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Abstract

Background Irinotecan and cisplatin are one of active

regimens for patients with extensive-stage small cell lung

cancer (SCLC). To determine the efficacy and toxicity of

irinotecan and cisplatin with concurrent split-course tho-

racic radiotherapy in limited-disease (LD) SCLC, we

conducted a phase II study.

Patients and methods Thirty-four patients fulfilling the

following eligibility criteria were enrolled: chemotherapy-

naı̈ve, good performance status (PS 0–1), age B75, LD-

SCLC, and adequate organ function. The patients received

irinotecan 40 mg/m2 i.v. on days 1, 8, and 15, and cisplatin

60 mg/m2 i.v. on day 1. Four cycles of chemotherapy were

repeated every 4 weeks. Split-course thoracic radiotherapy

of once-daily 2 Gy/day commenced on day 2 of each

chemotherapy cycle, with 26 and 24 Gy administered in

the first and second cycles, respectively.

Results Thirty-four patients were eligible and assessable

for response, toxicity, and survival. Patients’ characteristics

were as follows: male/female = 29/5; PS 0/1 = 18/16;

median age (range) = 67 (50–73); and stage IB/IIA/IIB/

IIIA/IIIB = 2/2/3/16/11. The overall response was 100 %

(CR 8, PR 26). Grade 4 leukopenia, neutropenia, grade 3–5

pneumonitis, diarrhea, and esophagitis occurred in 24, 38, 6,

3, and 0 %, respectively. There were 2 treatment-related

deaths from pneumonitis. The median time to tumor pro-

gression was 14.3 months. The median overall survival time

and the 2- and 5-year survival rates were 44.5 months, 66.7
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and 46.1 %, respectively. No tumor progression was

observed in patients with CR.

Conclusion Irinotecan plus cisplatin with concurrent

split-course thoracic radiotherapy was effective and toler-

able in untreated LD-SCLC.

Keywords Irinotecan � Cisplatin � Small cell lung cancer

Introduction

In 2009, lung cancer was the world’s leading cause of cancer

mortality [1] and 67,853 people died in Japan. Small cell lung

cancer (SCLC) accounts for 11–13 % of lung cancer, and

systemic chemotherapy is the mainstay of treatment. One-

third of SCLC patients present with limited disease (LD),

which is confined to the chest within a single radiation port.

Thoracic radiotherapy (TRT) improves the local control rate

by 25 %, and the combined modality of chemotherapy and

TRT has been shown to improve the survival of LD-SCLC in

comparison with chemotherapy alone [2, 3]. Etoposide and

cisplatin (EP) have been remained the first-line standard

chemotherapy regimen worldwide for SCLC over the past

30 years [4], and TRT has been used in an early concurrent

schedule during four cycles of EP [5]. In addition, twice-daily

treatment beginning with the first cycle of chemotherapy

significantly improved survival as compared with concurrent

once-daily radiotherapy [6]. Because of its inconvenience

and 45 Gy on the once-daily arm corresponds to a lower

biologic effective dose, once-daily TRT also remains the

standard radiotherapy. On the basis of these results, EP with

concurrent TRT is currently the standard care for LD-SCLC

[7]; however, median survival times are only 20–27 months

and the 5-year survival rate is\30 %.

Irinotecan hydrochloride is a water-soluble prodrug that is

metabolized to the active metabolite SN-38, which inhibits

the function of DNA topoisomerase I in cancer cells [8].

Clinical studies of irinotecan alone have shown a broad

spectrum of antitumor activity against various human cancers

including SCLC [9], and preclinical studies have demon-

strated synergism and non-cross-resistance between the

combination of cisplatin with SN-38 and irinotecan [10, 11].

A clinical trial with irinotecan plus cisplatin (IP) yielded good

response rate (86 %) and median survival (13.0 months) in

extensive disease (ED) SCLC [12]. A previous trial of IP with

concurrent and continuous standard TRT failed in non-small-

cell lung cancer (NSCLC) patients because of unacceptable

toxicity and a low completion rate [13]. However, we dem-

onstrated that split TRT method with IP was feasible in

NSCLC and SCLC [14, 15].

Accordingly, we conducted a phase II trial of IP with

concurrent split-course and once-daily TRT based on our

phase I trial [15]. The main objectives of the trial were to

evaluate the efficacy and safety of IP with TRT therapy in

previously untreated patients with LD-SCLC.

Patients and methods

Study design

This was a phase II study involving 7 centers. The study

protocol was approved by the institutional review board or

ethics committee at each center, and patients provided

written informed consent. The study was carried out in

accordance with the Declaration of Helsinki, the Interna-

tional Conference on Harmonization Guidelines. This

study was an independent collaborative (unsponsored)

group study.

Inclusion/exclusion criteria

Eligibility criteria for patients in this study included the fol-

lowing: a histologically confirmed diagnosis of LD-SCLC,

no prior chemotherapy or radiotherapy, age B75 years;

Eastern Cooperative Oncology Group (ECOG) performance

status (PS) B1, life expectancy greater than 12 weeks, ade-

quate bone marrow function (leukocyte count C4,000/lL,

platelet count C10 9 104/lL, and hemoglobin level C10 g/

dL); serum bilirubin level B1.5 mg/dL, ALT and AST levels

B2 times the normal upper limit, serum creatinine level

B1.5 mg/dL and PaO2 C70 mmHg, and no medical prob-

lems severe enough to prevent compliance with the protocol.

LD was defined as disease confined to one hemithorax, with

or without ipsilateral hilar or bilateral mediastinal or supra-

clavicular lymph node involvement; no malignant pleural or

pericardial effusion. Exclusion criteria included active

infection, uncontrolled heart disease, interstitial pneumonia/

active lung fibrosis on chest X-ray, and active concomitant

malignancy.

Treatment

Four cycles of IP therapy were repeated at 4-week inter-

vals. Patients received 40 mg/m2 irinotecan on days 1, 8,

and 15, and 60 mg/m2 cisplatin on day 1. After completion

of 4 cycles of chemotherapy, additional IP therapy was

optionally permitted. TRT was administered at 6 MV or

higher photons by a linear accelerator. Patients received

2 Gy per fraction once daily with a split schedule: 5 days/

week from day 2 of each chemotherapy cycle, with a total

of 26 and 24 Gy provided in the first and second cycles,

respectively. There was a break in the split-course radiation

of approximately 10 days. A radiation field included the

primary tumor, the bilateral mediastinal and ipsilateral

hilar lymph nodes with a margin of 1.5–2.0 cm. Radiation
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of the supraclavicular lymph nodes was administered only

if they were involved. The inferior border extended 5 cm

below the carina or to a level including ipsilateral hilar

structures, whichever was lower. Prophylactic cranial

irradiation (PCI) was administered to the patients achieving

complete response (CR) with a total dose of 25 Gy in 10

fractions. The treatment schema is shown in Fig. 1.

Dose modification

Irinotecan was omitted on days 8 or 15 in the cycle if the

leukocyte count fell below 3,000/lL, platelet count

\10 9 104/lL or any diarrhea had occurred within the

previous 24 h. Leukocytes C3,000/lL and platelets

C10 9 104/lL were mandatory to commence the next

cycle of treatment, and if levels fell below these limits, the

second cycle was postponed until the counts recovered.

Doses of irinotecan and cisplatin were reduced to 80 %

when a leukocyte nadir count \1,000/lL or a neutrophil

nadir count \500/lL for 3 or more days, if febrile neu-

tropenia developed, if platelet nadir count\20,000/lL or if

grade 3 or higher non-hematologic toxicity (excluding

nausea, vomiting, and hair loss) had occurred during the

previous treatment cycle.

Radiation was interrupted if grade 4 hematologic tox-

icity occurred during radiation and restarted after recovery

to grade 3 or less. If grade 3 or greater esophagitis occur-

red, it was interrupted and restarted after recovery to grade

2 or less. If esophagitis did not resolve, it was discontinued.

If PaO2 fell to 10 mmHg or a patient had a fever of 38 �C

or higher, both radiotherapy and chemotherapy were

interrupted and restarted as soon as possible after recovery.

Evaluation

The response evaluation criteria in solid tumors (RECIST)

were used for the response assessment [16]. National

Cancer Institute Common Terminology Criteria for

Adverse Events, version 3.0, were used to grade adverse

events (AEs). An extramural review was conducted to

validate the eligibility of the patients, staging, and

response.

Statistical analyses

The primary endpoint of this study was to estimate the

objective response rate. The 2-stage accrual design

described by Simon [17] was used. Assuming an overall

response rate of 80 % for standard therapy, a target

response rate of 95 % was established. a = 0.05, b = 0.20,

and the estimated required number of patients were more

than 29. Considering unfitness, dropout, and discontinua-

tion, the sample size of this study was determined to be 35.

For the survival endpoints, Kaplan–Meier methodology

was used [18]. The multivariate correlation analysis was

used for treatment failure within 1 year.

Results

Thirty-four patients from 7 institutions were enrolled in

this trial between June 2000 and December 2009. All

patients received the planned treatment and were evaluated

for toxicity, response, and survival. The baseline patient

characteristics are shown in Table 1.

Treatment administration

A total of 132 cycles of IP therapy were administered to the

34 patients: 1 cycle in 1 patient, 2 cycles in 1, 3 in 1, 4 in

29, and 5 in 2. The latter 31 patients completed the planned

Week

Irinotecan

Cisplatin

TRT

1 2 3 5 6 7 9 10 11 13 14 154 8 12

26Gy 24Gy

Fig. 1 Treatment schema. TRT thoracic radiotherapy

Table 1 Baseline patient characteristics

Characteristic No. %

No. of patients 34

Age, years

Median 67

Range 50–73

Sex

Male 29 85

Female 5 15

ECOG performance status

0 18 53

1 16 47

c-stage

IB 2 6

IIA 2 6

IIB 3 9

IIIA 16 47

IIIB 11 32

ECOG Eastern Cooperative Oncology Group
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chemoradiotherapy regimen, and the completion rate was

91 %. Three patients could not complete the planned

treatment because of pneumonia, radiation pneumonitis,

and patient refusal. Thirty-five (27 %) irinotecan admin-

istrations were skipped on day 8, 63 (48 %) on day 15,

including 23 (18 %) on both days. The major reasons for

omission on days 8 and 15 were leukopenia 62 cases,

leukopenia/thrombocytopenia 7 cases, anemia 5 cases,

thrombocytopenia 5 cases, diarrhea 4 cases, leukopenia/

thrombocytopenia/anemia, leukopenia/thrombocytopenia/

diarrhea, stagger/arrhythmia, acute gastric mucosal lesion

(AGML), fever, pulmonary toxicity, and vagal reaction 1

cases, respectively. The average delay of the treatment

cycles was 5 days per cycle. Five patients delayed more

than 1 month. The dose intensity of irinotecan was

19.2 mg/m2/week, which was 64.1 % of the projected dose

intensity. The dose intensity of cisplatin was 12.8 mg/m2/

week, which was 85.5 % of the projected dose intensity.

Toxicity

The toxicities during treatment are listed in Table 2. All 34

patients were assessable for toxicity. Thirty-one (91 %)

patients experienced grade 3 or 4 hematological toxicity,

and 13 (38 %) had grade 4. The principal grade 3 or 4

hematological toxicity was leukopenia and neutropenia in

31 (91 %) patients, and the principal grade 4 toxicity was

neutropenia in 13 (38 %) patients. Febrile neutropenia

occurred in 2 (6 %) patients. The major non-hematological

toxicities were infection, gastrointestinal toxicities, and

pneumonitis. One patient had grade 4 bloody diarrhea with

ileus and multiple digestive ulcers during the second cycle

and underwent a blood transfusion. There were two treat-

ment-related deaths by radiation pneumonitis. A 72-year-

old male patient finished 4 cycles of chemotherapy,

thoracic radiotherapy, and PCI because he achieved CR.

Radiation pneumonitis was first observed at 1 month and

then 7 months after protocol treatment. Despite intensive

care with corticosteroids, he died 3 weeks after the second

pneumonitis occurred. A 66-year-old female patient fin-

ished 3 cycles of chemotherapy and thoracic radiotherapy

and achieved PR. During the 4th cycle of chemotherapy,

she was found on the floor of home with unconscious and

taken to hospital by ambulance. She was declared dead on

arrival. Chest X-ray of the patient showed an increased

concentration in the extensive lung field as in acute respi-

ratory distress syndrome, suspected as pneumonitis. Grade

3 fatigue was observed in 1 (3 %) patient.

Efficacy

All 34 patients were assessed for response. CR was

observed in 8 (24 %) patients and the remaining 26 (76 %)

patients had a partial response. The overall response and

CR rates were 100 % (95 % CI, 100–100 %) and 24 %

(95 % CI, 8–39 %), respectively. CRs at each stage were

0 % (0/2) in IB, 0 % (0/2) in IIA, 33 % (1/3) in IIB, 25 %

(4/16) in IIIA, and 25 % (3/12) in IIIB, respectively.

The median potential follow-up time was 81.9 (range,

22.7–132.1) months. Sixteen patients are alive at the time

of this analysis, and the other 18 patients died during the

follow-up period. The progression-free survival of the 34

patients is shown in Fig. 2a. Median time to tumor pro-

gression was 14.3 (95 % CI, 10.7–57.6) months, and the 1-,

2-, 3-, 4- , and 5-year progression-free survival rates were

56.9, 44.3, 40.2, 40.2, and 30.2 %, respectively. The

overall survival of 34 patients is shown in Fig. 2b. Median

survival time was 44.5 (95 % CI, 21.6–90.1) months, and

the 1-, 2-, 3-, 4- , and 5-year survival rates were 88.2, 66.7,

54.4, 46.1, and 46.1 %, respectively.

Treatment failure pattern

Of the 34 evaluable patients in this investigation, 20 (59 %)

relapsed (Table 3). The first sites of disease progression

were as follows: local only in 2 (6 %) patients, local and

distal in 3 (9 %), and distal only in 15 (44 %). In 12 (36 %)

patients, the initial site of relapse was the brain, and all

relapsed solely in the brain. Other relapse sites included

pleural effusion, bone, and liver in one patient. Treatment

failure within 1 year is presented in Table 4. The signifi-

cant failure factors were ‘‘male’’, ‘‘not CR,’’ and ‘‘low

chemotherapy cycles’’.

Table 2 Toxicities (n = 34)

Adverse event WHO grade (n) Grade

3/4 (%)
1 2 3 4 5

Hematological

Anemia 2 15 10 2 0 35

Leukopenia 0 3 21 8 0 85

Neutropenia 0 4 15 13 0 82

Thrombocytopenia 10 2 2 2 0 12

Non-hematological

Infection 1 1 3 0 0 9

Nausea 14 13 0 0 0 0

Vomiting 14 13 0 0 0 0

Diarrhea 10 3 1 0 0 3

Fatigue 3 1 1 1 0 6

Esophagitis 6 4 0 0 0 0

Pneumonitis 1 4 0 0 2 6

Fever 3 3 1 0 0 3

Elevated transaminases 8 2 0 0 0 0

Alopecia 29 1 0 0 0 0

Elevated creatinine 4 3 0 0 0 0
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Discussion

This multicenter phase II study of IP with concurrent split-

course radiotherapy showed a promising median survival

time and 5-year survival rate of 44.5 months and 46.1 %,

respectively. The high response rate of 100 % that no

recurrence was observed in patients with a CR and long

follow-up contributed to this good survival result. Mean-

while, two treatment-related deaths by pneumonitis were

observed.

A phase III study in Japan showed IP to be more

effective than EP in extensive disease (ED) SCLC [19].

Median survival and 1-year survival rates in IP and EP

arms were 12.8 versus 9.4 months and 58.4 versus 37.7 %,

respectively. Although three confirmatory trials comparing

IP with EP for ED-SCLC in the United States and Europe

did not show the superiority of IP [20–22], it is suggested

that IP is an equally effective regimen with a different

toxicity profile. A meta-analysis of six trials involving

1,476 patients demonstrated that IP could achieve a greater

overall response and prolong OS compared with EP for

previously untreated SCLC [23]; therefore, we adopted IP

as the chemotherapy regimen for LD-SCLC. Although the

Fox Chase Cancer Center Group reported the tolerability of

IP with standard thoracic radiotherapy [24], a previous

Japanese dose-finding trial of IP with concurrent 60 Gy

radiotherapy was not completed because of unacceptable

toxicity for NSCLC [13]. Then, we incorporated split-

course radiotherapy because of safety considerations for

normal tissue.

The median survival times of phase II trials of EP-based

concurrent chemoradiotherapy plus IP chemotherapy and

previous IP-based concurrent chemoradiotherapy were

20.2–26.1 months [25–28]. In these trials, Sohn et al.

previously reported IP regimen with concurrent TRT and

seemed similar to this trial in sample size, good median

survival time, neutropenia, pneumonitis, and an unfortu-

nate treatment-related death rate of two cases; however, a

large difference still exists between the median survival

time of 26.1 and the 44.5 months. First possible reason is

related to radiotherapy timing. TRT was begun on day 1 of
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Fig. 2 a Progression-free survival curve and b overall survival curve

of the 34 patients enrolled in the present study

Table 3 Site of first failure (n = 34)

Site No. of patients %

Progression free 14 41

Local 2 6

Local and distant 3 9

Distant 15 44

Brain only 12 36

Others 3 9

Table 4 Multivariate analysis for factors about treatment failure

within 1 year (n = 34)

Factor No. of recurrence (%) P value

Age (B69, 70B) 9/20 (45) 5/14 (36) .6041

Sex (female, male) 0/5 (0) 14/29 (48) .0436*

PS (0, 1) 8/18 (44) 6/16 (38) .5478

Response (CR, PR) 0/8 (0) 14/26 (54) .0113*

Stage (IB, IIA, IIB, IIIA IIIB) 1/2 (50) 1/2 (50) .6294

1/3 (33) 7/15 (47)

4/12 (33)

CT cycles (1, 2, 3, 4, 5) 1/1 (100) 1/1 (100) .0239*

1/1 (100) 11/29 (38)

0/2 (0)

Day 8 (\50 %, 50 %, 50 %\) 1/5 (20) 3/6 (50) .2700

9/21 (43)

Day 15 (\50 %, 50 %, 50 %\) 5/13 (38) 4/5 (80) .8777

4/14 (29)

Treatment failures were observed in 14 patients (41 %) within 1 year

* Significant correlation
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the first chemotherapy cycle in this study compare with

second cycle in their study. Because early radiotherapy has

a survival advantage when platinum-based chemotherapy

is used concurrently [29], this study had high local control

activity with local failure occurring in only 15 % (5/34),

compared with 36 % (12/33) in the Sohn study. Second

possible reason is split-course radiotherapy. Although split-

course thoracic radiotherapy did not provide a survival

advantage evidence in patients with LD-SCLC [30], it has

been recently reconsidered by a favorable toxicity profile

especially in acute esophagitis [31]. Third possible reason

is that our study was followed up for a long time. The goal

of treatment in LD-SCLC is to achieve a cure. The CR

patients in this study have never suffered a recurrence,

have survived for a long period, and might be cured. In

addition, the patients might be able to receive new agent

treatment. A long follow-up study is therefore favorable in

this situation. Finally, the 95 % confidence interval of

median survival time was broad as 21.6–90.1 months in

present study.

Hyperfractionated radiation has been preferred for LD-

SCLC based on a positive result in one large intergroup

phase III study [6]; however, their once-daily arm of

1.8 Gy fractions to 45 Gy was deemed to be underpow-

ered. The two treatment arms were not equitoxic as

reflected by a rate of severe esophagitis of 27 % on twice-

daily arm compared with 11 % on the once-daily arm [32].

Duke University Group retrospectively analyzed 65

patients treated with continuous once-daily 1.8–2 Gy

fractions to approximately 60 Gy (range, 58–66) for LD-

SCLC [33]. All their patients received chemotherapy, and

it was concluded that chemotherapy plus approximately

60 Gy of once-daily RT for LD-SCLC was generally well

tolerated. Mayo Clinic Group reported long-term results of

a phase III trial comparing once-daily radiotherapy with

twice-daily in LD-SCLC [34]. Patients in the once-daily

arm received 1.8 Gy fractions to 50.4 Gy, and no survival

difference was found. Thus, we consider that once-daily

radiotherapy remains the treatment option for LD-SCLC

and used in the present study. Two phase III studies that

compare standard-dose RT of 45 Gy in twice-daily frac-

tions for 3 weeks with once-daily schedules with a higher

total dose are on going (CALGB-RTOG and EORTC).

The main toxicities of this regimen were pneumonitis

and neutropenia. Ohe et al. [35] retrospectively analyzed

the risk factors for treatment-related death in chemotherapy

and TRT for lung cancer. Pulmonary fibrosis identified on a

plain chest X-ray film, the combination of irinotecan plus

cisplatin, advanced age, and elevated lactate dehydroge-

nase were associated with treatment-related death from

TRT. Pneumonitis is an important problem in chemora-

diotherapy using an IP regimen. Although esophagitis

(CG3) was observed in 2–29 % in other trials [25–28], it

did not occur in this trial; therefore, it seems that split-

course concurrent radiotherapy could reduce the risk of

esophagitis without loss of activity compared with con-

tinuous use. Diarrhea (CG3) was reduced from 19 % in our

NSCLC trial [14] to 3 % in this trial, which can be

explained by the reduced dose of irinotecan, 50–60 to

40 mg/m2.

In conclusion, our study demonstrated the activity of

irinotecan and cisplatin with concurrent split-course

radiotherapy for patients with LD-SCLC.
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