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IMPORTANCE Anlotinib is a novel multitarget tyrosine kinase inhibitor for tumor angiogenesis
and proliferative signaling. A phase 2 trial showed anlotinib to improve progression-free
survival with a potential benefit of overall survival, leading to the phase 3 trial to confirm the
drug's efficacy in advanced non-small cell lung cancer (NSCLC).

OBJECTIVE To investigate the efficacy of anlotinib on overall survival of patients with
advanced NSCLC progressing after second-line or further treatment.

DESIGN, SETTING, AND PARTICIPANTS The ALTER 0303 trial was a multicenter, double-blind,
phase 3 randomized clinical trial designed to evaluate the efficacy and safety of anlotinib in
patients with advanced NSCLC. Patients from 31 grade-A tertiary hospitals in China were
enrolled between March 1, 2015, and August 31, 2016. Those aged 18 to 75 years who had
histologically or cytologically confirmed NSCLC were eligible (n = 606), and those who had
centrally located squamous cell carcinoma with cavitary features or brain metastases that
were uncontrolled or controlled for less than 2 months were excluded. Patients (n = 440)
were randomly assigned in a 2-to-1ratio to receive either 12 mg/d of anlotinib or a matched
placebo. All cases were treated with study drugs at least once in accordance with the
intention-to-treat principle.

MAIN OUTCOMES AND MEASURES The primary end point was overall survival. The secondary
end points were progression-free survival, objective response rate, disease control rate,
quality of life, and safety.

RESULTS In total, 439 patients were randomized, 296 to the anlotinib group (106 [36.1%]
were female and 188 [64.0%] were male, with a mean [SD] age of 57.9 [9.1] years) and 143 to
the placebo group (46 [32.2%] were female and 97 [67.8%] were male, with a mean [SD] age
of 56.8 [9.1] years). Overall survival was significantly longer in the anlotinib group (median,
9.6 months; 95% Cl, 8.2-10.6) than the placebo group (median, 6.3 months; 95% Cl, 5.0-8.1),
with a hazard ratio (HR) of 0.68 (95% Cl, 0.54-0.87; P = .002). A substantial increase in
progression-free survival was noted in the anlotinib group compared with the placebo group
(median, 5.4 months [95% Cl, 4.4-5.6] vs 1.4 months [95% Cl, 1.1-1.5]; HR, 0.25 [95% ClI,
0.19-0.31]; P < .001). Considerable improvement in objective response rate and disease
control rate was observed in the anlotinib group over the placebo group. The most common

grade 3 or higher adverse events in the anlotinib arm were hypertension and hyponatremia.
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ung cancer is the most commonly diagnosed cancer and

accounts for 20% of cancer-related mortality worldwide.!

An estimated 610 200 patients (22% of cancer-related
mortality) died from lung cancer in 2015 in China.? Non-small
cell lung cancer (NSCLC) comprises 80% to 85% of lung can-
cers, and most patients present with locally advanced or meta-
static disease at time of diagnosis.® Recent advancements in the
understanding of NSCLC malignant neoplasm molecular path-
ways have led to the development of targeted therapeutics.*®
With the advent of novel treatments, such as targeted therapy,
itis becoming increasingly common for patients to control their
disease through multiple lines of therapy.

Anlotinib (AL3818) hydrochloride is a novel multitarget
tyrosine kinase inhibitor (TKI) for tumor angiogenesis and
proliferative signaling.” The prime targets of anlotinib in-
clude receptor tyrosine kinases vascular endothelial growth
factor receptor 1 to 3, endothelial growth factor receptor
(EGFR), fibroblast growth factor receptor 1 to 4, platelet-
derived growth factor receptor a and 3, and stem cell factor
receptor.”® In phase 2 of the ALTER randomized clinical trial,
117 patients with advanced NSCLC who progressed after sec-
ond-line or further treatment were enrolled from 13 centers;
60 of these patients were assigned to the anlotinib arm and
57 patients to the placebo arm. An improvement in the pri-
mary end point of progression-free survival (PFS) was ob-
served (median PFS, 4.8 months for anlotinib arm vs 1.2 months
for placebo arm; hazard ratio [HR], 0.32; P < .001), with po-
tential benefit in the secondary end point of overall survival
(0S) (median 0S, 9.3 months for anlotinib arm vs 6.3 months
for placebo arm; P = .08).1° Therefore, we conducted a multi-
center, double-blind, randomized phase 3 of the ALTER trial
to confirm the efficacy of anlotinib as a third-line or further
treatment in patients with advanced NSCLC (stage IIIB to IV).
Overall survival was the primary end point of the phase 3 study.

Methods

Study Design

This multicenter, double-blind, randomized phase 3 clinical trial
was designed to evaluate the efficacy and safety of anlotinib in
patients with advanced NSCLC (ClinicalTrials.gov identifier:
NCT02388919). Patients from 31 grade-A tertiary hospitals in
China were enrolled between March 1, 2015, and August 31, 2016.
All patients provided written informed consent before enter-
ing the trial. The trial was conducted according to the prin-
ciples of the Declaration of Helsinki!! and Good Clinical
Practice requirements. All 31 institutions obtained approval
from the research ethics board of each site. See Supplement 1
for the trial protocol.

Patients

Eligible patients included those aged 18 to 75 years who had his-
tologically or cytologically confirmed NSCLC. Other inclusion
criteria were an Eastern Cooperative Oncology Group
Performance Status score of O or 1 (score range: 0-5, with the
highest score indicating death); life expectancy of 3 months or
more; and disease progression after at least 1 line of
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Key Points

Question Does anlotinib improve overall survival and
progression-free survival in third-line or further treatment of
advanced non-small cell lung cancer?

Findings In this randomized clinical trial that included 437 patients
with advanced non-small cell lung cancer, substantial improvement
in overall survival and progression-free survival was noted in
patients who received anlotinib compared with those given
placebo. Substantial improvement in objective response rate and
disease control rate was also observed among the anlotinib group.

Meaning In third-line or further treatment of Chinese patients
with advanced non-small cell lung cancer, anlotinib prolonged
overall survival, suggesting that anlotinib is well tolerated and is a
potential later therapy for patients with this disease.

chemotherapy and TKI therapy for all patients with driver al-
terations (EGFR [OMIM 131550] mutation or ALK [OMIM 105590]
rearrangement) as well as disease progression after at least
2 lines of chemotherapy for all patients without driver altera-
tions. Patients were excluded if they had centrally located squa-
mous cell carcinoma with cavitary features or brain metasta-
ses that were uncontrolled or controlled for less than 2 months.
The fulllist of inclusion and exclusion criteria are listed in eTable
lin Supplement 2. See Figure 1 for the patient diagram.

Randomization and Masking

Patients were randomly assigned in a 2-to-1ratio to receive an-
lotinib or placebo with a block randomization scheme (block
size of 4) using a double-blind, computerized, randomized list
generator. Predefined stratification factors were as follows:
histopathological classification (adenocarcinoma or squa-
mous cell carcinoma or others), number of metastases (<3 or
>3), driver alterations (EGFR mutation or ALK rearrange-
ment), and alterations status (positive or negative). Packag-
ing of the anlotinib and placebo pills (supplied by Chia Tai
Tianqging Pharmaceutical Group Co, Ltd) was identical and
coded according to a random code list.

Procedures

Oral anlotinib (12 mg/d) or matched placebo was adminis-
tered. Each cycle was defined as 2 weeks on-treatment fol-
lowed by 1 week off-treatment.” The treatment continued
until disease progression or treatment intolerance. Dose modi-
fications (10 mg/d or 8 mg/d) of anlotinib were allowed ac-
cording to the protocol-defined dose modification criteria.
Briefly, if the patient could not tolerate 12 mg/d, then the dose
could be reduced to 10 mg/d or 8 mg/d. If the dose of 8 mg/d
was not tolerated, then treatment was terminated. In accor-
dance with the Response Evaluation Criteria in Solid Tumors
guidelines, version 1.1, tumor assessment was performed using
computed tomography within 2 weeks before treatment
started. After the treatment initiation, tumors were evalu-
ated once per cycle during the first 2 cycles and then assessed
once every 2 cycles. Patient follow-up was done every 8 weeks
to assess clinical outcomes, including toxicity, efficacy, and
survival, until the death of the patient or until the data cutoff
date (January 6, 2017), whichever came first.
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Outcomes

The primary end point was OS. The secondary end points were
PFS, objective response rate, disease control rate, and quality
of life. Patient-reported quality of life was assessed using the
European Organisation for Research and Treatment of
Cancer questionnaires QLQ-C30 and QLQ-LC13 at every visit
before any study-related procedures were conducted. The
safety of the treatment was evaluated by the occurrence of
adverse events, and the severity of the adverse events was
graded according to the National Cancer Institute Common
Terminology Criteria for Adverse Events, version 4.02.

Statistical Analysis

The sample size was calculated on the basis of the following:
an HR of 0.70 for the OS with 2-to-1 randomization; a median
OS of 11.0 months for the anlotinib group vs 7.0 months for the
placebo group according to results from the phase 2 trial;
a significance level of P = .05; and a statistical power of 85%,
with both scheduled accrual and follow-up for 12 months. A total
of 450 patients were needed to be enrolled within the sched-
uled accrual and follow-up to achieve 291 death events.

We assessed the efficacy in the full analysis set, which was
defined as all cases treated with study drugs at least once in
accordance with the intention-to-treat principle. The sur-
vival curves for OS and PFS were estimated with the Kaplan-
Meier method and were compared between treatment and
control groups using the log-rank test. Changes in QLQ-C30 and
QLQ-LC13 questionnaire scores from baseline scores were
assessed by Wilcoxon rank sum test. Prespecified subgroup
analysis was undertaken using univariate Cox proportional haz-
ards regression models that, along with an interaction term
(treatment and subgroup variable), tested the heterogeneity
of the anlotinib and placebo subgroups. Objective response rate
and disease control rate for each group were compared using
Pearson 2 or Fisher exact test when appropriate. All statisti-
cal tests were carried out on the basis of a 2-sided a = .05 and
95% CI.!2 All analyses were performed using SAS software,
version 9.4 (SAS Institute Inc).

. |
Results

Of'the 606 patients screened for eligibility, 440 patients (72.6%)
were enrolled. After enrollment, 1 patient (0.2%) was not as-
signed because of randomization system error. Overall, 439 pa-
tients were randomly assigned to either the anlotinib group
(n = 296, of whom 106 [36.1%] were female and 188 [64.0%]
were male, with a mean [SD] age of 57.9 [9.1] years) or the pla-
cebo group (n = 143, of whom 46 [32.2%] were female and 97
[67.8%] were male, with a mean [SD] age of 56.8 [9.1] years),
but 2 patients in the anlotinib group withdrew their consent
after randomization. Five patients did not fulfill eligibility cri-
teria, but according to the intention-to-treat principle and blind
review, these patients were not excluded from the full analy-
sis set (Figure 1). The major driver alterations were EGFR mu-
tations. Of the 437 patients, 138 (31.6%) exhibited EGFR mu-
tations and only 7 (1.6%) harbored the ALK rearrangements.
The baseline patient information is shown in eTable 2 in
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Figure 1. Study Flowchart

606 Assessed for eligibility

166 Did not fulfill eligibility criteria
131 Did not fulfill eligibility criteria
> 23 Withdrew consent
10 Cannot detect gene mutation
2 Died

(440 Randomly assigned (2:1) )

—> 1 Notassigned due to system errors

| !

296 Assigned to anlotinib group 143 Assigned to placebo group
(FAS population) (FAS population)

—»‘ 2 Withdrew consent

142 Discontinued treatment
105 Had disease
progression

19 Withdrew consent

269 Discontinued treatment
175 Had disease
progression

31 Withdrew consent

N 19 Died N 4 Violated study
6 Violated study procedures
procedures 2 Had adverse events
31 Had adverse events 6 Died
7 Were lost to 6 Were lost to
follow-up follow-up

25 Ongoing study treatment
at data cutoff date

1 Ongoing study treatment
at data cutoff date

FAS indicates full analysis set. The data cutoff date was January 6, 2017.

Supplement 2, and baseline characteristics were well
balanced across the 2 groups.

The median duration of anlotinib treatment was 18 weeks,
and the median duration of the placebo treatment was 6 weeks.
The median (range) follow-up duration for the anlotinib group
was 8.1(0.9-22.1) months and for the placebo group was 6.0
(0.5-21.0) months.

All 437 patients were included in the efficacy analysis. At
the time of data cutoff, 189 of 294 patients (64.3%) in the an-
lotinib group died compared with the 103 of 143 patients
(72.0%) in the placebo group who died. The survival rates of
patients in the anlotinib group were 70.6% (95% CI, 65.4%-
75.8%) at 6 months, 40.0% (95% CI, 34.0%-46.0%) at 12
months, and 26.2% (95% CI, 20.1%-32.3%) at 18 months. For
those in the placebo group, the survival rates were 52.8% (95%
CI, 44.6%-61.1%) at 6 months, 27.8% (95% CI, 19.9%-35.7%) at
12 months, and 22.7% (95% CI, 14.8%-30.7%) at 18 months. The
median OS was 9.6 months (95% CI, 8.2-10.6) for the anlo-
tinib group (eFigure 4 in Supplement 2), which was substan-
tially longer than the median OS for the placebo group (6.3
months [95% CI, 5.0-8.1]; HR, 0.68 [95% CI, 0.54-0.87];
P =.002; Figure 2A). The median PFS for the anlotinib group
was 5.4 months (95% CI, 4.4-5.6), which was also substan-
tially longer than the median PFS for the placebo group (1.4
months[95% CI, 1.1-1.5]; HR, 0.25[95% CI, 0.19-0.31]; P < .001;
Figure 2B).
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Figure 2. Kaplan-Meier Estimates of Overall and Progression-Free Survival
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A, For the anlotinib group, the median overall survival (OS) was 9.6 months
(95% Cl, 8.2-10.6); for the placebo group, the median OS was 6.3 months (95%
Cl, 5.0-8.1). The hazard ratio (HR) was 0.68 (95% Cl, 0.54-0.87; P = .002).

B, For the anlotinib group, the median progression-free survival (PFS) was 5.4
months (95% Cl, 4.4-5.6). For the placebo group, the median PFS was 1.4
months (95% Cl, 1.1-1.5). The HR was 0.25 (95% Cl, 0.19-0.31; P < .001).

The OS and PFS benefits in favor of anlotinib were observed
across most predefined subgroups (Figure 3; eTable 3 in
Supplement 2). Patients with EGFR mutation had an HR of 0.59
(95% CI, 0.37-0.93) for OS and an HR of 0.15 (95% CI, 0.09-0.24)
for PFS. Those without EGFR mutation had an HR of 0.73 (95%
CI, 0.55-0.97) for OS and an HR of 0.29 (95% CI, 0.22-0.39) for
PFS. In terms of the different pathological types, patients with
adenocarcinoma had an HR of 0.67 (95% CI, 0.51-0.89) for OS and
an HR 0f 0.21(95% CI, 0.15-0.28) for PFS; both OS and PFS ben-
efits were obtained from anlotinib. In patients with squamous
cell carcinoma and other pathological types, only improved PFS
was observed (HR, 0.37 [95% CI, 0.22-0.60]).

Our post hoc analysis (eTable 4 in Supplement 2) showed
that, after disease progression, more patients in the placebo
group compared with the anlotinib group received subse-
quent treatment (93 [65.0%] vs 143 [48.6%]; P = .002), espe-
cially chemotherapy (59 [41.3%] vs 66 [22.5%]; P < .001).

The objective response rate was significantly higher in the
anlotinib group compared with the placebo group (27 [9.2%]
vs 1[0.7%]; P < .001). The difference of disease control rate
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between anlotinib and placebo groups was also statistically
significant (238 [81.0%] vs 53 [37.1%]; P < .001) (eFigure 1 in
Supplement 2).

Changes in the QLQ-C30 and QLQ-LC13 scores in the first,
second, fourth, and sixth treatment cycle from baseline are
shown in eFigures 2 and 3 in Supplement 2. Mean increase in
OLQ-LC13 total score was small in the anlotinib group in the
first, second, and fourth treatment cycle. The QLQ-C30 analy-
sisshowed that patients in the anlotinib group maintained their
major health status throughout the cycles from baseline.

The most common adverse events with statistical differ-
ence between the 2 groups were observed in the anlotinib group
and included hypertension, fatigue, thyroid-stimulating hor-
mone elevation, anorexia, hypertriglyceridemia, hand-foot
syndrome, and hypercholesterolemia (eTable 5 in Supplement
2). During the treatment in the anlotinib group, 24 patients
(8.2%) had their dose adjusted to 10 mg/d and 2 patients (0.7%)
had their dose adjusted to 8 mg/d. The major reasons for dose
reduction were hand-foot syndrome (n = 7) and hypertension
(n = 3). Adverse events of grade 3 or higher were reported
in 182 patients (61.9%) in the anlotinib group and 53
patients (37.1%) in the placebo group. Of these, the most com-
mon grade 3 or higher adverse events among the anlotinib
group were hypertension (40 [13.6%]), hyponatremia (24
[8.2%]), and elevated y-glutamyltransferase (16 [5.4%]). Twenty
patients (6.8%) in the anlotinib group and 8 patients (5.6%) in
the placebo group died during the 30-day follow-up period
after the last dose of the study treatment was administered, and
no death was found to be associated with anlotinib.

|
Discussion

This trial met its primary end point on the last day of data cut-
off. The results showed that patients with advanced NSCLC
who received anlotinib as third-line or further therapy had
better OS, PFS, and objective response rate compared with
patients who received placebo pills. Anlotinib was well toler-
ated, and the patient-reported outcome analysis revealed that
patients in the anlotinib group generally maintained a reason-
able quality of life.

To our knowledge, the present study is the first phase 3
trial in the third-line or beyond setting that compared a mul-
titarget agent with placebo to show an OS benefit. In phase 2
of this trial, prolongation of PFS was achieved; however, OS
was not significant between the anlotinib and placebo arms,
which contrasts with the results in phase 3.!° This discrep-
ancy may be explained by the small sample size in the phase
2 trial—only 117 patients were enrolled. In the phase 2 trial, close
attention was not directed toward patients’ driver altera-
tions, as EGFR status was unknown in 60.7% of the total popu-
lation. Considering the effect on OS of driver alterations and
the corresponding targeted therapies as subsequent therapy,
all patients in the phase 3 study provided specimens before
enrollment to detect these driver alterations.

The number of previous targeted treatment regimens, EGFR
mutation, and ALK rearrangement was balanced across the 2
arms. In addition, the proportion of patients in the anlotinib
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Figure 3. Subgroup Analysis of Overall and Progression-Free Survival
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ECOG PS indicates Eastern Cooperative Oncology Group Performance Status (score range: 0-5, with the highest score indicating death); EGFR, endothelial growth
factor receptor; HR, hazard rationm; and SCC, squamous cell carcinoma.

group who received subsequent therapies was not larger than
that in the placebo group, suggesting that the recorded OS
benefit was attributable to anlotinib but not to either subse-
quent targeted treatment or other therapies. After data cutoff
(January 6, 2017), we continued the OS follow-up until May 18,
2017. Further survival analysis showed a median OS of 9.6
months for the anlotinib group, which was 3.3 months longer
than that for the placebo group. Second-line docetaxel has been
shown to improve survivalin NSCLC by a median of 3 months.
However, few trials have focused on evaluating docetaxel as the
third-line or further therapy, and retrospective evidence only
shows an objective response rate of 2.3%.* Recently, a meta-

jamaoncology.com

analysis confirmed that immune checkpoint inhibitors com-
pared with docetaxel could substantially improve OS in NSCLC
as a second-line therapy; the median OS of immune check-
point inhibitors ranged from 9.2 to 13.8 months.' As for the
third-line or further setting, the ATLANTIC study (A Global Study
to Assess the Effects of MEDI4736 [Durvalumab] in Patients With
Locally Advanced or Metastatic Non Small Cell Lung Cancer) has
evaluated durvalumab as a third-line or later treatment in
advanced NSCLC, and the median OS from this drug ranged
from 9.3 to 13.3 months in different cohorts.'®

As a multiple target TKI, the target molecules of anlotinib
include vascular endothelial growth factor receptor1to 3, EGFR,
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platelet-derived growth factor receptor aand 3, fibroblast growth
factor receptor1to 3, and stem cell factor receptor,”° all of which
contribute to inhibitory action on tumor angiogenesis and par-
tial tumor cell growth function. During the treatment, only 24
(8.2%) patients reduced their dose to 10 mg/d and 2 (0.7%) pa-
tients’ dose was decreased to 8 mg/d, which indicates that an-
lotinib was well tolerated by patients with limited toxicity. The
tolerable profile of anlotinib results from the treatment sched-
ule of 2 weeks on-treatment followed by 1 week off-treatment;
the low dose of the drug, which is related to a low IC5,
concentration®; the rapid absorption through the intestine;
along half-life of 116 (+47) hours; a T, 0f 7.3 (+3.3) hours; and
the stable plasma concentration within the treatment win-
dow. High frequency of grade 3 toxicity at 10 mg/d for 4 con-
secutive weeks was observed in phase 1 of the trial.” There-
fore, high oral bioavailability and adherence may be a few of the
reasons for the increased survival outcomes.

In the present study, subgroup analysis showed that the
improvement in PFS and OS for patients with NSCLC was
consistent with most analyzed subgroups. For example,
anlotinib was found to be effective in PFS and OS for patients
in both EGFR-mutated and EGFR wild-type subgroups (eFig-
ure 5 in Supplement 2). By contrast, other multitargeted
agents, such as sorafenib (Monotherapy Administration of
Sorafenib in Patients With Non-Small Cell Lung Cancer
[MISSIONT] trial), were reported to be more effective in
patients with EGFR mutation.!” One potential reason for this
difference might be that the improvement in OS among
patients with EGFR mutation could be partly biased by the
unbalanced use of EGFR TKIs between the sorafenib arm (19
[43.2%] patients) and the placebo arm (8 [17.7%] patients)
during the subsequent treatments.'® For squamous lung can-
cer, previous discoveries have established that the fibroblast
growth factor signaling pathway plays a fundamental role in
cancer development by supporting tumor angiogenesis and
cancer cell proliferation via different mechanisms.'°-2! How-
ever, in previous trials, multiple target receptor TKIs, such as
vandetanib, did not show efficacy in this population,
although it is against fibroblast growth factor receptor.? In
the current study, considerable OS improvement was not
seen in patients with squamous cell carcinoma either (HR,
0.73 [95% CI, 0.45-1.18]; P = .19), but a substantially
improved PFS was achieved in this population. Because the
squamous cell carcinoma subgroup included only 101
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patients, further analysis of the efficacy of anlotinib in this
population is planned.

The most common adverse events from the use of other
TKIs—such as gefitinib, erlotinib hydrochloride, and afatinib
dimaleate, which are used in first-line treatment of EGFR-
mutated advanced NSCLC—are gastrointestinal (diarrhea and
stomatitis/mucositis) and cutaneous (erythra, dry skin, and
paronychia) conditions.?® However, one of the main con-
cerns with any antiangiogenic treatment is bleeding, as has
occurred with bevacizumab, a humanized antibody against
vascular endothelial growth factor, that has caused adverse
events such as hypertension, proteinuria, bleeding, and
thrombosis.?# In this trial, a similar level of adverse events was
observed, but the occurrence of bleeding events was low.

Limitations

This trial has some limitations. First, at the start of this trial,
third-line therapy options for patients with NSCLC were
nonexistent, saying nothing of any recommended salvage regi-
mens approved in China; thus, we chose placebo as the control.
A dramatic change has taken place in the past 2 years. The
development of immune checkpoint inhibitors has placed
docetaxel or checkpoint inhibitor as a third-line therapy for
NSCLC. The PFS of third-line or further anlotinib in the present
study seems to be not inferior to the results achieved by
docetaxel or nivolumab in previous reports. Head-to-head com-
parisons of anlotinib and chemotherapy as third-line treatment
are beneficial to identify the sequence of therapy strategies.
Second, potential biomarkers were not reported in this study.
The analysis of biomarkers, such as C-C motif ligand 2 and
active circulating endothelial cells, suitable for anlotinib therapy
using tissue or cancerous pleural effusion specimens is still
ongoing. These results will be reported in the future.

. |
Conclusions

Anlotinib as third-line and further therapy is well tolerated and
offers significantly improved PFS and OS compared with
placebo among Chinese patients in our trial. Anlotinib is a
potential treatment option for the management of patients
with advanced NSCLC. Future studies will look into the thera-
peutic strategies for anlotinib combined or compared with
other therapies in NSCLC and other solid tumors.
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