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G R A P H I C A L A B S T R A C T
� Anlotinib plus penpulimab shows prom-
ising anti-cancer activity and acceptable
safety profile in the 2nd-line treatment
of small cell lung cancer (SCLC).

� Patients who underwent the anlotinib
plus penpulimab regimen had an objec-
tive response rate (ORR) of up to 42.1%
(95% confidence interval [CI]:
17.7–66.6%), a median progression-free
survival (PFS) of 4.8 months (95% CI:
2.9–11.3 months), and a median overall
survival (OS) of 13.0 months (95% CI:
4.6–not applicable [NA] months).

� The anlotinib plus penpulimab regimen
warrants further investigation for the
treatment of patients with stage SCLC
who progressed after first-line platinum-
based chemotherapy.
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Background: Currently, the need for new therapeutic strategies involving programmed cell death protein-1 (PD-1)
monoclonal antibodies in the second-line setting of small cell lung cancer (SCLC) is urgent. This study aimed to
evaluate the efficacy and safety of anlotinib plus penpulimab as a second-line treatment for patients with SCLC
who progressed after first-line platinum-based chemotherapy.
Methods: This study included the patients from Cohort 4 of a single-arm, open-label, multicenter, phase II clinical
trial. A safety run-in phase was performed under anlotinib (10/12 mg quaque die [QD], days 1–14) plus penpulimab
(200 mg intravenously [IV], day 1) in a 21-day cycle, followed by the formal trial in which the patients received
anlotinib (12mgQD, days 1–14) plus penpulimab (200mg IV, day 1) in a 21-day cycle. The primary endpoint of the
safety run-in phasewas safety. The primary endpoint of the formal trial phasewas the objective response rate (ORR).
Results: From April 28, 2020, to November 24, 2020, 21 patients were enrolled from 11 hospitals, including 2 in
the safety run-in phase and 19 in the formal trial phase. In the formal trial phase, the ORR was 42.1% (8/19; 95%
confidence interval [CI]: 17.7–66.6%). The median progression-free survival was 4.8 months (95% CI: 2.9–11.3
months), and the median overall survival was 13.0 months (95% CI: 4.6–not applicable [NA] months). The
incidence of �grade 3 treatment-related adverse events (TRAEs) was 52.4% (11/21), and the incidence of
treatment-related serious adverse events (AEs) was 28.6% (6/21). Two AE-related deaths occurred. The most
common AEs were hypertension (57.1%, 12/21), hypothyroidism (42.9%, 9/21), and hypertriglyceridemia
(38.1%, 8/21).
Conclusions: In patients with SCLC who progressed after first-line platinum-based chemotherapy, the second-line
anlotinib plus penpulimab treatment demonstrates promising anti-cancer activity and a manageable safety profile,
which warrants further investigation.
Trial registration: No. NCT04203719, https://clinicaltrials.gov/.
Introduction

Small cell lung cancer (SCLC) accounts for approximately 13–15% of
all new lung cancer cases and has a high propensity to metastasize.1

Indeed, approximately 70% of patients with SCLC are metastatic at
diagnosis.2 Extensive-stage SCLC occurs at American Joint Committee on
Cancer (8th ed.) stage IV (any T, any N, and M1a/b) or T3–T4 exclusion
from the limited-stage disease.3 Most patients are prone to estensive--
stage SCLC relapse within a relatively short time in spite of the high
response rate to chemotherapy.4–6 Based on the positive results from the
IMpower1337 and CASPIAN8 trials, programmed cell death-ligand 1
(PD-L1) inhibitor combined with chemotherapy has become the standard
first-line treatment of estensive-stage SCLC. Additionally, China's inno-
vative PD-L1 monoclonal antibody adebrelimab and programmed cell
death protein-1 (PD-1) monoclonal antibody serplulimab also achieved
favorable efficacy in the first-line treatment of estensive-stage SCLC
when combined with platinum-based chemotherapy.9,10 Although
SCLC exhibits significant responsiveness to initial treatment, most pa-
tients invariably relapse, often with more resistant disease manifesta-
tions.11 For patients navigating these challenges, treatment decisions are
frequently guided by the chemotherapy-free interval (CTFI). Those with
CTFI >6 months can consider clinical trial participation, platinum-based
doublets, or agents such as lurbinectedin and topotecan. For CTFI �6
months, patients might explore treatments such as lurbinectedin, top-
otecan, irinotecan, or even immune checkpoint inhibitors (ICIs) if not
previously administered.12 However, despite the initial promise of
nivolumab and pembrolizumab as second-line treatments, their phase 3
confirmation clincial trial did not meet the primary endpoint.13,14

Therefore, there is need for new therapeutic strategies involving PD-1
monoclonal antibodies in the second-line setting of estensive-stage SCLC.

Anlotinib is a novel oral multi-targeted tyrosine kinase inhibitor
known for suppressing tumor angiogenesis by inhibiting a plethora of
factors, including stem cell factor receptors, platelet-derived growth
factor receptors α and β, vascular endothelial growth factor receptors
1–3, and fibroblast growth factor receptors 1–4.15–17 Its efficacy as
third-line SCLC therapy was demonstrated in the ALTER 1202 trial,18

leading to its approval by the China National Medical Products Admin-
istration (NMPA). On the other hand, penpulimab, a humanized
anti-PD-1 monoclonal antibody, originally gained recognition for its ef-
fects against Hodgkin's lymphoma. Its therapeutic potential has
expanded, demonstrating promising anti tumor activity against
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non-small cell lung cancer (NSCLC) and various other solid tumors.19

Anlotinib has been showed to exert effect to optimize the tumor micro-
environment and bolster innate immunity20 synergizes with the efficacy
of ICIs such as penpulimab. This synergy was evident in NSCLC, where
the combined regimen showcased promising clinical results.21 Further-
more, the effectiveness of the anlotinib and penpulimab combination was
reported in a patient with relapsed SCLC.22 This growing body of evi-
dence points toward the burgeoning potential of this combination, sug-
gesting it might pave the way for improved management strategies for
SCLC.

The phase II trial of anlotinib in combination with penpulimab as
second-line therapy in treating advanced head and neck and chest cancer
included seven cohorts (ClinicalTrials.gov NCT04203719). Cohort 4 of
this trialwas a pre-set cohort designated to evaluate the efficacy and safety
of anlotinib plus penpulimab for the second-line treatment of patients
with SCLC who progressed after first-line platinum-based chemotherapy.
At the time when this study was being conceived, the use of PD-1/PD-L1
inhibitors combined with chemotherapy for first-line treatment of
estensive-stage SCLC had not been approved by China NMPA. Chemo-
therapy, being the predominant and widely accepted therapeutic
approach during that timeframe, was seen as the standard.23 Against this
backdrop, this study aimed to explore the therapeutic avenues addressing
the challenges faced in instances of first-line standard chemotherapy
failures in patients with SCLC.

Methods

Study design

This was a single-arm, open-label, multicenter, phase II trial, which
was divided into two phases. The first phase was the safety run-in phase
for participants with various cancers, whose purpose was to assess the
safety of the combination of anlotinib and penpulimab and decide on
anlotinibdosage. The secondphasewas the formal SCLC cohort (Cohort 4)
single-arm trial, which aimed to evaluate the efficacy and safety of anlo-
tinib plus penpulimab for the second-line treatment of SCLC.

Patients

The inclusion criteria included (1) histologically confirmed SCLC; (2)
progression after first-line platinum-based chemotherapy; (3) adequate
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organ function, including hemoglobin � 90 g/L, absolute neutrophil
count � 1.5 � 109/L, platelet count � 100 � 109/L, alanine amino-
transferase (ALT) � 3 � the upper limit of normal (ULN), aspartate
aminotransferase (AST) � 3 � ULN, total bilirubin � 1.5 � ULN, serum
creatinine � 1.5 � ULN; (4) Eastern Cooperative Oncology Group
(ECOG) performance status (PS) of 0–1.

The exclusion criteria included (1) received bevacizumab, ramucir-
umab, anlotinib, apatinib, lenvatinib, sorafenib, sunitinib, recombinant
human endostatin, or other anti-angiogenesis drugs, or ICIs such as anti-
PD-1/PD-L1 monoclonal antibody; (2) received chemotherapy, radio-
therapy, or other anti-cancer therapy within 4 weeks before the first dose
of study drugs or within five elimination half-lives of the drug (whichever
occurred first); (3) symptomatic brain metastases or symptom control<4
weeks; (4) previous SCLC within 5 years or with other malignant tumors
simultaneously; (5) computed tomography or magnetic resonance im-
aging showed that the tumor invaded large blood vessels or unclear
boundaries of the blood vessels were observed; (6) severe or poorly
controlled comorbidities such as uncontrolled hypertension; abnormal
coagulation function; abnormal cardiac function, including prolonged
corrected Q-T interval (QTc), severe cardiovascular disease, clinically
significant bleeding symptoms, or clear bleeding tendency; or (7) active
immune diseases (such as pure red cell aplasia, systemic lupus erythe-
matosus, psoriasis, etc.) requiring systemic treatment within 2 years
before the first dose of study drugs, or received immunosuppressant and
continued treatment 2 weeks before the first dose of study drugs.

Treatment

In the safety run-in phase of the multi-cohort trial, three patients with
various cancers received anlotinib (10 mg quaque die [QD], days 1–14)
plus penpulimab (200 mg intravenously [IV], day 1) in a 21-day cycle. If
dose-limited toxicity (DLT) was not observed in the first cycle, those three
patients would continue receiving the same dose until disease progression
or unacceptable toxicity, whichever occurredfirst. The next three patients
would receive anlotinib (12mgQD, days 1–14) plus penpulimab (200mg
IV, day 1) in a 21-day cycle. If no DLT occurred, the subsequent patients
would receive this dosage. In the formal trial phase, all patients received
anlotinib (12 mg QD, days 1–14) plus penpulimab (200mg IV, day 1) in a
21-day cycle. During the trial, the dose of anlotinib could be reduced if
treatment-related adverse events (TRAEs) occurred, and dose reduction
was performed sequentially from 12 to 10 to 8 mg. No cross-dose
adjustment was permitted. Patients would be withdrawn from this trial
if they could not tolerate the 8-mg dose of anlotinib.

Follow-up

During the safety run-in and formal trial phases, from the first day of
the first cycle, efficacy was evaluated every two cycles, and imaging
evaluation was performed every 6 weeks after baseline until disease
progression. After the patients were discharged from the trial, they were
followed up every 8 weeks until death or loss of follow-up.

Endpoints

The primary endpoint of the safety run-in phase was the safety of the
first cycle. The primary endpoint of the formal trial phase was the
investigator-assessed objective response rate (ORR). The secondary end-
points of the twophases included theORR (only for the safety run-inphase),
disease control rate (DCR), duration of response (DoR), progression-free
survival (PFS), overall survival (OS), and safety (only for the formal trial
phase)whichwere all assessed by the investigator. TheORRwas calculated
as complete response (CR) and partial response (PR). The DCR was calcu-
lated as CR, PR, and stable disease (SD). The DoR was the time from the
confirmed response to the date of disease progression. PFS was defined as
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the date of the first dose of study drugs to the date of disease progression or
death from any cause. OS was defined as the date of the first dose of study
drugs to the date of death from any cause or loss of follow-up.

The safety indicators included vital signs, laboratory indicators,
treatment-emergent adverse events (TEAEs), TRAEs, and serious adverse
events (SAEs), which were assessed in the safety set (SS) according to the
National Cancer Institute Common Terminology Criteria for Adverse
Events (CTCAE) version 5.0. Tumor responses were assessed according to
the Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1.
Immune RECIST (iRECIST) was also used to verify patient progression
based on RECIST version 1.1. If clinically confirmed patients could still
benefit, they could continue to receive the study drugs treatment.

The full analysis set (FAS) was used for efficacy analysis and included
all patients enrolled in this trial who used the study drugs at least once.
The SS included all patients who received the study drugs at least once
and whose safety assessments were available after using the study drugs.
Statistical analysis

The sample size of the multi-cohort, single-arm phase II trial was
regularly calculated. However, the sample size of Cohort 4 (SCLC cohort)
was not formally calculated; it was considered that recruiting 10–20
patients was feasible.

Statistical analysis was performed using SAS 9.4 (SAS Institute, Cary,
NC, USA). The analyses of the baseline data and all efficacy indicators
were performed on the FAS. The SS was used for the safety analysis.
Continuous data are presented as mean � standard deviation or median
(minimum, maximum) according to their distribution (Shapiro–Wilk
test). Categorical data are presented as n (%). Confidence interval (CI)
was calculated at 95% CI. The Kaplan–Meier method was used to
determine PFS, OS, and DoR. The safety analysis was mainly descriptive.

Results

Patient baseline characteristics

Twenty-eight patients were screened from April 28, 2020, to
November 24, 2020, from 11 hospitals in China. Three did not meet the
inclusion criteria, and four were excluded according to the exclusion
criteria. Finally, 21 patients were enrolled in this trial, as shown in
Figure 1. The safety run-in phase included 12 patients, but only 2 patients
had SCLC. No DLT was observed in any of the 12 patients. Therefore,
anlotinib 12 mg was used in the formal trial phase, which enrolled 19
patients with SCLC. In the formal trial phase, two patients did not com-
plete the radiographic assessment of efficacy after one cycle of anlotinib
plus penpulimab treatment: one patient withdrew voluntarily due to
disease progression, and the other withdrew due to TEAE of paraplegia in
both lower extremities, which was possibly unrelated to treatment ac-
cording to the investigators' evaluation.

At baseline, the median age of the patients was 62 years (range
37–75), and 66.7% (14/21) were male. In addition, 95.2% (20/21) of the
patients had an ECOG PS of 1; 23.8% (5/21) had brain metastases; 33.3%
(7/21) were sensitive to first-line chemotherapy (recurrence �3 months
after the end of chemotherapy); and 66.7% (14/21) were refractory or
resistant to first-line chemotherapy (recurrence <3 months after the end
of chemotherapy) [Table 1].

At the cut-off date on March 9, 2022, the median follow-up time was
17.1 months (range, 0.9–19.3 months). The two patients in the safety
run-in phase discontinued the study drugs due to progressive disease
(PD) (n¼ 1) and TRAEs (n¼ 1). Among the 19 patients in the formal trial
phase, four patients were still receiving treatment of the study drugs.
Other 15 patients discontinued the study drugs and the reason included
PD (n ¼ 5), TRAEs (n ¼ 2), TEAEs (n ¼ 1), death (n ¼ 4), and voluntary
withdrawal (n ¼ 3).



Figure 1. The flowchart of the study. PD: Progressive disease; QTc: Corrected Q-T interval; SCLC: Small cell lung cancer; TEAE: Treatment-emergent adverse event;
TRAE: Treatment-related adverse event. * indicates that two patients did not complete the radiographic assessment of efficacy after one cycle of the study drugs
treatment during the formal trial phase. One patients withdrew voluntarily due to disease progression, while the other withdrew due to TEAE.

Table 1
Patient baseline characteristics in the FAS.

Characteristic Patients (n ¼ 21)

Age (years), median (range) 62 (37–75)
Sex, n (%)
Male 14 (66.7)
Female 7 (33.3)

ECOG PS, n (%)
0 1 (4.8)
1 20 (95.2)

Smoking history, n (%)
Never 9 (42.9)
Former 10 (47.6)
Current 2 (9.5)

First-line chemotherapy regime, n (%)
Etoposide plus carboplatin or cisplatin or lobaplatin 20 (95.2)
Irinotecan plus cisplatin 1 (4.8)

Pattern of relapse after chemotherapy, n (%)a

Sensitive 7 (33.3)
Refractory/resistant 14 (66.7)

Brain metastases, n (%)
Yes 5 (23.8)
No 16 (76.2)

Anlotinib dosage, n (%)
10 mgb 3 (14.3)
12 mg 18 (85.7)

aChemotherapy sensitivity was defined as recurrence time �3 months after
chemotherapy. Chemotherapy refractoriness/resistance was defined as recur-
rence time <3 months after chemotherapy.
bTwo patients in the safety run-in phase received anlotinib (10 mg QD). One
patient in the formal trial phase received anlotinib (10 mg QD) as the initial dose
due to cardiac and chronic obstructive pulmonary diseases after negotiations
between the investigator and sponsor.
ECOG: Eastern Cooperative Oncology Group; FAS: Full analysis set; PS: Perfor-
mance status; QD: Quaque die.

C. Zhang et al. Cancer Pathogenesis and Therapy 2 (2024) 268–275
Efficacy

In the formal trial phase, tumor shrinkage was observed in 73.7%
(14/19) of the patients [Figure 2A]. The radiographic change in volume
of the overall tumor burden from baseline, as assessed by the investi-
gator, is shown in Figure 2B. The exposure and response duration of the
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study drugs are shown in Figure 2C. The median exposure time of
anlotinib was 4.8 months (range: 0.5–19.6 months), while that of pen-
pulimab was 4.5 months (range: 0.0–19.8 months). The ORR was 42.1%
(8/19, 95% CI: 17.7–66.6%), and the DCR was 68.4% (13/19, 95% CI:
45.4–91.4%) according to the RECIST version 1.1. The median DoR was
9.4 months (95% CI: 6.8–12.0 months, the median PFS was 4.8 months
(95% CI: 2.9–11.3 months), and the median OS was 13.0 months (95%
CI: 4.6–not applicable [NA] months), as shown in Figure 3.

In the FAS, the ORRwas 42.9% (9/21) (95% CI: 19.8–65.9%), and the
DCR was 71.4% (15/21) (95% CI: 47.0–89.3%) according to the RECIST
version 1.1. The median DoRwas 9.4 months (95% CI: 6.8–12.0months),
the median PFS was 4.8 months (95% CI: 3.6–11.3 months), and the
median OS was 14.9 months (95% CI: 4.8–NA months), as shown in
Supplementary Figure 1.

Atypical responses were observed in five patients whose target tumor
lesion shrank, but new lesions appeared at other sites. According to the
iRECIST, the efficacy evaluation of these five patients with new lesions
was immune PR (iPR) (n ¼ 4) and immune CR (iCR) (n ¼ 1). The
investigator concluded that the patients were stable and could continue
treatment, and the five patients received 1–3 cycles of treatment. All five
patients had a relatively long OS: two with an OS of 13.0 and 14.9
months, and the other three were still alive at the cut-off date onMarch 9,
2022 (the shortest follow-up time was 10 months). Among the three
surviving patients, one patient was withdrawn due to an AE, which was
followed by anti-cancer therapy with etoposide. The two other patients
were withdrawn due to disease progression, one of them did not receive
any anti-cancer therapy after that, and the other one received anlotinib
plus etoposide orally. The detailed efficacy of anlotinib plus penpulimab
is summarized in Table 2.
Safety

In the safety run-in phase, the two patients with SCLC received
anlotinib (10 mg QD, days 1–14) plus penpulimab (200mg IV, day 1) in a
21-day cycle. In the formal trial phase, 18 patients were administered
anlotinib (12 mg QD, days 1–14) plus penpulimab (200mg IV, day 1) in a
21-day cycle, while only one patient received anlotinib (10 mg QD, days
1–14) plus penpulimab (200 mg IV, day 1) in a 21-day cycle due to



Figure 2. Anti-cancer response. (A) Water-
fall plot of the best percentage change from
the baseline. The y-axis represents the best
percentage changes compared with the
baseline in the sum of target lesion diameters
in individual patients with the best objective
response per the RECIST version 1.1
(n ¼ 17), as indicated by the color codes. The
dashed line at 20% represents the boundary
for the determination of PD, and the dashed
line at �30% represents the boundary for the
determination of PR. An * indicates when the
patients with target lesion shrinkage have
new lesions appearing. An # indicates when
the target lesion shrank to � 5.0 mm. (B) The
radiographic change in volume of the overall
tumor burden from baseline as assessed by
the investigator according to the RECIST
version 1.1 (n ¼ 17). An * indicates when the
patients with target lesion shrinkage have
new lesions appearing. An # indicates when
the target lesion shrank to � 5.0 mm. (C)
Swimmer plot showing the exposure and
response duration of the study drugs ac-
cording to the RECIST version 1.1 (n ¼ 19).
The green column indicates not completing
one radiographic assessment. The time when
the objective response was first observed is
indicated by a �, and the time when the
objective response was terminated is indi-
cated by a circle. Note: In the formal trial
phase, two patients did not complete the
radiographic assessment of efficacy after one
cycle of stduy drugs treatment. One patients
withdrew voluntarily due to PD, while the
other withdrew due to TEAE. Therefore,
Figures 2A and Figure 2B included the anti-
cancer response of 17 patients. The patient
marked by # in the Figure 2A and the Figure
2B had the best tumor response assessed as
CR by the investigator according to the
RECIST version 1.1, as his target lesions
shrank from 43.5 mm to � 5.0 mm and
maintained for more than one year. CI:
Confidence interval; COVID-19: Coronavirus
disease 2019; CR: Complete response; DCR:
Disease control rate; NE: Not evaluable; ORR:
Objective response rate; PD: Progressive
disease; PR: Partial response; RECIST:
Response Evaluation Criteria in Solid Tu-
mors; SD: Stable disease.
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cardiac disease and chronic obstructive pulmonary disease. The in-
vestigators considered it safer for this patient to receive an initial dose of
10 mg of anlotinib.

All patients reported TRAEs. Eleven patients reported � grade 3
TRAEs (52.4%), and three patients reported immunotherapy-related AEs
(irAEs) (14.3%). Nine patients discontinued penpulimab treatment
(42.9%), and eight patients discontinued anlotinib treatment (38.1%).
Anlotinib was reduced in nine patients (42.9%). SAEs were reported in
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11 patients (52.4%), with six patients being treatment-related SAEs
(28.6%) [Supplementary Table 1]. Five patients died, and two deaths
were considered treatment-related. Among these two patients, one had
immune-related pneumonia complicated with chronic obstructive pul-
monary and cardiac diseases, considered related to penpulimab. One
patient had hemoptysis, which was considered possibly related to anlo-
tinib. For the three remaining patients whose deaths were unrelated to
the study drugs, one patient had cholangitis with obstruction of the



Figure 3. Kaplan–Meier curves of median progression-free survival (A) and
median overall survival (B). CI: Confidence interval; NA: Not applicable; OS:
Overall survival; PFS: Progression-free survival.

Table 3
TEAEs and TRAEs that occurred in at least �15% of the patients in the SS.

Parameters TEAEs, n (%) TRAEs, n (%)

All-grade Grade 3–4 All-grade Grade 3–4

Hypertension 12 (57.1) 4 (19.0) 12 (57.1) 4 (19.0)
Hypothyroidism 9 (42.9) 1 (4.8) 9 (42.9) 1 (4.8)
Hypertriglyceridemia 8 (38.1) 1 (4.8) 8 (38.1) 1 (4.8)
Fatigue 7 (33.3) 2 (9.5) 6 (28.6) 2 (9.5)
WBC count decreased 7 (33.3) 1 (4.8) 6 (28.6) 1 (4.8)
Elevated ALT or AST 7 (33.3) 0 7 (33.3) 0
Weight loss 7 (33.3) 0 5 (23.8) 0
Hand-foot syndrome 6 (28.6) 2 (9.5) 6 (28.6) 2 (9.5)
Hyponatremia 6 (28.6) 1 (4.8) 4 (19.0) 0
Proteinuria 6 (28.6) 0 6 (28.6) 0
GGT increased 5 (23.8) 1 (4.8) 5 (23.8) 1 (4.8)
Hyperthyroidism 5 (23.8) 0 5 (23.8) 0
Diarrhea 5 (23.8) 0 4 (19.0) 1 (4.8)
Loss of appetite 4 (19.0) 1 (4.8) 3 (14.3) 0
Hypercholesterolemia 4 (19.0) 0 4 (19.0) 0
Hyperlipidemia 4 (19.0) 0 4 (19.0) 0
Backache 4 (19.0) 0 1 (4.8) 0

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; GGT: γ-glu-
taryl transferase; SS: Safety set; TEAE: Treatment-emergent adverse event; TRAE:
Treatment-related adverse event; WBC: White blood cell.
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common bile duct, while the deaths of the other two patients were due to
unknown causes.

In the SS, the most common TEAEs (>15.0%) were hypertension
(57.1%), hypothyroidism (42.9%), hypertriglyceridemia (38.1%), fatigue
(33.3%), leukopenia (33.3%), elevated ALT or AST (33.3%), weight loss
(33.3%), hand-foot syndrome (28.6%), hyponatremia (28.6%), protein-
uria (28.6%), increased γ-glutaryl transferase (23.8%), hyperthyroidism
(23.8%), and diarrhea (23.8%) [Table 3]. Hypertension (� grade 3)
Table 2
Summary of efficacy in the formal trial phase.

Efficacy Patients (n ¼ 19)

Best overall response, n (%)
CR* 1 (5.2)
PR 7 (36.8)
SD 5 (26.3)
PD 4 (21.1)
No radiographic assessment results 2 (10.5)

ORR, % (95% CI) 42.1 (17.7–66.6)
DCR, % (95% CI) 68.4 (45.4–91.4)
DoR (months), median (95% CI) 9.4 (6.8–12.0)
PFS (months), median (95% CI) 4.8 (2.9–11.3)
OS (months), median (95% CI) 13.0 (4.6–NA)

*The patient had best tumor response assessed as CR by the investigator ac-
cording to the RECIST version 1.1, as his target lesions shrank from 43.5 mm to�
5.0 mm and maintained for more than one year. CI: Confidence interval; CR:
Complete response; DCR: Disease control rate; DoR: Duration of response; NA:
Not applicable; ORR: Objective response rate; OS: Overall survival; PD: Pro-
gressive disease; PFS: Progression-free survival; PR: Partial response; SD: Stable
disease; RECIST: Response Evaluation Criteria in Solid Tumors.
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accounted for 19%,while other AEs of� grades 3 did not exceed 10%. All-
grade hypo- and hyperthyroidism occurred in nine (42.9%) and five pa-
tients (23.8%), respectively, among whom four patients developed hy-
perthyroidism first and then hypothyroidism, consistent with the pattern
of thyroid abnormalities with immunotherapy.

Discussion

To our knowledge, this is the first study to evaluate the efficacy and
safety of anlotinib plus penpulimab as a second-line treatment for SCLC.
The results of this trial suggested that for patients with SCLC who pro-
gressed after first-line platinum-based chemotherapy, second-line anlo-
tinib plus penpulimab treatment showed promising anti-cancer activity
and a manageable safety profile.

Currently, chemotherapy remains the standard second-line treatment
for SCLC, albeit with limited efficacy. For instance, second-line topotecan
and lurbinectedin yield ORRs of 24% and 35.2%, respectively, and their
associated median OS are approximately 5.8–9.3 months.24,25 The
ATLANTIS trial revealed no significant OS improvement when
comparing lurbinectedin plus doxorubicin with cyclo-
phosphamide/doxorubicin/vincristine (CAV) chemotherapy.26 Notably,
the immune-suppressive microenvironment of SCLC, characterized by a
few tumor-infiltrating lymphocytes and low PD-L1 expression, results in
diminished ICI response rates.27–30 The rapid-onset drug resistance due
to SCLC heterogeneity further complicates the therapeutic land-
scape.31,32 The synergy between anlotinib and ICIs is promising.20 The
present study showed that anlotinib combined with penpulimab yielded
an ORR of 42.9% and a median OS of 14.9 months. Anlotinib's potential
to downregulate protein kinase B (Akt), reducing PD-L1 expression on
vascular endothelial cells, allows for enhanced CD8þ T and FoxP3þ T
cell tumor infiltration.33 This effect bolsters the potential of ICIs, even in
low PD-L1-expressing tumors. Combining anlotinib with an anti-PD-1
monoclonal antibody might further optimize immune responses.

In the current study, five patients exhibited atypical responses
where target lesions reduced in size, but new lesions emerged else-
where. Such outcomes, not previously observed with anlotinib mono-
therapy, might be attributed to penpulimab or its combination
treatment. This pattern, known as a dissociated response (DR), has been
identified with ICIs in NSCLC and other tumors.34 DR captures the
scenario where some tumors regress while others advance. Typically, its
incidence ranges from 7.5 to 10%, with potential causes being the
emergence of resistant clones, varied ICI distribution in the body, or



C. Zhang et al. Cancer Pathogenesis and Therapy 2 (2024) 268–275
differing immune cell infiltration across tissues.34–36 In the current
study, the DR incidence was 23.8%. Notably, patients with DR often
benefit from continued treatment, even when new lesions indicate
progression, and can experience extended survival.34–36 Our findings
suggest the potential inadequacy of the RECIST version 1.1 criteria for
evaluating ICI treatments, highlighting the relevance of the iRECIST
criteria to ensure optimal patient benefits.

Previous reports on anlotinib combined with ICIs showed safety
profiles consistent with those of the present study, with no new AEs or
safety signals identified.22,37 The AEs of combination therapy were
generally manageable. The most common � grade 3 AEs, such as hy-
pertension, diarrhea, and fatigue, are relatively not difficult to manage
and control. 52.4% of the patients experienced � grade 3 TRAEs and
28.6% of patients had treatment-related SAEs, numbers comparable to
or better than certain other combination therapies.7,8,38 Hypertension
(19%) and hand-foot syndrome (9.5%) were the most prevalent �
grade 3 TRAEs; nevertheless, they were controllable through dose
adjustments. Two patients unfortunately died due to immune pneu-
monia and hemoptysis. Notably, the study recorded a hypothyroidism
incidence of 42.9%, considerably higher than the 7% in single ICI
treatments for SCLC.39 This elevated incidence might be attributable to
drug pairing, given that it was 16.1% in ALTER 1202.40 Additionally,
four patients initially developed hyperthyroidism, which transitioned
to hypothyroidism, a trend observed in ICI monotherapy but not with
anlotinib alone.41 This could offer insights into the specific drug
responsible for thyroid dysfunctions, serving as a guide for managing
AEs.

This study had some limitations. First, the sample size is a critical
factor in ensuring the robustness and statistical power of a study, and
the sample size (21 patients) in this study was relatively small. How-
ever, this study was designed as an early exploratory single-arm trial
aimed at preliminary exploration of the treatment efficacy and safety.
Unlike comparative studies with specific hypotheses, this study did not
have a rigidly defined hypothesis comparing the intervention to other
treatments. The primary objective was to gain initial insights into the
effects and safety profile of the treatment. Thus, the sample size was
determined based on the exploratory nature of the study rather than
stringent statistical considerations. Second, ICIs combined with
chemotherapy are now considered the standard of care as the first-line
treatment for estensive-stage SCLC, but atezolizumab with chemo-
therapy was approved by China NMPA for estensive-stage SCLC until
February 13, 2020, which was after the present study started patient
recruiting. Given this timeline, a notable number of patients might have
missed the opportunity to benefit from the first-line ICI combination
treatments due to various reasons. Thus, the findings of this study offer
a valuable therapeutic alternative for those who progressed following
initial chemotherapy. Recognizing the evolving treatment landscape,
further exploring and validating potential second-line options such as
anlotinib plus penpulimab for these patients is essential. Another lim-
itation of this study is the high rate of treatment discontinuation among
patients. However, as reflected in survival curves, most patients un-
derwent extensive follow-up, ensuring the reliability of the PFS and OS
outcomes despite these discontinuations. Future studies should address
this discontinuation rate for enhanced clarity.

In conclusion, for patients with SCLC who progressed after first-line
platinum-based chemotherapy, second-line anlotinib plus penpulimab
treatment demonstrated promising anti-cancer activity and a
manageable safety profile. The combination of anlotinib plus penpu-
limab proves to be a beneficial therapeutic approach for clinical
treatment in the second-line setting of SCLC, warranting further
investigation.
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