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Background: The main aim of this study was to evaluate the efficiency of second-line chemotherapy
irinotecan (CPT-11), topotecan (TPT), paclitaxel (PTX) and docetaxel (DTX) in small cell lung cancer
(SCLC) patients who have failure to the first-line standard treatment. The secondary aim was to evaluate the
independent prognostic factors of patients who received a second line treatment.

Methods: Retrospective analysis of 116 patients who received second-line chemotherapy. Patients were
divided into 4 groups according to the therapy they were treated with, which were CPT-11, TPT, PTX and
DTX. Progress free survival (PFS), overall survival (OS), objective response rate (ORR) and disease control
rate (DCR) were evaluated for each group. Patients’ data of clinical character and blood index were collected,
and the prognostic factors were assessed both at univariate and multivariate levels.

Results: Patients treated with CPT-11 achieved the best median PFS and OS of 91 and 595 days, while
the median PFS of TPT, PTX and DTX were 74.5, 81 and 50 days respectively. The median OS of them
were 154, 168.5 and 184 days respectively. The survival curves of OS were significantly different (P=0.0069).
The reaction to second-line therapy is positively correlate to the reaction to first-line therapy (P=0.012). In
the multivariate analysis, treatment free interval (TFI) <90 days, lactate dehydrogenase (LDH) >225 U/L,
neutrophil-to-lymphocyte ratio (NLR) >3.5 were identified as independent risk factors for poor prognosis in
second-line SCLC patients.

Conclusions: Second-line chemotherapy with TPT in SCLC patients may provide better overall survival
benefits. TFI <90 days, LDH >225 U/L and NLR >3.5 are independent risk factors for second-line SCLC
patients.
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Introduction

Small cell lung cancer (SCLC) is a highly malignant
pulmonary tumor accounts for 10-15% of all lung cancers.
It is quite aggressive with high doubling rate and priority
of early distant metastasis and acquired drug resistance
(1,2). SCLC is highly sensitive to first-line treatment, the
response rate (RR) of limited SCLC can reach 70-90%,
extensive SCLC can reach 50-60%. However, about 80%
of patients with limited stage and almost all patients with
extensive stage will develop disease relapse or progression
within 1 year of initial treatment (3-5). Patients need
to receive appropriate second-line therapy after they
progressed from the first-line chemotherapy.

For those who progressed from first-line chemotherapy,
clinical trial enrollment is recommended by the National
Comprehensive Cancer Network (NCCN) SCLC guidelines.
There are few studies on the effectiveness and toxicity of
SCLC second-line chemotherapy. To date, topotecan (TPT)
is the best recommended therapy for second-line treatment
of SCLC in Europe and the United States, while amrubicin
(AMR), irinotecan (CPT-11), paclitaxel (PTX), docetaxel
(DXL) and other drugs such as two immunotherapy agents
(nivolumab and ipilimumab) have also shown some therapeutic
effects on relapsed SCLC in some clinical studies (6-11).
However, there is no standard second-line treatment plans and
large-scale prospective test results for reference currently.

This retrospective study was conducted to assess the
efficiency of second-line treatment in SCLC patients who
have recurrence or progression after the first-line standard
treatment. We analyzed the performance of four most
commonly used second-line chemotherapy TPT, CPT-11,
PTX and DXL in real-world clinical cases of patients with
SCLC to provide a reference for clinical treatment. Beside
of the efficiency comparation, we performed a multivariate
analysis based the data of patients’ clinical characters and serum
tumor markers in order to find out the prognostic factors of
SCLC patients who received second-line chemotherapy.

Methods
Patients and treatment

"This retrospective study selected SCLC patients admitted to
Jinling Hospital for medical treatment from January 2008 to
December 2017. For this study, the eligibility criteria were
as follows: histologically or cytologically confirmed SCLC;
received standard first-line chemotherapy of etoposide plus
platinum (cisplatin or carboplatin); were systematically
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divided into extensive disease (ED) and limited disease (LD)
according to the criteria of Veterans Administration Lung
Study Group (VALG) before treatment (12).

All patients were treated with standard first-line
chemotherapy of etoposide plus platinum (cisplatin or
carboplatin). Patients were divided into 4 groups according
to the second-line chemotherapy they were treated with:
CPT-11, TPT, PTX and DTX. Patients in these 4 groups
were treated with single drug or with combine platinum
(cisplatin or carboplatin). Blood index data of patients
before treatment were collected.

This study is a retrospective study, approved by the
ethics committee of Nanjing Jinling Hospital, without the
need for informed consent.

Evaluation

The evaluation of tumor response to chemotherapy was
conducted according to the Response Evaluation Criteria
in Solid Tumors. Objective response rate (ORR) refers to
the rate of patients got complete response (CR) and partial
response (PR) while disease control rate (DCR) contains
CR, PR and stable disease (SD). Treatment free interval
(TFI) was measured from the date of last first-line treatment
to disease progression or the date of receiving subsequent
therapy. Clinical evaluation of progress free survival (PFS)
and overall survival (OS) was conducted by Kaplan-Meier
method to assess the time from second-line chemotherapy
to recurrence or death.

Statistical analysis

Chi-square test was used for qualitative data and the
unqualified data were only displayed as frequency. Survival
curves were depicted using Kaplan-Meier method by
GraphPad Prism 7.00. Prognostic factors were assessed both
at univariate and multivariate levels. Univariate analysis and
multivariate analysis were performed by log-rank analysis
and the Cox-regression model. All the statistical analyses
were performed by GraphPad Prism 7.00 and SPSS version
22.0 IBM Corp, Armonk, NY, USA). P values <0.05 were
considered significant.

Results
Patient characteristics

From January 2008 to December 2017, 116 patients who
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Table 1 Clinical character of patients received first and second-line

therapy
Clinical characteristics First-line Second-line
therapy therapy
Age 0.816
<65 180 75
>65 92 41
Gender 0.744
Male 231 100
Female 41 16
Smoking 0.964
Smoker 202 86
Non-smoker 65 28
Unknown 5 2
Stage at diagnosis 0.81
Limited 101 45
Extensive 166 70
Unknown 5 1
Location of metastases 0.529
Brain 36 12
Liver 28 11
Bone 70 26
Adrenal glands 9 7

received second-line therapy after recurrence or progression
from the first-line standard chemotherapy of etoposide plus
platinum were included in this retrospective cohort study.
The patients’ clinical characters are shown in Table 1. There
were 41 patients elder than 65 years old, 100 men and 16
women, 86 patients had a history of smoking, 45 patients
in limited stage and 70 in extensive stage at the time of
diagnose.

Table 2 shows the second-line treatment received by
these patients. The number of patients received CPT-11,
TPT, PTX and DTX were 28, 22, 25 and 34 respectively.
Seven patients received other different second-line therapy
were not included in further analysis because the cohorts
were too small. There were no differences in baseline
characteristics of age, smoking status, stage of disease and
TFI among the four groups of patients. All 25 patients in
PTX group were male and been treated with platinum at
second-line therapy. The proportion of patients in limited
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stage and patients with longer TFI was higher in the CPT-
11 group (17/28 and 16/28) than the others, but there was
no statistical difference.

Response

The response was evaluated in patients with complete
medical information. The total ORR and DCR of patients
who received second-line therapy was 19.05% and 61.90%.
For patients in different groups, the ORR of CPT-11,
TPT, PTX and DTX were 22.22%, 15.38%, 21.43%
and 16.67% respectively. The DCR of them were 66.7%,
53.85%, 78.57% and 44.44% respectively (Figure I). There
was only one patient achieved CR, who was in the CPT-11
group and had achieved CR in the first-line therapy before.
We made a correlation analysis between the reaction to
second-line therapy and the reaction to first-line therapy,
found that the two were positively correlated (P=0.012,
Tuble 3).

Survival

The survival data of patients who received different second-
line therapy was analyzed by K-M curves. PFS and OS
were determined from the time of second-line therapy.
The median PFS of CPT-11, TPT, PTX and DTX were
91, 74.5, 81 and 50 days respectively (Figure 2A). Patients
who used CPT-11 had the longest PFS, but there was no
significant difference (P=0.6445). The median OS of them
were 595, 154, 168.5 and 184 days respectively (Figure 2B),
Patients who used CPT-11 had significantly longer OS than
the other three groups (P=0.0069).

The OS of patients with different recurrent patterns was
shown in Figure 3. According to the length of TFI, patients
were divided into two groups with the boundary of 90 days.
Patients whose TFI was 90 days and longer had significantly
longer OS than the patient with TFI shorter than 90 days
(P=0.0105). The medium OS of them were 288 and 172.5
days respectively.

Prognostic factor analysis

In order to find out which clinical characteristics and blood
index are concerned with the survival of SCLC patients
who received second-line chemotherapy, we performed
the univariate and multivariate analysis for OS, which was
summarized in Table 4. The cut-off value for PL'T, LDH,
neutrophil-to-lymphocyte ratio (NLR), NSE, CEA, CA19-
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Table 2 Clinical character of patients in different second-line therapy groups

Second-line chemotherapy

Clinical characteristics P
CPT-11 (n=28) TPT (n=22) PTX (n=25) DTX (n=34)

Age 0.445
<65 21 12 15 23
>65 7 10 10 11

Gender -
Male 21 21 25 28
Female 7 1 0 6

Smoking 0.199
Smoker 17 18 20 26
Non-smoker 11 4 5 6
Unknown 0 0 0 2

PS
0-1 28 22 25 31
2 0 0 0 3

Stage at diagnosis 0.053
Limited 17 8 6 12
Extensive 11 14 18 22
Unknown 0 0 1 0

TFI 0.053
<90 12 13 20 25
>90 16 9 5 9

History of radiation therapy 0.078
Yes 18 8 9 19
No 10 14 16 15

With platinum at 2nd-line -
Yes 20 16 25 20
No 8 6 0 14

CPT-11, irinotecan; TPT, topotecan; PTX, paclitaxel; DTX, docetaxel; TFI, treatment free interval.

9 and CA125 were chosen as 300x10°/L, 225 U/L, 3.5,
16.3 ng/mL, 5 ng/mL, 40 ng/mL and 35 ng/mL
respectively, based on the results of the evaluation of
various cut-off values (13-19). Univariate analyses were
performed by K-M curves, revealed that the survival of
SCLC patients was associated with five factors: stage
(P=0.0089), TFI (P=0.0105), LDH (P=0.0105), NLR
(P=0.016) and NSE levels (P=0.0209). No significant
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impact on survival was observed for the character of
patients’ gender, age, smoke state and past history of
radiation therapy or the blood indicators of PL'T, CEA,
CA19-9 and CA125. After removing of the confounding
factor of chemotherapy, multivariate analysis was
performed by COX regression, results out that TFI >90
days, LDH >225 U/L and NLR >3.5 are independent
prognostic factors for poor prognosis in patients received
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Figure 1 Response (DCR, ORR) in different second-line therapy
groups. CPT-11, irinotecan; TPT, topotecan; PTX, paclitaxel;
DTX, docetaxel; ORR, objective response rate; DCR, disease

control rate.

Table 3 Correlation between response to first- and second-line

chemotherapy

Response Response to second-line, n (%)

to first-line CR PR sD PD
CR 1 (25.0) 2 (50.0) 1 (25.0) 0
PR 1(5.3) 4(21.1) 7 (36.8) 7 (36.8)
SD 0 3(9.7) 15(48.4) 13 (41.9)
PD 0 0 3 (42.9) 4 (57.1)

CR, complete response; PR, partial response; SD, stable
disease; PD, progressive disease.

second-line chemotherapy.

Discussion

This retrospective study was conducted to evaluate clinical
benefit of different second-line chemotherapy for SCLC
patients in real clinical practice, then provide reference for
clinical treatment. We analyzed 116 patients who received
second-line chemotherapy with recurrence or progression
after the first-line chemotherapy. These 116 patients were
divided into 4 different groups according to the second-
line chemotherapy they received: 28 in irinotecan (CPT-11)
group, 22 in topotecan (TPT) group, 25 in paclitaxel (PTX)
group and 34 in docetaxel (DTX) group. The clinical
benefit was evaluated by the primary endpoints of PFS and
OS, and the secondary endpoints of ORR and DCR.

As reported in the previous studies, the RR to second-
line chemotherapy ranges a lot in people with different

© Translational lung cancer research. All rights reserved.

833
A PFS
100 4 —— CTP-11
. TPT
g - PTX
s
> - DTX
2 504
C
[0
o
[0
o 1
0 —L . L
0 200 400 600
Days
B 0s
— CPT-11
— TPT
K — PTX
s
? —— DTX
=
Q
(&)
©
o
—
0 A= B . .
0 500 1000 1500
Days

Figure 2 The survival analysis of different second-line therapy groups.
(A) PES in different second-line therapy groups. The medium PFS of
CPT-11, TPT, PTX, DTX was 91, 74.5, 81, 50 days respectively. (B)
OS in different second-line therapy groups. The medium OS of CPT-
11, TPT, PTX, DTX was 595, 154, 168.5, 184 days respectively. CPT-
11, irinotecan; TPT; topotecan; PTX, paclitaxel; DTX, docetaxel.
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Figure 3 OS of patients with different TFI (TFI >90 days and TFI
<90 days). The medium OS of patients with TFI >90 days and TFI
<90 days was 288 and 172.5 days. TFI, treatment free interval.

types of recurrence or using different therapy. A meta-
analysis reviewed 21 studies (20) showed that patients with
sensitive recurrent achieved a higher ORR when compared
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Univariate analysis

Multivariate analysis

Clinical characteristics mOS (days)
HR (95% Cl) P HR (95% Cl) P

Gender 0.4224 Excluded
Male 180 2.049 (1.147-3.661)
Female 283 1

Age 0.8871 Excluded
<65 187 0.9661 (0.5933-1.573)
=65 168 1

Smoke state 0.2563 Excluded
Non-smoker 221 0.7277 (0.4204-1.26)
Smoker 182 1

Stage 0.0089 0.696
LD 288 0.5094 (0.3073-0.8442) 1
ES 178 1 1.179 (0.517-2.690)

RT 0.0762 Excluded
Yes 267.5 0.6629 (0.4043-1.087)
No 154 1

TFI 0.0105 0.048
<90 172.5 1.94 (1.189-3.164) 0.414 (0.173-0.991)
>90 288 1 1

LDH 0.0105 0.003
<225 265.5 0.5406 (0.325-0.8992) 1
>225 148.5 1 2.455 (1.353-4.454)

PLT 0.4887 Excluded
<300 199 0.7472 (0.3275-1.705)
>300 145 1

NLR 0.016 0.038
<3.5 221 0.5543 (0.3129-0.9819) 1
>3.5 131 1 2.132 (1.043-4.358)

CEA 0.4826 Excluded
<5 187 0.9733 (0.5859-1.617)
>5 182 1

NSE 0.0209 0.897
<16.3 361 0.488 (0.2731-0.872) 1
>16.3 168 1 1.052 (0.488-2.269)

CA19-9 0.7549 Excluded
<40 186.5 0.9722 (0.498-1.898)
>40 178 1

CA125 0.3889 Excluded
<35 174 1.153 (0.6765-1.964)
>35 221 1

LD, limited disease; ES, extensive stage; TFI, treatment free interval; LDH, lactate dehydrogenase; PLT, platelet; NLR, neutrophil-to-
lymphocyte ratio; CEA, carcinoembryonic antigen; NSE, neurone specific enolase.
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to the refractory patients (27.7% vs. 14.8%, P=0.001).
In our study, the overall ORR and DCR to second-line
therapy was 19.05% and 61.90%, and the medium PFS and
OS was 75 days and 180 days. For different chemotherapy
groups, PTX achieved the best DCR of 78.57%, while
CPT-11 achieved the best ORR of 22.22% (Figure I).
Patients treated with CPT-11 also achieved the best
median PFS and OS of 91 and 595 days, while the median
PES of TPT, PTX and DTX were 74.5, 81 and 50 days
respectively, the median OS of them were 154, 168.5 and
184 days respectively (Figure 2).

TPT is the only drug currently approved in Europe
and the USA for sensitive relapsed SCLC. In an RCT
study conducted in 2003, TPT showed significant survival
advantage comparing to best supportive care (BSC, 6.4
vs. 3.4 months) (21). In the other phase III studies, the
survival of TPT compared with CAV (cyclophosphamide,
doxorubicin, and vincristine), amrubicin and CEI (cisplatin,
etoposide, and irinotecan) did not show survival advantage.
The medium OS of TPT in these studies ranges from 6.2
to 12.5 months (22-24). In our study, the medium OS of
patients in TPT group was 154 days (5.1 months), the
lowest among the four groups. The ORR of patients in
TPT group was also the lowest, at 15.38%. This may be
partly related to the higher proportion of patients in this
group of patients with extensive stage, which is 63.6%.

CPT-11 is a topoisomerase I inhibitor which was
recommended as second-line therapy of SCLC in NCCN
SCLC guidelines. The combination of CEI improved the
survival of advanced SCLC patients when compared with
TPT (18.2 vs. 12.5 months) (24). However, the toxicity of
this approach was significant, and it was not recommended
by the guidelines. Another phase II trial compared the
efficacy of CPT-11 monotherapy versus the combination
of CPT-11 and gemcitabine as second-line treatment of
patients with extensive stage SCLC. While the medium
TTP of the 31 patients in CPT-11 monotherapy group was
1.7 months, the medium OS of them was 4.6 months (25). So
far, there is no study comparing the efficiency of TPT and
CPT-11 monotherapy for SCLC second-line therapy. The
33 patients who were treated with CPT-11 in our study got
much longer mOS of 595 days (19.8 months). This might
be partly because there were more patients in limit stage and
had longer TTP in the CPT-11 group. The result needs to
be validated in prospective trials which involve larger sample.

PTX used to be considered as promising agent to drug-
resistant SCLC. In a phase II study, PTX demonstrated
a2 29% RR in refractory patients and 38% in sensitive
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patients (26). PTX is also believed to be able to enhance the
antitumor activity of gemcitabine in NSCLC patients (27),
and the lack of cross-resistance between PTX and
cisplatin was confirmed in human SCLC lines (28). A
phase II evaluated the efficiency of PTX and gemcitabine
combination as second-line chemotherapy in 41 SCLC
patients, which contains 19 with refractory disease and
22 with sensitive disease, results out that 22% of the
patients achieved PR and 46% achieved disease control.
The medium OS was 5.5 months in this study (29). In our
study, the 25 patients in PTX group were all treated with
platinum in combination. They were more responsive to
the treatment with the DCR of 78.57% and has a relatively
longer PES of 81 days. However, the advantage on the OS
was not seen in this group, which was 168.5 days.

Little research was conducted on the use of DOX in
second-line therapy of SCLC. There was a phase II study
involving 34 patients with previous treated SCLC reported
that 25% of 28 evaluable patients achieved PR in their
trial (30). In our study, the DOX group was much less
sensitive to the chemotherapy than the others, the DCR
and ORR in this group was 44.44% and 16.67%, and the
mPFS was the shortest in four groups, which was 50 days.
But the mOS of this group was not worse than the TPT
and PTX group, which was 180 days.

The efficacy of second-line chemotherapy of is highly
dependent on the time from initial therapy to relapse.
Huisman (31) and Glisson (32) have reported that patients
with SCLC who have not benefited from the first-line
therapy may have lower second-line benefits. In our study,
the correlation analysis of response to first-line and second-
line treatment also showed that patients who reacted good
to first-line treatment would be more likely to obtain
benefit from second-line treatment (Tuble 3).

The duration and quality of response to first-line therapy
was also reported to be strongly predict the response and
survival outcome in second-line therapy. A lot of studies
have confirmed that patient with sensitive recurrent have
longer OS than the refractory patients (12,20,33). In this
study, we furtherly clarified which factor is concerned about
the second-line therapy OS of SCLC. We classified patients
into two groups according to their time to progress from
the first-line therapy, find out that patients whose TFI was
longer than 90 days had significantly longer OS than whose
TFI was shorter (9.6 vs. 5.75 months, Figure 3). Other
clinical character and blood index were also included into
the prognosis analysis, and the univariate analysis showed

that ES-stage, TFI <90 days, LDH >225 U/L, NLR >3.5,
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NSE >16.3 ng/mL were associated with poor prognosis.
After removing of the confounding factor of chemotherapy,
TFI <90 days, LDH >225 U/L and NLR >3.5 were
identified as independent risk factors for second-line SCLC
patients in multivariate analysis (Tuble 4).

Although this study has the limitation of single-center
retrospective study and the defect of the heterogeneity on the
characteristics and management of the patients evaluated, it
also has its advantages, such as the consistency of the source
of the patient, the implementation of the treatment plan
and the evaluation of the efficacy. It provides comparation
in the real-world to the efficacy of four different second-line
chemotherapy of SCLC and reference for clinical selection
of second-line chemotherapy. This study also identified TFI
<90 days, LDH >225 U/L and NLR >3.5, as independent
risk factors for second-line SCLC patients, which might assist
in clinical risk profile, and they might be worth considering
as stratification factors when selecting candidates for second-
line chemotherapy in future clinical trials.
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