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Background: In ALTER 1202, anlotinib prolonged the progression-free survival (PFS) and overall survival
(OS) of patients with relapsed small cell lung cancer (SCLC). The aim of this study was to explore the effect
of front-line thoracic radiotherapy (RT) on the benefits of anlotinib as a third-line-or-beyond treatment.
Methods: This was a subgroup analysis of a multicenter, randomized, double-blind, placebo-controlled
phase 2 trial (ALTER 1202). The participants were divided into RT (previous thoracic RT) and non-RT
subgroups. The outcomes included PFS, OS, objective response rate (ORR), disease control rate (DCR), and
safety.

Results: In the ALTER 1202 trial, 68 participants (anlotinib, n=46; placebo, n=22) received RT and 51
participants (anlotinib, n=35; placebo, n=16) did not. PFS was longer for anlotinib versus placebo in both
the RT (5.49 vs. 0.69 months; P<0.001) and non-RT (2.83 vs. 0.76 months; P<0.001) subgroups. In the RT
subgroup, the OS was longer for anlotinib vs. placebo (9.49 vs. 4.90 months; P=0.039). No differences were
found in the ORR, but the DCR was higher in the anlotinib arm of the RT subgroup compared with the
placebo arm (73.9% vs. 9.1%, P<0.001) and the non-RT subgroup (68.6% wvs. 18.8%; P=0.002).
Conclusions: In relapsed SCLC patients with previous thoracic RT, anlotinib might have DCR, PES,
and OS benefits compared with placebo. In those without previous thoracic RT patients, anlotinib might
have DCR and PFS benefits compared with placebo. The safety was similar between anlotinib and placebo

groups.
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Introduction

A total of 2,093,876 new cases of lung cancer and 1,761,007
related deaths were reported worldwide in 2018 (1). Most
lung cancers are non-small cell lung cancer (NSCLC), but
small cell lung cancer (SCLC) accounts for 13% to 15%
of all lung cancers (2-4). SCLC is characterized by rapid
doubling time, fast growth, and early metastatic spread (5).
The annual incidence of SCLC has declined in industrialized
countries over the past 30 years, likely due to the decreased
rate of smoking in these regions (6,7), but the incidence of
SCLC remains high in countries with prevalent smoking,
as in China (8,9). Hence, despite the best management,
the 5-year overall survival (OS) rate is less than 7%, and
patients with extensive SCLC have a very poor prognosis
(4,5). Thoracic radiotherapy (RT) is commonly used in the
management of SCLC and is characterized by a limited
duration of treatment, concurrent or consolidation therapy,
and palliation of local symptoms (5). RT may cause tissue
DNA damage and release of various inflammatory factors
and fibrosis-related factors (10). Whether differences exist
in the efficacy and safety of subsequent systemic therapies
(such as chemotherapy, targeting, and immunity) for patients
undergoing RT in the front line is worth exploring and
analyzing.

Antiangiogenic therapies for SCLC include bevacizumab,
thalidomide, vandetanib, sunitinib, Rh-endostatin,
aflibercept, cediranib, nintedanib, apatinib, and anlotinib
(11,12). Tyrosine kinase inhibitors (TKI) block signal
transduction by the receptors, while antibodies bind
either the receptors or their ligands, preventing their
association (11,12). In addition, the different antiangiogenic
therapies have different profiles of inhibition of the
different receptors: vascular endothelial growth factor
receptor (VEGFR), platelet-derived growth factor receptor
(PDGFR), fibroblast growth factor receptor (FGFR),
and c-Kit. Angiogenesis is only one aspect of cancer
growth besides uncontrolled cell growth, division, and
dissemination (13,14). Different antiangiogenic drugs have
different survival benefits (11,12). The original anlotinib
ALTER 1202 study showed that both PFS and OS benefited
from anlotinib monotherapy (15,16). Hence, combining
therapies might target cancer cells from multiple fronts at
the same time, achieving a better therapeutic effect. Still,
the numbers of available drugs and possible permutations
represent a bottleneck for research since the permutations
have to be tried in order to determine the best ones in terms

of efficacy, safety, and quality of life.
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Anlotinib is a novel oral multitarget TKI that inhibits
the VEGFR, PDGFR, FGFR, and c-Kit, thus inhibiting
angiogenesis and tumor growth (17,18). It was approved
by National Medical Products Administration (NMPA) for
use against NSCLC in the ALTER0303 trial and against
SCLC in the ALTER1202 trial (16,18). The ALTER 1202
trial showed that compared to placebo, the median PFS of
patients with SCLC treated with anlotinib who had received
at least second-line chemotherapy was extended by 3.4
months (4.1 vs. 0.7 months). The risk of disease progression
or death was reduced by 81% [hazard ratio (HR) =0.19;
95% confidence interval (CI): 0.12-0.32; P<0.0001] (15,16).
Tolerance and safety profiles were also favorable (15,16) and
comparable to other studies (19-21).

In the ALTER 0303 trial, a phase III, double-blind trial
in patients with NSCLC who received anlotinib as a third-
line treatment, a subgroup analysis revealed that those who
had received thoracic RT had a longer median PFS than
did those who did not receive thoracic RT (22). Thoracic
radiation therapy has been widely used for treating SCLC.
Still, no data are available on the safety and efficacy of
thoracic radiation therapy as a follow-up treatment to
therapy with anlotinib.

Therefore, the innovation of the present study was to
examine the impact of radiation therapy in patients with
SCLC treated with anlotinib. This study was a subgroup
analysis of the ALTER 1202 (which was a multicenter,
randomized, double-blind, placebo-controlled phase 2 trial)
trial performed to explore the effect of front-line RT on
the benefits of subsequent anlotinib treatment. The results
might help target patients who could benefit the most from
anlotinib and allow tailored treatments against SCLC.

Methods
Study design and participants

This was a subgroup analysis of the ALTER 1202 trial
(ClinicalTrial.gov; NCT03059797). The participants were
patients with SCLC progression after at least 2 lines of
chemotherapy. The eligible patients were randomized at a
2:1 ratio to receive anlotinib or placebo. The overall study
design has been reported previously (15,16). The original
trial was approved by the Ethical Committee of Jilin Cancer
Hospital (approval number 201701-002-01) as the lead
center and by the committees of all participating centers.
The study was conducted in accordance with the principles
of the Declaration of Helsinki (as revised in 2013) and

Transl Lung Cancer Res 2021;10(9):3793-3806 | https://dx.doi.org/10.21037/tler-21-632



Translational Lung Cancer Research, Vol 10, No 9 September 2021

the Good Clinical Practice Guidelines. Written informed
consent was obtained from each participant, including
consent for the possibility of supplemental analyses.

Grouping

The patients were divided into previous thoracic RT and no
previous thoracic RT (non-RT) subgroups. Each subgroup
included anlotinib and placebo arms. The analysis of PFS
and OS was then performed between anlotinib and placebo
in different doses (<45 vs. >45 Gy) of radiation of the front-
line chest RT.

Data collection

The data included the baseline characteristics of the
participants, including age, sex, Eastern Cooperative
Oncology Group (ECOG) performance status, smoking,
SCLC stage, prior treatments, RT dose, and pattern of
relapse, follow-up data (progression and death), and adverse
events (AEs).

Outcomes

The outcomes included PFS, OS, objective response rate
(ORR), disease control rate (DCR), and safety. PFS was
defined as the time from randomization until objective
progression or death from any cause according to response
evaluation criteria in solid tumors (RECIST 1.1). OS was
defined as the time between the start of enrollment and
the time of death from any cause. ORR was defined as the
percentage of patients who achieved a complete response
(CR) or partial response (PR). DCR was defined as the
percentage of patients with CR, PR, and stable disease over
4 weeks. AEs were graded according to the National Cancer
Institute Common Terminology Criteria for Adverse Events
(version 4.03). All the definitions and assessments were the
same as those used in the original ALTER 1202 trial (15,16).

Statistical analysis

All statistical analyses were performed using SAS 9.4 (SAS
Institute, NY, USA). The baseline characteristics and
AEs were summarized using descriptive statistics. PFS
and OS were estimated using the Kaplan-Meier method
and compared using the log-rank test. The stratification
factors in the ALTER 1202 trial (disease stage and pattern
of relapse) were adjusted in the Cox proportional-hazards
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model. The ORR and DCR were compared between
subgroups using Pearson’s chi-square test or Fisher’s exact
test, as appropriate. All statistical tests were 2-sided, and P
values <0.05 were considered statistically significant.

The PFS, OS, ORR, and DCR analyses were performed
with the full analysis set, which included all the participants
with at least 1 dose of the study drug according to the
intention-to-treat principle. Safety analyses were performed
using the safety analysis set, which included all participants
who received at least 1 dose of the study drug and had
records of safety.

Results
Participants

In the ALTER 1202 trial, 68 (57.1%) participants (anlotinib,
n=46; placebo, n=22) received RT and 51 (42.9%)
participants (anlotinib, n=35; placebo, n=16) did not. Table 1
presents the characteristics of the participants. The age of
patients ranged from 48.0 to 66.5 years. There was a greater
proportion of males, current smokers, and patients with
extensive diseases. Most of the patients had good baseline
performance status (ECOG score =1).

Progression-firee survival (PFS)

As shown in Figure 1, the median PFS was 5.49 (2.83-6.47)
months for anlotinib and 0.69 (0.66-0.76) months for
placebo in the RT subgroup (P<0.0001). In the non-
RT subgroup, the PFS was 2.83 (1.87-4.11) months
for anlotinib and 0.76 (0.66-1.91) months for placebo
(P=0.0003). In addition, PFS in the anlotinib arm was
longer in the RT subgroup compared with the non-RT
subgroup (P=0.0091, by log-rank test). In Cox analysis, with
adjustments made for disease stage and pattern of relapse,
the use of anlotinib was associated with PFS in the RT (HR
0.13; 95% CI: 0.06-0.28) and non-RT subgroups (HR 0.16;
95% CI: 0.07-0.38). In the anlotinib arm, when adjustments
were made for disease stage and pattern of relapse, RT was
associated with PFS (HR 0.50; 95% CI: 0.27-0.91). The
PFS of anlotinib was longer in the RT subgroup (P=0.018).

(0N

As shown in Figure 2, in the RT subgroup, median OS was
9.49 (95% CI: 7.29-12.68) months for anlotinib and 4.90
(95% CI: 1.25-7.82) months for placebo (P=0.0388 by
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Table 1 Baseline characteristics of the participants
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RT subgroup

Non-RT subgroup

Variable
Anlotinib (n=46)

Placebo (n=22)

Anlotinib (n=35) Placebo (n=16)

Age (range), year 55.0 (48.0-63.0)

55.0 (51.0-63.0)

Sex, n (%)

Male 31 (67.4)

Female 15 (32.6)
ECOG performance status, n (%)

0 3(6.5)

1 41 (89.1)

2 2 (4.4)
Smoking history, n (%)

Never 18 (39.1)

Current 24 (52.2)

Former 4 (8.7)
Disease stage, n (%)

Limited stage 9(19.6)

Extensive stage 37 (80.4)
Previous lines of chemotherapy, n (%)

2 34 (73.9)

>3 12 (26.1)
Previous thoracic radiotherapy dose, n (%)

<45 Gy 7(15.2)

>45 Gy 28 (60.9)
Pattern of relapse, n (%)

Sensitive 11 (28.9)

Refractory 35 (76.1)

57.0 (53.0-61.0) 60.5 (52.0-66.5)

18 (81.8) 24 (68.6) 12 (75.0)
4(18.2) 11 (31.4) 4 (25.0)
1 (4.6) 2(5.7) 1(6.3)
16 (72.7) 31 (88.6) 14 (87.5)
5 (22.7) 2(5.7) 1(6.3)
7 (31.8) 15 (42.9) 4 (25.0)
15 (68.2) 19 (54.3) 12 (75.0)
0 1(2.9) 0
1 (4.5) 0 3(18.7)
21 (95.5) 35 (100) 13 (81.3)
15 (68.2) 29 (82.9) 13 (81.3)
7 (31.9) 6 (17.1) 3(18.7)
2(9.1) 0 0
13 (59.1) 0 0
2(9.1) 3(8.6) 2 (12.5)
20 (90.9) 32 (91.4) 14 (87.5)

RT, radiotherapy; ECOG, Eastern Cooperative Oncology Group.

log-rank test). In the non-RT subgroup, OS was 6.51 [95%
CI: 4.57-NR (not reached)] months for anlotinib and
5.22 (95% CI: 1.91-NR) months for placebo (P=0.2416 by
log-rank test). No significant difference in OS was found
between the RT and non-RT subgroups in the anlotinib
arm (P=0.2311, by log-rank test). In Cox analysis, when
adjustments were made for disease stage and pattern of
relapse, the use of anlotinib was associated with OS in
the RT subgroup (HR 0.47; 95% CI: 0.22-0.98) and not
obviously associated with OS in the non-RT subgroup
(HR 0.54; 95% CI: 0.22-1.33). In the anlotinib arm, when
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adjustments were made for disease stage and pattern of
relapse, RT was not obviously associated with OS (HR 0.68;
95% CI: 0.32-1.45). There was no significant difference
associated with anlotinib treatment (P=0.587). The PFS and
OS between patients in the RT group who received <45 or
>45 Gy of RT dose were similar (Table S1).

Objective response and DCRs

Table 2 presents the tumor responses. No significant
differences in the ORR were found between the RT
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A Progression-free survival
100 "
Event Censored Median (95% ClI)
Anlotinib 25 21(45.65%) 5.49 (2.83, 6.47)

Placebo 19

3(13.64%) 0.69 (0.66, 0.76)
Logrank test, P<0.0001

®
o

N [
o =}

N
o

Progression-free survival (probability)

+ censored

0 1 2 3 4 5 6 7 8 9

Numbers of patients at risk

Anlotinib 46 37 28 20 18 13 7 2 2 0
Placebo 22 3 2 1 1 0
C Progression-free survival

Event  Censored
Thoracic RT 25
Non-thoracic RT 28

o
o

21 (45.65%) 5.49 (2.83, 6.47)
7/(20.00%) 2.83 (1.87, 4.11)

N o ©
o =3 o

N
o

Progression-free survival (probability)

+ censored

0 1 2 3 4 5 6 7 8 9
Months
Numbers of patients at risk
Thoracic RT 46 37 28 20 18 13 7 2 2 0
Non-thoracic RT 35 28 21 14 1 3 2 1 1 0

Median (95% Cl)
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B Progression-free survival

100 4

Event Censored Median (95% Cl)
Anlotinib 28 7(20.00%) 2.83(1.87,4.11)
Placebo 14  2(12.50%) 0.76 (0.66, 1.91)
Logrank test, P=0.0003

80 -
60

40 4

20

Progression-free survival (probability)

+ censored

0 1 2 3 4 5 6 7 8 9
Numbers of patients at risk

Anlotinib 35 28 21 14 " 3 2 1 1 0
Placebo 16 6 3 1 1 0

Figure 1 Progression-free survival (PFS). (A) In the radiotherapy (RT) subgroup, PFS was 5.49 (2.83-6.47) months for anlotinib and 0.69
(0.66-0.76) months for placebo (P<0.0001). (B) In the non-RT subgroup, PFS was 2.83 (1.87—4.11) months for anlotinib and 0.76 (0.66-1.91)
months for placebo (P=0.0003). (C) The PFS in the anlotinib arm was longer in the RT subgroup compared with the non-RT subgroup

(P=0.0091).

(P=0.454) and non-RT (P=0.9999) subgroups in the two
arms. The DCR was higher in the anlotinib arm of the RT
subgroup compared with that of the placebo arm (73.9%
vs. 9.1%; P<0.001) and the non-RT subgroup (68.6% uvs.
18.8%; P=0.002).

Safety

In regard to safety, 1 (2.2%) and 2 (9.1%) deaths were
reported for anlotinib and placebo in the RT subgroups,
and 3 (8.6%) and 1 (6.3%) death for placebo in the non-RT
subgroups. Table 3 presents the AEs in the RT subgroup.
The rates of AEs and serious AEs (SAEs) were similar
between the two arms of the RT subgroup; 4 (8.7%)
participants in the anlotinib arm had grade >3 AEs leading
to dose reduction, while no patients in the placebo arm
experienced grade 3 AEs; 6 (13.0%) participants in the

© Translational Lung Cancer Research. All rights reserved.

anlotinib arm had grade >3 AEs leading to treatment
discontinuation versus 2 (9.1%) in the placebo arm; 1
(2.2%) patient had an AE leading to death in the anlotinib
arm compared with 2 (9.1%) in the placebo arm. The main
AEs in the anlotinib arm were hypertension, weight loss,
hypertriglyceridemia, leukopenia, hypercholesterolemia,
and fatigue.

Table 4 presents the AEs in the non-RT subgroup. As in
the RT subgroup, the rates of AEs and SAEs were similar
between the two arms of the RT subgroup; 1 (2.9%)
participant had grade >3 AEs leading to dose reduction in
the anlotinib arm versus none in the placebo arm; 2 (5.7%)
participants in the anlotinib arm had grade >3 AEs leading
to treatment discontinuation versus 1 (6.3%) in the placebo
arm; 3 (8.6%) participants experienced an AE leading
to death in the anlotinib arm compared with 1 (6.3%)
in the placebo arm. The main AEs in the anlotinib arm
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A Overall survival
100 Event Censored Median (95% Cl)
Anlotinib 15 31 (67.39%) 9.49 (7.29, 12.68)
Placebo 13  9(40.91%) 4.90 (1.25,7.82)
Logrank test, P=0.0388
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Anlotinib 46 41 36 30 27 19 15 12 7 5 3 2 2 1 1 0
Placebo 22 15 12 9 9 6 6 4 3 3 3 1 1 0
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B Overall survival
100 Event Censored Median (95% ClI)
Anlotinib 17 18 (51.43%) 6.51 (4.57, NR)
Placebo 8  8(50.00%) 5.22 (1.91, NR)
Logrank test, P=0.2416
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60 -
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20

Overall survival (probability)

+ censored

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Months
Numbers of patients at risk
Anlotinib 35 31 27 23 20 15 13 7 6 5 3 1 1 1 0
Placebo 16 13 11 8 7 5 1 1 0

C Overall survival
100 4 = Event Censored Median (95% Cl)
B Thoracic RT 15 31(67.39%) 9.49 (7.29, 12.68)
Non-thoracic RT 17 18 (51.43%) 6.51 (4.57, NR)
5 80 Logrank test, P=0.2311
z
©
8
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©
[
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0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Months
Numbers of patients at risk
ThoracicRT 46 41 36 30 27 19 15 12 7 5 3 2 2 1 1 0
Non-thoracic RT 35 31 27 23 20 15 13 7 6 5 3 1 1 1 0

Figure 2 Overall survival (OS). (A) In the radiotherapy (RT) subgroup, OS was 9.49 (7.29-12.68) months for anlotinib and 4.90 (1.25-7.82)
months for placebo (P=0.0388). (B) In the non-RT subgroup, OS was 6.51 [4.57-not reached (NR)] months for anlotinib and 5.22 (1.91-
NR) months for placebo (P=0.2416). (C) No difference in OS was observed between the RT and non-RT subgroups in the anlotinib arm

(P=0.2311).

were hypertension, loss of appetite, hyponatremia, sinus
tachycardia, anemia, fatigue, leukopenia, weight loss, and
elevated y-glutamyltransferase.

Discussion

The ALTER 1202 trial showed that anlotinib prolonged the
PFS and OS of patients with SCLC as a third-line treatment
or above (15,16), but the impact of previous thoracic RT
was unclear. Therefore, this study aimed to explore the
effect of front-line RT on the benefits of anlotinib. The
results suggested that compared with the placebo arm, the
patients who received anlotinib had PFS benefits in the
front-line RT and non-RT subgroups. PFS in the anlotinib
arm improved in the RT subgroup compared with the non-
RT subgroup. Despite the wealth of data in the literature
about the effect of radiation therapy in patients with SCLC,
this study innovated by examining the impact of radiation

© Translational Lung Cancer Research. All rights reserved.

therapy in patients with SCLC treated with anlotinib.
Anlotinib is an antiangiogenic TKI that affects the
tumor microenvironment (23,24). Previous studies
have suggested that anlotinib is likely to be effective
against lung cancer (15-18,23,25,26). Nevertheless, the
comparison of the results of the present study with the
published findings was limited by the fact that no similar
study comparing the prognosis of antiangiogenic drugs
versus placebo in patients with or without front-line RT
has been conducted to date. Only one study explored the
effect of front-line RT versus no RT on the prognosis
of rear-line antiangiogenic treatments (22). The study
included patients with NSCLC treated with mediastinal
RT, and the analysis was made in the anlotinib cohort. The
patients treated with anlotinib in the chest RT subgroup
had a longer median PFS compared with patients in the
non-RT subgroup (5.93 vs. 4.63 months; P=0.027) with
an HR of 0.68 (95% CI: 0.52-0.96), but no significant
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Table 2 Tumor response in the two groups
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RT subgroup

Non-RT subgroup

Anlotinib (n=46) Placebo (n=22)

P for interaction
Anlotinib (n=35) Placebo (n=16) P

Complete response, n (%) 0 0
Partial response, n (%) 2 (4.4) 0
Stable disease, n (%) 32 (69.6) 2(9.1)
Progression disease, n (%) 10 (21.7) 14 (63.6)
Nonevaluable, n (%) 2 4.4 6 (27.3)
Objective response rate, n (%) 2 4.4 0

95% ClI (0.5,14.8) -
Disease control rate, n (%) 34 (73.9) 2(9.1)

95% Cl (58.9, 85.7) (1.1,29.2)
Median progression-free 5.49 0.69
survival, (month)

95% ClI (2.83, 6.47) (0.66, 0.76)
Median overall survival, 9.49 4.90
(month)

95% Cl (7.29, 12.68) (1.25,7.82)

<0.001

0 0
2(5.7) 1(6.3)
22 (62.9) 2 (12.5)
10 (28.6) 11 (68.8)
1(2.9) 2 (12.5)
0.454 2(5.7) 1(6.3) 0.9999
(0.0, 20.0) (0.0, 30.0)
24 (68.6) 3(18.8) 0.002
(50.7, 83.2) (5.8, 43.8)
<0.0001 2.83 0.76 0.0003 0.018
(1.87, 4.11) (0.66, 1.91)
0.0388 6.51 5.22 0.242 0.587
4.57,-) (1.91,)

Cl, confidence interval; RT, radiotherapy.

differences in OS were noted (22). In the present study,
the patients in the anlotinib arm who received front-line
RT had better PFS compared with patients in the non-
RT subgroup. The difference between the RT and non-
RT subgroups was more pronounced than in the previous
study (22) (5.49 vs. 2.83 months, compared with 5.93 vs.
4.63 months); some benefit in terms of OS was observed,
but it was not statistically significant. In addition, the
present subgroup analysis showed that, as long as front-
line chest RT has been performed, a PFS benefit can be
achieved with anlotinib regardless of the RT dose. The
results agreed with the findings of the only study that
explored the effect of front-line RT versus no RT (22).
However, the discrepancy in the difference in PFS
might be due to the large difference in epidemiological
characteristics between SCLC and NSCLC, which might
have influenced the results. In addition, the sample sizes
were small, the RT regimens were not uniform, and the
different lines of treatment before anlotinib could have
differed. Nevertheless, these results on anlotinib were
promising because no previous study on the use of TKIs
as third-line therapy against lung cancer has found varied
benefits (27-30).

© Translational Lung Cancer Research. All rights reserved.

Of note, the results suggested that RT, as a local treatment,
improved the subsequent response to anlotinib. Non-RT
patients only achieved a PFS benefit, while RT patients
achieved both OS and PFS benefits. RT has been shown
to play an important role in the induction of an immune
response against the tumor (31). Indeed, RT can increase
the expression of antigens, the release of pro-inflammatory
cytokines, increase the recruitment of cytotoxic immune
cells, and promote antigen presentation (32). Since anti-
VEGF therapy also induces an immune permissive status (33),
the combination of RT and anlotinib might be synergistic in
activating antitumor immunity. Studies are still necessary to
identify the mechanisms.

Concurrent chemoradiotherapy can be used in patients
with limited-stage SCLC (2,5,34). The chemotherapy
regimen of cisplatin combined with etoposide for 4-6 cycles
is recommended, and chest RT involved can be used from
the first or second cycle (5,35). The RT regimen can be
hyperfractionation RT (1.5 Gy/time, twice a day, total dose
of 45 Gy) or the conventional fractionation dose of a higher
dose (1.8-2.0 Gy/time, total dose of 60 Gy) (5,35,36). With
this combination regimen, a CR rate of >80% was achieved,
and median survival and 5-year tumor-free survival were
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Table 3 Adverse events in the RT subgroup

Anlotinib (n=46) Placebo (n=22)

Any grade Grade =3 Any grade Grade =3
AE 46 (100.0) 25 (54.3) 22 (100.0) 11 (50.0)
SAE 13 (28.3) 10 (21.7) 7 (31.8) 6 (27.3)
AE leading to dose reduction 4(8.7) 4(8.7) 0 0
AE leading to termination of treatment 6 (13.0) 6 (13.0) 3(13.6) 2(9.1)
AE leading to death 1(2.2) 2(9.1)
AEs in 210% (any grade) or >2% (grade >3) of patients in either arm
Hypertension 18 (39.1) 7(15.2) 0 0
Weight loss 18 (39.1) 0 2(9.1) 0
Hypertriglyceridemia 17 (37.0) 5(10.9) 0 0
Leukopenia 14 (30.4) 0 3(13.6) 0
Hypercholesterolemia 12 (26.1) 2 (4.4) 2(9.1) 0
Fatigue 12 (26.1) 0 8 (36.4) 0
Loss of appetite 11 (23.9) 0 5(22.7) 0
Elevated y-glutamyltransferase level 10 (21.7) 4 (8.7) 5(22.7) 1(4.6)
Expectoration 10 (21.7) 2(4.4) 3(13.6) 0
Backache 9(19.6) 0 0 0
Elevated alanine aminotransferase level 9(19.6) 0 3(13.6) 2 (9.1)
Elevated aspartate aminotransferase level 9(19.6) 3 (6.5) 3(13.6) 0
Palmoplantar redness syndrome 9(19.6) 3(6.5) 0 0
Hypothyroidism 8(17.4) 0 0 0
Cough 8(17.4) 0 2(9.1) 0
Decreased lymphocyte count 8(17.4) 3 (6.5) 4(18.2) 3(13.6)
Urine red blood cell positive 8(17.4) 0 0 0
Increased blood thyroid-stimulating hormone level 8(17.4) 0 0 0
Proteinuria 7 (15.2) 0 0 0
Difficulty in pronunciation 7 (15.2) 0 0 0
Difficulty breathing 7(15.2) 2(4.4) 3(13.6) 1(4.6)
ECG QT interval extension 7(15.2) 0 3(13.6) 0
Reduced neutrophil count 7 (15.2) 0 3(13.6) 0
Sinus tachycardia 7 (15.2) 1(2.2) 5(22.7) 0
Gum pain 6 (13.0) 0 0 0
Nausea 6 (13.0) 1@2.2) 3(13.6) 0
Diarrhea 6 (13.0) 0 2(9.1) 0
Hyperglycemia 6 (13.0) 1(2.2) 4(18.2) 0

Table 3 (continued)

© Translational Lung Cancer Research. All rights reserved.
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Table 3 (continued)
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Anlotinib (n=46)

Placebo (n=22)

Any grade Grade =3 Any grade Grade =3
Urine leukocyte positive 6 (13.0) 0 0 0
Vomiting 6 (13.0) 1@2.2) 5(22.7) 1(4.6)
Increased blood alkaline phosphatase level 6 (13.0) 0 3(13.6) 0
Fever 5(10.9) 0 2(9.1) 0
Stomachache 5(10.9) 0 0 0
Elevated bilirubin level 5(10.9) 2 (4.4) 0 0
Hemoptysis 5(10.9) 1(2.2) 2(9.1) 1(4.6)
Anemia 5(10.9) 0 6 (27.3) 1(4.6)
Weight gain 5(10.9) 0 0 0
Dizziness 5(10.9) 0 3(13.6) 0
Chest pain 5(10.9) 0 4(18.2) 0
Elevated blood bilirubin level 5(10.9) 1(2.2) 0 0
Limb pain 5(10.9) 0 0 0
Hyponatremia 4(8.7) 1(2.2) 4(18.2) 3(13.6)
Decreased platelet count 4(8.7) 1(2.2) 3(13.6) 2(9.1)
Hypophosphatemia 3(6.5) 1(2.2) 0 0
Skeletal muscle pain 3 (6.5) 1(2.2) 0 0
Hard to swallow 3 (6.5) 1(2.2) 0 0

AE, adverse event; ECG, electrocardiogram; SAE, serious adverse event.

improved (5,35-37). Patients with extensive SCLC receive
chemotherapy in priority to control the metastatic spread
first. Then, chest RT is recommended for the patients
who achieved CR or PR after chemotherapy to control the
local disease. Still, few studies examined chest RT, and no
study examined the radiation dose specifically. Some studies
recommend a short course and slightly higher fractionation
RT. For example, the CREST randomized controlled study
used 30 Gy over 10 fractions (38), and the Canadian study
used 40 Gy over 15 times (39). In the cancer hospitals
affiliated to the Chinese Academy of Sciences, most
patients receive conventional fractionation RT with high
safety. The dose analysis was conducted according to the
standardization of the LQ model. The results suggest that
increasing the dose of chest RT within a certain range can
improve the PFS and OS rates of the patients, indicating
that for some patients with extensive-stage SCLC, more
aggressive chest RT has a positive effect on delaying disease

© Translational Lung Cancer Research. All rights reserved.

progression and improving survival. Still, there is no specific
study on the delineation of the target areas for extensive
SCLC, and most centers follow the principle of target areas
for localized SCLC. The gross tumor volume (GTV) is
delineated according to the lesions shown in imaging data
after chemotherapy, and the clinical tumor volume (CTV) is
delineated by referring to the scope of lymph node invasion
before chemotherapy, without preventive lymph node
irradiation (40).

In the present study, the safety profile was tolerable
and similar to that in other studies on anlotinib (19) and
the original ALTER 1202 trial (15,16). The safety of the
antiangiogenic drug anlotinib was tolerable for patients
with front-line RT and no RT. No obvious differences were
observed between the two subgroups, suggesting that prior
exposure to RT did not lead to new safety signals. Still,
some minute differences were observed in the AEs among
the subgroups, but the relationship of RT with these AEs is
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Table 4 Adverse events in the non-RT subgroup

Anlotinib (n=35) Placebo (n=16)
Any grade Grade =3 Any grade Grade =3
AE 35 (100.0) 18 (51.4) 16 (100.0) 5(31.3)
SAE 9 (25.7) 8 (22.9) 3(18.9) 3(18.9)
AE leading to dose reduction 1(2.9) 1(2.9) 0 0
AE leading to termination of treatment 5(14.3) 2 (5.7) 1(6.3) 1(6.3)
AE leading to death 3(8.6) 1(6.3)

AEs in 210% (any grade) or >2% (grade >3) of patients in either arm

Hypertension 16 (45.7) 4 (11.4) 1(6.3) 0
Loss of appetite 14 (40.0) 1(2.9 5(31.3) 1(6.3)
Hyponatremia 13 (37.1) 7 (20.0) 3(18.8) 1(6.3)
Sinus tachycardia 13 (37.1) 0 1(6.3) 0
Anemia 12 (34.3) 0 4 (25.0) 1(6.3)
Fatigue 11 (31.4) 1(2.9) 5(31.3) 1(6.3)
Leukopenia 10 (28.6) 2(5.7) 2(12.5) 0
Weight loss 10 (28.6) 0 0 0
Elevated y-glutamyltransferase level 9(25.7) 2(5.7) 4 (25.0) 3(18.8)
Hyperglycemia 8 (22.9) 0 2(12.5) 0
Increased blood thyroid-stimulating hormone level 8 (22.9) 0 0 0
Palmoplantar redness syndrome 8 (22.9) 1(2.9 0 0
Elevated alanine aminotransferase level 7 (20.0) 1(2.9 3(18.8) 0
Diarrhea 7 (20.0) 0 0 0
Hypercholesterolemia 7 (20.0) 0 1(6.3) 0
Hypertriglyceridemia 7 (20.0) 1(2.9 0 0
Elevated aspartate aminotransferase level 7 (20.0) 0 3(18.8) 0
ECG QT interval extension 7 (20.0) 0 3(18.8) 1(6.3)
Decreased platelet count 7 (20.0) 1(2.9 2(12.5) 0
Hypoalbuminemia 6(17.1) 0 3(18.8) 0
Elevated bilirubin level 6(17.1) 2(5.7) 0 0
Cough 6(17.1) 0 1(6.3) 0
Chest pain 6(17.1) 0 1(6.3) 0
Decreased white blood cell count 5(14.3) 0 0 0
Proteinuria 5(14.3) 0 0 0
Hypochloremia 5(14.3) 1(2.9) 2 (12.5) 0
Difficulty breathing 5(14.3) 1(2.9) 0 0
Hypothyroidism 5(14.3) 0 1(6.3) 0
Table 4 (continued)
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Table 4 (continued)
Anlotinib (n=35) Placebo (n=16)
Any grade Grade >3 Any grade Grade >3
Oropharyngeal pain 5(14.3) 0 0 0
Elevated blood bilirubin level 5(14.3) 1(2.9 1(6.3) 0
Limb pain 5(14.3) 0 0 0
Increased lipase level 5(14.3) 4(11.4) 0 0
Constipation 4(11.4) 0 1(6.3) 0
Hypophosphatemia 4 (11.4) 4 (11.4) 0 0
Nausea 4 (11.4) 0 1(6.3) 0
Expectoration 4(11.4) 0 1(6.3) 0
Urine red blood cell positive 4(11.4) 0 0 0
Elevated amylase 3(8.6) 2 (5.7) 0 0
Lung infection 3(8.6) 1(2.9 0 0
Vomiting 3(8.6) 0 2(12.5) 0
Death 3(8.6) 3(8.6) 1(6.3) 1(6.3)
Increased blood alkaline phosphatase level 3(8.6) 0 3(18.8) 0
Reduced neutrophil count 3(8.6) 1(2.9 0 0
Hypoglycemia 1(2.9 1(2.9 0 0
Bone marrow failure 1(2.9 1(2.9 0 0
Intravenous stent implantation 1(2.9 1(2.9 0 0
Rash 1(2.9 1(2.9) 0 0
Hyperuricemia 0 0 2(12.5) 0
Gastroesophageal reflux disease 0 0 2(12.5) 0

AE, adverse event; ECG, electrocardiogram; SAE, serious adverse event.

unknown and cannot be inferred from the present study.
This study had some limitations. First, it was a subgroup
analysis based on a previous trial. Moreover, it had a small
sample size and likely lacked sufficient power to detect
an OS difference in the non-RT cohort. The analysis
was limited to the data available in the original trial. For
example, the rate of development of symptomatic chest
failures in extensive-stage SCLC after undergoing post-
chemotherapy chest RT was not documented. Finally, the
sample size was too small to allow for analyses according
to mutations or the presence of brain metastases. Indeed,
different mutations in SCLC affect the outcomes, and brain
metastasis is a factor of poor prognosis (5). Nevertheless,
the study provided preliminary data that could be used to

© Translational Lung Cancer Research. All rights reserved.

plan future studies.

Immunotherapy plays an increasingly important
part in the personalized management of SCLC (41,42).
Previous studies examined the possible combination
of immunotherapy and RT in SCLC, with promising
results (43). Another study showed that the combination
of anlotinib with PD-1 blockade shows some promising
efficacy and manageable AEs (44). The IMpower133 (45)
and CASPIAN (46) trials showed that atezolizumab or
durvalumab combined with chemotherapy prolonged the
OS for 2 months, and they were approved for the therapy
for SCLC. Still, due to the relatively limited benefits of OS,
how to improve the efficacy of immunotherapy in SCLC
is an important direction of exploration at present. In this
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way, penpulimab combined with anlotinib showed favorable
antitumor activity in patients with SCLC and failure to
platinum-based regimens (47). Another trial suggested that
toripalimab with anlotinib and chemotherapy was effective
in patients with treatment-naive extensive-stage SCLC (48).

Conclusions

Anlotinib can be used as a third-line and above therapy
against SCLC. It benefits patients with or without front-
line RT;, and its safety profile is tolerable. Front-line RT has
an impact on subsequent PFS when using anlotinib.
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Supplementary

Table S1 Subgroup analysis for the PFS and OS (month) when using different thoracic radiation doses

<45 Gy >45 Gy
Variables
Placebo Anlotinib P Placebo Anlotinib P

PFS

N 2 7 13 28

Event 2 3 11 14

Censored, n (%) 0(0) 4 (57.14) 2 (15.38) 14 (50.00)

Median 0.71 5.75 0.69 5.49

95% ClI (0.66, 0.76) (0.36, 5.75) 0.0462 (0.66, 0.82) (2.79, 6.90) <0.0001
0s

N 2 7 13 28

Event 1 2 8 8

Censored, n (%) 1 (50.00) 5(71.43) 5 (38.46) 20 (71.43)

Median 6.67 7.29 4.37 10.51

95% ClI (NE, NE) (1.71, NE) 0.4795 (0.82,7.82) (6.97, NE) 0.0969

PFS, progression-free survival; OS, overall survival; Cl, confidence interval.
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