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Abstract
This study examined the activity and safety of amrubicin monotherapy among relapsed small-cell lung cancer (SCLC) 
patients who had previously been treated with atezolizumab plus carboplatin and etoposide (AteCE). This retrospective study 
evaluated patients with relapsed SCLC who were treated with previously AteCE combination therapy followed by amrubicin 
monotherapy between August 2019 and May 2021. Clinical efficacy and toxicity were analyzed. Overall, 40 patients were 
included: 12 and 28 patients had sensitive and refractory relapse, respectively. The response rate was 32.5% (25.0% in the 
sensitive group and 35.7% in the refractory group). The median progression-free survival (PFS) and overall survival (OS) 
from the first amrubicin treatment was 3.4 months (95% CI: 1.9–4.9 months) and 9.9 months (95% CI: 4.5–11.5 months), 
respectively. There was no significant between-group difference in median PFS (3.6 months vs. 3.2 months, p = 0.42) or 
median OS (11.2 months vs. 7.3 months, p = 0.78). Grade ≥ 3 hematological adverse events occurred as follows: decreased 
white blood cells in 52.5% of patients; decreased neutrophil count in 57.5%; and febrile neutropenia in 10.0%. Grade 3 
pneumonitis was observed in one patient. There were no treatment-related deaths. Amrubicin is feasible and effective for 
relapsed SCLC patients previously treated with AteCE therapy. Although immune checkpoint inhibitor treatment (ICI) does 
not improve the effect of amrubicin, the toxicity is not increased, suggesting that amrubicin remains effective even after 
ICI administration. Thus, amrubicin after AteCE could be the preferred standard chemotherapeutic choice in patients with 
relapsed SCLC.

Keywords  Amrubicin · Atezolizumab plus carboplatin and etoposide · Immune checkpoint inhibitor · Relapsed small-cell 
lung cancer

Introduction

Lung cancer reportedly accounts for the largest number of 
cancer deaths globally [1]. Small-cell lung cancer (SCLC) 
comprises approximately 15% of all lung cancer cases and 

is an aggressive tumor characterized by prompt doubling 
time, high proliferation fraction, and early development of 
widespread metastases [2, 3]. Approximately two-thirds 
of SCLC cases have extensive disease (ED) at diagnosis, 
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which correlates with poor prognosis [4]. Although most 
SCLC patients respond to initial treatment, long-term sur-
vival is poor. Unfortunately, disease progression or relapse 
is common [5–9]. Until recently, the standard first-line 
treatment for patients with ED-SCLC was combination 
chemotherapy of platinum and etoposide. However, the 
median overall survival (OS) is limited to approximately 
10 months, and OS improvement has not improved in 
more than 20 years [10, 11]. Before the introduction of 
immune checkpoint inhibitors (ICIs), the reported out-
comes of first-line chemotherapy in patients with ED-
SCLC included a median progression-free survival (PFS) 
of 4.3–5.7 months, a median OS of 7.5–10.9 months, and 
an average 5-year survival rate of only 2.8% [11, 12].

Recently, ICIs have brought about survival benefits in 
patients with ED-SCLC [13–16]. Atezolizumab, which is 
a humanized monoclonal anti–programmed death ligand 
1 (PD-L1) antibody, inhibits PD-L1–programmed death 
1 (PD-1) and PD-L1–B7-1 signaling and restores tumor-
specific T-cell immunity [17]. The landmark IMpower133 
trial showed significantly better survival outcomes in ate-
zolizumab plus carboplatin and etoposide (AteCE) therapy 
than in carboplatin and etoposide therapy [13, 14]. Moreo-
ver, durvalumab, another PD-L1 antibody, showed similar 
survival efficacy in the CASPIAN trial [15, 16].

Amrubicin and its active metabolite, amrubicinol, are 
inhibitors of DNA topoisomerase II and exert cytotoxicity 
by stabilizing cleavable complexes via topoisomerase II 
rather than via DNA intercalation. Amrubicinol is 5–100 
times more active than amrubicin [18]. A previous phase III 
trial evaluating the activity of amrubicin in relapsed SCLC 
demonstrated that the overall response rate, PFS, and OS 
were 31.1%, 4.1 months, and 7.5 months, respectively [19]. 
Moreover, the response rate, PFS, and OS were 40.9%, 5.5 
months, and 9.2 months, respectively, for sensitive cases, 
and 20.1%, 2.8 months, and 6.2 months, respectively, for 
refractory cases [19]. The most common adverse event 
(AE) associated with amrubicin administration is myelo-
suppression, such as leukopenia and neutropenia, with non-
hematologic toxicities occurring less frequently [19–26].

Amrubicin monotherapy is an established standard 
second-line chemotherapeutic regimen in patients with 
refractory SCLC [26]. A meta-analysis reported that 
amrubicin monotherapy is effective in both sensitive and 
refractory cases of relapsed SCLC [27]. In patients with 
non-SCLC, overall response rates to cytotoxic single-agent 
chemotherapy after failure of anti-PD1 therapy are higher 
than responses to single-agent chemotherapy without prior 
anti-PD1 therapy [28]. There are also reports of improved 
treatment response of docetaxel plus ramucirumab therapy 
beyond nivolumab administration in pretreated non-SCLC 
[29], supporting the promising efficacy of cytotoxic anti-
cancer drugs after ICIs.

Although systemic treatment consisting of ICIs plus com-
bination chemotherapy with platinum and etoposide is the 
preferred therapeutic treatment for ED-SCLC, the effective-
ness and toxicity of amrubicin in relapsed SCLC patients 
previously treated with AteCE have not been examined. 
Thus, the current study aimed to examine the activity and 
feasibility of amrubicin monotherapy among relapsed SCLC 
patients who have been pretreated with AteCE.

Patients and methods

Study design and patients

This retrospective study evaluated patients with relapsed 
SCLC who previously received AteCE combination treat-
ment followed by amrubicin monotherapy between August 
2019 and May 2021 in one of nine Japanese institutions. The 
eligibility criteria were: unresectable clinical stage (III or 
IV) disease or postoperative recurrence at first-line therapy, 
cytologically or histologically diagnosed SCLC, and first-
line treatment with AteCE combination therapy followed by 
second-line amrubicin monotherapy.

All patients underwent systematic evaluation and standard-
ized staging procedures before treatment. Clinical stage was 
assigned based on the results of physical examination, chest 
radiography, computed tomography (CT) scans of the chest 
and abdomen, CT or magnetic resonance imaging (MRI) of 
the brain, and bone scintigraphy or 18F-fluorodeoxyglucose 
positron emission tomography to assess the TNM stage. Patho-
logical stage III/IV SCLC was determined based on the Union 
for International Cancer Control tumor-node-metastasis (TNM) 
Classification, 8th Edition. Sensitive relapse was defined as 
response to initial anticancer agent treatment and relapse within 
> 90 days beyond cytotoxic drug treatment. Meanwhile, refrac-
tory relapse was defined as no response to initial cytotoxic drug 
treatment or relapse within 90 days.

This study was approved by the Institutional Review 
Board of Saitama Medical University International Medical 
Center (No. 2021–113). All procedures complied with the 
ethical standards of the institutional and/or national research 
committee and with the 1964 Declaration of Helsinki and its 
subsequent amendments, or comparable ethical standards. 
Because this is a retrospective study, informed consent was 
waived.

Treatment and response evaluation

All patients had no history of amrubicin monotherapy, and 
amrubicin was administered intravenously at dose of 25–45 
mg/m2 on days 1 to 3 every 22 or 29 days. Granulocyte 
colony-stimulating factor was administered as prophylaxis 
for neutropenia at the discretion of the attending physician, 
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but administration was not mandatory. Amrubicin mono-
therapy was continued until disease progression, occurrence 
of unacceptable toxicities, or patient refusal. Radiological 
tumor responses were assessed based on best overall treat-
ment response and maximum tumor shrinkage according to 
the Response Evaluation Criteria in Solid Tumors, version 
1.1 [30]. Patients who failed treatment were administered 
subsequent therapy if they wished, including continuation 
of amrubicin monotherapy. Treatment toxicities related to 
amrubicin administration were graded following the Com-
mon Terminology Criteria for Adverse Events (CTCAE ver-
sion 5.0).

Statistical analysis

Statistical analyses were performed using the Fisher’s exact 
test and the Welch’s t-test for categorical and continuous 
variables, respectively. PFS was calculated from the first 
day of treatment until progressive disease or any-cause 
death. OS was calculated from the first day of treatment 
until death or was censored on the date of the last follow-up. 
The Kaplan–Meier method was used to estimate survival as 
a function of time, and survival differences were analyzed 
using log-rank tests. For the univariable and multivariable 
prognostic assessments of several clinical important param-
eters, the Cox proportional hazards regression model was 
used to calculate hazard ratios (HR) and 95% confidence 
intervals (CI). For evaluation of correlation, we used the 
Spearman rank correlation analysis and linear regression 
analysis. Differences were considered significant at a two-
tailed p-value of < 0.05. All statistical analyses were per-
formed using JMP, version 11.0, for Windows (SAS Insti-
tute, Cary, NC, USA).

Results

Patient characteristics

Forty patients were treated with AteCE combination chemo-
therapy followed by amrubicin as second-line chemotherapy. 
Table 1 shows the patient characteristics. Twelve patients 
with sensitive relapse and 28 patients with refractory relapse 
were evaluable for treatment response, survival, and safety. 
The patients were predominantly male (32, 80.0%), and the 
median age at the initiation of amrubicin administration was 71 
years (range, 57–84 years). Performance status (PS) at the time 
of amrubicin initiation was 0–1 in 35 patients (87.5%). The 
median number of prior AteCE cycles was 4 (range, 4–5) in the 
sensitive group and 4 (range, 2–6) in the refractory group. No 
patient in the sensitive group and six patients in the refractory 
group received additional atezolizumab during the course of 
carboplatin and etoposide combination chemotherapy.

Treatment response and delivery

Treatment response and therapeutic delivery according to the 
patient group are shown in Table 2. The overall response and 
disease control rates in the entire cohort were 32.5% (95% 
CI: 20.0–48.0) and 60.0% (95% CI: 44.5–73.6), respectively. 
The response rate was 25.0% (95% CI: 8.2–53.8) in the sen-
sitive group and 35.7% (95% CI: 20.6–54.2) in the refractory 
group. These differences were not significant.

The median number of administration cycles was 3 
(range, 1–14) in the sensitive group and 3.5 (range, 1–13) 
in the refractory group. The most common starting dose was 
35 mg/m2/day for both groups. Dose reduction of amrubicin 
was more frequent at a starting dose of ≥ 40 mg/m2/day than 
at ≤ 35 mg/m2/day (33.3% [3/9] vs. 12.0% [3/25]).

Survival

The median follow-up period in the overall population was 
6.8 months (range, 1.1–15.9 months), and the median PFS 
and OS from the initial amrubicin monotherapy for all 40 
patients was 3.4 (95% CI: 1.9–4.9) and 9.9 months (95% CI: 
4.5–11.5), respectively (Fig. 1a, b). PFS and OS based on 
relapse pattern is demonstrated in Fig. 2a and b, respectively. 
The median PFS was 3.6 months in the sensitive group and 
3.2 months in the refractory group (p = 0.42). The median 
OS was 11.2 months in the sensitive group and 7.3 months 
in the refractory group (p = 0.78). In the univariate analysis, 
PS was an influencing factor of PFS, and the multivariate 
analysis showed that PS at the time of amrubicin administra-
tion was an independent prognostic factor for PFS. Mean-
while, the number of cycles of atezolizumab maintenance 
therapy was a prognostic factor for PFS only in the univari-
ate analysis. For OS, univariate and multivariate analyses 
demonstrated that a PS of 0–1 or ≥ 2 at the initiation of 
amrubicin administration was an independent prognostic 
factor for OS (Table 3).

Figure 3 shows the PFS of AteCE, PFS of amrubicin 
monotherapy, and post-progression survival (PPS) of amru-
bicin monotherapy in the entire cohort. The relationship of 
PFS of amrubicin monotherapy with PFS of AteCE therapy 
and with PPS of amrubicin monotherapy is demonstrated in 
Fig. 4a and b. Spearman’s rank correlation coefficient and 
linear regression revealed that the PFS of AteCE therapy 
was weakly associated with that of amrubicin monotherapy 
(r = 0.38, p = 0.01, R2 = 0.10), whereas the PPS of amru-
bicin monotherapy was not associated with that of amrubicin 
monotherapy (r = 0.06, p = 0.68, R2 = 0.003).

The median PFS of AteCE was 5.1 months (95% CI: 
4.4–5.5) for the entire cohort (Online Resource 1). The 
median OS from the first AteCE combination chemotherapy 
for the entire cohort was 15.4 months (95% CI: 11.3–18.4) 
(Online Resource 2).
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Table 1   Baseline patient characteristics (n = 40)

Characteristic Sensitive group Refractory group Total

Number of patients 12 28 40
Sex
  Male 10 22 32
  Female 2 6 8

Age at the start of AMR, (years)
  Median 71.5 71 71
  Range 57–84 58–82 57–84

Smoking
  Yes 11 27 38
  No 1 1 2

ECOG-PS at the start of AMR
  0 2 7 9
  1 9 17 26
  2 0 4 4
  ≥ 3 1 0 1

Histology
  Small cell carcinoma 12 27 39
  Combined small cell carcinoma 0 1 1

Disease extent
  IV 12 27 39
  Postoperative recurrence 0 1 1

History of postoperative adjuvant chemotherapy
  Yes 0 1 1
  No 12 27 39

Prior therapy
  Atezolizumab plus carboplatin and etoposide alone 12 27 39
  Surgery plus adjuvant chemotherapy followed by atezolizumab plus carbopl-

atin and etoposide
0 1 1

Intracranial metastases at initial treatment
  Yes 3 11 14
  No 9 17 26

Liver metastases at initial treatment
  Yes 4 5 9
  No 8 23 31

Bone metastases at initial treatment
  Yes 5 12 17
  No 7 16 23

Number of cycles prior chemotherapy administered
  Median 4 4 4
  Range 4–5 2–6 2–6

Addition of atezolizumab in the course of carboplatin and etoposide
  Yes 0 6 6
  No 12 22 34

Number of cycles of atezolizumab maintenance therapy administered
  Median 2.5 2 2
  Range 0–12 0–8 0–12

Reason for discontinuation of AteCE administrationa

  Progressive disease 11 26 37
  Adverse events 1 1 2
  Others 0 1 1
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Toxicity

Treatment-related AEs are shown in Table 4. All 40 patients 
were assessed for drug-related AEs. The most common 
treatment-related AE was myelosuppression with 52.5% of 
patients developing a grade 3–4 decrease in white blood cells, 
and 57.5% of patients developing a grade 3–4 decrease in 
neutrophil count. Febrile neutropenia occurred in four patients 

(10.0%). Grade 3–4 anemia occurred in one patient (2.5%), 
and a grade 3–4 decrease in platelet count was observed in 
five patients (12.5%). The rate of non-hematologic AEs was 
low. The occurrence of immune-related AEs was also low. 
The most common grade 3–4 non-hematologic AE was infec-
tion (7.5%). Grade 3 pneumonitis occurred in one patient. 
No cardiotoxicity and treatment-related death was observed.

AMR amrubicin, ECOG-PS Eastern Cooperative Oncology Group-Performance status, AteCE atezolizumab plus carboplatin and etoposide, CR 
complete response, PR partial response, SD stable disease, PD progressive disease, NE not evaluated
a Including atezolizumab maintenance therapy

Table 1   (continued)

Characteristic Sensitive group Refractory group Total

Response to prior treatment
  CR 3 0 3
  PR 7 21 28
  SD 0 6 6
  PD 2 1 3
  NE 0 0 0

Continuing administration of AMR at data cutoff 1 1 2

Table 2   Tumor response to 
therapy and treatment delivery

CR complete response, PR partial response, SD stable disease, PD progressive disease, NE not evaluate, 
95% CI 95% confidence interval
a Comparison between sensitive group and refractory group
b Welch’s t-test

Characteristic Total Sensitive group Refractory group p-valuea

Response
  CR 1 1 0
  PR 12 2 10
  SD 11 2 9
  PD 14 5 9
  NE 2 2 0

Response rate (%) (95% CI) 32.5 (20.0–48.0) 25.0 (8.2–53.8) 35.7 (20.6–54.2) 0.71
Disease control rate (%) (95% CI) 60.0 (44.5–73.6) 41.6 (19.2–68.1) 67.8 (49.2–82.1) 0.16
No. of treatment cycles
  Median 3 3 3.5 0.85b

  Range 1–14 1–14 1–13
Dose (mg/m2 per day)
  25 1 0 1
  30 10 1 9
  35 17 7 10
  40 11 4 7
  45 1 0 1

Dose reduction
Starting dose 25–35 mg/m2 per day
  Yes/no 3/25 1/7 2/18 > 0.99

Starting dose 40–45 mg/m2 per day
  Yes/no 3/9 0/4 3/5 0.49
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Next, we analyzed hematologic AEs according to admin-
istration dose. The grade 3–4 hematologic AEs are shown in 
Table 4. Compared with patients receiving ≥ 40 mg/m2/day, 
patients receiving ≤ 35 mg/m2/day showed lower frequen-
cies of decreased neutrophil count (46.4% vs. 66.6%) and 
decreased white blood cell count (46.4% vs. 66.6%), and 
higher frequencies of anemia (3.5% vs. 0%) and decreased 
platelet count (14.2% vs. 8.3%). Febrile neutropenia devel-
oped in 10.7% and 8.3% of patients receiving ≤ 35 mg/m2/
day and ≥ 40 mg/m2/day, respectively. Hematologic AEs 
developing at a dose of ≤ 35 mg/m2/day were not necessarily 
less frequent than those at ≥ 40 mg/m2/day.

Subsequent treatments

Treatments administered following amrubicin monotherapy 
are shown in Online Resource 3. Among the 35 patients who 
developed disease progression, 15 patients received antican-
cer treatments. For subsequent therapy following progressive 
disease, the most common third-line treatment was topote-
can monotherapy (n = 10; 66.6%) followed by irinotecan 

monotherapy (n = 3; 20.0%). Twenty patients received best 
supportive care alone. Five patients remained on amru-
bicin monotherapy or were off amrubicin monotherapy, but 
showed no evidence of disease progression.

Discussion

In this study, second-line amrubicin monotherapy after 
AteCE combination chemotherapy showed favorable effec-
tiveness and no new safety concerns. Therapeutic choices 
for patients with relapsed SCLC remain limited and unclear. 
Amrubicin is often the treatment of choice for patients with 
refractory or relapsed SCLC, but the clinical effective-
ness and feasibility of amrubicin in patients with relapsed 
SCLC treated with AteCE have not been assessed. To our 
best knowledge, this is the first analysis of the treatment 
effectiveness and feasibility of amrubicin monotherapy for 
relapsed SCLC patients treated with AteCE therapy.

Fig. 2   Survival by relapse group. a The median progression-free sur-
vival (PFS) in the sensitive- and refractory- relapse groups is 3.6 and 
3.2 months, respectively (p = 0.42). b The median overall survival (OS) 
in the sensitive and refractory relapse groups is 11.2 and 7.3 months, 
respectively (p = 0.78)

Fig. 1   Kaplan–Meier analysis of survival in the 40 patients. a Progression-
free survival (PFS) (median: 3.4 months). b Overall survival (OS) (median: 
9.9 months)

n = 40

n = 40

a

b

p = 0.42

p = 0.78

a

b

1071Investigational New Drugs  (2022) 40:1066–1079



Ta
bl

e 
3  

U
ni

va
ria

te
 a

nd
 m

ul
tiv

ar
ia

te
 a

na
ly

se
s f

or
 p

ro
gr

es
si

on
-f

re
e 

su
rv

iv
al

 a
nd

 o
ve

ra
ll 

su
rv

iv
al

B
ol

d-
ty

pe
 p

 v
al

ue
s a

re
 st

at
ist

ic
al

ly
 si

gn
ifi

ca
nt

 (p
 <

 0
.0

5)
PF

S 
pr

og
re

ss
io

n-
fr

ee
 su

rv
iv

al
, O

S 
ov

er
al

l s
ur

vi
va

l, 
H

R 
ha

za
rd

 ra
tio

, 9
5%

 C
I 9

5%
 c

on
fid

en
ce

 in
te

rv
al

, E
C

O
G

-P
S 

Ea
ste

rn
 C

oo
pe

ra
tiv

e 
O

nc
ol

og
y 

G
ro

up
-P

er
fo

rm
an

ce
 st

at
us

, A
te

C
E 

at
ez

ol
iz

um
ab

 
pl

us
 c

ar
bo

pl
at

in
 a

nd
 e

to
po

si
de

, P
R 

pa
rti

al
 re

sp
on

se
, i

rA
E 

im
m

un
e-

re
la

te
d 

ad
ve

rs
e 

ev
en

t

U
ni

va
ria

te
 a

na
ly

si
s

M
ul

tiv
ar

ia
te

 a
na

ly
si

s
U

ni
va

ria
te

 a
na

ly
si

s
M

ul
tiv

ar
ia

te
 a

na
ly

si
s

PF
S

PF
S

O
S

O
S

Fa
ct

or
s

M
ed

ia
n 

PF
S 

(m
on

th
s)

H
R

95
%

 C
I

p-
va

lu
e

H
R

95
%

 C
I

p-
va

lu
e

M
ed

ia
n 

O
S 

(m
on

th
s)

H
R

95
%

 C
I

p-
va

lu
e

H
R

95
%

 C
I

p-
va

lu
e

Se
x   M

al
e/

fe
m

al
e

3.
8/

2.
7

0.
97

0.
42

–2
.6

1
0.

95
9.

9/
8.

3
0.

75
0.

30
–2

.2
7

0.
58

EC
O

G
-P

S
  0

–1
/ ≥

 2
3.

9/
1.

2
0.

11
0.

04
–0

.3
6

0.
00

05
0.

15
0.

05
–0

.4
7

0.
00

21
10

.9
/1

.7
0.

06
0.

01
–0

.2
2

<
 0

.0
00

1
0.

06
0.

01
–0

.2
4

<
 0

.0
00

1
A

ge
 (y

ea
rs

)
  <

 7
0/

 ≥
 7

0
2.

9/
3.

8
0.

96
0.

46
–1

.9
2

0.
92

10
.1

/9
.4

1.
32

0.
61

–2
.7

8
0.

46
Re

la
ps

e 
pa

tte
rn

  S
en

si
tiv

e/
re

fr
ac

to
ry

3.
6/

3.
2

0.
73

0.
32

–1
.5

2
0.

42
11

.2
/7

.3
0.

88
0.

36
–1

.9
7

0.
77

D
os

e 
(m

g/
m

2  p
er

 d
ay

)
  2

5–
35

/4
0–

45
2.

7/
6.

6
1.

87
0.

87
–4

.4
5

0.
10

9.
9/

9.
4

1.
14

0.
50

–2
.9

4
0.

75
N

um
be

r o
f c

yc
le

s o
f a

te
zo

liz
um

ab
 

m
ai

nt
en

an
ce

 th
er

ap
y

  <
 2

/ ≥
 2

1.
7/

4.
4

2.
47

1.
18

–5
.0

1
0.

01
2.

01
0.

92
–4

.2
1

0.
07

5.
3/

9.
9

1.
53

0.
67

–3
.2

9
0.

29
1.

05
0.

42
–2

.4
1

0.
91

Effi
ca

cy
 o

f A
te

C
E

  P
R

/n
on

-P
R

3.
9/

1.
6

0.
47

0.
22

–1
.1

5
0.

09
9.

4/
10

.9
0.

84
0.

36
–2

.2
9

0.
71

Pr
es

en
ce

 o
f i

rA
E 

in
 p

re
vi

ou
s t

re
at

m
en

t
  Y

es
/n

o
3.

9/
3.

0
0.

93
0.

27
–2

.4
3

0.
90

10
.1

/9
.4

0.
81

0.
19

–2
.3

3
0.

72

1072 Investigational New Drugs  (2022) 40:1066–1079



Patients with SCLC are commonly resistant to cytotoxic 
drug chemotherapy beyond the first-line setting, but subse-
quent treatment options are scarce [31]. This study demon-
strated that amrubicin monotherapy after AteCE is effective 
for relapsed SCLC. Amrubicin and topotecan are anticancer 
drugs that have shown clinical benefit in the second-line 
setting [19, 21]. Amrubicin has been evaluated in several 
studies (Table 5); however, there are no reports of amru-
bicin monotherapy after ICIs. The efficacy of the second-line 
treatment usually relies on the responsiveness of the tumor 
to the first-line chemotherapy; that is, whether the tumor is 
sensitive or refractory.

In previous studies, the overall response rate was higher 
in sensitive cases (40.9%–70.6%) than in refractory cases 
(17%–50%). The PFS for sensitive and refractory cases was 
3.2–5.5 months and 1.9–4.0 months, respectively, and the 
OS was 5.5–12.0 months and 4.8–11.0, respectively [19–26, 
32]. In the current study, the response rate was 32.5% for 
all cases, 25.0% for sensitive cases, and 35.7% for refrac-
tory cases. Although the current analysis was a retrospective 
study, the response rate in sensitive cases was inferior to that 
in other reports. However, the response rate in refractory 

cases was similar or better than that in other reports, and the 
response rate was reasonable.

The low response rate in the sensitive group might be 
attributed to the rather small number of cases (n = 12), dif-
ferences in patient characteristics, or other biases. However, 
the PFS and OS in this analysis was not significantly different 
between sensitive and refractory cases. As shown in Table 5, 
the PFS and OS were comparable or better in sensitive and 
refractory cases than in other prospective and retrospective 
studies reported to date. These results indicate that amrubicin 
monotherapy after AteCE can be a helpful chemotherapeutic 
option for chemotherapy-resistant/refractory patients.

In the multivariate analysis of PFS and OS, PS at the 
beginning of second-line amrubicin monotherapy was an 
independent prognostic factor for PFS and OS. Although 
the number of cycles of atezolizumab maintenance therapy 
(< 2/ ≥ 2) was also found to be correlated with PFS in the 
univariate analysis, it was not an independent prognostic 
factor in the multivariate analysis. These findings indicate 
that amrubicin administration might be effective for improv-
ing PFS and OS in refractory or relapsed SCLC patients 
with favorable PS. The Eastern Cooperative Oncology 

Fig. 3   Progression-free survival (PFS) of atezolizumab plus carboplatin and etoposide (AteCE), PFS of amrubicin monotherapy, and post- 
progression survival (PPS) in the overall cohort (n = 40)

1073Investigational New Drugs  (2022) 40:1066–1079



Group-Performance Status, a subjective scoring system that 
assesses the general condition of cancer patients, has been 
reported to be a strong prognostic predictor, showing inde-
pendent correlations with PFS and OS [33].

The current analysis confirms that PS is a strong prognos-
tic factor, as reported in previous investigations [33], sug-
gesting that our study population reflects the general patient 
population. The present analysis did not identify the com-
monly reported relapse pattern (sensitive/refractory) as an 
independent prognostic factor for either PFS or OS. However, 
the median PFS and OS of the sensitive group were longer 
than those of the refractory group, although the difference 
was not significant (Fig. 2). This result may be due to the 
small number of cases in both groups. Moreover, prior to the 
era of ICIs in SCLC, patients who respond to initial pharma-
cotherapy and have a long interval between completion of 
initial therapy and relapse (usually ≥ 60–90 days) are often 
defined as having “sensitive relapse,” while others are defined 
as “refractory relapse.” Sensitive relapse patients respond 
better to pharmacotherapy at relapse and survive longer [34, 
35]. However, it may be necessary to re-evaluate the criteria 
for sensitive or refractory relapse after the use of ICIs.

A randomized phase III trial (GFPC01-13) compared 
oral topotecan monotherapy with carboplatin and etoposide 

(platinum re-administration) in patients with sensitive relapse 
after platinum and etoposide therapy. The primary endpoint 
of PFS was significantly longer in the carboplatin and etopo-
side group (median: 4.7 months vs. 2.7 months, HR: 0.57, 
90% CI: 0.41–0.73, p = 0.0041) [36]. In the current analysis, 
it might be possible that platinum re-administration may have 
been the treatment of choice in sensitive relapse cases in the 
participating institutions, resulting in a relative paucity of 
amrubicin monotherapy. In addition, univariate analysis dem-
onstrated that PFS was better in the group with more frequent 
atezolizumab maintenance therapy (≥ 2).

Although multivariate analysis showed no significant 
difference in the number of cycles of atezolizumab main-
tenance treatment, there was a weak correlation between 
the PFS of AteCE and that of amrubicin monotherapy 
(Fig. 4a). The results suggest that a longer PFS with AteCE 
also results in a longer PFS for amrubicin monotherapy. Pre-
clinical data suggests that anthracyclines (e.g., amrubicin) 
as anticancer agents can induce immunogenic cell death in 
sensitive human tumor cells [37]. However, there are no 
clinical data reporting the efficacy of anthracyclines (e.g., 
amrubicin) after ICIs.

As shown in Online Resource 2, the OS from initiation of 
AteCE was 15.4 months, which compares favorably with the 

Table 4   Patients with amrubicin 
treatment-related adverse events 
(CTCAE v5.0)

CTCAE Common Terminology Criteria for Adverse Events

Event Grade 3 Grade 4 Grade 5 ≥ Grade 3 %

White blood cell decreased
  Total 13 8 - 21 52.5
  Dose of 25–35 mg/m2/day 7 6 - 13 46.4
  Dose of 40–45 mg/m2/day 6 2 - 8 66.6

Neutrophil count decreased
  Total 9 14 - 23 57.5
  Dose of 25–35 mg/m2/day 6 9 - 15 53.5
  Dose of 40–45 mg/m2/day 3 5 - 8 66.6

Anemia
  Total 1 0 0 1 2.5
  Dose of 25–35 mg/m2/day 1 0 0 1 3.5
  Dose of 40–45 mg/m2/day 0 0 0 0 0

Platelet count decreased
  Total 3 2 - 5 12.5
  Dose of 25–35 mg/m2/day 3 1 - 4 14.2
  Dose of 40–45 mg/m2/day 0 1 - 1 8.3

Febrile neutropenia
  Total 4 0 0 4 10
  Dose of 25–35 mg/m2/day 3 0 0 3 10.7
  Dose of 40–45 mg/m2/day 1 0 0 1 8.3

Malaise 1 - - 1 2.5
Pneumothorax 0 1 0 1 2.5
Infection 3 0 0 3 7.5
Pneumonitis 1 0 0 1 2.5
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OS in previous phase III trials [13, 14]. A previous report 
described that PPS has a greater effect on OS than om PFS 
in refractory SCLC patients who have received second-line 
amrubicin monotherapy [38]. As shown in Fig. 3 and Online 
Resource 1, 15 patients received amrubicin monotherapy 
followed by anticancer drug therapy and 20 patients received 
best supportive care alone. Topotecan was the most common 
treatment administered after third-line treatment, followed 
by irinotecan. Given that etoposide was used for first-line 
treatment in all patients, it will be necessary to examine the 
impact of these cytotoxic drug agents on anticancer drug 
treatment after AteCE combination therapy.

Results of a single-arm phase II trial of pembrolizumab, 
an ICI, in combination with amrubicin in patients with 
relapsed SCLC were recently reported [39]. Patients had not 
received any prior ICIs, but the response rate was 52.0%, the 

median PFS was 4.0 months, and the median OS was 10.6 
months. Additionally, the common grade ≥ 3 AEs were neu-
tropenia (64%), leukopenia (40%), and febrile neutropenia 
(16%). This report was focused on a regimen of pembroli-
zumab combined with amrubicin at the time of relapse, and 
the results showed it was effective and well-tolerated. In the 
future, it will be necessary to consider whether the treatment 
strategy for SCLC should be platinum combination chemo-
therapy with ICIs followed by cytotoxic anticancer agents or 
platinum combination chemotherapy followed by ICIs and 
cytotoxic anticancer agents such as amrubicin.

The adverse event profile of amrubicin monotherapy after 
AteCE noted in the current investigation indicates the feasibil-
ity of this modality, similar to previous phase II and III stud-
ies in which myelosuppression was observed as the common 
AE [19–21, 24–26]. Furthermore, there were no immune-
related AEs which are characteristic of amrubicin toxicity 
after ICI use. The hematologic toxicities that developed were 
manageable AEs. Overall, non-hematologic AEs were mild. 
Furthermore, no new adverse event symptoms were observed 
with amrubicin monotherapy, even after AteCE combination 
therapy, and no immune-related AEs occurred. The frequency 
of grade ≥ 3 white blood cell count decrease and neutrophil 
count decrease was higher at a dose of ≥ 40 mg/m2/day than 
at a dose of ≤ 35 mg/m2/day. Moreover, dose reduction was 
more common at a dose of 40 mg/m2/day (Table 2).

As shown in the univariate and multivariate analyses, 
the initial dose (25–35 or 40–45 mg/m2/day) was not an 
independent prognostic factor influencing PFS and OS 
(Table 3). A previous report suggested that among patients 
with relapsed SCLC, those treated with amrubicin 35 mg/
m2 attain comparable clinical benefit, but with less toxicity, 
than those treated with amrubicin 40 mg/m2 [32]. Therefore, 
in patients with relapsed SCLC, treatment with amrubicin ≤ 
35 mg/m2/day may have comparable effects with less toxic-
ity than treatment with ≥ 40 mg/m2/day or more. Therefore, 
the optimal dose of amrubicin monotherapy after AteCE 
combination therapy cannot be determined at this time, but 
it may not necessarily be > 40 mg/m2/day. This is an issue 
for further investigation. Pneumonitis was observed in one 
patient, but this patient recovered with steroid administra-
tion. No treatment-related death occurred. These findings 
indicate that with respect to toxicity, amrubicin monotherapy 
after AteCE is feasible for relapsed SCLC.

This study had some limitations. First, this was a ret-
rospective study with a small sample size, and larger pro-
spective studies are needed to validate our findings. Second, 
treatment with anticancer agents was reduced, skipped, or 
delayed at the discretion of the treating physician. However, 
we included all consecutive patients treated at the study 
sites to reduce this bias to the greatest extent possible, 
and the clinical charts were thoroughly reviewed. Third, 
the use of AteCE combination chemotherapy for first-line 

Fig. 4   Correlation of progression-free survival (PFS) with amrubicin 
(AMR). a Correlation of PFS with atezolizumab plus carboplatin and 
etoposide (AteCE). b Correlation of post-progression survival with 
AMR

* The r values represent Spearman’s rank correla on coe nt
** The R2 values represent regress n

n = 40
r = 0.38*, p = 0.01
R2 = 0.10**

* The r values represent Spearman’s rank correla on coe nt
** The R2 values represent regress n

n = 40
r = 0.06*, p = 0.68
R2 = 0.003**

a

b
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chemotherapy and amrubicin monotherapy for second-line 
chemotherapy was decided by the treating physician. These 
decisions could have introduced selection bias, which is an 
inherent limitation of retrospective studies. The possibility 
that this may have affected survival could not be ruled out.

In conclusion, amrubicin might be an effective and feasi-
ble treatment choice for patients with relapsed SCLC treated 
with AteCE therapy. Although ICI administration does not 
improve the effect of amrubicin, it did not enhance toxic-
ity. This indicates that amrubicin is still effective in patients 
with relapsed SCLC, even after ICI administration. These 
findings may provide a new direction in the drug treatment 
of patients with refractory or relapsed SCLC.
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