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Efficacy of 3D conformal thoracic radiotherapy for
extensive-stage small-cell lung cancer: A retrospective study
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Abstract. The aim of the present study was to evaluate the
effect of 3-dimensional conformal thoracic radiotherapy (TRT)
on extensive-stage small-cell lung cancer (ES-SCLC). A total of
165 patients with ES-SCLC were enrolled in the present study,
including 82 patients receiving chemotherapy combined with
TRT (the ChT/TRT group) and 83 patients receiving chemo-
therapy alone (the ChT group). The overall survival (OS) and
progression-free survival (PFS) rates were compared between
the ChT/TRT and ChT groups, and the prognostic factors for
OS rate were identified. It was found that the patients had a
median OS time of 15 months, and 2- and 5-year OS rates of
31.5 and 2.4%, respectively. The 2- and 5-year OS rates were
35.3 and 2.4% in the ChT/TRT group, and 14.5 and 2.4% in the
ChT group, respectively (P<0.05). The 1- and 2-year PFS rates
were 35.4 and 6.0% in the ChT/TRT group, and 20.5 and 6.0%
in the ChT group, respectively (P<0.05). The median PFS was
11 months in the 20 patients receiving TRT at 45 Gy/30 frac-
tions twice daily, and 9 months in the 22 patients receiving TRT
at 60 Gy/30 fractions daily (P=0.043). Multivariate analysis
revealed that receiving =4 cycles of chemotherapy (P=0.001)
and TRT (P=0.008) were favorable prognostic factors for OS.
It was concluded that the addition of TRT improves the OS and
PFS rates of patients with ES-SCLC, and TRT administration at
45 Gy/30 fractions twice daily is feasible and tolerable for the
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treatment of ES-SCLC. Thus, TRT and receiving =4 cycles of
chemotherapy are independent, favorable prognostic factors for
OS in patients with ES-SCLC.

Introduction

Lung cancer is a leading cause of cancer-associated mortality
worldwide, with >1 million mortalities annually (1).
Small-cell lung cancer (SCLC) accounts for 10-15% of lung
cancer cases (2). It is estimated that 70% of patients with
SCLC have extensive-stage SCLC (ES-SCLC) at the time of
diagnosis (3).

Currently, the first-line therapy for ES-SCLC remains depen-
dent on platinum-based chemotherapy with cisplatin-etoposide
(EP) (4). The addition of thoracic radiotherapy (TRT) is
suggested in certain patients due to its confirmed value in the
improvement of the overall survival (OS) rate (5,6). Although
SCLC is sensitive to chemotherapy and radiotherapy, with a
60-80% response rate, the median survival rate of patients with
ES-SCLC is estimated to be only 7-12 months following 4-6
cycles of standard chemotherapy (4).

Systemic chemotherapy in combination with concurrent
TRT have been demonstrated to be effective in the treat-
ment of limited-stage SCLC (LS-SCLC) by improving the
progression-free survival (PFS) and OS rates (7-9). The
National Comprehensive Cancer Network (NCCN) guide-
lines recommend that TRT should be initiated during the
first or second cycles of chemotherapy in cases of LS-SCLC
at 45 Gy administered twice per day in 1.5 Gy fractions,
or 60-70 Gy in 2 Gy daily fractions (10-12). However, the
effect of TRT on ES-SCLC remains unknown. The present
retrospective study evaluated the effect of 3-dimensional
(3D) conformal TRT on the clinical outcome of patients with
ES-SCLC.

Materials and methods
Subjects. A total of 165 patients with histologically or cyto-

logically confirmed ES-SCLC, enrolled at the Shandong
Cancer Hospital (Jinan, China) from January 2005 to
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December 2008, were involved in the present study. The
patients included 140 males and 25 females, with a median
age of 60 years (range, 26-87 years). The subjects were
assigned to two groups. Subjects in the ChT group (n=83)
underwent chemotherapy only, while those in the ChT/TRT
group (n=82) were given chemotherapy concurrently with
TRT.

Therapy. The chemotherapy schedule consisted of the admin-
istration of etoposide 100 mg/m? on days 1-5, combined with
cisplatin 30 mg/m? on days 1-3 or carboplatin 300 mg/m? on
day 1. 3D-conformal TRT was performed following 1-6 cycles
of chemotherapy at a dose of 1.5 Gy/fraction twice per day or
2 Gy/fraction daily, with a total dose of 40-62 Gy.

The target volume was defined according to the preop-
erative radiotherapy response assessment. If a stable disease
(SD) was achieved, the gross target volume (GTV) included
the primary tumor and the positive lymph node. If a complete
response (CR) was achieved, the GTV included the primary
tumor bed and the locations of the positive lymph node, which
were diagnosed by computed tomography (CT) scanning prior
to chemotherapy. If a progressive disease (PD) occurred, the
GTV included the primary tumor, the positive lymph node and
the new lesions. The clinical target volume (CTV) was defined
as the GTV plus a 7 mm margin, while the planning target
volume (PTV) was defined as the CTV plus a 10 mm margin.
Prophylactic cranial irradiation (PCI) was administered to the
5 patients who achieved CR.

Assessment of response to therapy. All patients underwent a
physical examination, electrocardiography, blood chemistry
analyses, brain magnetic resonance imaging (MRI), thoracic
and abdominal CT scans, and radionuclide bone imaging
prior to treatment. All examinations, with the exception of
radionuclide bone imaging, were repeated every 2 cycles of
chemotherapy or prior to TRT, and then every 3 months until
2 years, followed by every 3-6 months.

The response to the therapy was assessed using the
Response Evaluation Criteria in Solid Tumors (13). A CR
was defined as the complete disappearance of all objective
evidence of disease for =4 weeks; a partial response (PR) was
defined as =50% reduction in the sum of the longest diameter
(LD) of target lesions lasting =4 weeks, taking as reference
the baseline sum LD and without the appearance of any new
lesions. PD was defined as the development of new lesions or
a 220% increase in the sum of the LD of the target lesions;
SD was defined as neither sufficient reduction to qualify for
PR nor sufficient increase to qualify for PD lasting =6 weeks,
taking as reference the smallest sum LD (13).

Evaluation of therapy-associated toxicity. Toxic effects
associated with the therapy, including leukopenia, throm-
bocytopenia, anemia, nausea and vomiting, were assessed
according to the National Cancer Institute Common Toxicity
Criteria (NCI-CTC) version 3.0. Radiation-induced pneumo-
nitis and esophagitis were evaluated in the ChT/TRT group
only.

Ethical consideration. The present study was approved by
the Ethics Review Committee of Shandong Cancer Hospital.
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Informed consent was obtained from the patients or their rela-
tives prior to their participation, with a detailed description of
the potential benefits of the study.

Statistical analysis. Differences in proportions were tested
for statistical significance using the ¥* test. The Kaplan-Meier
method was used to estimate OS and PFS. Factors used in
multivariate survival analysis included gender, age, Karnofsky
Performance Status (KPS) score, smoking status, TRT and the
number of chemotherapy cycles. A Cox proportional hazards
model was employed to identify significant variables. The
associations between clinical factors and OS rate were evalu-
ated using univariate survival analysis with the Kaplan-Meier
method. All statistical analyses were performed using SPSS
software, version 18.0 (SPSS, Inc., Chicago, IL, USA). P<0.05
was considered to indicate a statistically statistical significant
difference.

Results

Patient characteristics. All patients underwent a follow-up
subsequent to therapy, with a median period of 43.2 months
(range, 27-73 months). In the ChT/TRT group, 64 cases had
metastasis in one organ, 17 cases had metastasis in two organs,
and 1 case had metastasis in three organs; metastasis to bone
was detected in 31 patients, brain metastasis in 17 patients,
lung metastasis in 16 patients, liver metastasis in 13 patients,
adrenal gland metastasis in 17 patients and metastasis to other
organs in 7 patients. In the ChT group, 47 patients had metas-
tasis in one organ, 33 patients had metastasis in two organs,
and 3 patients had metastasis in three organs; bone metastasis
was detected in 33 cases, brain metastasis in 21 cases, lung
metastasis in 18 cases, liver metastasis in 18 cases, adrenal
gland metastasis in 19 cases and there was metastasis to other
organs in 13 cases. There were no significant differences in
gender, age, KPS score, smoking status and the number of
chemotherapy cycles between the ChT and ChT/TRT groups
(P>0.05). However, a significant difference was detected
in the number of metastatic organs between the two groups
(P=0.005; Table I).

Response to therapy. Table 11 lists the therapies administered
to the 165 patients, including the 82 individuals undergoing
chemotherapy and TRT, and the 83 individuals undergoing
chemotherapy alone. A total of 124 cases (75.2%) responded
to the therapy. There were 69 cases (84.1%) responsive to
therapy in the ChT/TRT group, including 12 cases achieving a
CR. There were 55 cases (66.2%) responsive in the ChT group,
including 9 cases achieving a CR. The initial chemotherapy
prior to TRT resulted in CR in 2 cases, PR in 68 patients, SD
in 11 cases and PD in 1 patient in the ChT/TRT group. The
timing of TRT with relation to the course of chemotherapy is
also presented in Table II.

Whole-brain radiotherapy was administered to 38 patients
in the ChT/TRT group and 26 patients in the ChT group. The
64 cases with bone metastasis received bisphosphonate treat-
ment at the beginning of therapy. PCI was administered to
the 5 patients with CR. Additional chemotherapy or palliative
radiotherapy was given to 67 patients in the ChT/TRT group
and 62 patients in the ChT group with PD, while 6 patients in
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Table I. Comparison of the demographic and clinical characteristics of patients with extensive-stage small-cell lung cancer in the

ChT/TRT and ChT groups.
Characteristic Total ChT/TRT group (%) ChT group (%) P-value
Gender, n 0.836
Male 138 68 (82.9) 70 (84.3)
Female 27 14 (17.1) 13 (15.7)
Age 0.339
Range, years 26-87 26-83 36-87
Median, years 59 55 64
<60 years, n 79 54 (65.9) 25 (30.1)
=60 years, n 86 28 (34.1) 58 (69.9)
KPS score, n 0.704
=80 131 64 (78) 67 (80.7)
<80 34 18 (22) 16 (19.3)
Smoking status, n 0.522
Yes 102 53 (64.6) 49 (59)
No 63 29 (354) 34 (41)
No. of ChT cycles 0.355
<4 20 8(9.8) 12 (14.5)
=4 145 74 (90.2) 71 (85.5)
No. of metastatic organs 0.005
1 111 64 47
=2 54 18 36

ChT/TRT, chemotherapy combined with thoracic radiotherapy; ChT, chemotherapy; KPS, Karnofsky performance status.
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Figure 1. Overall survival (OS) and progression-free survival (PES) rates of all subjects with extensive-stage small-cell lung cancer.

the ChT/TRT group and 9 patients in the ChT group accepted
supportive care, which included nutritional support and symp-
tomatic treatment.

Survival rate. The median OS and PFS times were 15 and
8 months, respectively, and the median 2- and 5-year OS rates
were 31.5 and 2.4%, respectively (Fig. 1). The median OS and
PES times were 18 and 9 months in the ChT/TRT group, with
median 2- and 5-year OS rates of 35.3 and 2.4%, and 1- and
2-year PFS rates of 35.4 and 6.0%, respectively. In the ChT

group, the median OS and PFS times were 12 and 6 months,
with median 2- and 5-year OS rates of 14.5 and 2.4% (P=0.033;
Fig. 2A) and 1- and 2-year PFS rates of 20.5 and 6.0%, respec-
tively (P=0.011; Fig. 2B).

The median OS and PFS times were 17 and 8 months in the
129 patients receiving =4 cycles of chemotherapy, and 10 and
6 months in the 36 patients receiving <4 cycles of chemotherapy
(all P=0.001; Fig. 3). The median PFS was 11 months in the
20 patients undergoing 45 Gy radiotherapy at 1.5 Gy/fraction
twice per day, and 9 months in the 22 patients undergoing 60 Gy
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Table II. Initial treatment of patients with extensive-stage
small-cell lung cancer in the ChT/TRT and ChT groups.

ChT/TRT ChT
Treatment group (n) group (n)
No. of ChT cycles
prior to TRT
1 4 -
2 32 -
3 15 -
4 13 -
5 5 -
6 13 -
No. of initial ChT cycles -
3 1 2
4 16 21
5 11 7
6 29 33
7 9 6
8 16 14
ChT regimen -
EP 67 62
CE 15 21
Response to ChT
prior to TRT -
CR 2 -
PR 68 -
SD 11 -
PD 1 -
TRT dose (Gy) -
40 5 -
42 1 -
44 4 -
45 22 -
46 1 -
48 4 -
50 12 -
52 3 -
54 3 -
56 5 -
58 1 -
60 20 -
62 1 -
Radiation dosing -
1.5 Gy/fraction BID 22 -
2 Gy/fraction QD 20 -
PCI 30 Gy 3 2
WBRT 38 26
Bone RT 31 33

ChT, chemotherapy; TRT, thoracic radiation therapy; Gy, grays; EP,
combined cisplatin and etoposide; CE, combined carboplatin and etopo-
side; CR, complete response; PR, partial response; SD, stable disease;
PD, progressive disease; BID, twice daily; QD, daily; PCI, prophylactic
cranial irradiation; RT, radiotherapy; WBRT, whole-brain radiotherapy.
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radiotherapy at 2 Gy/fraction daily (P=0.043). No significant
differences were observed in the OS and PFS rates between the
patients receiving =6 and <6 cycles of chemotherapy (P>0.05).
Furthermore, there were no significant differences in the OS
and PFS rates among the patients receiving 2, 4 or 6 cycles of
chemotherapy prior to TRT in the ChT/TRT group (all P>0.05).
In patients with metastasis in 1 organ, the median OS time,
2- and 5-year OS rates were 18 months, 32.8 and 3.1% in the
ChT/TRT group, respectively, whereas they were 15 months,
48.9 and 2.1% in the ChT group, respectively (Fig. 4).

Prognostic factors. Univariate survival analysis revealed
that KPS score, age at diagnosis, gender, smoking status, and
number of metastatic organs had no association with OS rate;
however, TRT and =4 cycles of chemotherapy were found
to correlate with survival (Table IIT). Multivariate analysis
revealed that receiving =4 cycles of chemotherapy (P=0.001)
and TRT (P=0.008) were favorable prognostic factors for OS
(Table IV).

Treatment failure. SCLC progression and distant metastasis
were observed in 23 and 39 patients, respectively, in the
ChT/TRT group, and 41 and 35 patients, respectively, in the
ChT group. A higher local control of SCLC was observed in
the ChT/TRT compared with the ChT group (48.8 vs. 28%;
P=0.006), while no significant difference in the distant control
was found between the two groups (P>0.05).

Therapy-associated toxicity. Therapy-induced toxicity was
evaluated in the 165 eligible patients. Leukopenia occurred
more frequently in the ChT/TRT group than in the ChT group,
while no significant differences were detected in the occurrence
of other toxicities. Subgroup analyses revealed that there was a
higher occurrence of leukopenia in the patients receiving 45 Gy
radiotherapy at 1.5 Gy/fraction twice per day compared with
those receiving 60 Gy radiotherapy at 2 Gy/fraction daily. Grade
2 esophagitis was observed in 2 patients and pneumonitis was
reported in 3 patients (grade 2 pneumonitis in 2 patients; grade 3
pneumonitis in 1 patient) in the ChT/TRT group (Table V).

Discussion

Although much progress has been achieved in the treatment of
lung cancer, it remains the leading cause of cancer-associated
mortality throughout the world, and is characterized by an
extremely high mortality rate (14). There are two types of
lung cancer: SCLC accounts for 10-15% of all lung cancers,
while non-small-cell lung cancer (NSCLC) accounts for ~85%
of all lung cancers (15). Untreated SCLC follows an aggres-
sive course, with a median survival time of 2-4 months (16).
Despite its generally late presentation and high risk of
dissemination, SCLC is extremely sensitive to chemotherapy
and radiotherapy (17). Chemotherapy is the mainstay of treat-
ment for SCLC, while radiation therapy that involves the use
of high energy X-rays focused on the specific disease site to
directly destroy cancer cells, is usually recommended during
chemotherapy to relieve pain and prevent and cure brain
metastases (17-21).

Combined chemotherapy has been the standard treatment
for ES-SCLC for almost 30 years and the administration of
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Figure 2. (A) Overall survival (OS) and (B) progression-free survival (PES) rates of the patients with extensive-stage small-cell lung cancer in the chemo-
therapy combined with thoracic radiation therapy (ChT/TRT) and chemotherapy (ChT) groups.
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Figure 3. (A) Overall survival (OS) and (B) progression-free survival (PES) rates of the patients with extensive-stage small-cell lung cancer receiving =4 cycles

and <4 cycles of chemotherapy (ChT).
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Figure 4. Overall survival (OS) rate of patients with extensive-stage small-cell lung cancer with metastasis in 1 organ in the chemotherapy combined with

thoracic radiation therapy (ChT/TRT) and chemotherapy (ChT) groups.

carboplatin or cisplatin with etoposide remains the standard of
care for patients with ES-SCLC (4). In the American College
of Chest Physicians (ACCP), NCCN and the European Society
for Medical Oncology (ESMO) guidelines, patients with
ES-SCLC are advised to receive 4-6 cycles of cisplatin- or
carboplatin-based combination chemotherapy (such as cisplatin
plus etoposide or irinotecan) (16,22,23). Although EP remains
the most widely used combination, a randomized trial that
compared the combination of cisplatin with either etoposide or
irinotecan in ES-SCLC demonstrated that the irinotecan-cispl-

atin combination (IP) was superior to EP. The median survival
time was 12.8 months in patients treated with IP vs. 9.4 months
in patients treated with the EP combination; the 2-year survival
rate was also superior at 19.5% for IP vs. 5.2% for EP (24).
However, a confirmatory study in the United States failed to
show the superiority of either regimen (25). Although the EP and
IP combinations have shown comparable OS rates and survival
outcomes, the IP combination has been found to cause increased
gastrointestinal toxicity (26). Generally, radiotherapy is only
used in patients with ES-SCLC to palliate symptoms if required
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Table III. Univariate analysis of the prognostic factors for survival in patients with extensive-stage small-cell lung cancer.

Characteristic Mean survival 2-year OS, % 5-year OS, % v P-value
(months)

Gender 0.052 0.820
Male 15 313 22
Female 14 30.8 3.8

Age, years 2.590 0.108
<60 18 342 38
=60 14 26.7 1

KPS score 0.056 0.813
>80 16 323 1.6
<80 12 273

Smoking status 2.127 0.145
Yes 15 26.5 0
No 15 349 4.8

No. of ChT cycles 10.527 0.001
<4 10 16.7 0
>4 17 341 3.1

Treatment 4.534 0.033
ChT/TRT 18 353 24
ChT alone 12 14.5 24

No. of metastatic organs 2.435 0.119
1 17 324 2.7
>2 12 259 1.9

OS, overall survival; KPS, Karnofsky performance status; ChT, chemotherapy; ChT/TRT, chemotherapy combined with thoracic radiation

therapy.

(such as for painful bone metastases). Response rates are high;
however, patients invariably relapse (27). The ACCP guidelines
suggest that consolidative TRT to the chest is a treatment option
for patients who achieve a CR outside the chest and CR or PR in
the chest (16). However, to the best of our knowledge, the present
study is the first study to examine the efficacy of TRT for the
treatment of ES-SCLC.

In the current study, 75.2% of the total individuals studied
responded to therapy; of these, 84.1% of the subjects in the
ChT/TRT group responded and 66.2% of the subjects in
the ChT group responded. The ES-SCLC patients receiving
chemotherapy and 3D conformal TRT had a median OS time
of 18 months, and 2- and 5-year OS rates of 35.3 and 2.4%,
respectively. The patients receiving chemotherapy alone had
a median OS time of 12 months, and 2- and 5-year OS rates
of 14.5 and 2.4%, respectively (all P<0.05). The median PFS
times were 9 and 6 months in the ChT/TRT and ChT groups,
respectively, while the 1- and 2-year PFS rates were 35.4
and 6.0% in the ChT/TRT group, and 20.5 and 6.0% in the
ChT group, respectively. Furthermore, multivariate analysis
showed that receiving =4 cycles of chemotherapy and TRT
were independent, favorable prognostic factors for OS.

A previous study investigated the efficacy and toxicity of
EP chemotherapy with or without accelerated hyperfraction-
ated radiotherapy and combined daily carboplatin/etoposide
(CE) in patients with EC-SCLC. In patients with a CR or PR

following 3 cycles of standard EP, it was found that patients
who subsequently received thoracic radiotherapy with
54 Gy in 36 fractions over 18 treatment days in combination
with CE followed by two cycles of EP had a significantly
improved survival rate compared with that of patients given
an additional 4 cycles of EP. Local control was improved in
the radiotherapy group, although not significantly. No differ-
ence in distant metastasis-free survival was observed between
the groups, and acute high-grade toxicity was higher in the
patients that received chemotherapy. Thus, the addition of
accelerated hyperfractionated radiotherapy to the treatment of
the most favorable subset of patients led to improved survival
over that obtained with chemotherapy alone (28). The present
results also suggest that TRT may be a beneficial treatment for
patients with ES-SCLC.

The selection of radiotherapy dose is a critical factor
that determines its efficacy. Currently, TRT delivered at
60 Gy/30 fractions daily is more widely used for ES-SCLC
treatment compared with 45 Gy/30 fractions twice per day
due to convenience, a higher effective dose and the shorter
duration of the treatment course (29). The two radiotherapy
regimens have been recommended for the treatment of
LS-SCLC; however, significant differences have been
reported in the toxicity, disease control and survival rates
between the two regimens (30). A phase III trial comparing
daily with twice-daily radiotherapies for LS-SCLC showed
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Table I'V. Multivariate analysis of the prognostic factors for survival in patients with extensive-stage small-cell lung cancer.

Characteristic HR 95% CI P-value
Gender (female vs. male) 1.096 0.693-1.732 0.696
Age, years (<60 vs. =60) 1.023 0.719-1.454 0.901
KPS score (<80 vs. =80) 0.999 0.655-1.493 0.958
Smoking status (yes vs. no) 0.836 0.608-1.203 0.368
No. of ChT cycles (<4 vs. =4) 0.440 0.279-0.712 0.001
Treatment (ChT alone vs. ChT/TRT) 0.607 0.418-0.880 0.008
No. of ChT cycles (<6 vs. =6) 1.006 0.673-1.468 0.975
No. of metastasis organs (>2 vs. 1) 0.791 0.563-1.108 0.172

HR, hazard ratio; CI, confidence interval; KPS, Karnofsky performance status; ChT, chemotherapy; ChT/TRT, chemotherapy combined with

thoracic radiation therapy.

Table V. Incidence of toxic effects in the ChT/TRT and ChT
groups.

Group (n)

Toxic effect/grade ChT/TRT ChT P-value

Hematologic toxicity grade =3

Leukopenia 47 29 0.004
Thrombocytopenia 6 9 0431
Anemia 7 6 0.755
Nonhematologic toxicity
Nausea/vomiting grade =3 5 4 0.718
TRT-induced toxicity
Esophagitis
Grade 2 2 - -
Grade 3 0 - -
Pneumonitis
Grade 2 2 - -
Grade 3 1 - -
Grade 4 0 - -
Grade 5 0 - -

ChT, chemotherapy; ChT/TRT, chemotherapy combined with tho-
racic radiation therapy.

that radiotherapy at 50.4 Gy in 28 fractions daily resulted
in survival rates comparable with those of split-course
twice-daily radiotherapy at 24 Gy in 16 fractions, a 2.5-week
break and 24 Gy in 16 fractions (31). In the current study, the
median PFS rate was 11 months in the 20 patients receiving
TRT at 45 Gy/30 fractions twice per day, and 9 months in the
22 patients receiving radiotherapy at 60 Gy/30 fractions daily
(P=0.043); however, no significant difference was detected in
the OS rate between the two radiotherapy regimens. Thus, TRT
delivered at 45 Gy/30 fractions twice daily appears feasible for
the treatment of patients with ES-SCLC.

Consolidative TRT at 40 Gy/15 fractions, 45 Gy/30 frac-
tions delivered twice daily and 36 Gy/12 fractions has been

found to result in 1- and 2-year locoregional failure rates of 26
and 39%, 1- and 2-year distant failure rates of 58 and 74%, a
median OS time of 14 months, and 1- and 2-year OS rates of 58
and 14% in patients with ES-SCLC with minimal metastatic
disease, respectively. Consolidative TRT is therefore shown
to control the locoregional disease in the majority of patients
with minimal acute toxicity, though distant failure remains a
significant problem (32). In the present study, SCLC progres-
sion and distant metastasis were observed in 23 and 39 patients
in the ChT/TRT group, and 41 and 35 patients in the ChT group,
respectively. A higher local control of SCLC was observed in
the ChT/TRT group compared with the ChT group (48.8 vs.
28%; P=0.006), while no significant difference in the distant
control was found between the two groups (P>0.05).

The results of the present study showed that receiving
=4 cycles of chemotherapy improved OS and PFS, while
no further benefit was achieved from chemotherapy for >6
cycles. These results support the hypothesis that 4-6 cycles of
chemotherapy, administered either alone or concurrently with
radiotherapy, may be an appropriate choice for the treatment
of patients with ES-SCLC. This hypothesis has been validated
by a previous study (33).

Concurrent radiochemotherapy administered at an early
stage has been shown to improve local control and survival
rates in patients with LS-SCLC (9); however, the optimum
timing of TRT administration for patients with ES-SCLC
remains unclear. In the Shandong Cancer Hospital, TRT
is usually administered to patients with ES-SCLC who
respond to therapy following >2 cycles of chemotherapy. In
the current study, TRT was initiated following 2 cycles of
chemotherapy in 32 subjects, 4 cycles in 13 subjects and 6
cycles in 13 subjects. Such therapies resulted in comparable
OS and PFS rates with those observed in the entire ChT/TRT
group, which indicated that the timing of TRT addition has
no effect on treatment efficacy in ES-SCLC. However, it is
suggested that TRT should be administered at a late stage of
integrated therapy to ensure that more patients complete the
initial 4-6 cycles of chemotherapy.

In general, ES-SCLC patients with metastasis in a single
organ are given radiotherapy following chemotherapy, while
those with metastasis in >1 organ are recommended to receive
chemotherapy with radiotherapy used only as a palliative treat-
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ment (28). In the present retrospective study, 64 patients in the
ChT/TRT group and 47 patients in the ChT group had metas-
tasis in a single organ. A significant difference was detected
in the number of metastatic organs between the two groups
(P=0.005). Further prospective, multicenter and randomized
trials are required to evaluate the value of TRT in the treat-
ment of ES-SCLC patients with metastasis in one organ.

PCI, which has been found to reduce the incidence rate
of symptomatic brain metastases and prolong disease-free
survival and OS times, is now recommended for patients with
ES-SCLC with CR to chemotherapy (34). In the present retro-
spective study, PCI was only administered to 5 patients with a
CR to chemotherapy. Thus, the association between PCI and
survival rate was not evaluated.

During SCLC therapy, treatment-induced toxicity was
carefully monitored. Hematologic toxicity was the most
common adverse reaction observed, with leukopenia at grades
3 or 4 in 47 patients (57.3%) in the ChT/TRT group and
29 patients (34.9%) in the ChT group (P=0.004). No significant
differences were detected in the occurrence of other toxici-
ties between the two groups, including thrombocytopenia,
anemia, nausea and vomiting. Three patients had pneumonitis
(grade 2 in 2 patients and grade 3 in 1 patient) in the ChT/TRT
group, with a lower occurrence rate of radiation pneumonitis
observed as compared with that found in a previous study (35).

In conclusion, the present study found that the addition of
TRT improved the OS and PFS of patients with ES-SCLC. It
is thus cautiously recommended that 4-6 cycles of standard
chemotherapy followed by TRT at 45 Gy/30 fractions twice
daily may be an appropriate treatment protocol for patients
with ES-SCLC.
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