pared with 44% (4/9) in patients in whom it was less than 3
months (P =0.68).

The median follow-up time was 24 months. The median
survival time (MST) was 9.9 months (range, 2.5-33.8
months), and the 1-year survival rate was 47% (95%
Cl, 29-65%). The median PFS was 5.3 months. The
Kaplan—Meier curve for overall survival and for PFS is shown
in Figs. 1 and 2, respectively. Nineteen patients (63%)
received at least one subsequent chemotherapy regimen,
and their regimens are shown in Table 4, Fourteen of them
were treated with gefitinib, and a PR was achieved in three
of them.

3.3. Toxicity

The common toxicities associated with carboplatin plus
paclitaxet are listed in Table 5, Grade 3/4 neutropenia
occurred in 54% of the patients in our study, but grade 3
febrile neutropenia developed in only 3%. Grade 3/4 anemia
and thrombocytopenia were observed in five patients (16%)

Table 4 Post-study chemotherapy - . ...

Responder

Regimen No. of )

o - patients - 7 (%)
Gefitinib 14 3(21)
Docetaxel 9 .. -- 0
Gemcitabine plus viborelbine - 1 IR
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and two patients (13%), respectively. Non-hematological
grade 3 toxicities were less frequent. Grade 3 hypona-
tremia was observed in five (16%) patients, but they were
all asymptomatic. Grade 2 neuropathy occurred in 33% of
the patients. There were no treatment-related deaths.

4. Discussion

Docetaxel, pemetrexed, and erlotinib have been approved
for second-line treatment of advanced NSCLC on the basis
of the results of phase Ill trials [6,7,12,13]. Hanna et al.
reported a phase Il study comparing 3-weekly pemetrexed
500 mg/m? with 3-weekly docetaxel 75mg/m? as second-
line treatment for advanced NSCLC. The overall response
rate with pemetrexed and docetaxel was 9.1% and 8.8%,
respectively, and MST was 8.3 months and 7.9 months,
respectively. Although efficacy in terms of the outcome as
measured by survival time and response rate was similar for
both treatments, the pemetrexed group experienced less
grades 3—4 hematological toxicity and alopecia of all grades
(12]. In the trial reported by Shepherd et al. 731 NSCLC
patients previously treated with chemotherapy were ran-
domized to receive either erlotinib at a dose of 150 mg daily
or placebo, and the response rate in the erlotinib group
was 8.9%. MST was 6.7 months in the erlotinib group and
4.7 months in the placebo group (P<0.001). The results
of their trial showed that erlotinib significantly prolonged
the survival of patients with advanced NSCLC who had pre-
viously been treated with chemotherapy [13]. Despite the
positive results of these phase Il trials, the response rate of
advanced NSCLC to second-line chemotherapy remains low,
and the life expectancy of advanced NSCLC patients remains
short. Alternative effective chemotherapy option is needed
for second-line treatment of advanced NSCLC.

The combination of carboplatin plus paclitaxel has
proved effective as one of the standard platinum-based dou-
blet regimens for first-line treatment of advanced NSCLC
[4,5,14]. However, since the efficacy of carboplatin plus
paclitaxel used in a second-line setting had hardly been
assessed, in the present study we evaluated the efficacy
and toxicity of carboplatin plus paclitaxel in the second- or
third-line treatment of advanced NSCLC. The results in the
30 patients with advanced NSCLC previously treated with
chemotherapy indicated that the combination of carboplatin
plus paclitaxel yielded an objective response rate of 36.7%
and an MST of 9.9 months, with a 1-year survival rate of 47%.
Our study had not included patients who were treated with
the platinum/taxane combination chemotherapy. Most of
the toxicity observed in our study was hematological. Grade
3/4 neutropenia, anemia, or thrombaocytopenia occurred in
54, 16, or 13% of the patients in our study, respectivety.
Hematological toxicity of carboplatin plus paclitaxel used
in first-line treatment for Japanese patients with advanced
NSCLC has been reported that grade 3/4 neutropenia, ane-
mia, or thrombocytopenia occurred in 88, 15, or 11% of the
patients [15]. The toxicity observed in our study appeared
similar to that of carboplatin plus paclitaxel, which was
administered as the first-line treatment, although the num-
ber of patients in our study was not large. The combination
of carboplatin plus paclitaxel seems to be effective and tol-
erable, not only as first-line therapy for advanced NSCLC but
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Table 5 Hematological and non-hematological toxicity (n = 30)
Toxicity NCI-CTC Version 2.0, grade

0-1 o 2 3 4

no . % Jll'n % S . o %
Leukopenia e M BT s A0 33T 9 730 ¢ 20 0
Meutropenia U0 i3 g ~13 14 47 .2 7
Anemia R A R © 60 3 : 2 7
Thrombocytopenia 27 -0 0 %0 o3 22 -7 -0 0
Febrile neutropenia 29 T97 e : R =3 0 - 0
Nausea Toe2m 90 3 S0 0 L -
Fatigue .30 . 100 -0 .07 0 -0 Y
Neuropathy L2007 67 T 0 0T -0 -0 o}
Arthralgia o2t T8 o8 S I 3 0 ]
Rash L 28t LIR30 . 6 0 0
Infection R R 4 T R 3 -0 0
Arrhythmia o 29 97 0 1 3 0 .0
Alopecia 21 ' ‘70 "9 - . -
AST/ALT 29 I 7 1 0 0 -0 0
Hyponatremia : 25 - .83 - .5 17 0 4]

as second-line therapy as well if the patients had not been
previously treated with the platinum/taxane combination
chemotherapy.

Hotta at al. reported a meta-analysis based on abstracted
data to compare the effect of carboplatin-based chemother-
apy with that of cisplatin-based chemotherapy on overall
survival, response rate, and toxicity in the first-line treat-
ment of patients with advanced NSCLC [16]. The results
indicated that combination chemotherapy consisting of cis-
platin plus a third generation agent produced a significant
survival benefit compared with carboplatin plus a third gen-
eration agent, although the toxicity profiles of the two
modalities were quite different. Recently, Pignon et al.
reported a pooled analysis from five randomized clinical tri-
als of cisplatin-based chemotherapy in completely resected
NSCLC patients [17]. Their analysis suggested that adjuvant
cisplatin-based chemotherapy improved survival in patients
with NSCLC. Based on the results of their meta-analysis,
cisplatin-based chemotherapy should be recommended as
first-line therapy for patients with advanced NSCLC. More-
over, in view of the results of our own study, we speculate
that the combination of carboplatin plus paclitaxel may
be suitable as second-line treatment for advanced NSCLC
patients who had experienced progression after first-line
cisplatin-based chemotherapy.

Care must be exercised in interpreting the favorable
outcome in our study. One concern is that it was a single-
institution phase Hll study, and therefore patient selection
may have influenced the outcome. The responders to any
of the prior chemotherapy regimens accounted for 50% of
the 30 patients enrolled in this study, and about 80% of the
patients had received only one prior chemotherapy regimen.
The selection criteria, such as an ECOG PS of 0 or 1, may also
have contributed to this favorable outcome. Another con-
cern is that our study had included only five patients who
were previously treated with chemotherapy using taxanes.
Therefore, the efficacy of carboplatin plus paclitaxel as the

secondary therapy after chemotherapy using taxanes is not
clear. A further randomized study is warranted to be able to
draw definitive conclusions about our results.
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Phase II Trial of Preoperative Chemoradiotherapy Followed
by Surgical Resection in Patients With Superior Sulcus
Non-Small-Cell Lung Cancers: Report of Japan Clinical
Oncology Group Trial 9806

Hideo Kunitoh, Harubumi Kato, Masahiro Tsuboi, Taro Shibata, Hisao Asamura, Yukito Ichonose,
Nobuyuki Katakamni, Kanji Nagai, Tersuya Mitsudomi, Akilide Matsumura, Ken Nakagawa, Hirohito Tada,
and Nagaliiro Saijo

Purpose
To evaluate the safety and efficacy of preoperative chemoradiotherapy foliowed by surgicai
resection for superior sulcus tumors (SSTs).

Patients and Methods

Patients with pathologically documented non-smali-cell lung cancer with invasion of the first rib or
more superior chest wall were enrolled as eligible; those with distant metastasis, pleural
dissemination, and/or mediastinal node involvement were excluded. Patients received two cycles
of chemotherapy every 4 weeks as follows; mitomycin 8 mg/m? on day 1, vindesine 3 mg/m? on
days 1 and 8, and cisplatin 80 mg/m? on day 1. Radiotherapy directed at the tumor and the
ipsitateral supraclavicular nodes was started on day 2 of each course, at the total dose of 45 Gy in
25 fractions, with a 1-week split. Thoracotomy was undertaken 2 to 4 weeks after completion of
the chemoradiotherapy. Those with unresectable disease received boost radiotherapy.

Results

From May 1999 to November 2002, 76 patients were enrolled, of whom 20 had T4 disease; 75
patients were fully assessable. Chemoradiotherapy was generally well tolerated. Fifty-seven
patients {76%) underwent surgical resection, and pathologic complete resection was achieved in
51 patients {68%). There were 12 patients with pathologic complete response. Major postoper-
ative morbidity, including chylothorax, empyema, pneumonitis, adult respiratory distress syn-
drome, and bleeding, was observed in eight patients. There were three treatment-related deaths,
including two deaths owing to postsurgical complications and one death owing to sepsis during
chemoradiotherapy. The disease-free and overall survival rates at 3 years were 49% and 61%,
respectively; at 5 years, they were 45% and 56%, respectively.

Conclusion
This trimodality approach is safe and effective for the treatment of patients with SSTs.

J Clin Oncol 26:644-649. © 2008 by American Socisty of Clinical Oncology

(approximately 309} have remained poor and un-
changed over the last 40 years, since the first treat-

es ety gz

Superior sulcus tummors (SSTs), involving structures
at the thoracic inlet, represent a small subtype of
non-small-cell lung carcinoma (NSCLC). These
SSTs, first described by Henry Pancoast' and thus
also called Pancoast tumnors, have posed a challeng-
ing problem for surgeons, radiation oncologists, and
medical oncologists alike, ever since they were
first described.?

Preoperative radiotherapy has long been the
community standard in the management of
$STs.**” However, both the complete resection rate
(approximately 50%) and long-term survival rate

ment strategy was reported in the 1960s. Local
control has remained the main problem,>'7'® ad-
versely affecting quality of life as well as survival of
patients. Presence of mediastinal lymph node me-
tastasis (N2 status) has been reported to be associ-
ated with a particularly poor prognosis.™'?
However, a series of clinical trials over the Jast
two decades have shown concurrent chemoradio-
therapy to be beneficial in the treatment of unresect-

-able stage III NSCLC.'" The addition of

chemotherapy to thoracic radiotherapy seems to

suppress distant micrometastases,”** and giving

information downloaded from jco.ascopubs.org and provided by KOKURITSU GAN CENTER on February 25, 2008 from .
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concurrent chemotherapy with radiotherapy has been shown to yield
improved local control' *?* with survival benefit.

Encouraged by the promising data of concurrent chemora-
diotherapy for N2 NSCLC, the Southwest Oncology Group
(SWOG) applied this modality as preoperative therapy for patients
with $STs (SWOG 9416, Intergroup Trial 0160), and reported
favorable results.”

The Japan Clinical Oncology Group (JCOG) launched another
trial of this preoperative concurrent chemoradiotherapy, or the trimo-
dality approach, for the treatment of SSTs in 1999, before the first
report of SWOG 9416 was published. Our study was initiated to
evaluate the safety and efficacy of this treatment strategy in this rare
subsct of patients with NSCL.C. As the induction treatiment, we used
mitomycin, vindesine, and cisplatin (MVP) combination chemother-
apy, which has been demonstrated to be safe and effective for concur-
rent chemotherapy with thoracic radiotherapy in Japanese trials.'”

e

Eligibility Criteria

Patients with untreated histologically or cytologically documented
NSCLC involving the superior sulcus with clinical stage T3 or T4 disease were
cligible for entry onto this study. T4 discases included twnor invasion to the
spine (including to a transverse process of vertebra), aorta, or superior vena
cava; invasion to the chest walf or subclavian vessels was included in T3 disease.
Involvement of the superior sulcus was confirmed by computed tomographic
(CT) or magnetic resonance imaging (MRI) evidence of tumor invasion of the
first tib ov more superior chest wall, Patients with pleural or pericardial dis-
semination, malignant cffusion, and/or distant metastasis (M1) were ex-
cluded. Thase with clinical N2 disease (mediastinal node involveinent) were
also excluded; all mediastinal nodes measuring = 1.0 ¢cm in size on CT images
were required to be biopsied and documented to be negative for metastasis
Lefore patient enrollment. However, those with ipsilateral supraclavicular
node involvement (N3) were cligible, unless it was accompanicd by mediasti-
nal node metastasis. Each patient was required to fulfill the following criteria:
15 to 74 years of age, Eastern Cooperative Oncology Group perfoximance status
of 0 to 1; adequate organ function (ie, leukocyte count = 4,000/ul., platelet
coumt = 10%/ul, hemoglobin = 11.0 g/dl, serum creatinine less than 1.5
mg/dL, creatinine clearance = 60 mL/min, serum bilirubin less than 1.5
mg/dL, serum ALT and AST less than double the upper limit of the institu-
tional normal range, aiterial partial pressure of oxygen = 70 mmHg, and
predicted postoperative forced expiratory volume in | second = 0.8 L. From
July 2001, when the protocol was revised after the death of a patient from septic
shock during chemoradiatherapy, those patients with systemic use of cortico-
steroids were excluded. '

Patient eligibility was confirmed by the JCOG Data Center before
patient registration. This study was approved by the institutional review
boards at each participating center, and written informed consent was
obtained from all patients.

Treatment Plan

Induction chemotherapy.  Patients received two courses of MVP combi-
nation chemotherapy with a 4-weck interval in between. Mitomycin was
administered at 8 mg/m?* on chemotherapy day 1, and vindesine was admin-
istered at 3 mg/m? on days 1 and 8; both were administered as bolus injections.
Cisplatin was administered at 80 mg/m? as a 2-hour infusion on day 1, with
ample hydration and antiemetic administration.

The second cycle of chemotherapy was postponed until all the severe
toxicitics recovered to grade 1 or 0. If the second cycle could not be started
within 2 wecks of the due date, it was canceled, and the patient reccived only
preopezative radiotherapy, if possible.

Induction radiotherapy. Thoracic radiothevapy was started with a linear
accelerator (= 4 MeV) on chemotherapy day 2. The first session was scheduled

WiV feo.0rg

to be given with the first chemotherapy cycle at 27 Gy in 15 fractions over 3
weeks. Then the second session was started after a week's interval until day 2 of
the second course of chemotherapy. The second session, given with the second
cycle of MVP, was administered at 18 Gy in 10 fractions over 2 weeks. The total
radiation dose was thus 45 Gy in 25 fractions administered over 6 weeks,
including the 1-weck split, or interval, between the two sessions; this schedule,
including the split, basically followed that of the original method reported by
Furusc et al."” The radiation field included the primary tumor and the ipsilat-
cral supraclavicular nodes. The mediastinal and hilar nodes were not irradi-
ated, even in cases with hilar node involvement (clinical N1 cases).

Surgery.  After the induction chemoradiotherapy, each case was re-
cevaluated to determine the clinical response and resectability. The resectability
of the tumor was determined by the multimodality team of cach institution,
irrespective of the clinical response (tumor shrinkage). Surgical resection of
the tumor was performed 2 to 4 weeks after the campletion of the induction
therapy. The surgical procedures undertaken included lobectomy or preumo-
nectomy, with systematic node dissection. Standard systematic node dissec-
tion, ND2, includes complete removal of the hilar and mediastinal nodes. Less
complete dissection includes NDO (ie, no systematic dissection with or with-
out lymph node sampling) or ND1 {ie, hilar node dissection with or without
mediastinal lymph node sampling).

Boost therapy.  For unresected or incompletely resected cases, boost
radiotherapy of 21.6 Gy in 12 fractions was given. Those who were judged to
have undergone complete resection were followed up without additional ther-
apy uatil clinical evidence of recurrence.

Patient Evaluation and Foflow-Up

Before enrollment onto the study, each patient underwent complete
medical history taking and physical examination, bload cell count determina-
tions, serum biochemistry testing, arterial blood gas analysis, chest x-ray, ECG,
CT scan of the chest, bronchoscopy, CT' scan or ultrasound of the upper
abdomen, whole-brain CT or MR, and an isotope bone scan. Chest MRI was
recommended for evaluation of the local tumor status but was not mandatory.
Blood cell counts, serum biochemistry testing, and chest x-ray were performed
weekly during each course of chemotherapy. Chest C1" was performed every 3
to 4 weeks during the induction therapy.

Chemotherapy toxicity was evaluated according to the JCOG Toxicity
Criteria,” modified from the National Cancer Institute Conwnon Foxicity
Criteria version 1. Tumor respanses were assessed radiographically according
to the standard, two-dimensional WHQ criteria®” and were classified into
complete response (CR), partial response, no change, progressive discase
{PD), and not assessable. Response confirmation at 4 wecks or longer intervals
was not necessitated. After curative resection and/or definitive boost radio-
therapy, the patients were followed up with petiodic re-evaluation, including
with chest CT, as well as a systemic survey every 6 months for the fiest 3 years.

.

Central Review

Radiographic reviews for eligibility of the enrolled patients and the clin-
ical responses were performed at the time of the JCOG Lung Cancer Surgical
Study Group meeting, held every 3 to 4 months. The study coordinator
(H.K., a medical oncologist), the group coordinator (M.T., a surgical
oncologist), and a few sclected investigators of the group reviewed the
radiographic films. The clinical response data presented below were all
confirmed by this central review.

Statistical Considerations

The primary end point of the study was the survival rate at 3 years. The
sample size calculation was performed, as desaribed in Appendix 1 (ontine only).

Secondary end points included the objective tumor response to chemo-
therapy, complete resection rate, and postsurgical morbidity/mortality. Both
overall survival (08) and progression-free survival (PFS) were calculated from
the date of enrollment by the Kaplan-Meier method. For exploratory analysis
to identify prognostic factors, the OS or PES of subgroups was compared by
two-sided log-rank tests. All analyses were performed with the SAS software
version 8.2 (SAS Institute, Cary, NC).

645

Information downloaded from jco.ascopubs.org and provided by KOKURITSU GAN CENTER on February 25, 2008 from .
Copyright © 2008 by the American Society of Clinical Oncology. All rights reserved.

329



Kunitoh et at

Patient Characteristics

From May 1999 to November 2002, 76 patients from 19 institu-
tions were enrolled onto the study. Three patients were ineligible. One
patient was found to have concomitant anemia and did not receive the
protocol treatment. Two others were found ineligible by the central
review, after completion of the protocol therapy; the tumor was
judged not to involve the first rib in one case, and in the other, a
mediastinal node was judged to be enlarged on chest CT, without
confirmation by mediastinoscopy. These two cases were included in
the analysis. Therefore, 75 patients were analyzed to determine the
toxicities, response rates, surgical and pathologic results, PFS, and OS.
All 76 patients were included in the analysis of the patient character-
istics, as shown in Table 1. In each of the T4 cases, the tumor was
judged to have involved the spine. Nodal status was clinically deter-
mined and was patholegically confirmed in only a few cases.

Induction Therapy Delivery and Toxicity
The study schema with the actual numbers of patients receiving
the protocol therapy is shown in Appendix Figure Al (online only).

Table 1. Patient Characteristics (n = 76}

No. ot
Characteristic Patients %
Sex
Malg 67 ) 88
Female 8 12
Age, years
Median 575
Range 3474
ECOG performance status s
0 g
1 46"
Clinical T stage
13 66 74
T4 20 26
Clinical N stage Lo
NO .o 59
N1 - . conT LT : g -
N2 B
N3 A
Smwoking history
No 4 5
Yes 72 95

Median smoking history
Body weight loss within 6 months

1.5 packs for 37 years

=5% . 8. 80

5-10% e ) .9

> 10% 5 7

Missing 3 .4
Histology

Adenocarcinoma 34 45

Squamous cell carcinoma 27 36

Othersfunclassified 15 20
Primary site N . . .

Right I - ST B

Left Rt Y AN R T B

Abbreviation: ECOG, Eastern Cooperative Oncology Group.
"Found ineligible by central review but included in the subsequent enalyses.

The induction therapy could be completed in 71 (95%) of the 75
patients. The trcatment was terminated in the remaining four patients
after only one course of chemothcerapy (owing to the development of
adverse events in two cases, patient refuisal in one case, and eatly
toxicity-related death in one case).

Table 2 lists the major toxicities of the protocol therapy. They
were mainly hematologic, and although more than 80% of the patients
experienced neutropenia/leukopenia, they were generally transient
and not complicated by infection/fever. Overall, toxicities were well
tolerated. There was one toxic death on chemoradiotherapy day 6 as a
result of severe myelosuppression and subsequent development of
septic shock.

Clinical Response to the Induction Therapy

The clinical responses of the 75 eligible patients to induction
therapy were judged radiologically and confirmed by the central re-
view. The responscs were as follows: CR, 0 patients; partial response,
46 patients; no change, 22 patients; PD, five patients; not assessable,
two patients. The overall response rate was 61% (95% Cl, 49%
to 72%).

Surgical and Pathologic Results
‘Thoracotomy was performed in 57 (76%) of the 75 patients who
received the induction therapy. The surgical procedures undertaken

Table 2. Major Toxicities of Induction Therapy (N = 75} and
Postsurgical Compiications
No. of Patients
Toxicity or
Complication Grade 1/2 Grade 3 Grade 4 % Grade 3/4
Acute toxicity”
;Levkopenia - 7 41 37 . ¢ 26t 84
. Netitropsnia "~ - . ‘26 1 ooset 83
“Aneria gy L ATB Y0 7
Thiombocytopenia  14/12 9 St 15
AT ’ ) .0 3
Créatinine 0 0 0
Pa0, .0 0 Q
--Emesis - ) T2 — {not defined 3
. Diarthea - 7 ° - I 0 1
‘Constipation -1 .0 1
[ Esophagitis 0 S0 ]
- Infection J6 1t 9
" “Neuropathy : "0 = inot defined) 0
Skintoxicity <. . 18] - A 0 1
Fever LT 1 1 3
Postsurgical
complications¥
ARDS 0 1 1 (grade 5)
Empyema 0 2 0
Cylothorax 1 1 0
Pneumonitis 1] 1 0
Late complications?
Preumonitis ST . 67 001 S0
Bleesing . .0 - .0 . 1lgrade5)
Abbreviations: Pa0,, alveolar-arterial difference in partial pressure of oxygen:
ARDS, adult respiratory distress syndrome.
"During induction therapy.
Tincludes one patient with toxic death owing to septic shock.
$Report of each compiication was evaluated by Nationa! Cancer Institute
Common Toxicity Criteria version 3.0.
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were as follows: lobectorny, 53 patients; partial resection, three pa-
tients; exploratory thoracotomy, onc patient; none of the cases re-
quired pnenmonectomy. Combined resection of the chest wall was
undertaken in 51 of the 57 patients. Complete mediastinal lymph
node dissection (ND2) was performed in 42 patients, and the remain-
ing 15 patients underwent less extensive dissection or sampling (NDO
or ND1).

The results of thoracotomy were as follows: gross residual tumor
(R2 resection, including one with probe thoracotomy), three patients;
microscopically residual tumor on pathologic review (R1 resection),
three patients; complete surgical and pathologic resection (RO resec-
tion), 51 patients. Pathologic downstaging of the tumor as compared
with the clinical stage before induction therapy was achieved in 23
patients (40% of the patients who underwent surgery); this is an
inherently inaccurate figure and should be interpreted as such, owing
to the lack of pathologic confirmation of the ¢ stage at presentation.
Pathologic CR, with no residual viable tumor cells in the resected

specimens, was achieved in 12 patients (16% of the 75 treated pa-

tients). Table 3 lists the surgical and pathologic results according to the
initial clinical T factor.

The major postoperative morbidities included adult respiratory
distress syndrome (ARDS) in two paticnts, empyerma in two patients,

Table 3. Surgical and Pathologic Results According to Initial Clinical T Stage

Characteristic ¢T3 c-T4
No. of patients 55 20
No surgery performed
No. 7
% 13 655

Reason for no surgery
Protocot violation
Toxic death
Adverse event
Progressive Gisease
Judged unresectable
Patient refusal
Surgical procedures
Thoracotomy
No. 48
% 87 4
Pneumonectomy
Lobectomy
Probe thoracotomy
Other

With combined resection
Rib
Paristal pleura
Vertebra
Major vessel
Clavicle

Completeness of resection
R2 operation
R1 operation
RO operation R R

No. 0 a3 ) ST
% 2 B P 1)

Pathologic resuits
Downstaging 18 3
Pathlogic complete response 9 3

OO WO~ = 0O WO G

[o]
45
1
2
44
38
4
3
3
1

wivw.fC0.0T¢

chylothorax in two patients, and pncumonitis in two patients. One
patient died of sudden major blceding on postoperative day 24. ‘The
bleeding was identified at autopsy as being from an intercostal artery.
Another patient died of ARDS after off-protocol pneumonectonyy.
The patient had been judged to have PD in response to the induction
therapy as a result of emergence of intrapudmonary metastases. The
attending surgeon and the patient agreed to salvage surgery, and the
patient developed postoperative ARDS,

Thus the total number of toxic deaths was three, including one
caused by septic shock during the induction, one by delayed postop-
erative bleeding, and one by the development of ARDS after off-
protocol, salvage surgery.

Boost Therapy

Boost radiotherapy was given to 15 patients, including 12 of the
15 patients in whom thoracotomy was not performed after the com-
pletion of induction chemoradiotherapy, One patient received boost
radiotherapy after grossly incomplete resection, and another received
boost radiotherapy after gross complete resection with microscopi-
cally residual disease. In 12 of the 15 patients, boost radiotherapy was
completed with a total dose of 66.6 Gy.

PFS and OS

Figures 1 and 2 show the PFS and OS curves, updated in Novem-
ber 2006. Forty-one patients were alive, with a median follow-up
period of 68 months. The median PES time was 28 months. The PFS
rates at 3 and 5 years were 49% and 45%, respectively. The median OS
has not yet been reached. The OS at 3 and 5 years were 61 % and 56%,
respectively. Subset analysis (Appendix Figs A2 through AS, online
only) revealed that clinical T stage was a prognostic factor (Appendix
Fig A2). Patients with clinical T3 disease had better outcome than
those with clinical T4 disease (the survival rates at 3 and 5 years were
699 and 61%, respectively, versus 40% and 40%, respectively; log-
rank P = .031). The clinical N stage and histologic type of the tumor
did not significantly affect the OS (Appendix Figs A3 and A4) or PFS.
As expected, the survival rate was good in patients in whom complete
resection could be achieved, with a projected 5-year OS of 70% as
compared with 24% in whom complete resection could not be

1.0 4
0.9 -
0.8 1
0.7 4
0.6
0.5 4
0.4 4
0.3
0.2
0.1

Proportion Progression Free

T T L3 T T

0 1 2 3 4 5 6 7 8
Time After Registration (years)

Fig 1. Progression-fres survival (PFS) of the 75 eligible patients. PFS at 3 years
and 5 years was 49% {95% Cl, 38% to 60%) and 45% (95% Cl, 34% to 56%).
respectively, with a median PFS of 27.7 months.
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1.0 4
0.9 -
0.8 4
0.7 1
0.6
0.5 1
0.4 1
0.3 4
0.2 4
0.1+

Proportion Surviving

T T T T T T

0 1 2 3 4 5 6 7 8
Time After Registration (years)

Fig 2. Overall survival (OS) of the 75 efigible patients. OS at 3 years and 5 years
was 61% (95% Cl, 49% to 71%) and 56% (95% Cl, 44% to 66%), respectively.
The median OS has not been reached.

achieved (Appendix Fig AS). The survival of the 12 patients with patho-
logic CR was especially favorable (Appendix Fig A6, onlinc only).

Pattern of Relapse

So far, 39 patients have experienced tumor relapse. Table 4 Jists
the initial relapse sites, according to the curative extent of the surgical
resection. For unresected or incompiletely resected cases, locoregional
relapse was predominant. To the contrary, for completely resected
cases, relapse at distant sites was the most frequent relapse pattern,
with some brain-only relapse patients.

We conducted a multi-institutional phase 11 trial of a trimodality
approach, namely, preoperative chemoradiotherapy followed by sur-
gical resection, in patients with SSTs. Because of the rarity of this
subtype of NSCLC, no randomized trial has been conducted previous-
1y.”® Qur report is the second of a large-scale, prospective trial after
SWOG 9416/INT 0160 and reproduced its favorable outcomes.?®
The long-term results of the SWOG 9416/INT 0160 trial were
recently published.” Although the chemotherapy regimens used were
different, a standard classic platinum-based combination was used in
both. The preoperative radiotherapy doses were also identical (45 Gy),
although a 1-week split (interval between two sessions) was included
inour protocol (but not in the SWOG trial). Boost chemotherapy was
planned after curative resection in the SWOG trial, but the compliance

Table 4. Initial Relapse Sites

Patients With Patients Without
Complete Resection Complete Resection  Total
Relapse Site {n = 51) {n = 24) {N = 75)
Locoregional” only 2 8 10
Distant only 14 6 20
Brain only 1 5
Both 4 5 9
Totat 20 18 39

‘Locoregional = surgical margin, within radiation field, hilar lymph nodes,
mediastinal lymph nodes, supraclavicular lymph nodes.
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rate was poor,” as in other perioperative therapy reports; we had
anticipated that the majority of the patients would not be fit ecnough
for additional toxic therapy after a major thoracic surgery and did not
include it in our protocol.

Despite these minor differences, the results of the two trials were
strikingly similar (Table Al, online only). The radiologic response rate
was higher, whereas the pathologic CR rate was lower in our trial, but
the differences were probably not clinically relevant, considering in-
terobserver differences in the response evaluation and the well-known
discrepancy between clinical versus pathologic cffects. The intensive
trimodeality approach was found to be feasible in both reports, with a
reasonably low toxic death rate of 4%. The resection rate, which had
remained unchanged at approximately 50% for almost 40 yeacs with
conventional preoperative radiotherapy, was approximately 70% in
both studics. Particularly noteworthy was the reproducibility of the
favorable survival data, with a 5-year OS rate of 44% in the United
States trial and 56% in our trial, which were clearly superior to the
historical value of 30%.>2

A shift in the trend of clinical problems also became clear.
The relapse patterns changed from predominantly locoregional' *** to
mainly distant recurrences in cases with complete resection,™**** and
a significant number of such patients suffered from metastasis in the
brain as the initial site of relapsc.?” To the contrary, complete resection
could be achieved in less than half of the patients with ¢-T4 discase,
and neither local control nor long-term survival was satisfactory in
those in whom it could not be achieved. It scems that there might be
room for improvement in radiotherapy.

Several questions remain unresolved. One is that of management
of patients with mediastinal node involvement. These clinical N2 cases
have been known to have the poorest prognosis™'® and were excluded
from both the SWOG and JCOG trials, Although trimodality ap-
proaches have been reported in cases with dinical N2 stage
NSCLC,* inclusion of the hilar and mediastinal nodes in the irra-
diation field increased the toxicity risk to an unacceptable level in our
prior phase 1 trial (JCOG 9805),>*

Inaddition to the unresolved questions above, our study also had
a critical limitation. Although this was a prospective, large-scale, and
multi-institutional trial, no definite conclusions could be obtained
from the single-arm phase II study. As repeatedly pointed out, how-
ever, a phase III trial would be unrealistic due to the rarity of SSTs.
Possibly, clinical questions common with other patient subsets could
be tested in a phase HI trial targeting a broader patient population; for
example, patients with SSTs and other stage 111 NSCLC could be
cenrolled onto a phase I trial of prophylactic cranial irradiation after
definitive induction therapy.™

In conclusion, we report a favorable outcome of preoperative
chemoradiotherapy in patients with SSTs, confirming the results of
the previous SWOG/Intergroup trial. We believe that this strategy may
be acceptable as standard for the treatment of this disease and also
serves as a reference for future trials,
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KEYWORDS Summary

Photodynamic Background: We had previousty developed the possibility of use of a photodynamic diagnosis
therapy; {PDD) system using a tumor-selective photasensitizer and laser irradiation for the early detec-
Photodynamic tion and photodynamic therapy (PDT) for centrally {ocated early lung cancers. Recently, we
diagnosis; established the autofluorescence diagnosis system integrated into a videoendoscope (SAFE-
Lung cancer; 3000) as a very useful technique for the earty diagnosis of lung cancer.

Autofluorescence Patients and methods: Twenty-nine patients (38 lesions) with centrally located early lung cancer
bronchoscopy received PDD and PDT using the second-generation photosensitizer, talaporfin sodium (NPe6).

Just before the PDT, we defined the tumor margin accurately using the novel PDD system SAFE-
3000 with NPe6 and a diode laser (408 nm).

Results: Red fluorescence emitted from the tumor by excitation of the photosensitizer by
the diode laser {408 nm) from SAFE-3000 allowed accurate determination of the tumor mar-
gin just before the PDT, The complete remission (CR) rate following NPe6-PDT in the cases with
early lung cancer was 92.1% (35/38 lesions). We also confirmed the loss of red fluorescence

* Corresponding author. Tel.: +81 3 3342 6111; fax: +81 3 3349 0326.
E-mail addresses: jusuda@tokyo-med.ac.jp, jiusuda@xc4.so-net.ne.jp {J. Usuda).
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