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Abstract

Background: The optimal postoperative treatment strategy for small cell lung cancer (SCLC) remains unclear,
especially in patients with lymph node metastasis. We aimed to compare the outcomes of patients with SCLC and
lymph node metastasis treated with postoperative adjuvant chemotherapy or chemoradiotherapy.

Methods: We retrospectively collected data on patients with postoperative SCLC diagnosed with N1 and N2 lymph
node metastasis from the Diagnosis Procedure Combination database in Japan, between July 2010 and March 2015.
We extracted data on patient age, sex, comorbidities, and TNM classification at lung surgery; operative procedures,
chemotherapy drugs, and radiotherapy during hospitalization; and discharge status. Recurrence-free survival was
compared between the chemotherapy and chemoradiotherapy groups using multivariable Cox regression analysis.

Results: Median recurrence-free survival was 1146 days (95% confidence interval [CI], 885–1407) in the chemotherapy
group (n = 489) and 873 days (95% CI, 464–1282) in the chemoradiotherapy group (n = 75). There was no significant
difference between these after adjusting for patient backgrounds (hazard ratio, 1.29; 95% CI, 0.91–1.84).

Conclusions: There was no significant difference in recurrence-free survival between patients with SCLC and N1-2
lymph node metastasis treated with postoperative adjuvant chemotherapy and chemoradiotherapy. Further
randomized clinical trials are needed to address this issue.

Keywords: Small cell lung cancer, Postoperative therapy, Adjuvant chemotherapy, Adjuvant chemoradiotherapy,
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Background
Small cell lung cancer (SCLC) comprises 10%–20% of
all lung cancers [1]. However, surgery is not appropri-
ate in most SCLC patients, and only about 5% of
SCLCs are considered to be surgically resectable [2].
In the case of postoperative SCLC with regional
lymph node metastasis, European Society for Medical
Oncology guidelines [3] and Japanese consensus

treatment guidelines recommend adjuvant chemother-
apy, with adjuvant chemoradiotherapy as an alterna-
tive option, while National Comprehensive Cancer
Network guidelines recommend adjuvant chemoradio-
therapy, but also note the lack of any data to support
this recommendation [4]. The rarity of resectable
SCLC means that, to the best of our knowledge, no
prospective studies have compared postoperative adju-
vant chemotherapy and chemoradiotherapy in patients
with SCLC, and the optimal treatment thus remains
unclear, especially in patients with regional lymph
node metastasis.
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The aim of this study was to compare the prognosis of
patients with SCLC diagnosed with regional lymph node
metastasis treated with postoperative adjuvant chemo-
therapy or chemoradiotherapy, using information from a
national inpatient database in Japan.

Methods
Data source
The Diagnosis Procedure Combination (DPC) database
[5] is a national inpatient database in Japan, covering ap-
proximately 50% of acute-care inpatients. It includes data
on the following: patient age, sex, body height and weight
(body mass index), primary diagnosis, TNM classification,
Charlson comorbidity index, and Barthel index on admis-
sion; operative procedures, chemotherapy drugs, and
radiotherapy during hospitalization; and discharge status.
This study was approved by the Institutional Review
Board of The University of Tokyo. The board waived the
requirement for informed patient consent because of the
anonymous nature of the data.

Patient selection
We retrospectively collected data for patients with SCLC
defined by the International Statistical Classification of Dis-
eases and Related Health Problems-10th revision (ICD-10),
who underwent surgery to remove one or more lung lobe(s)
because of malignant lung cancer, between July 2010 and
March 2015. We excluded patients aged ≤17 years and pa-
tients with a history of other cancers at the time of lung sur-
gery. We selected patients who were diagnosed with N1–2
lymph node metastasis at their first adjuvant chemotherapy,
which included agents such as cisplatin, carboplatin, etopo-
side, or irinotecan, within 3 months after surgery. We fur-
ther selected patients who received radiotherapy for ≥17
consecutive days within 5 months after surgery. Patients
who received both chemotherapy and radiotherapy were de-
fined as the adjuvant chemoradiotherapy group, and pa-
tients who received chemotherapy alone were defined as
the adjuvant chemotherapy group.

Primary outcome
The primary outcome of this study was recurrence-free
survival, defined as the time to any first event including
relapse or death. Relapse was defined as: gamma-knife
therapy starting >3 months after surgery; radiotherapy
starting >9 months after surgery; diagnosis of distant me-
tastasis (ICD-10 codes, C40, C41, C71, C72, C77, C787,
C793 and C797); chemotherapy with the above-
mentioned four drugs after >9 months; and chemotherapy
with topotecan or amrubicin.

Statistical analysis
Patient characteristics were compared between the
groups using χ2 tests. Survival curves were constructed

using the Kaplan–Meier method and compared between
the groups using log-rank tests. Recurrence-free survival
was compared between the groups by multivariable Cox
regression analysis, after adjusting for patient back-
grounds. The threshold for significance was P < 0.05. All
statistical analyses were performed using SPSS version
22.0 (IBM SPSS Inc., Armonk, NY, USA).

Results
Patient characteristics
We identified 564 patients with SCLC who underwent
lung resection followed by adjuvant chemotherapy
(n = 489) or chemoradiotherapy (n = 75) during the
study period. Patient characteristics on admission for
primary chemotherapy after lung surgery are shown in
Table 1. The proportion of women was higher in the
chemotherapy than in the chemoradiotherapy group
(P = 0.038), but there were no significant differences be-
tween the groups in any other patient characteristics.
The details of adjuvant chemotherapy are shown in

Table 2. The proportions of patients who received more
than three cycles of adjuvant chemotherapy were 60.8%
in the chemotherapy group and 72.0% in the chemora-
diotherapy group. The numbers of cycles of cisplatin or
carboplatin were consistent with the total number of
courses. Totals of 181 patients in the chemotherapy
group and six in the chemoradiotherapy group received
neither etoposide nor irinotecan.

Recurrence-free survival
Median recurrence-free survival was 1146 days (95%
confidence interval [CI], 885–1407) in the chemotherapy
group, 873 days (464–1282) in the chemoradiotherapy
group, and 1120 days (915–1325) in all patients. The
equivalent median recurrence-free survivals in N1 pa-
tients were 1484 days (not predictable), 974 days (not
predictable), and 1158 days (756–1560), respectively,
and in N2 patients were 1120 days (831–1409), 596 days
(163–1029), and 983 days (718–1248), respectively.
The Kaplan–Meier curves for recurrence-free survival

are shown in Fig. 1. Recurrence-free survival was signifi-
cantly longer in the chemotherapy compared with the
chemoradiotherapy group, before adjusting for patient
backgrounds (P = 0.037). However, this difference was not
observed in separate analysis for each N1 (P = 0.27) and
N2 group (P = 0.10).
The results of multivariable Cox regression analysis

for recurrence-free survival are shown in Table 3.
Recurrence-free survival did not differ significantly be-
tween the adjuvant chemoradiotherapy and chemother-
apy groups (hazard ratio, 1.29; 95% CI, 0.91–1.84) after
adjusting for age, sex, the extent of cancer (T and N fac-
tors), body mass index, Charlson comorbidity index, and
Barthel index. Higher Charlson comorbidity index was
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significantly associated with shorter recurrence-free sur-
vival (hazard ratio, 1.81; 95% CI, 1.39–2.35).

Discussion
This study revealed no significant difference in prognosis
between patients with SCLC diagnosed with N1-2 lymph
node metastasis treated with postoperative adjuvant chemo-
therapy or chemoradiotherapy. To the best of our know-
ledge, this is the first study to provide evidence of treatment
outcomes in these patients in a nationwide clinical setting.
An earlier study by the National Cancer Institute

using information from the Surveillance, Epidemiology,
and End Results database reported a median survival of
25.0 months in patients with stage II SCLC who under-
went lung resection [6]. However, the current study

had the advantage of including information not avail-
able in the previous study, including information on
chemotherapy drugs, TNM classification, body mass
index, Charlson comorbidity index, and Barthel index,
thus allowing the prognostic effects of adjuvant chemo-
therapy and chemoradiotherapy to be compared after
controlling for patient backgrounds. Patients with end-
stage SCLC are often discharged to home care, hos-
pices, nursing homes, or community hospitals. How-
ever, the DPC database only contains records of deaths
occurring in-hospital, and we were therefore unable to
follow-up all deaths outside the participating hospitals
or home care. In the survival analyses of recurrence-
free survival, discharge to another hospital or home
was regarded as censored.

Table 1 Patient characteristics

Chemotherapy group Chemoradiotherapy group

(n = 489) (n = 75) P

Cancer staging

N factor 0.12

N1 243 (49.7) 30 (40.0)

N2 246 (50.3) 45 (60.0)

T factor 0.31

T0–1 203 (41.5) 37 (49.3)

T2 192 (39.3) 21 (28.0)

T3–4 90 (18.4) 16 (21.3)

Tx 4 (0.8) 1 (1.3)

Age (years) 0.97

18–49 24 (4.9) 3 (4.0)

50–64 149 (30.5) 22 (29.3)

65–74 242 (49.5) 39 (52.0)

≥ 75 74 (15.1) 11 (14.7)

Sex 0.038

Male 379 (77.5) 66 (88.0)

Female 110 (22.5) 9 (12.0)

Body mass index (kg/m2) 0.83

< 18.5 33 (6.8) 7 (9.3)

18.5–24.9 325 (66.5) 48 (64.0)

≥ 25 127 (26.0) 19 (25.3)

Missing 4 (0.8) 1 (1.3)

Charlson comorbidity index 0.32

0–2 316 (64.6) 44 (58.7)

≥ 3 173 (35.4) 31 (41.3)

Activity of daily life (Barthel index) 0.99

Independent (100–95) 465 (95.1) 71 (94.5)

Dependent (≤90) 12 (2.5) 2 (2.7)

Missing 12 (2.5) 2 (2.7)

Data expressed as number (%) in each group
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Some studies have suggested that resected patients receiv-
ing adjuvant chemotherapy had more favorable outcomes
than non-resected patients receiving chemoradiotherapy [7,
8], possibly because surgery provides more effective local
control than radiotherapy. The current study showed that
adjuvant chemoradiotherapy had no clinical advantage over
chemotherapy. Therefore, we were unable to demonstrate
the treatment effect of additional radiotherapy in patients
with SCLC who underwent lung resection followed by
adjuvant chemotherapy. The lack of a significant difference
in terms of recurrence-free survival suggests that

chemotherapy alone may be preferable to adjuvant chemo-
radiotherapy, taking into consideration the potential adverse
effects of chemoradiotherapy [9]. However, the present
study was a retrospective, observational study, and further
randomized clinical trials are needed to address this issue.
The present study also showed that some patients with

SCLC received non-standard primary regimens in clin-
ical practice. Although most patients received at least
one cycle of chemotherapy containing cisplatin or carbo-
platin, some received neither etoposide nor irinotecan.
This may have been because of the patient’s choice of
chemotherapy drugs, or because of trials of new therap-
ies for SCLC in some hospitals.
There were several limitations of this study associated

with a lack of information on the pathological status of
the dissected lymph nodes, the intent and detailed method
of radiotherapy, and the severity of postoperative symp-
toms. Furthermore, the selection bias in choosing patients
for adjuvant chemotherapy or chemoradiotherapy was un-
known and might have affected the outcomes. Although it
is generally assumed that surgery to remove one or more
lung lobe(s) in patients with malignant lung cancer in-
cluded complete lung resection and lymph node dissec-
tion, if more patients in the adjuvant chemoradiotherapy
group had positive surgical margins or incomplete lymph
node resection, this could have biased the results of our
study against chemoradiotherapy. Furthermore, strong
trends toward better outcomes in N2 patients in the adju-
vant chemotherapy group may have been associated with
the smaller number of patients with multiple N2, com-
pared with the chemoradiotherapy group. Data on radi-
ation field, dose, and intent of radiotherapy were also
unavailable in the database. However, adjuvant thoracic ir-
radiation usually comprises ≥15 daily fractions, and
prophylactic cranial and other palliative irradiation usually
involves no more than 10 daily fractions. We therefore de-
fined adjuvant radiotherapy as radiation therapy lasting
≥17 consecutive days, within 5 months after surgery. This
definition of adjuvant chemoradiotherapy was used to try

Table 2 Adjuvant chemotherapy

Chemotherapy group
(n = 489)

Chemoradiotherapy group
(n = 75)

Total course (cycles)

1–2 192 (39.3) 21 (28.0)

3–4 256 (52.4) 45 (60.0)

≥ 5 41 (8.4) 9 (12.0)

Drug (cycles)

Cisplatin or carboplatin

0 0 0.0 2 (2.7)

1–2 197 (40.3) 21 (28.0)

3–4 258 (52.8) 44 (58.7)

≥ 5 34 (7.0) 8 (10.7)

Etoposide

0 254 (51.9) 18 (24.0)

1–2 84 (17.2) 14 (18.7)

3–4 132 (27.0) 38 (50.7)

≥ 5 19 (3.9) 5 (6.7)

Irinotecan

0 416 (85.1) 63 (84.0)

1–2 31 (6.3) 7 (9.3)

3–4 38 (7.8) 3 (4.0)

≥ 5 4 (0.8) 2 (2.7)

Data expressed as number (%) in each group

Fig. 1 Kaplan–Meier curves for recurrence-free survival in postoperative SCLC patients receiving adjuvant chemotherapy or chemoradiotherapy.
a Results for all N1 and N2 patients; b results for only N1 patients; and c results for only N2 patients
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and exclude most other palliative radiotherapies. The first
course of chemotherapy or chemoradiotherapy for pa-
tients with SCLC is generally administered during
hospitalization in Japan. Thus, most postoperative SCLC
patients treated with adjuvant chemotherapy or chemora-
diotherapy were likely to be included in our study. Pa-
tients may be followed up at the same hospital where they
underwent lung resection, and may be admitted to the
same hospital for examination and treatment of cancer re-
lapse. This study may therefore have captured the initi-
ation of chemotherapy or chemoradiotherapy and cancer
relapse adequately, though lack of outpatient data may
have biased the results.
Despite these limitations, recurrence-free survival in the

adjuvant chemotherapy group in our study was similar to
that in a previous prospective study [7], which also

reported a 5-year survival of about 40% in stage II-IIIA
SCLC patients with postoperative adjuvant chemotherapy.

Conclusions
The present study showed no significant difference in
recurrence-free survival between patients with SCLC
and N1-2 lymph node metastasis treated with postopera-
tive adjuvant chemotherapy and chemoradiotherapy.
However, this was a retrospective study in relatively rare
SCLC cases, and the possibilities of selection bias and
unmeasured confounders mean that the results are in-
conclusive. Further clinical studies are thus needed to
determine the optimal treatment strategy in patient with
postoperative SCLC.
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Table 3 Multivariable Cox regression analysis of recurrence-
free survival

Hazard ratio 95% Confidence interval P

Adjuvant therapy

Chemotherapy Reference

Chemoradiotherapy 1.29 0.91–1.84 0.15

N factor

N1 Reference

N2 1.22 0.94–1.59 0.14

T factor

T0-1 Reference

T2 1.11 0.82–1.50 0.50

T3-4 1.09 0.77–1.56 0.63

Age (years)

18–49 Reference

50–64 1.27 0.62–2.59 0.51

65–74 1.27 0.64–2.55 0.50

≥ 75 1.46 0.69–3.09 0.33

Sex

Male Reference

Female 0.77 0.54–1.10 0.15

Body mass index(kg/m2)

< 18.5 1.42 0.87–2.31 0.16

18.5–24.9 Reference

≥ 25 1.30 0.96–1.75 0.09

Charlson comorbidity index

0–2 Reference

≥ 3 1.81 1.39–2.35 <0.001

Activity of daily life (Barthel index)

Independent
(100–95)

Reference

Dependent (≤90) 1.80 0.87–3.75 0.12
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