
Int J Clin Exp Med 2015;8(10):19689-19700
www.ijcem.com /ISSN:1940-5901/IJCEM0014617

Original Article
Efficacy of different monotherapies  
in second-line treatment for small cell lung  
cancer: a meta-analysis of randomized controlled trials

Qiuping Luo1, Ziwei Wang2, Shengjie Li3, Jianying Zhou1

1Department of Respiratory Medicine, First Affiliated Hospital, Zhejiang University School of Medicine, Hangzhou, 
China; 2Department of Geriatrics, First Affiliated Hospital, Zhejiang University School of Medicine, Hangzhou, 
China; 3Internal Ward, First Affiliated Hospital, Zhejiang University School of Medicine, Hangzhou, China

Received August 17, 2015; Accepted October 6, 2015; Epub October 15, 2015; Published October 30, 2015

Abstract: Second-line chemotherapy has been proved to be effective on patients with relapsed or refractory small 
cell lung cancer (SCLC). Although topotecan has been approved by many countries for the monotherapy with an ac-
knowledged efficacy, its efficacy of low response rate and short median survival time is disappointing. Considering 
the optimal regimen of second-line therapy is yet uncertain, we conducted this meta-analysis to provide theoretical 
basis for making clinical decisions. A comprehensive electronic search was performed to identify eligible studies. 
The ending points included response, overall survival (OS), and adverse events. Odds ratios and 95% confidence 
interval were calculated to compare the effects. Six trials with 1369 patients were included. With regard to response 
rate, only amrubicin showed a significant improvement compared with topotecan. Irinotecan and etoposide did not 
show any advantages. When targeted on OS, neither of these monotherapy regimens exhibited any advantage when 
compared to topotecan. When aimed at toxicity, amrubicin showed a better effect on reducing hematologic toxicity, 
but a worse outcome on increasing the nonhematologic toxicity, whereas others showed equal efficacy. There is no 
strong evidence that any advantage for second-line treatment of SCLC when compared with topotecan, except amru-
bicin. And amrubicin seems to be superior to topotecan in terms of response rates, with a lower toxicity than topote-
can, which is of high value in clinical application, and may be the direction of second-line monotherapy in the future.
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Introduction

Although falling as a percentage of all lung can-
cers with the decreasing of the number of 
smokers, small cell lung cancer (SCLC) still con-
stitutes approximately 13% of all cases with 
lung cancer [1]. Without any treatment, the 
patients with SCLC only have a median survival 
of 2 to 4 months [2]. Unlike other types of lung 
cancer, SCLC has an aggressive nature with 
early regional or distant metastases, and is 
more chemosensitive to initial systemic cyto-
toxic drugs. Combination chemotherapy is stan-
dard first-line therapy for patients with SCLC, 
and the most recommended regimen is plati-
num plus etoposide [3]. Although 50% to 80% 
of patients with SCLC can achieve a rapid high 
response rate, but complete response are seen 
in a minority of patients, duration of response 
is short, and overall survival is still very dismal 

because of early occurrence of chemotherapy 
resistant disease [4]. If suffering from tumor 
recurrence or progression, patients with SCLC 
only have a median survival period of 4 to 7 
months, and even patients with a therapeutic 
effect of complete response also may relapse 
[5]. Therefore, most of patients with SCLC need 
second-line treatment.

Although various chemotherapeutic regimens 
have been evaluated either singly or combina-
tion in clinical trials, and some have shown 
promising antitumor activity, no standard che-
motherapy had been established for second-
line treatment of SCLC until recently [6, 7]. 
According to a study by von Pawel et al. [8] com-
pared topotecan with a traditional regimen of 
cyclophosphamide, doxorubicin, and vincristine 
(CAV) for patients with recurrent SCLC, topote-
can can reduced symptoms to a greater degree 
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than CAV and was associated with less toxicity. 
The results of this phase III trial have made 
topotecan the only drug with regulatory approv-
al by the US Food and Drug Administration for 
the treatment of relapsed SCLC due to the lack 
of alternative drugs [9]. However, topotecan 
failed to provide any survival benefit, and it 
proved that single-drug regimen is much safer 
than multi-drug schedule in management of 
patients who receive second-line treatment of 
SCLC [10]. Thus, looking for a more effective 
and safer monotherapy regimen for second-line 
treatment of SCLC is necessary. 

Recently, reports have surfaced on several 
drugs that were used singly in second-line che-
motherapy of SCLC. But the results are contra-
dictory, and the optimal chemotherapy regimen 
is not yet understood. Therefore, we conducted 
a meta-analysis to compare the efficacy and 
safety between the different drug regimens in 
the second-line treatment for SCLC, for the 
sake of providing a theoretical basis for making 
clinical decisions.

Subjects and methods

Search strategy

We searched PubMed, Embase, the Cochrane 
Register of Controlled Trials, and China National 
Knowledge Infrastructure via the Internet 
retrieval system. The following search terms 
were used: small cell lung cancer, second-line 
treatment, single drug, topotecan, previously 
treated, and randomized. We also handily 
examined reference lists of relevant primary 
studies, previous meta-analyses and reviews 
for additional publications. No language limita-
tion was indicated, and the cut-off date of the 
included articles was 1 August, 2015. When 
multiple publications with the same institution 
were identified, only the published report with 
the largest series was included. This meta-
analysis was reported following the Preferred 
Reporting Items for Systematic Review and 
Meta-Analysis statement [11].

Inclusion and exclusion criteria

The studies were manually selected carefully, 
and were eligible if they met the following crite-
ria: (1) the trials were designed by prospective 
phase II and III randomized controlled trials 
(RCTs); (2) patients with pathologically con-
firmed as SCLC had been previously treated 

with first-line platinum-based chemotherapy, 
and suffered from tumor recurrence or progres-
sion after the treatment; (3) patients were 
divided into two groups at least, and one group 
was treated with single-drug regimen of sec-
ond-line treatment for SCLC with topotecan, 
but another group used a non-topotecan regi-
men (e.g., amrubisin, irinotecan, or etoposide); 
(4) the studies reported at least one primary 
outcome to measure the effect of the treat-
ments. Studies considered ineligible were as 
follows: reviews, conference abstracts, editori-
als, or case reports; researches on SCLC treat-
ed by multi-drug regimen of second-line treat-
ment; articles with a cohort study design; and 
studies with incorrect analysis method or 
unavailable data.

Data extraction

All data were extracted by two authors and 
checked by a third reviewer. Consensus was 
reached through discussion of discrepancies. 
The following data were collected from the 
included studies: the first author’s name, publi-
cation years, locations, study design, sample 
size, disease stage, first- and second-line che-
motherapy regimens, and radiotherapy; The 
clinical outcomes, including: (1) response rate, 
defined as the sum of complete and partial 
response rates according to the Response 
Evaluation Criteria in Solid Tumors [12]; (2) six-
month and one-year overall survival rate (OS), 
defined as the time from random assignment to 
death from any cause, censoring patients who 
had not died at the date last known alive; (3) 
toxicity, defined as Grade 3 and 4 adverse 
events caused by chemotherapy according to 
the National Cancer Institute Common 
Terminology Criteria for Adverse Events [13].

Qualitative evaluation

We used the Newcastle-Ottawa Quality 
Assessment Scale (NOS) to evaluate the quality 
of the randomized controlled trials that were 
included in our meta-analysis [14, 15]. 
According to the NOS, the studies were 
accessed in four broad aspects: selection (four 
criteria, one star for each), comparability (one 
criteria, one star), exposure (one criterion, two 
stars), and outcome (two criteria, one star for 
each). The total score ranged from 0 to 9. 
Articles that garnered five stars or more were 
considered high-quality studies, and only these 
papers were included in our meta-analysis.
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Statistical analysis

The meta-analysis was spontaneously per-
formed using STATA 11.0 (STATA Corporation, 
College Station, TX, USA). The results of each 
randomized controlled trial were treated as 
dichotomous frequency data. For all the out-
comes of interest, event numbers were extract-
ed from each individual study, and odds ratios 
(ORs) and 95% confidence interval (CI) were 
calculated before data pooling. For time-to-
event data, the method proposed by Parmar et 
al. [16] were using to calculate event numbers 
from the survival curves when they were not 
reported. The pooled ORs and 95% CI were 
used to estimate the targeted events of other 

exclusion criteria. The detailed steps of our lit-
erature search are shown in Figure 1. 

All the six articles with a sample size ranged 
from 32 to 637 were published from 2008 to 
2014. Three of them were originated in China 
[23-25], and the rest in Netherlands [20], 
America [21], and Japan [22]. Five of them were 
designed in a phase II study [21-25], and the 
other one was in phase III [20]. Four of the 6 
eligible studies contained both extensive- and 
limited-disease SCLC [20-22, 25], and the 
other two only focused on extensive-disease 
SCLC [23, 24]. All patients in the six studies had 
been treated with first-line platinum-based che-
motherapy, and part of them had experienced 

Figure 1. Flow diagram of study selection process and specific reasons 
for exclusion in the meta-analysis.

single-drug schedules compared 
with topotecan regimen.

Between-study heterogeneity was 
determined by the χ2-based Q sta-
tistic and I2 statistic inconsistency, 
P < 0.05 for χ2 or I2 value of 50% or 
more represented substantial het-
erogeneity [17]. A random-effect 
model based on the method of 
DerSimonian and Laird was 
applied when significant heteroge-
neity existed; otherwise, a fixed-
effect model based on the Mantel-
Haenszel method was used [18].

Sensitivity analysis was conducted 
by removing one individual study 
each time to estimate the robust-
ness of the meta-analysis out-
comes. Visual inspection of a fun-
nel plot, Egger’s linear regression 
test, and Begg’s adjusted rank cor-
relation test were performed to 
assess publication bias [19]. Two-
sided P < 0.05 was considered 
statistically significance.

Results

Eligible studies and main charac-
teristics

A total of 1369 articles were iden-
tified from our network retrieval, 
and only six trials [20-25] with a 
total sample of 893 patients were 
eligible for our meta-analysis 
according to the inclusion and 



Monotherapies in second-line treatment for small cell lung cancer

19692 Int J Clin Exp Med 2015;8(10):19689-19700

Table 1. Main characteristics of the included studies

Author (year) Location Study 
design

No. pts 
(exp/ctr) Disease stage SLT schedules Course of treatment FLT schedules Prior to 

RT (%) Score

von Pawel J (2014) Netherlands Phase III 424/213 extensive, limited AMR 40 mg/m2 IV d1~3, TPT 1.5 mg/m2 IV d1~5, 
21 day for cycle

6 cycles or until PD platinum-based CT 48.0% 7

Jotte R (2011) America Phase II 50/26 extensive, limited AMR 40 mg/m2 IV d1~3, TPT 1.5 mg/m2 IV d1~5, 
21 day for cycle

until PD platinum-based CT NR 6

Inoue A (2008) Japan Phase II 29/30 extensive, limited AMR 40 mg/m2 IV d1~3, TPT 1.0 mg/m2 IV d1~5, 
21 day for cycle

At least 3 cycles or until PD platinum + VP-16 or CPT-11 52.5% 6

Zhu Z (2013) China Phase II 24/22 extensive CPT-11 300mg/m2 IV d1, TPT 1.5 mg/m2 IV d1~5, 
21 day for cycle

2~6 cycles VP-16 + cisplatin NR 5

Zhao ML (2011) China Phase II 22/21 extensive CPT-11 300 mg/m2 IV d1, TPT 1.25~1.5 mg/m2 IV 
d1~5, 21 day for cycle

2~6 cycles VP-16 + platinum 37.2% 6

Liu YY (2013) China Phase II 18/14 extensive, limited VP-16 75 mg/m2 IV d1~5, TPT 1.20 mg/m2 IV 
d1~5, 21 day for cycle

2 cycles VP-16 + platinum NR 5

NR: none reported; exp: experimental group; ctr: contral group; SLT: second line treatment; FLT: first line treatment; IV: intravenously; PD: progressive disease; CT: chemotherapy; RT: radiotherapy; AMR: amrubixin; TPT: topotecan; CPT-11: 
irinotecan; VP-16: etoposide.
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radiotherapy. Three trials used armubisin in the 
observation group as second-line treatment 
[20-22], two used irinotecan [23, 24], and only 
one used etoposide [25]. According to the qual-
ity assessment, all the trials were of high qual-
ity (had scores of five or more).

The main characteristics of the included stud-
ies are listed in Table 1, and the main outcomes 
of the studies through stratification by different 
drug schemes are showed in Table 2.

Pooled outcomes of response rate

The response rates were reported by all of the 
six included trials, which were ranged from 
16.7% to 44.0% in the non-topotecan group, 
and 13.3% to 28.6% in the topotecan group. 
After stratification by different chemotherapy 
regimens, only amrubisin revealed a better 
response rate than topotecan (OR = 2.50; 95% 
CI, 1.72 to 3.62, P = 0.001; fixed-effect model; 
Table 3) with data from 3 trials on 772 patients. 
When irinotecan and etoposide were taken into 
comparison with topotecan, there was no sta-

tistical significance found on the response rate 
(Table 3). No heterogeneity existed among the 
studies for these outcomes. A forest plot for 
response rate in different comparisons of non-
topotecan regimens versus topotecan is shown 
in Figure 2. 

Pooled outcomes of OS

When the studies targeted on six-month or one-
year OS, no significant advantage was shown 
when the other single-drug regimen was used 
in the second-line chemotherapy compared 
with topotecan. No extreme heterogeneity 
existed among these studies for these indexes. 
The main results for these outcomes are 
revealed in Table 3, and forest plots for these 
outcomes in different schedules are shown in 
Figure 3.

Pooled outcomes of toxicity

Considerable variability of grade III/IV toxicity 
during the second-line chemotherapy was 
found among the included trials. In summary, 

Table 2. Main outcomes of the eligible studies

Strategy Study (year)
Response rate 
(events/total) 
(exp vs. ctr)

Six-month OS 
(events/total) 
(exp vs. ctr)

One-year OS  
(events/total) 
(exp vs. ctr)

AMR vs. TPT von Pawel J (2014) 132/424 vs. 36/213 254/424 vs. 128/213 115/424 vs. 53/213
Jotte R (2011) 22/50 vs. 4/26 26/44 vs. 10/19 16/44 vs. 6/19
Inoue A (2008) 11/29 vs. 4/30 18/29 vs. 20/30 7/29 vs. 11/30

CPT-11 vs. TPT Zhu Z (2013) 8/24 vs. 6/22 3/24 vs. 2/22 2/24 vs. 0/22
Zhao ML (2011) 7/22 vs. 6/21 13/22 vs. 11/21 0/22 vs. 1/21

VP-16 vs. TPT Liu YY (2013) 3/18 vs. 2/14 17/18 vs. 12/14 16/18 vs. 11/14
OS: overall survival rate; exp: experimental group; ctr: control group; AMR: amrubixin; TPT: topotecan; CPT-11: irinotecan; VP-
16: etoposide.

Table 3. Main results of the meta-analysis for response rate, six-month OS, and one-year OS
Categories Outcome No. (cases) OR (95% CI) Z P I2 (%) Ph

AMR vs. TPT Response rate 3 (772) 2.50 (1.72~3.62) 4.80 0.001 0.0 0.450
Six-month OS 3 (759) 1.00 (0.74~1.36) 0.01 0.989 0.0 0.834
One-year OS 3 (759) 0.95 (0.68~1.34) 0.28 0.778 0.0 0.490

CPT-11 vs. TPT Response rate 2 (89) 1.25 (0.50~3.10) 0.48 0.630 0.0 0.885
Six-month OS 2 (89) 0.97 (0.37~2.53) 0.06 0.955 42.4 0.188
One-year OS 2 (89) 0.70 (0.11~4.36) 0.38 0.705 33.3 0.221

VP-16 vs. TPT Response rate 1 (32) 1.20 (0.17~8.38) 0.18 0.854 - -
Six-month OS 1 (32) 0.35 (0.03~4.35) 0.81 0.416 - -
One-year OS 1 (32) 0.46 (0.07~3.21) 0.79 0.432 - -

All pooled ORs were derived from fixed-effect model except for cells marked with (randomR). AMR: amrubixin; TPT: topotecan; 
CPT-11: irinotecan; VP-16: etoposide; OS: overall survival rate; OR: odds rate; P: P value for statistical significance based on Z 
test; PH: P value for heterogeneity based on Q test; -: unable to calculate. 
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Figure 2. Forest plots of meta-analysis results 
for response rates. A: Forrest plot to assess the 
response rate when amrubicin vs. topotecan. B: 
Forrest plot to assess the response rate when iri-
notecan vs. topotecan. C: Forrest plot to assess 
the response rate when etoposide vs. topotecan. 
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Figure 3. Forest plots of meta-analysis results for overall survival rate. A: Forrest plot to assess the six-month overall survival rate when amrubicin vs. topotecan. B: 
Forrest plot to assess the one-year overall survival rate when amrubicin vs. topotecan. C: Forrest plot to assess the six-month overall survival rate when irinotecan vs. 
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armubisin showed a significant advantage in 
reducing anemia (OR = 0.48; 95% CI, 0.33 to 
0.68, P < 0.001; fixed-effect model; Table 4), 
neutropenia (OR = 0.63; 95% CI, 0.45 to 0.86, 
P = 0.004; fixed-effect model; Table 4), and 
thrombocytopenia (OR = 0.26; 95% CI, 0.19 to 
0.37, P < 0.001; fixed-effect model; Table 4). 
However, it explored some faults in promoting 
febrile neutropenia (OR = 3.10; 95% CI, 1.49 to 
6.42, P = 0.002; fixed-effect model; Table 4), 
pneumonia (OR = 2.39; 95% CI, 1.04 to 5.49, P 
= 0.040; fixed-effect model; Table 4), and infec-
tions (OR = 1.94; 95% CI, 1.18 to 3.20, P = 
0.009; fixed-effect model; Table 4). When irino-
tecan was used in the second-line treatment of 
SCLC, it protected against leucopenia (OR = 
0.39; 95% CI, 0.15 to 0.98, P = 0.044; fixed-
effect model; Table 4). When etoposide was 
taken into consideration, there was no signifi-
cant difference between the incidences of tox-
icity. No between-study heterogeneity was 
found in the toxicity analyses. A summary of 
WHO grade III or greater drug-related toxicities 
is shown in Table 4.

Sensitivity analysis and publication bias

Sensitivity analyses were performed by individ-
ually removing each trial in one time and esti-
mating the effects of the remaining studies to 
evaluate the robustness of the results. No indi-
vidual study dominated the overall OR estimate 
for response rate, six-month OS or one-year OS. 
The results of Begg’s and Egger’s test provided 
negligible evidence of publication bias for all 
the pooled outcomes. The shapes of funnel 
plots also did not show any obvious asymmetry, 
which indicated that there was no publication 
bias in each test for each endpoint analysis.

Discussion

Although SCLC is sensitive to chemotherapy or 
radiotherapy, most patients suffer from relapse 
within 2 years after the completion of first-line 
therapy because of the emergence of drug-
resistant cancer cells during the induction ther-
apy or the existence of such cells before che-
motherapy [26]. About 80% of limited-disease 
patients and nearly all patients with extensive-
stage disease will develop disease relapse or 

progression, and long-term survival is quite 
uncommon [27]. Without any second-line ther-
apy, most SCLC patients relapse with relatively 
resistant disease share a short OS of only 2-3 
months. Although a large number of chemo-
therapy was evaluated in clinical trials and 
some have shown a promising activity, no evi-
dence-based standard treatment has been 
established for second line chemotherapy in 
this setting [28]. Furthermore, the results of 
second-line chemotherapy against SCLC are 
disappointing, with relatively low response 
rates, brief remissions, and a short survival 
time [29, 30]. Against this background, there is 
a desperate need for the development of novel 
active drugs. Therefore, we conducted a meta-
analysis which is useful to integrate results 
from independent studies for a specified out-
come [31]. 

Topotecan is a semi-synthetic, water-soluble 
analog of camptothecin with specific targeting 
to the nuclear enzyme topoisomerase I. 
Inhibition of topoisomerase I produces irrevers-
ible DNA damage during the course of DNA rep-
lication, which could not be effectively repaired 
in the cells of mammals, and ultimately sup-
press tumor cell proliferation [32]. In 1999, Von 
Pawel et al. [8] conducted the first phase I I III 
study in patients with recurrent SCLC, in which 
CAV regimen were compared. This study 
showed the patients who experienced a symp-
toms improvement in the topotecan arm rather 
than in the CAV arm for four of eight symptoms 
estimated, including dyspnea, anorexia, 
hoarseness and fatigue, as well as interference 
with daily activity. Since then, topotecan is 
used more and more widely all over the world, 
and is proved to the drug with acknowledged 
efficacy in the treatment of SCLC. At present, 
topotecan is approved by more than 30 coun-
tries for the usage in second-line treatment of 
SCLC, including America, Canada, Swiss, and 
China, with a recommended dose of 1.5 mg/
(m2.d), intravenous d1~d5, 21 days for a cycle 
[33]. However, according to the results of cur-
rent researches, topotecan seems to have lim-
ited efficacy in relapse or refractory disease, 
producing overall response rate of 4% to 12%, 
and yields a minimal survival benefit with a 

topotecan. D: Forrest plot to assess the one-year overall survival rate when irinotecan vs. topotecan. E: Forrest plot 
to assess the six-month overall survival rate when etoposide vs. topotecan. F: Forrest plot to assess the one-year 
overall survival rate when etoposide vs. topotecan.
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median survival of 3~5 months [34, 35]. 
Therefore, some other chemotherapy drugs 
have been researched to seek an alternative. 

In this meta-analysis, 6 trials that covered three 
chemotherapeutics were studied as a compari-
son with topotecan. Based on the pooled out-
comes of the published studies, no advantage 
was found in response rate, six-month and one-
year OS, except for amrubicin in the response 
rate. This result indicated that amrubicin had 
demonstrable activity and showed a higher 
response rate comparable to that of topotecan 
in patients with relapse or refractory SCLC. 
Although amrubicin did not show any superiori-
ty in survival according to our meta-analysis, 
but it achieved a high response rate of 46% to 
51% and a relatively long median OS of 9.2 to 
10.3 months in some cohort studies, which 
were noteworthy [26, 36, 37]. Therefore, amru-
bicin is a promising topoisomerase II inhibitor, 
and may be a potential substitute medication 
for topotecan that is active in second-line ther-
apy of SCLC.

Irinotecan is a potent inhibitor of DNA topoi-
somerase I, and has been widely investigated 

in the second-line management of patients 
with extensive stage SCLC [38]. In some phase 
II trials, irinotecan has been reported to be 
active in recurrent patients [38, 39]. However, 
these studies were mainly designed in cohort 
study, and irinotecan was used in combination 
with platinum compounds. Although two RCTs 
were included in our meta-analysis, and the 
pooled outcomes show no significant differ-
ence between irinotecan and topotecan, the 
results should be interpreted by caution, 
because of the small sample size and lack of 
evidence of phase III study. Etoposide was not 
a common therapeutics in second-line treat-
ment of SCLC, of which the published reports 
were rare. At present, there was only one RCT 
reported its clinical effect, so we were failed to 
conduct data synthesis. Therefore, further pro-
spective RCTs are warranted to explore its 
potential efficacy and toxicity in second-line 
therapy of SCLC. 

Toxicity is an important indicator for evaluating 
the safety and tolerance of pharmaceuticals. It 
is acknowledged that the dose-limited toxicity 
of topotecan is mainly myelosuppression [7]. 
From the comparison collected from the eligi-

Table 4. Main results of the meta-analysis for Grade 3~4 toxicity

Strategy Outcomes No. of studies 
(patients) OR (95% CI) P I2 (%) PH

AMR vs. TPT Anemia 3 (736) 0.48 (0.33~0.68) <0.001 0.0 0.607
Leukopenia 2 (677) 0.69 (0.46~1.02) 0.065 0.0 0.447
Neutropenia 3 (736) 0.63 (0.45~0.86) 0.004 37.7 0.201

Thrombocytopenia 3 (736) 0.26 (0.19~0.37) <0.001 40.3 0.187
Febrile neutropenia 3 (736) 3.10 (1.49~6.42) 0.002 0.0 0.496

Dyspnea 2 (677) 0.74 (0.37~1.48) 0.400 0.0 0.363
Fatigue 3 (736) 0.92 (0.57~1.48) 0.727 0.9 0.365

Hyponatremia 2 (677) 0.96 (0.47~1.96) 0.912 0.0 0.719
Pneumonia 3 (736) 2.39 (1.04~5.49) 0.040 0.0 0.804
Infections 3 (736) 1.94 (1.18~3.20) 0.009 0.0 0.656

CPT-11 vs.TPT Leukopenia 2 (89) 0.39 (0.15~0.98) 0.044 0.0 0.974
Anemia 2 (89) 0.95 (0.06~16.28) 0.973 0.0 0.751
Vomiting 2 (89) 0.61 (0.10~3.80) 0.591 0.0 0.683

Delayed diarrhea 2 (89) 1.59 (0.20~12.47) 0.660 0.0 0.588
Fatigue 2 (89) 0.61 (0.10~3.84) 0.597 0.0 0.715

VP-16 vs. TPT Neutropenia 1 (32) 0.71 (0.14~3.56) 0.681 - -
Myelosuppression 1 (32) 0.31 (0.05~2.03) 0.223 - -

Gastrointestinal reaction 1 (32) 4.39 (0.20~99.23) 0.352 - -
All pooled ORs were derived from fixed-effect model except for cells marked with (randomR). AMR: amrubixin; TPT: topotecan; 
CPT-11: irinotecan; VP-16: etoposide; PH: P value for heterogeneity based on Q test; P: P value for statistical significance based 
on Z test; -: unable to calculate.
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ble cases, some toxicity was found to be more 
severe in patients who received the single-
topotecan treatment when compared with 
amrubicin, mainly on hematologic toxicity. By 
contract, amrubicin may increase the incidence 
of nonhematologic toxicity (e.g. febrile neutro-
penia, pneumonia, infection), which is rarely 
happened in the topotecan therapy. However, 
they can be reversed by related symptomatic 
treatment (e.g. prophylactic growth factor, early 
use of antibiotics), and did not lead to a higher 
mortality, which was also supported by the 
composite survival results of our meta-analysis 
[20, 21]. In addition, when irinotecan and eto-
poside were taken into comparison, they did 
not show any advantage in controlling the 
adverse events of monotherapy. To sum up, 
amrubicin showed a safety profile on reducing 
the risk of hematologic toxicity caused by cyto-
toxic drugs. 

There were 6 RCTs included in this meta-analy-
sis, which might with high probability of bias. 
But due to the specificity of tumor chemothera-
py, it is hard to adopt hiding and blinding meth-
od of randomization designed study. Therefore, 
for the clinical researches on treating cancer 
with chemotherapeutics, these RCTs can still 
be regarded as high quality. In addition, some 
limitations exist in this meta-analysis. First, due 
to the small sample size of only six studies with 
a total of 893 patients, the results should be 
interpreted cautiously. Second, our analysis is 
not based on individual patient data (IPD) which 
would give more reliable estimation than one 
based on abstracted data, but is not always 
practical [40]. Therefore, this meta-analysis 
based on published group data may lead to an 
overestimation of treatment effects. Third, the 
therapeutic efficacy of second-line treatment 
for SCLC should be regarded as a comprehen-
sive response of various factors, including 
response to first-line treatment, and time inter-
val between the end of first-line treatment and 
tumor recurrence, residual toxicity to first-line 
therapy and performance status. Unfortunately, 
we were unable to explore this information. 

In conclusion, although the second-line treat-
ment of SCLC has been developed for several 
decades, there is still no approved treatment 
option for it currently. From our data of meta-
analysis based on the current evidence, amru-
bicin seems to be superior to topotecan in 
terms of response rates, with a lower toxicity 
than topotecan, which indicated that amrubicin 

is of high value in clinical application, and may 
be the direction of second-line monotherapy in 
the future. However, a single-drug regimen is 
not “one size fits all” due to the complexity and 
diversity of the clinical patients. Thus, more 
studies are needed to identify the best scheme 
from which specific patients could get the most 
benefit.
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