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Background: Small-cell lung cancer (SCLC) is responsive to initial chemotherapy but 

becomes resistant to cytotoxic drugs. The aim of this study was to evaluate what proportion of 

patients with SCLC had received the first- and further-line chemotherapy and which patients 

had  benefited from chemotherapy.

Methods: We retrospectively reviewed medical records of patients with SCLC who had been 

treated with the best supportive care alone and the first-, second-, or third-line chemotherapy 

at the Osaka Police Hospital from June 2007 until March 2015.

Results: Among 145 patients diagnosed with SCLC and eligible for analysis, 118 patients 

received chemotherapy. We added five patients who initiated the second-line chemotherapy 

during the study period at our institution. Sixty-five and 31 patients received the second- and 

third-line chemotherapies, respectively. Multivariate logistic regression analysis detected age 

$75 years (odds ratio, 2.80; 95% confidence interval, 1.01–7.75; P=0.047) and European 

 Clinical Oncology Group Performance Status (ECOG PS) 3–4 (14.3; 4.86–41.9; P,0.01) as 

factors disturbing the introduction of chemotherapy. Multivariate Cox hazard analyses also 

detected ECOG PS 2–4 (3.34; 2.00–5.58; P,0.01) as a factor decreasing overall survival after 

the first-line chemotherapy, and C-reactive protein level $1.0 mg/dL (2.67; 1.30–5.47; P,0.01) 

and progression-free survival after the first-line chemotherapy $6 months (2.85; 1.50–5.43; 

P,0.01) as factors influencing overall survival after the second-line chemotherapy.

Conclusion: Approximately two-thirds and one-third of the patients who receive chemotherapy 

proceed to the second- and third-line chemotherapies, respectively. Several factors, such as age, 

ECOG PS, C-reactive protein level, and progression-free survival after previous treatment may 

be useful when considering the introduction of further-line chemotherapy.

Keywords: small-cell lung cancer, first-line chemotherapy, second-line chemotherapy, third-line 

chemotherapy, retrospective study, overall survival

Introduction
Small-cell lung cancer (SCLC) accounts for 15% of all lung cancers and is a highly aggres-

sive tumor marked by early metastases and poor prognosis. Approximately 60%–75% of all 

patients with SCLC are found to have extensive disease at the time of diagnosis.1–3 SCLC is 

responsive to initial chemotherapy, but most patients progress within months. Thus, salvage 

chemotherapy is required. Although topotecan4 or amrubicin5 monotherapy may be the most 

optimal regimen in the second-line setting, their efficacy is unsatisfactory compared with 

that of the first-line regimen. Despite a good response to front-line chemotherapy, SCLC 

gradually becomes resistant to cytotoxic drugs in the further-line settings. Regarding the 

third- or further-line chemotherapy, there is no evidence-based recommended regimen.
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The aim of our retrospective study was to evaluate what 

proportion of the patients with SCLC had actually received 

first- to third-line chemotherapies and which patients had 

benefited from chemotherapy.

Methods
Patient selection and experimental design
The study was carried out at the Osaka Police Hospital, Japan. 

We retrospectively reviewed electronic medical records and 

collected data on patients who had been diagnosed with 

SCLC histologically or cytologically, and who had been 

treated with the best supportive care alone and the first-, 

second-, or third-line chemotherapy at our hospital from June 

2007 to March 2015. We excluded patients with combined 

SCLC, defined as SCLC combined with non-SCLC compo-

nents.6 First, for the evaluation of factors that had influenced 

the introduction of chemotherapy, we analyzed a cohort of 

patients who had been diagnosed with SCLC at our hospital 

from June 2007 to March 2015 and compared the following 

two groups within the cohort: patients who received chemo-

therapy and patients who did not receive it after the diagnosis 

of SCLC. We excluded patients who had moved to other 

hospitals for further aggressive treatment after confirmed 

diagnosis. Second, for the investigation of factors associated 

with prognosis of the first- to third-line chemotherapies, we 

analyzed three retrospective cohorts of patients who had 

initiated chemotherapy from June 2007 to March 2015 at our 

hospital. The data collected from the patients’ medical records 

included the following: sex, age, European Clinical Oncology 

Group (ECOG) performance status (PS),7 clinical stage based 

on the seventh edition of TNM Classification of Malignant 

Tumours by the International Union Against Cancer and the 

American Joint Committee on Cancer,8 distant metastases, 

Charlson comorbidity index,9 chemotherapeutic regimens, 

body mass index (BMI), laboratory data, progression-free 

survival (PFS), overall survival (OS), response according to 

Response Evaluation Criteria In Solid Tumors Version 1.1,10 

delivered cycles, and the reason for discontinuation of each 

regimen. In this study, we did not practically use the staging 

system proposed by Veterans Administration Lung Study 

Group,11 but we routinely adopted the TNM staging system.8 

The Osaka Police Hospital Ethics Committee approved this 

study (number 501) and waived the requirement for informed 

consent.

assessments
The evaluable population for overall response included all 

patients who had received at least one cycle of chemotherapy, 

and at least two response assessments over 6 weeks after the 

start of chemotherapy were necessary unless the documen-

tation of objective progressive disease (PD). For patients 

who did not receive chemotherapy, OS was measured from 

diagnosis. For patients who received chemotherapy, OS was 

measured from the first day of chemotherapy, and PFS was 

defined as a period from the first day of chemotherapy until 

documented PD or death. The date of data cut-off was July 

31, 2015.

Data analysis
The data for normally distributed continuous variables 

and categorical variables were expressed as the mean ± 

 standard deviation and frequency. Comparisons between 

the two groups were performed using the chi-square test for 

relative frequencies, the Mann–Whitney U test for discrete 

variables, the unpaired t-test for normally distributed continu-

ous  variables, and log-rank test for survival time. Pearson’s 

correlation  coefficient was used to evaluate the relationship 

between laboratory variables. Univariate and multivariate 

logistic regression analyses were used to examine which 

variables at diagnosis or before treatment influenced the deci-

sion whether or not to introduce chemotherapy. Independent 

variables in the univariate analyses were as follows: age, 

sex, ECOG PS, stage, extrathoracic metastases, BMI, and 

Charlson comorbidity index, at diagnosis of malignancy for 

patients who did not receive chemotherapy (nonchemother-

apy group) and before the first-line chemotherapy for patients 

who received chemotherapy (chemotherapy group). On the 

other hand, univariate and multivariate Cox proportional 

hazards’  models were used to examine which pretreatment 

backgrounds influenced OS after the first- to third-line che-

motherapies. Independent variables in the univariate analyses 

were as follows: age, sex, ECOG PS, stage, BMI, neutrophil-

to- lymphocyte ratio,12 platelet-to-lymphocyte ratio (PLR),12 

lymphocyte-to- monocyte ratio (LMR),13  hemoglobin,14,15 

serum sodium,16,17 lactate dehydrogenase (LDH),15 alkaline 

phosphatase,18,19 C-reactive protein (CRP),20 and PFS after the 

first- or second-line15 chemotherapy. We defined the cut-off 

points of these laboratory data according to previous studies 

that had evaluated the association between the prognosis of 

patients with lung cancer and their pretreatment laboratory 

data. Instead of the type of sensitive or refractory relapse, 

which has been recognized as an important prognostic  factor, 

we arbitrarily divided our patients by 6 months of PFS from 

the start of the first-line chemotherapy: first, because we 

could not decide the type of relapse precisely for the lack of 

sufficient clinical information during the first-line chemo-

therapy in five patients; second, because median time to the 

second-line therapy had been reported to be 6.9 months in a 
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multi- institutional retrospective analysis of the second-line 

chemotherapy for SCLC21; and third, because, considering 

mean-delivered courses (3.9 courses) of the first-line chemo-

therapy in our study, approximately 6 months from the start 

of the first-line chemotherapy was reasonable as a border-

line of two types of relapse. All variables with a P-value of 

,0.05 in univariate analysis were included in the multivariate 

analysis. The results were evaluated in terms of odds ratio 

(OR), hazard ratio (HR), and 95% confidence interval (CI). 

A P-value of ,0.05 was considered statistically significant. 

All statistical analyses were performed with EZR (Saitama 

Medical Center, Jichi  Medical University, Saitama, Japan), 

which is a graphical user interface for R (The R Foundation 

for  Statistical Computing, Vienna, Austria). More precisely, it 

is a modified version of R commander, which is designed to 

add statistical functions frequently used in biostatistics.22

Results
From June 2007 to March 2015, among 153 patients diag-

nosed with SCLC and 93 patients diagnosed with stage IV, 

118 and 72 patients received the first-line chemotherapy, 

respectively. Eight patients were excluded from analysis 

because of transfer to other hospitals for aggressive treat-

ment (n=6), missing (n=1), and insufficient data at diagnosis 

(n=1). Among 94 patients, which included those who pro-

gressed or died after or during the first-line chemotherapy 

until March 2015, 60 patients (64%) received the second-line 

 chemotherapy until March 2015. We added three patients who 

had started the first-line  chemotherapy before June 2007 and 

then the second-line chemotherapy after June 2007, and two 

patients who had started the first-line chemotherapy at other 

hospitals and the second-line chemotherapy at our hospital. 

Sixty-five patients received the second-line chemotherapy at 

our hospital. Among 55 patients, which included those who 

progressed after or during the second-line chemotherapy 

until March 2015, 31 patients (56%) received the third-line 

chemotherapy until March 2015 (Figure 1).

Compared with the chemotherapy group (n=118), the 

nonchemotherapy group (n=27) was significantly older 

(75.4±8.6 vs 70.2±8.9 years; P,0.01), had poorer ECOG 

PS (P,0.01), and had higher Charlson comorbidity index 

(2.4±1.6 vs 1.5±1.4; P,0.01) and shorter survival time 

(median 114 vs 356 days; P,0.01) (Table 1). The  univariate 

analyses detected age $75 years (OR 3.44; 95% CI 1.44–8.22; 

P,0.01), ECOG PS 3–4 (OR 15.1; 95% CI 5.46–41.9; 

P,0.01), and Charlson comorbidity index $2 (OR 2.82; 95% 

CI 1.17–6.79; P=0.02) as factors influencing the introduc-

tion of chemotherapy, while multivariate analysis detected 

age (OR 2.82; 95% CI 1.01–7.75; P=0.047) and ECOG PS 

(OR 14.3; 95% CI 4.86–41.9; P,0.01) (Table 2).

Table 3 shows the backgrounds of patients who received the 

second- and third-line chemotherapies. Table S1 presents the 

pretreatment laboratory data of patients who received the first-, 

second-, and third-line chemotherapies. The most  frequent 

Table 1 Characteristics of patients according to chemotherapy history

Variables Chemotherapy Nonchemotherapya P-value

n 118 27
age (years)
 Mean ± sD 70.2±8.9 75.4±8.6 ,0.01b

 Median (range) 70 (43–88) 79 (58–87)
sex
 Male/female 94/24 20/7 0.69c

staging
 i–ii/iii/iV/not assessed 11/35/72/0 2/3/21/1
 iV vs others 0.17c

extrathoracic distant metastases
 Brain/liver/bone/others 14/25/15/14 6/10/7/6
 Yes/no 51/67 14/13 0.42c

eCOg Ps
 0–1/2/3/4 85/24/9/0 5/7/11/4 ,0.01d

BMi (kg/m2)
 Mean ± sD 22.6±3.9 21.5±3.5 0.22b

Charlson comorbidity index
 Mean ± sD 1.5±1.4 2.4±1.6 ,0.01d

Overall survival (days)e

 Median (95% Ci) 356 (280–417) 114 (21–na) ,0.01f

Notes: aOne patient received only curative thoracic radiotherapy without systemic chemotherapy, another patient received only curative surgical resection without 
adjuvant chemotherapy, and the others received best supportive care alone. bUnpaired t-test. cChi-square test. dMann–Whitney U test. eFrom initiation of first-line 
chemotherapy for the chemotherapy group and from diagnosis for the nonchemotherapy group. fLog-rank test.
Abbreviations: BMI, body mass index; CI, confidence interval; ECOG, European Clinical Oncology Group; NA, not available; PS, performance status; SD, standard deviation.
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regimen was carboplatin plus etoposide in the first-line  setting 

and amrubicine monotherapy in the second- and third-line 

 settings. All but one patient received the platinum-based 

doublet regimen as the first-line regimen. In the second-line 

regimen, 33 and four patients were rechallenged with platinum 

and a regimen used in the first-line  chemotherapy, respectively. 

In the third-line regimen, five patients were rechallenged with 

platinum, and one patient received  platinum-based regimen 

in all three lines (Table S2). The most frequent reasons of 

discontinuation were the completion of defined courses in 

the first-line setting (46%), and PD in the second- (63%) and 

third-line settings (58%). The overall response and disease 

153 SCLC diagnosed from June 2007 until March 2015 at Osaka Police Hospital

7 Excluded from analyses

6 Hospital transfer for aggressive treatment

1 Missing

28 Did not receive chemotherapy

27 Non-chemotherapy group

25 BSC alone

1 Curative TRT alone

1 Surgery w/o adjuvant chemotherapy

3 Started first-line before June 2007 and
second-line after June 2007

2 Started first-line at other hospitals and
second-line at our hospital

9 Received fourth-line chemotherapy

25 PD

59 PD

31 Received third-line chemotherapy

2 No documented PD

65 Received second-line chemotherapy

81 PD

20 No documented PD

118 Received first-line chemotherapy

13 Dead w/o PD

3 Transferred to other hospitals w/o PD

1 Proceeded to second-line w/o PD

2 Dead w/o PD

2 Transferred to other hospitals w/o PD

5 Dead w/o PD

1 Transferred to other hospital w/o PD

1 Excluded because of
insufficient data at diagnosis

Figure 1 Flow diagram of patients with small-cell lung cancer.
Abbreviations: BsC, best supportive care; PD, progressive disease; sCLC, small-cell lung cancer; TrT, thoracic radiotherapy; w/o, without.
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control rates, PFS, and OS gradually decreased from the 

first- to third-line settings (Table S3).

The univariate analyses detected the following eight vari-

ables as factors decreasing the OS after the first-line chemo-

therapy: ECOG PS 2–4 (HR 2.72; 95% CI 1.73–4.29; P,0.01), 

stage IV (HR 1.96; 95% CI 1.25–3.08; P,0.01), PLR $150 

(HR 2.03; 95% CI 1.31–3.13; P,0.01), LMR ,4(HR 1.67; 

95% CI 1.07–2.59; P=0.02), hemoglobin ,11 g/dL  

(HR 2.03; 95% CI 1.12–3.69; P=0.02), serum sodium 

,135 mEq/L (HR 1.92; 95% CI 1.11–3.32; P=0.02), LDH 

$225 IU/L (HR 1.73; 95% CI 1.10–2.73; P=0.02), and CRP 

$1 mg/dL (HR 1.67; 95% CI 1.09–2.55; P=0.02) (Table 4). 

Because of a significant correlation between PMR and LMR 

(r=0.41; 95% CI 0.25−0.55; P,0.01), and same laboratory 

data (lymphocyte) included in these two variables, we selected 

PMR in the multivariate model.  Multivariate analysis detected 

only ECOG PS (HR 3.34; 95% CI 2.00–5.58; P,0.01) 

(Table 5). On the other hand, univariate analysis detected the 

following five variables as factors decreasing the OS after 

the second line chemotherapy: PLR $150 (HR 1.76; 95% CI 

1.02–3.04; P=0.04), serum sodium ,135 mEq/L (HR 2.30; 

95% CI 1.09–4.85; P=0.03), LDH $225 IU/L (HR 1.97; 95% 

CI 1.15–3.41; P=0.01), CRP $1 mg/dL (HR 3.23; 95% CI 

1.77–5.92; P,0.01), and PFS after the first-line  chemotherapy 

,6 months (HR 2.85; 95% CI 1.58–5.12; P,0.01) (Table 4); 

while multivariate analysis detected only CRP (HR 2.67; 95% 

CI 1.30–5.47; P,0.01) and PFS after the first-line chemo-

therapy (HR 2.85; 95% CI 1.50–5.43; P,0.01) (Table 5). 

We did not detect any significant prognostic factor for the 

third-line chemotherapy (Table 4).

Discussion
This longitudinal and observational study revealed the 

proportions of patients with SCLC who received the first-, 

second-, and third-line chemotherapies, the predictive factors 

influencing the introduction of chemotherapy, and survival 

rates from the first- and second-line chemotherapies.

The most important finding was that our study revealed a 

trajectory of chemotherapy for patients with SCLC. First, in 

our study, 81% of patients with all stages of SCLC and 77% 

of patients with metastatic SCLC received chemotherapy. 

These proportions were similar to those of some previous 

studies based on national databases. Regarding the exten-

sive stage SCLC, 71% of patients from Taiwan (N=1,215),2 

65% of patients from UK (N=9,874),23 and 67% of patients 

from the USA (N=643)24 received chemotherapy. Second, 

among the 81 patients who progressed and 13 patients who 

died after the first-line chemotherapy, 60 (64%) proceeded 

to the second-line chemotherapy. The rates of receipt of the 

second-line chemotherapy were different. Our proportion 

of patients who had received the second-line chemotherapy, 

64%, was .30%, .32%, and .48% of patients in the single 

institutional  studies from Greek university hospital,3 Canadian 

regional cancer center,25 and Japanese university hospital,15 

respectively, but ,88% of 49 patients with extensive stage 

SCLC who had received cisplatin plus irinotecan as the 

Table 3 Characteristics of patients who received second- or 
third-line chemotherapy

Variables Second-line 
chemotherapy

Third-line 
chemotherapy

n 65 31
age (years)a

 Mean ± sD 69.3±8.7 67.5±8.5
sex
 Male/female 55/10 26/5
staginga

 iii/iV 7/58 2/29
extrathoracic distant metastasesa

 Brain/liver/bone/others 20/14/10/18 13/10/8/9
eCOg Psa

 0–1/2/3/4 43/19/3/0 18/11/2/0
BMi (kg/m2)a

 Mean ± sD 23.1±4.1 22.5±4.0
Overall survival (days)b

 Median (95% Ci) 218 (150–243) 123 (94–177)

Notes: aat the start of each line chemotherapy. bFrom the initiation of the second- 
or third-line chemotherapy.
Abbreviations: BMI, body mass index; CI, confidence interval; ECOG, European 
Clinical Oncology group; Ps, performance status; sD, standard deviation.

Table 2 Univariate and multivariate logistic regression analyses 
of factors influencing the introduction of chemotherapy

Variables Univariate Multivariate

OR 95% CI P-value OR 95% CI P-value

age (years)
  ,75 vs $75 3.44 1.44–8.22 ,0.01 2.80 1.01–7.75 0.047
sex
  Male vs female 1.37 0.52–3.62 0.52
eCOg Ps
  0–2 vs 3–4 15.1 5.46–41.9 ,0.01 14.3 4.86–41.9 ,0.01
staging
  i–iii vs iV 2.32 0.87–6.17 0.09
extrathoracic metastases
  no vs yes 1.46 0.64–3.35 0.37
BMi (kg/m2)
  $18.5 vs ,18.5 1.40 0.50–3.91 0.52
Charlson comorbidity index
  0–1 vs $2 2.82 1.17–6.79 0.02 2.33 0.83–6.54 0.11

Note: Coded as 1 (age $75 years, female, eCOg Ps 3–4, stage iV, positive 
extrathoracic distant metastases, BMi ,18.5 kg/m2, and Charlson comorbidity 
index $2) and as 0 (age ,75 years, male, eCOg Ps 0–2, stages i–iii, no extrathoracic 
distant metastasis, BMi $18.5 kg/m2, and Charlson comorbidity index 0–1).
Abbreviations: BMI, body mass index; CI, confidence interval; ECOG, European 
Clinical Oncology group; Or, odds ratio; Ps, performance status.
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first-line chemotherapy at a Japanese regional cancer center.26 

Third, among 59 patients who progressed and two patients who 

died after the second-line chemotherapy, 31 (51%) proceeded 

to the third-line chemo therapy. Based on our results, 25% 

(77%×64%×51%) of all patients with metastatic SCLC and 

33% (64%×51%) of patients who underwent chemotherapy 

received the third-line chemotherapy. There were a few studies 

that had followed patients with SCLC until the third-line che-

motherapy. Regarding the patients treated with chemotherapy, 

our proportion, 33%, was similar to 26% of 73 patients in a 

Japanese university hospital15 but slightly less than 18% of 

191 patients in a Dutch university medical center27 and 22% 

of 120 patients in an international and multicenter study.28

The second important finding was that our study detected 

some prognostic factors at each treatment point. First, age and 

PS were independent factors predicting the receipt of che-

motherapy. Our multivariate analysis revealed that patients 

with poorer ECOG PS and older age were unlikely to receive 

chemotherapy. A US study based on the national database 

showed that patients with older age, African American race, 

extensive stage disease, higher comorbidity score, and lower 

income were less likely to receive chemotherapy,29 while a 

recent US study detected only age $80 years and the pres-

ence of a residency program where patients were treated 

as factors associated with receiving any chemotherapy.24 

A study from the UK also showed that older age, poorer PS, 

Table 4 Univariate Cox hazard analyses of factors associated with overall survival after the first-, second-, and third-line 
chemotherapies

Factors First-line chemotherapy Second-line chemotherapy Third-line chemotherapy

HR 95% CI P-value HR 95% CI P-value HR 95% CI P-value

age (years)
  ,75 vs $75 1.20 0.76–1.89 0.43 0.74 0.41–1.34 0.32 1.38 0.53–3.59 0.51
sex
  Male vs female 0.81 0.46–1.42 0.46 1.01 0.48–2.16 0.97 1.19 0.45–3.17 0.73
eCOg Ps
  0–1 vs 2–4 2.72 1.73–4.29 ,0.01 1.26 0.73–2.16 0.41 2.09 0.94–4.67 0.07
stage
  i–iii vs iV 1.96 1.25–3.08 ,0.01 1.24 0.53–2.89 0.62 5.08 0.67–38.4 0.12
BMi (kg/m2)
  $18.5 vs ,18.5 1.30 0.77–2.22 0.33 0.90 0.42–1.92 0.78 2.71 0.77–9.53 0.12
nLr
  ,5 vs $5 1.54 0.90–2.67 0.12 1.60 0.84–3.04 0.15 0.72 0.21–2.40 0.59
PLr
  ,150 vs $150 2.03 1.31–3.13 ,0.01 1.76 1.02–3.04 0.04 1.49 0.68–3.26 0.32
LMr
  $4 vs ,4 1.67 1.07–2.59 0.02 1.30 0.72–2.31 0.38 1.56 0.53–4.56 0.42
hemoglobin (g/dL)
  $11 vs ,11 2.03 1.12–3.69 0.02 1.54 0.90–2.64 0.12 1.69 0.76–3.76 0.20
serum sodium (meq/L)
  $135 vs ,135 1.92 1.11–3.32 0.02 2.30 1.09–4.85 0.03 2.86 0.64–12.7 0.17
LDh (iU/L)
  ,225 vs $225 1.73 1.10–2.73 0.02 1.97 1.15–3.41 0.01 1.73 0.79–3.79 0.17
aLP (iU/L)
  #340 vs .340 1.48 0.89–2.47 0.13 1.37 0.64–2.89 0.42 1.06 0.42–2.65 0.91
CrP (mg/dL)
  ,1 vs $1 1.67 1.09–2.55 0.02 3.23 1.77–5.92 ,0.01 1.40 0.65–3.01 0.39
PFS after first-line chemotherapy (months)
  $6 vs ,6 – – – 2.85 1.58–5.12 ,0.01 1.54 0.71–3.34 0.28
PFs after second-line chemotherapy (months)
  $3 vs ,3 – – – – – – 1.72 0.79–3.78 0.18

Note: Coded as 1 (age $75 years, female, eCOg Ps 2–4, stage iV, BMi ,18.5 kg/m2, nLr $5, PLr $150, LMr ,4, hemoglobin ,11 g/dL, serum sodium ,135 meq/L, 
LDh $225 iU/L, aLP .340 iU/L, CrP $1 mg/dL, PFS after the first-line chemotherapy ,6 months, and PFs after the second-line chemotherapy ,3 months) and as 
0 (age ,75 years, male, eCOg Ps 0–1, stages i–iii, BMi $18.5 kg/m2; nLr ,5, PLr ,150, LMr $4, hemoglobin $11 g/dL, serum sodium $135 meq/L, LDh ,225 iU/L, 
aLP #340 iU/L, CrP ,1 mg/dL, PFS after the first-line chemotherapy $6 months, and PFs after the second-line chemotherapy $3 months).
Abbreviations: ALP, alkaline phosphatase; BMI, body mass index; CI, confidence interval; CRP, C-reactive protein; ECOG, European Clinical Oncology Group; HR, hazard 
ratio; LDh, lactate dehydrogenase; LMr, lymphocyte-to-monocyte ratio; nLr, neutrophil-to-lymphocyte ratio; PFs, progression-free survival; PLr, platelet-to-lymphocyte 
ratio; Ps, performance status.
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higher comorbidity index, and lower socioeconomic status 

potentially hinder receiving the chemotherapy.23 Age and 

PS may be the universally common factors for receiving 

chemotherapy, while other additional factors differ between 

studies and countries. Second, poorer PS and shorter PFS 

after the first-line chemotherapy and higher CRP level were 

independent prognostic factors for shorter OS after the 

first- and second-line chemotherapies, respectively. These 

factors detected in our study were similar to those in the 

previous studies. PS before the first-line chemotherapy,30,31 

PS at the time of disease recurrence,3,32 and sensitivity to the 

first-line chemotherapy (sensitive/refractory)32,33 were well-

known prognostic factors that influenced survival after the 

first- and second-line chemotherapies. Higher level of CRP 

was reported as an independent serum marker for the poorer 

prognosis of patients with newly diagnosed SCLC,34 while 

our study also detected higher CRP level as a poorer prog-

nostic marker for the second-line chemotherapy. On the other 

hand, LDH,35 hyponatremia,16,17 and systemic inflammation-

based scores, such as neutrophil-to-lymphocyte ratio36 and 

LMR,13 were reported to be prognostic markers of survival 

for chemonaive patients with extensive disease SCLC. Our 

univariate analysis detected PLR, LMR, hyponatremia, and 

LDH as prognostic factors of OS after the first- or second-line 

chemotherapy, but multivariate analysis did not detect them. 

Prognostic markers are desirable as they are easily measurable 

and available. Such markers would be useful when deciding 

further treatment for patients with SCLC.

Of note, the response rate and median PFS decreased 

from 73.7% and 161 days in the first-line chemotherapy and 

32.3% and 103 days in the second-line chemotherapy to 12.9% 

and 63 days in the third-line chemotherapy. Our response 

rate and median OS of the third-line chemotherapy were 

lower and shorter than 44% and 5.1 months by amrubicine 

monotherapy in a Japanese regional medical support center,37 

26% and 5 months in a Dutch university medical center,27 20% 

and 8.5 months in a Japanese university hospital,15 and 18% and 

4.7 months in an international and multicenter study.28 Based 

on these retrospective and real-world analyses, we request at 

least a response rate of 20%–30% and survival of 5–6 months 

for the third-line regimen. There is neither any randomized trial 

comparing the third-line chemotherapy with the best supportive 

care alone nor evidence to guide the third-line chemotherapy. 

Thus, the benefits of treatment remain unknown. Our results 

were inferior in efficacy to those in the previous studies and 

also failed to support the third-line chemotherapy.

Our study includes the following two limitations: first, 

our study was single institutional, retrospective, and small 

sized. We are also afraid that our institutional bias may make 

it difficult to generalize the results of our study and that our 

small-sized study failed to detect any significant difference 

between groups and influential factors. Especially, our study 

included a very small number of patients with limited disease 

SCLC to evaluate those patients and detect stage as a sig-

nificant prognostic factor. Second, we did not evaluate other 

promising prognostic markers of various nutrition-based 

indexes, because we did not routinely measure nutrition 

markers, such as serum albumin level.

Conclusion
Approximately two-thirds and one-third of patients who 

receive chemotherapy proceed to the second- and third-line 

chemotherapies, respectively. Evaluating several factors, 

such as age, ECOG PS, CRP level, and PFS, after previous 

treatment may be useful when considering the introduction 

of further-line chemotherapy.
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Table 5 Multivariate Cox hazard analysis of factors associated with 
overall survival after the first- and second-line chemotherapies

Factors First-line  
chemotherapy

Second-line 
chemotherapy

HR 95% CI P-value HR 95% CI P-value

eCOg Ps
 0–1 vs 2–4 3.34 2.00–5.58 ,0.01 – – –
stage
 i–iii vs iV 1.40 0.86–2.28 0.18 – – –
Platelet-to-lymphocyte ratio
 ,150 vs $150 1.44 0.87–2.39 0.16 0.96 0.52–1.78 0.90
hemoglobin (g/dL)
 $11 vs ,11 1.43 0.72–2.82 0.31 – – –
serum sodium (meq/L)
 $135 vs ,135 1.40 0.79–2.48 0.24 0.86 0.37–2.01 0.73
LDh (iU/L)
 ,225 vs $225 1.63 0.99–2.68 0.052 1.62 0.89–2.94 0.12
CrP (mg/dL)
 ,1 vs $1 1.47 0.85–2.55 0.17 2.67 1.30–5.47 ,0.01
PFS after the first-line chemotherapy (months)
 $6 vs ,6 – – – 2.85 1.50–5.43 ,0.01

Notes: Coded as 1 (eCOg Ps 2–4, stage iV, platelet-to-lymphocyte ratio $150, 
hemoglobin ,11 g/dL, serum sodium ,135 meq/L, LDh $225 iU/L, CrP $1 mg/dL, 
and PFS after the first-line chemotherapy ,6 months) and as 0 (eCOg Ps 0–1, 
stages i–iii, platelet-to-lymphocyte ratio ,150, hemoglobin $11 g/dL, serum 
sodium $135 meq/L, LDh ,225 iU/L, CrP ,1 mg/dL, and PFS after the first-line 
chemotherapy $6 months).
Abbreviations: CI, confidence interval; CRP, C-reactive protein; ECOG, European 
Clinical Oncology group; hr, hazard ratio; LDh, lactate dehydrogenase; PFs, 
progression-free survival; Ps, performance status.
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Supplementary materials

Table S1 Laboratory data at the start of the first-, second-, and third-line chemotherapies

Variables Mean ± SD

First-line chemotherapy  
(N=118)

Second-line chemotherapy  
(N=65)

Third-line chemotherapy 
(N=31)

Leukocyte (cells/μL) 7,535±2,743 6,448±2,088 6,319±2,457
neutrophil (cells/μL) 5,174±2,505 4,211±1,875 4,348±1,690
Lymphocyte (cells/μL) 1,663±675 1,545±610 1,321±516
Monocyte (cells/μL) 487±213 500±176 487±195
hemoglobin (g/dL) 12.9±1.9 12.0±2.0 11.5±1.9
Platelet (×103 cells/μL) 243±93 217±75 222±91
serum sodium (meq/L) 138.6±4.5 138.8±3.9 138.9±3.6
Lactate dehydrogenase (iU/L) 316±177 320±241 403±418
alkaline phosphatase (iU/L) 305±216 288±336 277±147
C-reactive protein (mg/dL) 2.48±4.46 1.42±3.33 2.35±3.80
neutrophil-to-lymphocyte ratio 3.83±3.21 3.27±2.17 5.80±14.16
Platelet-to-lymphocyte ratio 177.4±128.1 168.2±108.1 240.3±342.6
Lymphocyte-to-monocyte ratio 3.86±2.03 3.50±1.89 3.19±1.80

Abbreviation: sD, standard deviation

Table S2 regimens

Regimens First-line chemotherapy Second-line chemotherapy Third-line chemotherapy

n 118 65 31
Platinum-based doublet
 CDDP + CPT-11 14 24 1

 CDDP + VP-16 18 2 0

 CBDCa + VP-16 84 8 3

 CBDCa + CPT-11 1 0 1
nonplatinum doublet
 aMr + CPT-11 1 0 0
nonplatinum monotherapy
 aMr 0 29 19
 CPT-11 0 2 4
 ngT 0 0 3
 Concurrent thoracic radiotherapy 25a 0 0

Note: aincluding one palliative thoracic radiotherapy.
Abbreviations: aMr, amrubicine; CBDCa, carboplatin; CDDP, cisplatin; CPT-11, irinotecan; ngT, topotecan; VP-16, etoposide.
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Table S3 Treatment outcomes and response

First-line chemotherapy Second-line chemotherapy Third-line chemotherapy

n 118 65 31
Outcomes
Delivered courses (courses)
 Mean ± standard deviation 3.9±1.6 3.4±1.9 2.5±1.6
reasons of discontinuation (n)
 Progressive disease 31 41 18
 Completion of 4–6 courses 54 13 2
 adverse effects 6 0 1
 refused by patients 9 3 3
 Cancer-related deteriorated condition 2 3 5
 Comorbidity-related deteriorated condition 14 5 2
 Ongoing 2 0 0
Response
 Cr (n) 17 1 0
 Pr (n) 70 20 4
 sD (n) 13 10 4
 PD (n) 8 31 23
 ne (n) 10 3 4
Orr (%) 73.7 32.3 12.9
DCr (%) 84.7 47.7 25.8
PFs (days)
 Median (95% Ci) 161 (140–181) 103 (71–112) 63 (39–82)

Abbreviations: CI, confidence interval; CR, complete response; DCR, disease control rate; NE, not evaluated; ORR, overall response rate; PD, progressive disease; PFS, 
progression-free survival; Pr, partial response; sD, stable disease.
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