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ABSTRACT whereas rechallenge with other regimen or lurbinectin is
Introduction: In patients with relapsed SCLC, amrubicin
(AMR) is the current standard treatment in Japan. Never-
theless, its efficacy is not satisfactory and prognosis is poor.
Preclinical study suggested that anthracycline agent might
induce immunogenic cell death and work synergistically
with immune checkpoint inhibitors.

Methods: Patients with relapsed SCLC who relapsed after
completion of platinum-containing regimen were regis-
tered. Patients were treated with pembrolizumab (200 mg,
flat dose on d 1, every 3 wk for 2 y) plus AMR (40 mg/m2

on d 1–3, every 3 wk until progression). Primary end point
was overall response rate (ORR). Secondary end points
consisted of progression-free survival (PFS), overall sur-
vival, and safety. On the basis of the hypothesis that this
treatment will improve ORR from 20% to 40% (0.1 of one-
sided a and power of 0.8), 25 patients are required (trial
identifier: NCT03253068).

Results: Between November 2017 and October 2019, a
total of 25 patients were enrolled. Most participants (88%)
relapsed within 90 days after platinum-containing therapy
and all patients were immune checkpoint inhibitor-naive.
ORR, the primary end point, was 52.0% (95% confidence
interval [CI]: 31.3%–72.2%). Median PFS was 4.0 months
(95% CI: 2.8–7.0 mo), and PFS rate at 1 year was 14.4%.
Median overall survival was 10.6 months (95% CI: 7.3–21.3
mo). Common adverse events greater than or equal to grade
3 were neutropenia (64%), leukopenia (40%), and febrile
neutropenia (16%). No treatment-related deaths occurred.

Conclusions: Among patients with relapsed SCLC, pem-
brolizumab plus AMR was effective and tolerable.

� 2021 The Authors. Published by Elsevier Inc. on behalf of
the International Association for the Study of Lung Cancer.
This is an open access article under the CC BY-NC-ND li-
cense (http://creativecommons.org/licenses/by-nc-nd/
4.0/).

Keywords: Small cell lung cancer; Pembrolizumab; Amrubi-
cin; Refractory
Introduction
SCLC comprises approximately 15% of newly diag-

nosed lung cancer cases, and they are mostly extended
disease at diagnosis.1 SCLC is basically sensitive to first-
line chemotherapy; however, most patients acquire
resistance within 6 months. Prognosis of relapsed SCLC
is poor, and there is no established standard regimen.
National Comprehensive Cancer Network guideline rec-
ommends cytotoxic chemotherapy monotherapy, such as
topotecan or lurbinectin, for patients who relapsed more
than or equal to 6 months after first-line chemotherapy,
recommended for patients who relapsed less than 6
months after first-line chemotherapy.2 Their median
progression-free survival (mPFS) was only several
months.3–5

Amrubicin (AMR) is an anthracycline agent that was
developed in Japan. In a phase 3 trial comparing AMR
with topotecan in relapsed SCLC, AMR significantly
improved overall response rate (ORR) and PFS and
revealed similar overall survival (OS), despite failing to
reveal superiority.6 In a Japanese phase 2 trial for pa-
tients with refractory SCLC, AMR revealed 33% of ORR
and 3.5 months of mPFS.7 Considering its convenient
dosing schedule (d 1–3, every 3 wk), AMR is currently
the only drug that Japanese guideline recommends for
administration in patients with relapsed SCLC.

Immune checkpoint inhibitor (ICI) monotherapy has
revealed modest activity in patients with relapsed SCLC.
In a phase 2 trial (KEYNOTE 028), pembrolizumab
(Pembro) alone had 33% of ORR, but mPFS was only 1.9
months.8 A recent phase 3 trial (CheckMate 331)
compared nivolumab with NGT or AMR and revealed
13.7% of ORR and 1.4 months of mPFS.9 Thus, to
enhance the efficacy of ICI, combination treatment could
be a reasonable approach. Although recent phase 3
studies that combined platinum-doublet chemotherapy
plus ICI in treatment-naive patients with extensive dis-
ease SCLC already revealed extension of OS,10,11 devel-
opment of an active treatment option for relapsed SCLC
is still worth challenging. In addition, preclinical data
suggested the synergistic effect of ICI plus anthracycline
agent.12 Here, we report the result of an open-label,
multi-institutional, single-arm phase 2 study that tested
Pembro plus AMR in patients with pretreated SCLC.
Materials and Methods
Eligibility Criteria

Eligible patients were as follows: (1) those with
pathologically proven SCLC; (2) those with confirmed
radiological relapse with first-line chemotherapy; (3)
those with adequate tumor tissue sample to test pro-
grammed death-ligand 1 (PD-L1) immunohistochem-
istry; (4) those with Eastern Cooperative Oncology
Group performance status 0 to 1; (5) those with
adequate organ function within 7 days before registra-
tion; (6) those with measurable lesion per Response
Evaluation Criteria in Solid Tumors version 1.1; and (7)
those with informed, documented consent to participate
in the study.

Patients were excluded if they had the following: (1)
history of noninfectious pneumonitis that required ste-
roids, currently active pneumonitis, or any evidence of
interstitial lung disease on computed tomography (CT);

http://creativecommons.org/licenses/by-nc-nd/4.0/
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Table 1. Baseline Characteristics

Characteristics N ¼ 25

Age, median (range) 66
(36–80)

Male/female 16/9
Smoker/unknown 24/1
ECOG performance status 0/1 8/17
Previous chemotherapeutic regimen, n (%)

Platinum þ CPT-11 14 (56)
Platinum þ VP-16 13 (52)
CDDP þ CPT-11 followed by experimental drug (ADC) 1 (4)
CBDCA þ VP-16 followed by experimental drug (ADC) 1 (4)

Sensitivity of previous platinum therapy, n (%)
Sensitive (relapsed >90 d of last chemotherapy) 3 (12)
Refractory (relapsed �90 d of last chemotherapy) 22 (88)

Previous radiotherapy, yes/no 3/22
PD-L1 expression on tumor cell or lymphocytes CPS, n

(%)
�1% 19 (76)
<1% or not assessable 6 (24)

PD-L1 expression on lymphocytes TIL, n (%)
3þ 13 (52)
2þ 7 (28)
1 or not assessable 5 (20)

ADC, antibody-drug conjugate; CBDCA, carboplatin; CDDP, cisplatin; CPS,
combined positive score; CPT-11, irinotecan; ECOG, Eastern Cooperative
Oncology Group; PD-L1, programmed-death-ligand 1; TIL, tumor-infiltrating
lymphocyte; VP-16, etoposide.
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(2) history of previous anticancer therapy with an anti–
programmed cell death protein-1, anti–PD-L1, anti–PD-
L2, anti-CD137, anti–CTLA-4 antibody, or other drugs
specifically targeting T-cell co-stimulation or checkpoint
pathways; (3) concomitant systemic steroid therapy less
than or equal to 3 days from registration or receiving
any other form of immunosuppressive medication; (4)
autoimmune disease that has required systemic treat-
ment in the previous 2 years; (5) symptomatic central
nervous system metastases or carcinomatous meningi-
tis; or (6) active hepatitis type B or C.

Outcomes
Primary end point was ORR by investigators. Sec-

ondary end points were PFS, duration of response, OS,
and safety.

Treatment
AMR (40 mg/m2) was administered intravenously

every 3weeks on days 1 to 3. Pembro (200 mg, flat dose)
was administered intravenously every 3 weeks on day 1.
AMR was continued until disease progression or unac-
ceptable toxicity. Pembrolizumab was continued until
disease progression, unacceptable toxicity or up to 2
years.

Assessment
Before registration, all patients had to received

enhanced chest-abdominal CT and enhanced magnetic
resonance imaging of the brain. To evaluate the efficacy,
enhanced chest-abdominal CT was taken every six
weeks. Enhanced magnetic resonance imaging of the
brain was taken every six weeks if the patients had brain
metastases. Tumor assessments were based on
Response Evaluation Criteria in Solid Tumors, version
1.1. Adverse events (AEs) were graded using Common
Terminology Criteria for Adverse Events, version 4.0.

PD-L1 expression was evaluated in formalin-fixed,
paraffin-embedded tumor samples acquired by surgical
resection or biopsy. As the timing of sample collection
was not defined in the protocol, most samples were
obtained at diagnosis. Procedures were centrally pro-
cessed using the 22C3 anti–PD-L1 antibody (proprietary
mouse monoclonal antibody, Merck & Co., Inc., Kenil-
worth, NJ) at QualTek Molecular Laboratories (Goleta,
CA). Samples were considered to be PD-L1 positive if
they exhibited membranous PD-L1 expression on tumor
cells, inflammatory cells (lymphocytes or macrophages),
or the stroma. The combined positive score (CPS) was
the ratio of PD-L1–positive cells (tumor cells, lympho-
cytes, and macrophages) to the total number of tumor
cells multiplied by 100. PD-L1 expression on tumor-
infiltrating lymphocytes (TILs) was evaluated in four
levels (0, 1þ, 2þ, and 3þ). These processes and as-
sessments basically followed the previous report.13

Statistical Analysis
On the basis of the pivotal phase 3 study of AMR in

patients with refractory SCLC,6 the response rate
threshold and expected response rate were set as 20%
and 40%, respectively. Under this assumption, the
required sample size to test the difference in the popu-
lation proportions is 22 (a ¼ 0.10, one-sided and 1-b ¼
0.80). Taking into account the assumption that 10% of
subjects will be ineligible, the sample size in this study
was estimated as 25.

Ethical Considerations
The study is conducted in accordance with the prin-

ciples of the Declaration of Helsinki, and the protocol
was approved by the institutional review board of each
participating institution. Written informed consent was
obtained from all patients before any screening or in-
clusion procedures. This protocol was registered at
ClinicalTrials.gov (identifier: NCT03253068).

Results
Between November 2017 and October 2019, a total

of 25 patients were registered from three Japanese in-
stitutions. At the time of data cutoff, 23 patients

http://ClinicalTrials.gov


Figure 1. (A) Waterfall plot (best percentage change in tumor burden from baseline) and (B) spider plot. Bars and lines
colored blue, light blue, green, or red represent CR, PR, SD, and PD, respectively. CPS score, PD-L1 expression on TIL levels,
and sensitivity to the previous platinum therapy are also described. CPS, combined positive score; CR, complete response; IC,
immune checkpoint; PD, disease progression; PD-L1, programmed death-ligand 1; PR, partial response; SD, stable disease;
TIL, tumor-infiltrating lymphocyte.
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discontinued the study treatment and median follow-up
time was 9.4 months (range: 4.7–24.2 mo). Baseline
patient characteristics are found in Table 1. Median age
was 66 years (range: 36–80), and 16 patients (64%)
were of male sex. Most patients (22 of 25, 88%) relapsed
within 90 days of the last administration of previous
platinum-doublet chemotherapy (¼ refractory relapse).
CPS was positive in 19 patients (76%). Regarding PD-L1
expression on TIL, 13 patients (52%) were assessed as
3þ, seven patients (28%) were 2þ, and five patients
(20%) were as 1þ or not assessable, respectively. At the
data cutoff time, the median number of administration of
the study drugs was four each (range: 1–27). Regarding
AMR, eight patients required dose reduction. Three pa-
tients discontinued study treatment for reasons other
than disease progression.

Waterfall and spider plots are found in Figure 1. One
patient had complete response and 12 had partial
response as their best response. ORR was therefore
52.0% (95% confidence interval [95% CI]: 31.3%–
72.2%), which met the primary end point. mPFS was 4.0
months (95% CI: 2.8–7.0 mo), and PFS rate at 1 year was
14.4% (Fig. 2A). Duration of response was 4.3 months
(95% CI: 1.4–11.0 mo) (Fig. 2B). Median OS was 10.6
months (95% CI: 7.3–21.3 mo), and OS rate at 1 year was
45.2%.

As post hoc analyses, ORR and PFS were evaluated
on the basis of CPS or TIL level. Patients with CPS
greater than or equal to 1% (n ¼ 19) tended to have
better efficacy outcomes than those with CPS less than
1% or not assessable (n ¼ 6); ORR (58% versus 33%),
and mPFS (4.4 mo versus 3.0 mo, hazard ratio [HR] ¼
0.73, 95% CI: 0.25–1.91) (Supplementary Fig. 1A).
Similarly, patients with TIL 3þ (n ¼ 13) had better
ORR and mPFS than those with TIL 1þ, 2þ, or not
assessable (n ¼ 12); ORR (69% versus 33%); and
mPFS (5.5 mo versus 3.0 mo, HR ¼ 0.57, 95% CI: 0.24–
1.34) (Supplementary Fig. 1B).

Hematologic and gastrointestinal AEs were often
observed (Supplementary Table 1). Of 25 patients, 15
(60%) had greater than or equal to grade 3 neutropenia,
three (12%) had grade 3 anemia, and three (12%) had
greater than or equal to grade 3 platelet decrease. Four
patients (16%) had febrile neutropenia. Three (12%)
had pneumonitis, but all were grade 1 or 2. Regarding
immune-related AEs, five patients (20%) had thyroid
disorders and one (4%) had adrenal insufficiency; all
were appropriately treated. There were no treatment-
related deaths.
Discussion
Because of the aggressive phenotype of relapsed

SCLC, development of novel therapeutic regimen has not
been succeeded for a long time. Recently, lurbinectedin,
a novel oncogenic transcriptional inhibitor, revealed
35.2% of ORR and 3.5 months of mPFS,5 which led to
accelerated approval from the U.S. Food and Drug
Administration. Nevertheless, the prognosis still remains
poor and subset analysis revealed declined efficacy
among patients with refractory relapse (22.2% of ORR
and 2.6 mo of mPFS).



Figure 2. Kaplan-Meier curves of (A) progression-free survival and (B) duration of response. No., number.
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Therefore, both rapid and durable responses are
required to develop novel regimen for refractory SCLC,
and ICI plus another agent is a reasonable strategy. Fan
et al.14 reported a single-arm phase 2 trial of camreli-
zumab (anti–programmed cell death protein-1 inhibitor)
plus apatinib (anti-vascular epithelial growth factor re-
ceptor 2 inhibitor) that revealed 34.0% of ORR and 3.6
months of mPFS in 59 Chinese patients with relapsed
SCLC. In their study, efficacy was not diminished among
31 platinum-refractory cases. Our study revealed 52% of
ORR despite 88% of participants having refractory
relapse. More importantly, 14.4% of patients were pro-
gression free at one year, which was superior to that
found in the previous studies of lurbinectedin or
chemotherapy alone (<5%). Similar combination strat-
egy is also tested in another trial (E7389 liposomal
formulation plus nivolumab, NCT04078295).

In contrast, attempts to explore efficient predictive
biomarkers of ICI have been warranted among SCLC.
Unlike other malignancies, the value of PD-L1 expression
or TMB in SCLC has not been clarified. Prospective trials
revealed that CPS score did not predict PFS with Pembro
or nivolumab.9,13 In this study, patients with CPS greater
than or equal to 1% or TIL 3þ tended to have slightly
better outcomes, but not statistically significant. Gay
et al.15 recently proposed four subtypes of SCLC on the
basis of transcription factors and the inflamed subtype
revealed higher sensitivity to ICI plus chemotherapy.
Future prospective studies should consider the valida-
tion of such patient selection.

Hematologic toxicity revealed in this study seemed
to be similar to that with AMR monotherapy conducted
in Japan7; however, it is slightly more severe compared
with pivotal trial conducted in the United States.6 As
found in a previous international study, some racial
differences may have an effect here.16 AEs observed in
this study were basically from either AMR or Pembro
alone, not from additives.

This study has several limitations. On the basis of the
study design, several biases and confounding factors
cannot be eliminated. Nevertheless, the rarity of the
study population allowed us to conduct this study as a
single-arm trial similar to previous trials,5,14 and it was
helpful to evaluate the activity and safety of this regimen
without requiring a lot of patient resources and time.
Second, unavailability of AMR among countries outside
of Japan makes it difficult to expand these results.
Nevertheless, the result encouraged to support the pre-
vious findings of paclitaxel plus Pembro (33% of ORR
and 5.0 mo of mPFS).17 Third, owing to the timing of the
trial planned, we excluded those who received previous
ICI. Thus, we do not know whether Pembro plus AMR is
effective in patients who become resistant to chemo-
therapy plus ICI in their first-line treatment. Although
platinum-doublet plus ICI has become a new first-line
treatment in SCLC,10,11 the actual benefits have been
unsatisfactory. Our data clearly revealed that Pembro
plus AMR is active and tolerable in refractory SCLC, so
this approach should be explored further, for example,
ICI plus another cytotoxic drug combination, such as
topotecan or lurbinectedin, or rechallenge after
platinum-doublet plus ICI.

In conclusion, Pembro plus AMR was effective and
tolerable among patients with relapsed SCLC.
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