
Abstract. Background/Aim: To evaluate treatment efficacy
of cisplatin, etoposide, and irinotecan combined therapy
(PEI), platinum-rechallenge chemotherapy (Pt-Re) and
amrubicin monotherapy (AMR) for patients with sensitive
relapsed small cell lung cancer (SCLC). Patients and
Methods: We defined sensitive relapse as treatment-free
interval (TFI) ≥90 days. We retrospectively collected
patients’ data from medical records between September 2002
and December 2016. Patients with sensitive relapsed SCLC
who received second-line chemotherapy were separated into
those treated with PEI, with Pt-Re, or with AMR. Results:
Seventy-one patients (16 PEI group, 27 Pt-Re group, and 28
AMR group) were assessable for efficacy. No significant
differences in patient characteristics were found among the
three groups. The median overall survival (MST) was 29.3
months in the PEI group, 24.6 months in the Pt-Re group,
and 20.6 months in the AMR group (p=0.042). Conclusion:
A significant difference was observed in the overall survival
of patients treated with PEI, Pt-Re and AMR and the MST of
PEI was the longest.

Lung cancer is the most common cause of cancer-related
death. Small-cell lung cancer (SCLC) is one of the major
histological types of lung cancer and strongly associated with

smoking. Although the number of smokers is decreasing,
SCLC still accounts for approximately 12% of lung cancers
(1). About 80% of limited-disease patients and almost all
patients with extended disease will develop disease relapse
or progression after first-line treatment (2). Without second-
line chemotherapy, the median survival time (MST) is 2 to
4 months (3). 

The efficacy of second-line chemotherapy differs
depending on the treatment-free interval (TFI), which is the
time from the end of first-line treatment to progression.
Patients with relapsed SCLC are thus conventionally
separated into those with sensitive relapse and those with
refractory relapse according to the TFI. It was shown that, in
cases with refractory relapsed SCLC, second-line
chemotherapy had lower efficacy than in sensitive relapsed
SCLC (1, 4, 5). In 2006, the results of a phase III trial
comparing oral topotecan with best supportive care (BSC)
were reported (6). The MST was 25.9 weeks for patients
receiving topotecan and 13.9 weeks for those receiving BSC
(HR=0.64; 95%CI=0.45-0.90; p=0.0104). Thereafter, there
was no drug showing efficacy compared with BSC. There is
also still limited clinical evidence regarding second-line
chemotherapy for patients with sensitive relapsed SCLC and,
until recently, topotecan was the only drug available for the
treatment of such patients. 

In 1987, two studies showed the efficacy of retreatment
with an induction regimen (7, 8). Although the induction
regimens in these studies were CAV (cyclophosphamide,
doxorubicin, vincristine) and CDE (cyclophosphamide,
doxorubicin, etoposide), patients with sensitive relapsed
SCLC have a good chance of responding to rechallenge
chemotherapy. Based on these reports, several sets of
guidelines recommend rechallenge chemotherapy for patients
with sensitive relapsed SCLC. However, no phase III trial of
rechallenge chemotherapy had been performed and there was
almost no evidence regarding rechallenge chemotherapy. An
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exception to this is the finding that amrubicin showed
response rates of 44% to 53% for patients with sensitive
relapsed SCLC in two phase II trials (9, 10). In addition, in
2014, a phase III trial comparing amrubicin with topotecan
was reported (11). However, in that trial, amrubicin did not
improve survival compared with topotecan (MST was 7.5
months with amrubicin versus 7.8 months with topotecan,
HR=0.880; p=0.170). 

A phase III trial comparing cisplatin, etoposide, and
irinotecan combined therapy (PEI) with topotecan for
patients with sensitive relapsed SCLC was reported in 2016
(JCOG 0605) (12). PEI significantly prolonged survival
compared with topotecan (MST was 18.2 months with PEI
versus 12.5 months with topotecan, HR=0.67; p=0.0079); as
a result, PEI became the standard second-line chemotherapy
for patients with sensitive relapsed SCLC. However, the
treatment schedule of PEI is complicated, so it has rarely
been applied in a clinical setting. Instead of PEI, platinum-

rechallenge chemotherapy (Pt-Re) or amrubicin monotherapy
(AMR) is often used in the clinical setting in Japan, although
there is little evidence supporting the efficacy of this.
Because no study comparing PEI with Pt-Re or AMR has
been performed, here, we retrospectively analyzed the
efficacy of second-line chemotherapy for patients with
sensitive relapsed SCLC.

Patients and Methods

We retrospectively collected data on consecutive patients with
SCLC treated with second-line chemotherapy between September
2002 and December 2016 from the medical records of Shizuoka
Cancer Center. The recruitment criteria for this study were as
follows: 1) histologically or cytologically confirmed SCLC, 2)
sensitive relapse after one previous chemoradiotherapy or
chemotherapy regimen, 3) under 75 years old, and 4) no interstitial
lung disease. In this study, we defined TFI as the period from the
date of completion of first-line treatment to the first relapse and
defined sensitive relapse as TFI ≥90 days, in accordance with the
definition in several previous trials (11, 13, 14). Patients included
in our study were separated into those treated with PEI (PEI group),
those with Pt-Re (Pt-Re group), or those with AMR (AMR group).

We evaluated the tumor response to chemotherapy in accordance
with the Response Evaluation Criteria in Solid Tumors by
performing computed tomography of the chest and abdomen,
magnetic resonance imaging of the head, a bone scintiscan, or
positron emission tomography–computed tomography (15). All
categorical variables were analyzed by χ2 test or Fisher’s exact test,
as appropriate. Clinical evaluation of progression-free survival
(PFS) and overall survival (OS) after the start of second-line
chemotherapy was conducted by the Kaplan-Meier method to assess
the time of recurrence or death. The log-rank test was used to
compare cumulative survival in each group. We assessed toxicity
using the National Cancer Institute Common Toxicity Criteria,
version 4.0. All p-values are reported as two-sided, and values <0.05
were considered statistically significant. Statistical analyses were
performed using JMP version 9.0 (SAS Institute Inc., Cary, NC,
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Table I. Characteristics of sensitive relapse* of SCLC patients in the
three groups.

                                        PEI group   Pt-Re group  AMR group  p-Value
                                          (n=16)          (n=27)           (n=28)

Age at second-line 
chemotherapy (years)                                                                       0.598
   Median                               62                 66                  64                 
   Range                              53-74            51-73             43-74              
Gender, n (%)                                                                                   0.133
   Male                             15 (94%)      19 (70%)       19 (68%)           
   Female                            1 (6%)         8 (30%)         9 (32%)            
PS at second-line 
chemotherapy, n (%)                                                                        0.388
   0-1                               16 (100%)     24 (89%)       26 (93%)           
   2-4                                  0 (0%)         3 (11%)          2 (7%)             
Smoking index                                                                                 0.539
   <400                            16 (100%)     25 (93%)       26 (93%)           
   ≥400                               0 (0%)          2 (7%)           2 (7%)             
Disease extent at 
diagnosis, n (%)                                                                               0.741
   LD                                 7 (44%)       12 (44%)       15 (54%)           
   ED                                 9 (56%)       15 (56%)       13 (46%)           
Response to first-line 
therapy, n (%)                                                                                   0.438
   CR/PR                         16 (100%)     26 (96%)      28 (100%)          
   SD                                   0 (0%)          1 (4%)           0 (0%)             
Treatment-free 
interval (months)                                                                              0.177
   Median                              146               201                147                
   Range                            106-637        94-1176          90-361             

*Defined as TFI ≥90 days. SCLC: Small-cell lung cancer; PEI:
cisplatin, etoposide, and irinotecan combined therapy; Pt-Re: platinum
rechallenge; AMR: amrubicin; PS: performance status; LD: limited
disease; ED: extended disease; CR: complete response; PR: partial
response; SD: stable disease; TFI: treatment-free interval.

Table II. Response to second-line chemotherapy in the three groups.

                                                PEI group      Pt-Re group    AMR group 
                                                   (n=16)              (n=27)              (n=28)

Response, n (%)                                                                             
  CR                                            2 (13%)           1 (4%)             0 (0%)
  PR                                          11 (68%)         12 (44%)         11 (39%)
  SD                                            2 (13%)           7 (26%)           9 (32%)
  PD                                            0 (0%)             4 (15%)           7 (25%)
  NE                                            1 (6%)             3 (11%)           1 (4%)
Overall response rate (%)        81%                 48%                 39%
p-Value                                        0.128                                          

PEI: Cisplatin, etoposide, and irinotecan combined therapy; Pt-Re:
platinum rechallenge; AMR: amrubicin; CR: complete response; PR:
partial response; SD: stable disease; PD: progressive disease; NE: not
evaluable.



USA) and EZR. Our study was approved by the Institutional
Review Board of Shizuoka Cancer Center.

Results

A total of 71 SCLC patients who were treated between
September 2002 and December 2016 were included in this
study. Sixteen patients were included in the PEI group, 27 in
the Pt-Re group, and 28 in the AMR group. The patient
characteristics are listed in Table I. No significant differences
in age, gender, ECOG performance status at second-line
chemotherapy, smoking index, disease extent at diagnosis,
response to first-line treatment, and treatment-free interval
were found among the three groups.

The overall response rate was 81% in the PEI group, 48%
in the Pt-Re group, and 39% in the AMR group (Table II).
There was no significant difference in overall response rate
among the three groups (p-value=0.128). Median progression-
free survival was 5.2 months (95%CI=4.3-6.7 months) in the
PEI group, 5.5 months (95%CI=3.4-6.1 months) in the Pt-Re

group, and 4.3 months (95%CI=2.2-5.5 months) in the AMR
group, which did not differ significantly (p-value=0.541)
(Figure 1). However, MST differed significantly among the
three groups (23.4 months (95%CI=11.1-28.6 months) in the
PEI group, 14.2 months (95%CI=6.4-25.6 months) in the Pt-
Re group, and 11.5 months (95%CI=6.7-15.4 months) in the
AMR group; p-value=0.047) (Figure 2). 

Toxicity was evaluated in all patients (Table III). The only
grade 3 or worse hematological toxicity that showed a significant
difference in prevalence among the three groups was
thrombocytopenia (38% in the PEI group, 37% in the Pt-Re
group, and 18% in the AMR group; p-value was 0.0002). There
were no statistically significant differences in leukopenia,
neutropenia, anemia, and febrile neutropenia. The only non-
hematological toxicity of any grade was diarrhea (63% in the
PEI group, 33% in the Pt-Re group, and 14% in the AMR group;
p-value was 0.005). There were no statistically significant
differences in appetite loss, nausea, vomiting, constipation,
fatigue, pneumonia, infection, AST increase, ALT increase, blood
bilirubin increase, and creatinine increase among the groups.
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Figure 1. Progression-free survival of the three treatment groups.



Discussion

In this study, we retrospectively assessed the efficacy of second-
line chemotherapy in patients with sensitive relapsed small-cell
lung cancer. The results showed that PEI significantly prolonged
survival compared with Pt-Re therapy and AMR monotherapy.
Few studies assessing the efficacy of second-line chemotherapy
including PEI have previously been performed.   

Until recently, topotecan was the only drug showing
efficacy compared with BSC and the only drug for the
treatment of patients with sensitive relapsed SCLC.
However, in 2016, a phase III trial comparing PEI with
topotecan for patients with sensitive relapsed SCLC was
reported (12). In this trial, PEI significantly prolonged
overall survival compared with topotecan; however, the
treatment schedule of PEI is complicated, so PEI is rarely
applied in a clinical setting. Instead of PEI, Pt-Re and AMR
are often used in Japan, but little evidence on their efficacy
for patients with sensitive relapsed SCLC has been reported. 

Few studies have assessed the efficacy of Pt-Re; the
induction regimens described in previous reports were CAV or
CDE, which are currently not used as standard. We reported the
efficacy of rechallenge chemotherapy in patients with sensitive
relapsed SCLC (16). Sixty-five patients were retrospectively
assessed in terms of the efficacy and adverse events. There was
no significant difference in OS between the rechallenge group
and the other regimen group (MST: rechallenge group, 14.4
months, other group, 13.1 months; p=0.51). We thus concluded
that rechallenge chemotherapy is not superior to other
chemotherapies. In 2015, Genestreti et al. reported the efficacy
of platinum and etoposide (17). In this report, ORR was 45%
and PFS was 5.5 months. Moreover, in the same year, a
randomized phase II trial (NEJ 0702) that assessed the efficacy
of Pt-Re and AMR for patients with sensitive relapsed SCLC
was reported (18), the primary endpoint of which was the
objective response rate. In this trial, an objective response rate
of 30% was set as the lower limit of interest. The results showed
that the objective response rate was 67% (90% confidence
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Figure 2. Overall survival of the three treatment groups.



interval=52%-83%) in the AMR cohort and 43% (90%
confidence interval=28%-58%) in the Pt-Re group. Only when
amrubicin was administered was the primary endpoint reached. 

In the present study, we also assessed the toxicities of three
regimens. The only toxicity showing a significant difference
among the three groups was thrombocytopenia. Although
febrile neutropenia was identified at a rate of 31.1% in the PEI
group in the JCOG 0605 trial, only 13% of the PEI group
developed febrile neutropenia in our study. There was no
significant difference in the rate of febrile neutropenia among
the three groups and 19% of the Pt-Re group developed febrile
neutropenia. There was no statistically significant difference
among the three groups regarding non-hematological
toxicities, with the exception of diarrhea. As PEI is triplet
therapy, it is associated with concerns about toxicity, but these
are assuaged by the almost complete lack of significant
differences in toxicity among the groups in this study.

Our study had several limitations. First, the sample size was
small. However, because few studies in this field had
previously been performed, we considered that the assessment
of 71 patients with sensitive relapsed SCLC, including those
undergoing PEI therapy as performed here, is valuable.

Second, the timing of response assessment was decided by
each physician, which might have resulted in variance of ORR
and PFS. Finally, we did not assess the patients’ quality of life.
However, there were almost no significant differences in
hematological and non-hematological toxicities among the
three groups. 

In conclusion, this study revealed significant differences
in the overall survival and that the MST of PEI was longest
when comparing the three treatments. Moreover, hardly any
differences in toxicities were identified among the
treatments. These findings suggest that PEI should be
performed in selected cases. 
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Table III. Adverse events associated with second-line chemotherapy.

Toxicity                                              PEI group (n=16)                         Pt-Re group (n=27)                             AMR group (n=28)                           

                                                               Grade (n, %)                                  Grade (n, %)                                        Grade (n, %)                         p-Value*

Hematological                               Any                      ≥3                       Any                       ≥3                         Any                         ≥3                           

Leukopenia                              15 (94%)               9 (56%)              26 (96%)            19 (70%)                26 (93%)               16 (57%)                0.520
Neutropenia                             14 (88%)             10 (63%)              26 (96%)            23 (85%)                26 (93%)               16 (57%)                0.065
Thrombocytopenia                   12 (75%)               6 (38%)              22 (81%)            10 (37%)                16 (57%)                 5 (18%)                0.0002
Anemia                                     16 (100%)           10 (63%)              23 (85%)              4 (15%)                22 (79%)                 3 (11%)                0.218
Febrile neutropenia                    2 (13%)               2 (13%)                5 (19%)              5 (19%)                  2 (7%)                   2 (7%)                  0.448
                                                                                                                                                                                                                                         
                                                               Grade (n, %)                                  Grade (n, %)                                        Grade (n, %)                                 

Non-hematological                        Any                      ≥2                       Any                       ≥2                         Any                         ≥2                           

Appetite loss                            10 (63%)               3 (19%)              17 (63%)              2 (7%)                  14 (50%)                 5 (18%)                0.566
Nausea                                        5 (31%)               1 (6%)                  8 (30%)              3 (11%)                  7 (25%)                 0 (0%)                  0.886
Vomiting                                     1 (6%)                 0 (0%)                  5 (19%)              1 (4%)                    1 (4%)                   0 (0%)                  0.153
Diarrhea                                   10 (63%)               4 (25%)                9 (33%)              1 (4%)                    4 (14%)                 0 (0%)                  0.005
Constipation                               8 (50%)               1 (6%)                  8 (30%)              3 (11%)                  4 (14%)                 1 (4%)                  0.040
Fatigue                                       7 (44%)               1 (6%)                12 (44%)              3 (11%)                  9 (32%)                 1 (4%)                  0.600
Pneumonia                                 0 (0%                   0 (0%)                  4 (15%)              4 (15%)                  4 (14%)                 4 (14%)                0.269
Infection                                     2 (13%)               2 (13%)                2 (7%)                2 (7%)                    2 (7%)                   2 (7%)                  0.803
AST increase                             1 (6%)                 0 (0%)                  3 (11%)               0 (0%)                    3 (11%)                 1 (4%)                  0.859
ALT increase                              2 (13%)               1 (6%)                  4 (15%)              2 (7%)                    6 (21%)                 1 (4%)                  0.700
Blood bilirubin increase            0 (0%)                 0 (0%)                  3 (11%)               0 (0%)                    5 (18%)                 1 (4%)                  0.197
Creatinine increase                    4 (25%)               0 (0%)                  6 (22%)              1 (4%)                    5 (18%)                 2 (7%)                  0.842

*Above grade 3 for hematological toxicity and any grade for non-hematological toxicity. PEI: Cisplatin, etoposide, and irinotecan combined therapy;
Pt-Re: platinum rechallenge; AMR: amrubicin; AST: aspartate aminotransferase; ALT: alanine aminotransferase.
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