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Background: Four multi-targeted tyrosine kinase inhibitors (TKIs) including apatinib, anlotinib,
fruquintinib and lenvatinib are currently available as third-line regimen for advanced non-small cell lung
cancer (NSCLC) patients who failed at least two lines of systemic therapy. Limited evidence was provided
to demonstrate the general efficacy and safety profile of these drugs as third-line treatment approach for
NSCLC.

Methods: Eligible literature was searched from electronic database. Data of objective response rate (ORR),
disease control rate (DCR), progression-free survival (PES), overall survival (OS), treatment related adverse
event (TRAE), treatment related adverse event grade 3-5 (TRAE3-5), hypertension, proteinuria, hand-
foot skin reaction (HFSR), elevated ALT/AST, nausea and vomiting, diarrhea were synthetically extracted.
Multiple-treatments comparisons (MTCs) based on a Bayesian consistency model integrated the efficacy and
toxicity outcomes. Rank probabilities of each regimen were assessed and clustered by the surface under the
cumulative ranking curve.

Results: Five phase II/III randomized trials involving 915 advanced NSCLC patients were enrolled. MTCs
showed that four multi-targeted TKIs shared equivalent efficacy in terms of outcome measures, of which
anlotinib stood out in ORR (OR =39.26; 95% CI: 2.36-2,748.06), DCR (OR =8.69; 95% CI: 1.70-50.18)
and PFS (HR =0.27; 95% CI: 0.10-0.78) when compared with placebo plus BSC. No significantly differences
were observed among these TKIs and placebo with respect to OS, TRAE and TRAE 3-5. Fruquintinib and
lenvatinib may relate to high rate of HFSR while anlotinib may relate to hypertension.

Conclusions: Multi-targeted TKIs (apatinib, anlotinib, fruquintinib and lenvatinib) with acceptable
efficacy and safety profile were options for advanced NSCLC in third-line setting.
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Introduction

Lung cancer remains a leading cause of cancer-related death
globally, having a 5-year survival rate of less than 20% (1,2).
Non-small cell lung cancer (NSCLC), accounting for the
majority of lung cancer cases (approximately 80-85%), is
usually allocated to advanced stage at their first diagnosis (3).
Moreover, a considerable portion of patients with locally
advanced NCSLC will relapse with metastases, causing the
lower overall 5-year survival rate (4,5).

Despite a significant improvement in screening,
diagnostics and therapy for NSCLC during the past
decades, the prognosis for patients with advanced NSCLC
remains poor (6-8). The standard care, according to the
NCCN guideline, for these locally advanced or metastatic
NSCLC patients is systemic palliative chemotherapy and/
or radiotherapy (9). Platinum-based doublet chemotherapy
plus immune checkpoint inhibitors (ICIs) is currently
being recommended as the standard first-line treatment
option for advanced NSCLC, followed by second-line
systemic ICIs monotherapy (nivolumab, pembrolizumab
and atezolizumab) or other systemic therapy (docetaxel,
pemetrexed or gemcitabine) or target therapy (gefitinib and
erlotinib) as the subsequent therapy. The emergence of ICIs
for the treatment of malignancy has significantly changed
the therapeutic landscape of lung cancer, especially NSCLC.
Long-term survival and durable responses were observed in
a certain proportion of patients with the 5-year survival rate
increased from 4% to 16% for advanced NSCLC patients
after treating with immunotherapy (10). These encouraging
therapies have improved survival and the quality of life for
NSCLC patients, however, most of the patients experience
drug-resistance or disease progression after receiving a
certain period of time with first- or second-line therapy
(11,12) and there is currently no standard therapeutic
options beyond second-line, placing the subsequent salvage
therapy in a difficult situation.

Tumor angiogenesis have been identified as important
therapeutic targets for malignant tumor, which is essential
in the process of primary tumor growth, proliferation,
differentiation and metastasis (13-15). Although erlotinib as
EGFR mutations targeted therapies has been considered for
third-line therapy, the efficacy for the EGFR unselected or
EGFR wild-type patients is unsatisfactory. Of the vascular
endothelial growth factor (VEGF) family, VEGF and its
receptors are considered to be the core signaling pathway
in angiogenesis-related molecular mechanisms. Small
molecule tyrosine kinase inhibitors (TKIs), especially the
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multi-target angiokinase inhibitors, have the capacity to
potently and selectively inhibit the biochemical function
of the downstream VEGFR-mediated signaling tyrosine
kinases (16,17). These multi-targeted oral TKIs that target
angiogenesis pathways, including VEGFR, PDGFR, FGFR,
¢-KIT, FLT-3, etc., are consider to have a broad spectrum
of inhibitory property on tumor angiogenesis and growth
(17-20). At present, various anti-angiogenic drugs, such
as apatinib, anlotinib, fruquintinib, lenvatinib have been
applied and evaluated in many clinical studies for NSCLC.
Thus, we perform this network analysis of randomized
controlled trials reporting survival and safety data of those
patients who have failed at least two lines of systemic
therapy to determine the role of oral multi-target TKIs as
third-line treatment in patient with advanced NSCLC.

Methods
Study eligibility and identification

We searched PubMed, Embase and Cochrane Central
Register of Controlled Trials of the Cochrane Library
respectively with a combination of the terms “non-small cell
lung cancer (NSCLC)”, “pretreated”, “third-line therapy”,
“apatinib”, “anlotinib”, “fruquintinib”, “lenvatinib” within
the restriction limit of “randomized controlled trial” (by
the cutoff of December 2018) to find out relevant studies,
detailed search strategy was listed in Figure S1. We also
reviewed abstract books and conducted a manual search
of conference proceedings to make sure that the newest
oncological progress enrolled. Besides, we also carefully
checked and extracted all of the supplemental materials data
from each trial to ensure no significant information was
missing (Appendix 1). Moreover, we also re-examine the
reference lists of related reviews as additional confirmation.
The literature retrieval was conducted by two reviewers
independently (F Lu and Z Zhang). Studies were included
if they met our following inclusion criteria: (I) prospective
phase II or III trials involving NSCLC patients; (II) patients
received second or later-line therapy; (III) at least one
available survival data regarding third-line treatment in
advanced NSCLC patients. Studies that fail to meet the
above criteria would be excluded from the network meta-
analysis.

Outcomes measures, data extraction and quality assessment

Therapeutic clinical outcomes including objective response

Ann Transl Med 2019;7(18):452 | http://dx.doi.org/10.21037/atm.2019.08.51



Annals of Translational Medicine, Vol 7, No 18 September 2019

rate (ORR), disease control rate (DCR), progression free
survival (PFS), overall survival (OS) and toxicity outcomes
including treatment related adverse event (TRAE),
treatment related adverse event grade 3-5 (TRAE3-5),
while specific concerned TRAE including hypertension,
proteinuria, hand-foot skin reaction (HFSR), elevated AL'T/
AST, nausea and vomiting, diarrhea were synthetically
extracted. Study author, publication year, patient category,
patients’ ECOG, pathology, therapeutic regimens, the
proportion of driver cancer-driver mutations, prior
therapies, sample size and clinical outcomes mentioned
above were reviewed and summed up by two investigators
independently (F Lu and F Luo). The Cochrane
Collaboration for Systematic Reviews guidelines were used
to evaluate the quality of each study by two reviewers. The
following seven items were assessed: random sequence
generation, allocation sequence concealment, blinding
of participants and personnel, blinding of the outcome
assessment, incomplete outcome data, selective reporting,
and other biases. The overall methodologic quality of each
included study was assessed as “low risk of bias”, “high
risk of bias”, or “unclear risk of bias” (21). Any dispute was
resolved by discussion. All eligible studies were of high
quality after the assessment.

Statistical analyses

We took the hazard ratio for survival outcomes (OS and
PFS), and the odds ratio (OR) for binary outcomes (ORR,
DCR, TRAE and TRAE 3-5 and specific concerned TRAE)
as well as their 95% confidence intervals (Cls) to measure
the efficacy and safety of various third-line regimens. For a
specific comparison, an agent with HR for OS or PFS <1,
or OR for ORR >1 was deemed preferable to its contrast in
efficacy, while an agent with OR for TRAE or TRAE 3-5>1
was considered to have higher toxicity in the comparison.
The network geometry was generated with plots depicting
using StataMPversion 13.0 (StataCorp).

Firstly, the Bayesian network meta-analysis was
performed with R v3.5.1 (gemtc package) (22) using
a random-effects hierarchical model by assuming that
different comparisons for each survival outcome (PES, OS)
shared a common heterogeneity parameter (23,24). 95% Cls
of the pooled HR excluding 1 or a two-sided P value less
than 0.05 was considered statistically significant. Secondly,
a random-effects network within a Bayesian framework was
established using Markov chain Monte Carlo methods in
ADDIS 1.15 (Drugis.org) (25). Thirdly, the binary clinical
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outcomes (ORR, DCR, TRAE, TRAEs 3-5 and specific
concerned TRAE) network within studies was constructed
and the relations among the odds ratios across studies were
specified to make comparisons of different treatments in
immunotherapy regimens. Fourthly, for each outcome,
the probability of every agent being at each possible rank
was estimated and presented. To be more intuitive, the
surface under the cumulative ranking (SUCRA) curve was
calculated based on the rank probability of each agent with
corresponding outcomes to rank the efficacy and safety
profile of various regimens (26) and displayed using the
rank-heat plot (27) to provide a simple numerical summary
for the relative ranking of the regimens. SUCRA value would
be 1 if the agent is certain to be the best and 0 if it’s certain to
be the worst. For presentation of the intervention hierarchy,
the SUCRA curve was used to rank the efficacy and safety
outcomes (28). A rank-heat plot was used to depict the
SUCRA values for all outcomes (27). Agents with colored
green value in the rank-heat plot represented greater
probabilities for better efficacy for efficacy outcomes; for
toxicity outcomes, agents with colored red value in the
rank-heat plot represented lower probabilities for incidence
of specific adverse event.

The inconsistency within the multiple treatment
comparison (MTC) was evaluated using a variance
calculation such as Inconsistency Standard Deviation
(ISD) and Random Effects Standard Deviation (RESD).
The inclusive “1” in the 95% CI of ISD would indicate
a low risk of inconsistency. The homogeneous results
of RESD between consistency and inconsistency model
would indicate a low risk of heterogeneity (28). The key
parameters for evaluating inconsistency including direct,
indirect and overall effects as well as ISD are listed in the
Table S1. The node-splitting analysis would evaluate the
consistency among different regimes if loop M'TCs exist (29).
The inconsistency within the network was evaluated by
the variance calculation and node-splitting analysis using
R v3.5.1, RStudio (gemtc package) and ADDIS 1.15. A P

value <0.05 indicated significant inconsistency.

Results
Characteristics of the selected studies

One thousand and six hundred seventy-four original
articles were identified through database searches and
additional sources on 15 December 2018. After removing
the duplicates and screening, 103 studies were considered
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1,674 potentially relevant studies identified for retrieval from literature search

708 studies excluded after screening

A 4

of title and abstract

assessment

966 potentially eligible articles retrieved with full text and supplementary materials for detailed

961 articles excluded after detailed screening

326 review/systematic review/meta-analysis
391 phase I/Ib trials

32 control were not (placebo + PBS)

92 retrospective/observational studies or case reports
62 focusing on quality of life analysis subgroup analysis or exploring predictive factors
58 assessing other regimens not include targeted therapy (e.g., immune therapy etc.)

5 eligible studies in the network meta-analysis

1 comparing apatinib with placebo + PBS (Zhang L 2012)

2 comparing anlotinib with placebo + PBS [Han BH (1) 2018; Han, BH (2) 2018]
1 comparing fruquintinib with placebo + PBS (Lu S 2017)

1 comparing lenvatinib with placebo + PBS (Havel L 2015)

Figure 1 Flowchart of study selection and design.

potentially eligible for full-text assessment. Finally, five
eligible studies were included in the network meta-
analyses. Of the 98 excluded studies, 52 studies contained
inappropriate patient/control groups, 31 lacked relevant
interventions, 15 were non-RCTs. A flowchart following
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) is shown in Figure I and
Appendix 2. Among these five phase II/III randomized
control trials (30-34), Zhang [2012] compared apatinib with
placebo as third-line treatment in NSCLC. Han [2017]
and Han [2018] study investigated anlotinib and placebo in
NSCLC. Lu [2017] performed trials comparing treatment
with fruquintinib and placebo. And Havel [2015] compared
lenvatinib with placebo in NSCLC third-line treatment.
Detailed information about the characteristics of the studies
included in this meta-analysis shown in Tables 1,S2.

Risk of bias in included studies

The judgments of the risk of bias in the five enrolled

trials were perform by two investigators (Y Zhang and
T Zhou). Random sequence generation and allocation
concealment were adequately performed in five studies. All
studies required the blinding of participants and personnel,
and were considered as having a low risk of attrition or
reporting bias. Two trials blinded the process of outcome
assessment while two trials had incomplete outcomes data.
Detailed information can be found in Figure S2.

Network geometry for MTCs

Network diagrams was established for MTCs based on the
included five RCTs (Figure 2). Solid lines between drugs
represented the existence of direct comparisons. Outcome
data for ORR, DCR, OS, PFS, TRAE, TRAE3-5, and
specific concerned TRAE (hypertension, proteinuria,
HESR, elevated ALT/AST, nausea/vomiting, diarrhea) were
synthetically extracted and analyzed. The five recommended
treatments (apatinib, anlotinib, fruquintinib, lenvatinib and
placebo plus PBS) were directed and indirect compared
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Apatinib
Fruquintinib
Anlotinib
Lenvatinib
Placebo

Figure 2 Network plot of multiple-target TKIs in third-line
treatment of NSCLC. The size of each dot represents the number
of patients receiving the corresponding intervention. The width
of each line represents the number of studies of corresponding
comparison. TKIs, tyrosine kinase inhibitors; NSCLC, non-small

cell lung cancer.

against each other.

Network meta-analyses for efficacy profile

For ORR, DCR outcomes, the anlotinib and fruquintinib
showed a significant improvement in ORR compared to
placebo plus BSC (OR =39.26; 95% CI: 2.36-2,748.06; OR
=8.31x10% 95% CI: 4.35-3.35x10"). The SUCRA rankings
suggested fruquintinib (0.94) as the best intervention in
ORR followed by anlotinib (0.63), apatinib (0.50), lenvatinib
(0.38) and placebo+BSC (0.05) which ranked last. For DCR,
the result showed anlotinib has a significant improvement
than placebo plus BSC (OR =8.69; 95% CI: 1.70-50.18).
The SUCRA rankings suggested fruquintinib (0.77) as the
best intervention in DCR followed by anlotinib (0.71),
apatinib (0.61), lenvatinib (0.37) and placebo+BSC (0.05)
which ranked last.

For PES, OS outcomes, according to the MTCs results,
only anlotinib showed a significant improvement in
PFS outcome when compared to placebo plus BSC (HR
=0.27; 95% CI, 0.10-0.78). The SUCRA rankings of PFS
indicated that anlotinib (0.73) as the best intervention
followed by apatinib (0.70), fruquintinib (0.57), lenvatinib

© Annals of Translational Medicine. All rights reserved.
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(0.46) and placebo+BSC (0.04). For OS outcomes, no
statistically significant differences were observed in all these
four interventions in this study, of which the HR of OS and
95% CI existed marginal significant differences between
anlotinib and placebo+BSC (HR =0.71; 95% CI: 0.50-1.04).
Taken OS rankings probability into account, the anlotinib
is associated with the relatively higher SUCRA value (0.65),
suggesting that the anlotinib may be superior to other
treatments in survival outcomes. Additional data can be
found in Figure 3 and Figure S3.

Network meta-analyses for safety profile

For TRAE, TRAE3-5 outcomes, MTCs showed
insignificantly but higher risk of treatment-related adverse
events with apatinib, anlotinib, fruquintinib, and lenvatinib
in comparison to placebo plus BSC. The SUCRA values
for these four TKIs were higher (range: 0.51-0.72) than
for placebo plus BSC (0.04). Of the three highest ranking
drugs (apatinib, fruquintinib, lenvatinib), the safety profile
comparisons of drugs were no significant difference. Four
trials were included in TRAE3-5 outcome analysis, anlotinib
had the highest SUCRA value (0.75), among which however
there was no statistically significant difference in TRAE3-5
across three high-ranking drugs.

For specific concerned TRAE, the incidence of
hypertension during the treatment of multiple-target TKIs
were reported in five trials. As demonstrated in Figures 4,53,
anlotinib is associated with the highest SUCRA rank value,
while placebo plus BSC remained the lowest probability,
with significantly higher rate of hypertension of the anlotinib
group than in the placebo plus BSC group (OR =13.83;
95% CI: 1.64-183.71). Based on the results shown in
Figures 4,53, SUCRA value indicated that lenvatinib
ranked the highest incidence of HFSR (0.86), followed
by fruquintinib (0.8575). According to the analysis, the
incidence of HFSR was significantly higher in the lenvatinib
(OR =1.91x10"; 95% CI: 16.58-5.6x10") and fruquintinib
(OR =3.79x10% 95% CI: 394.44-1.22x10%) than in the
placebo plus BSC group. Patients who received apatinib
(OR =5.79x107%; 95% CI: 2.23x107"°-0.11) or anlotinib
(OR =3.02x107; 95% CI: 7.63x1072°-0.04) regimen were
less likely to suffer HFSR when compared with those treated
with fruquintinib regimen. MTCs of other adverse events
(proteinuria, elevated ALUT/AST, nausea and vomiting,
diarrhea) were also performed. Detailed results were shown
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OR with 95% CI for ORR

Anlotinib
2.41 (0.02, 1001.53)

4.79x10™ (5.34x107°, 17.81)

5.87 (0.03, 1,687.86)
39.26 (2.36. 2,748.06)

Apatinib

1.52x10 (1.43x10™", 11.50)

2.51(0.01, 690.91)

15.93 (0.44, 1,140.26)

Fruquintinib
1.52x10* (0.23, 3.63x10'%)
8.31x10* (4.35, 3.35x10"%)

Lenvatinib

6.32 (0.16, 616.00)

Placebo + BSC

OR with 95% CI for DCR

Anlotinib

1.29 (0.07, 25.59)
0.83 (0.04, 19.33)
2.54 (0.15, 56.96)
8.69 (1.70. 50.18)

Apatinib
0.62 (0.02, 23.68)
1.99 (0.07, 71.22)
6.88 (0.61, 84.96)

Fruquintinib
3.22 (0.09, 122.22)
10.53 (0.83, 142.20)

Lenvatinib

3.45 (0.30, 35.99)

Placebo + BSC

HR with 95% CI for PFS

Anlotinib

0.99 (0.17, 6.03)
0.81(0.14, 4.83)
0.69 (0.12, 4.01)
0.27 (0.10, 0.78)

Apatinib
0.82 (0.10, 6.26)
0.69 (0.09, 5.33)
0.28 (0.07, 1.18)

Fruquintinib
0.85(0.11, 6.61)
0.34 (0.08, 1.46)

Lenvatinib

0.40 (0.10, 1.70)

Placebo + BSC

HR with 95% CI for OS

Anlotinib

1.01 (0.49, 2.12)
1.01 (0.51, 2.05)
0.71 (0.50, 1.04)

Fruquintinib
1.00 (0.42, 2.39)
0.70 (0.37, 1.31)

Lenvatinib

0.70 (0.39, 1.27)

Placebo+BSC

Figure 3 Multiple treatment comparison for efficacy based on network consistency model. (OR >1 means the treatment in top left is better

while HR >1 means the treatment in top left is worse). OR, odds ratio; HR, hazard ratio; CI, confidence interval; ORR, objective response

rate; DCR, disease control rate; PFS, progression-free survival; OS, overall survival; BSC, best support care.

in Figure 3 and the SUCRA values were listed in Figure S3.

Ranking probability

The “ranking probabilities” produced by the network
consistency model tended to indicate which multiple-
target TKIs had higher ranking probability in all outcomes
measured, including ORR, DCR, PES, OS and TRAE etc.
In general, regimens with greater ranking probabilities are
more likely to produce better outcomes. Therefore, we
calculated the SUCRA curve value with the primary ranking
probabilities results to better represent the possible ranking
and established a ranking heat plot to combine efficacy

© Annals of Translational Medicine. All rights reserved.

and safety profile based on the SUCRA. The SUCRA
value of each regimen with corresponding outcomes are
displayed in Figure S3 and the synthesized ranking heat
map plot was exhibited in Figure 4. Based on SUCRA
value, the rank probabilities with cumulative value of being
the most efficacious treatments were (ORR, DCR, PFS,
OS): anlotinib (0.50, 0.61, 0.73, 0.65), apatinib (0.63, 0.71,
0.70, NA), fruquintinib (0.94, 0.77, 0.57, 0.63), lenvatinib
(0.38, 0.37, 0.46, 0.63) and placebo plus BSC (0.05, 0.05,
0.04, 0.09). According to SUCRA value of treatment-
related adverse event, the results were (TRAE, TRAE3-
5, hypertension, HFSR): anlotinib (0.61, 0.75, 0.57, 0.42),
apatinib (0.51, NA, 0.69, 0.32), fruquintinib (0.72, 0.65,

Ann Transl Med 2019;7(18):452 | http://dx.doi.org/10.21037/atm.2019.08.51
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Rank-heat plot based on SUCRA

Treatment
1: Anlotinib
2: Apatinib
3: Fruquintinib
4: Lenvatinib
5: Placebo+BSC

Circles from outside in refer to:

a: ORR

b: DCR

c: PFS

d: 0S

e: TRAE

f: TRAE 35

g: Hypertension

h: Proteinuria

i HFSR

j: Elevated ALT or AST
k: Nausea and vomitting
I: Diarrhea

** White sectors including a '*' refer to treatments
without data on the outcome within the circle **

20 40

60 80 100

Ranking statistic in %

Figure 4 Rank-heat plot of the third-line regimens for NSCLC patients with efficacy and toxicity profile. Each sector is colored according

to the surface under the cumulative ranking (SUCRA) value of the corresponding treatment and outcome. The scale consists of the

transformation of three colors: red (0%), yellow (50%), and green (100%), and each color is associated with a different pattern. Uncolored

sectors show that the underlying treatment was not included in the network meta-analyses for the particular outcome. NSCLC, non-small

cell lung cancer.

0.64, 0.86), lenvatinib (0.61, 0.51, 0.56, 0.86) and placebo
plus BSC (0.04, 0.09, 0.05, 0.03) (more detail shown in
Figure S3). As visualized in the ranking heat map plot in
Figure 4, we could see that in general four multiple-target
TKIs colored green in efficacy outcomes (ORR, DCR, PFS,
and OS) and colored red in toxicity outcomes (e.g., TRAE,
TRAE3-5, Hypertension, HFSR).

Discussion

Although a significant improvement in diagnostics and
therapy for advanced NSCLC during the past decades,
Availability of effective drugs for first- and second-
line as well as maintenance therapy in NSCLC has led
to increasing number of patients requiring third-line
treatment. Clinicians inevitably encounter difficulty in
treating patients with advanced NSCLC who experience
a progression or relapse following first- and/or second-
line treatment (35). For patients with advanced NSCLC,
the paucity of approved agents for third-line therapy or

© Annals of Translational Medicine. All rights reserved.

beyond is becoming an important unmet medical need to
be addressed. Considering the characteristics of patients
failed at least 2 lines of systemic anticancer therapy, there
is a great need for more effective therapies that improve
clinical benefit with minimal toxicity (36). Theoretically,
multitargeted-TKIs targeting various specific anti-cancer
pathways are intended to be more effective with less toxicity,
which provides a novel approach for cancer therapy. To our
knowledge, this is the first network meta-analysis study to
compare the efficacy and toxicity profile among different
small molecule multi-targeted TKIs in third-line NSCLC
treatment.

We conducted this comprehensive network meta-analysis
with 5 RCTs included 915 advanced NSCLC patients to
compare therapeutic efficacy and toxicity of four TKIs
(apatinib, anlotinib, fruquintinib and lenvatinib) as third-
line treatment for advanced NSCLC. Overall, the results
in this study demonstrated that anlotinib were superior in
improving PFS compared to placebo plus BSC as third-line
treatment in patients with advanced NSCLC after failure to
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prior therapy. As for OS, we found that three different TKIs
(anlotinib, fruquintinib and lenvatinib) shared equivalent
therapeutic effect without statistic differences. And notably
anlotinib (as ranking the highest in SUCRA 0.65) seemed
to have a marginal significant difference in contrast to
placebo+BSC. Rank probabilities indicated that anlotinib
potentially have a better efficacy compared with apatinib,
fruquintinib and lenvatinib as third-line treatment for
advanced NSCLC. Besides, the outcome of ORR, DCR and
treatment-related adverse event were also analyzed. When
compared with other agents, fruquintinib showed a better
rank probability in SUCRA of ORR (0.94) and DCR (0.77),
while potentially drug toxicity (TRAE, TRAE3-5) were
observed in fruquintinib and anlotinib. For common TRAE,
hypertension, proteinuria, HFSR, etc. were observed in all
these TKIs. And fruquintinib and lenvatinib may relate to
high rate of HFSR while anlotinib may relate to high risk
of hypertension (detailed data can be found in Figure 5).
All of these evidences indicated that these multi-targeted
TKIs were potentially better in efficacy with tolerable
toxicity in contrast to placebo as third-line treatment for
advanced NSCLC. However, as in third-line therapy
setting, OS may be considered an important outcome, we
also provide some information on the potential of survival
benefit that anlotinib may convey though the HR between
anlotinib and placebo didn’t reach statistic difference. More
prospective randomized controlled trials or even real-world
study specially comparing various novel agents as third-line
therapy for advanced NSCLC are needed to validate the
result.

Novel multi-target TKIs showed antitumor activity
against tumor cells carrying mutations in VEGFR,
PDGFR-a, c-Kit, c-Met, Aurora-B, c-FMS, and discoidin
domain receptor 1 (DDR1), which was a group of newly
identified kinase targets involving the tumor progression
(19,37-42). Inhibition of these targeted tyrosine kinases can
prevent phosphorylation of the receptors and downstream
signaling, which ultimately results in apoptosis of cancer
cells (43). The potential to target multiple kinases may be an
advantage over compound that have a single target axis, as
the use of single-target TKIs (EGFR-TKI, ALK-TKI, etc.)
commonly leads to tumor resistance and selected on the
basis of the presence of driver mutations. Further, targeting
the VEGF receptor alone may result in compensatory
upregulation of other signal pathways, and leading to a
resultant tumor progression. By inhibiting multi-arms of
the signal pathway axis, multitargeted TKIs prevents more

© Annals of Translational Medicine. All rights reserved.
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potential resistance to compounds that inhibit either target
independently and may provide greater antitumor activity
than targeting each pathway individually. In addition,
multitargeted agents are directed at molecules associated
with tumorigenesis, may provide greater efficacy and cause
less overall toxicity than traditional cytotoxic drugs (44,45).
Further study is needed to explore the underlying potential
mechanism and function of these agents.

There are several limitations of this study. First, although
high quality of trials was included, only 915 patients were
finally enrolled in this network meta-analysis, the sample
size of this study was relatively small. We have taken this
limitation into consideration before we interpreted these
results with caution. Second, subgroup analysis was limited
with lack of the individual patient data (IPD). We could not
perform subgroup analysis stratified by subtypes of EGFR
mutation status, race information and ECOG scores, which
didn’t reach to precise medical level. Third, here are not
enough data for an in-depth analysis of OS (apatinib) and
some other specific TRAE outcomes, more clinical data are
warranted to support the survival benefit of multi-targeted
oral TKIs. Since it’s impossible to conduct further head-
to-head trials comparing efficacy and safety profile among
these TKIs as third-line therapy. Our indirect comparative
study helps clinicians get a general impression on the
efficacy and safety of multi-targeted TKI as third-line
treatment or beyond.

Recently, more and more novel compounds or their
combination therapy such as proteasome inhibitor,
histone deacetylase inhibitors and ICIs combined with
antiangiogenic therapy are coming into sight and being
evaluated in the process of clinical validation (46-48),
bringing new hope for advanced NSCLC patients.
Regardless of above limitations, this network meta-analysis
preliminarily demonstrated the role of multi-targeted oral
TKI as third-line therapy for NSCLC patients. The results
led to important hints. Orally convenient TKIs, to some
extent, could serve as a salvage therapy for those patients
progress after front-line treatment in the hope of other
upcoming novel therapy.

Conclusions

Our study indicated that multitarget TKIs (anlotinib,
apatinib, fruquintinib and lenvatinib) have a promising
therapeutic efficacy and acceptable toxicity profile and may
consider to be an option as third-line treatment in NSCLC
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OR with 95% ClI for TRAE

Anlotinib

0.74 (0.03, 15.07)
0.46 (0.01, 23.66)
0.73(0.03, 16.97)
5.25(0.92, 38.93)

Apatinib
0.63 (0.02, 32.48)
1.02 (0.03, 27.79)
7.31(0.67, 99.74)

Fruquintinib
1.61 (0.02, 60.52)
11.20 (0.62, 220.36)

Lenvatinib
7.17 (0.67, 99.37)

Placebo + PBS

OR with 95% ClI for TRAE 3-5

Anlotinib

1.13(0.11, 12.97)
1.49 (0.20, 15.67)
3.26 (0.99, 13.94)

Fruquintinib
1.33(0.10, 19.14)
2.93 (0.42, 22.53)

Lenvatinib
2.16 (0.35, 13.75)

Placebo + PBS

OR with 95% ClI for Hypertension

Anlotinib

1.42 (0.03, 82.54)
1.04 (0.01, 92.51)
1.49 (0.03, 94.21)
13.83 (1.64, 183.71)

Apatinib
0.74 (3.27x10®, 102.05)
1.03 (0.01, 122.47)
9.73 (0.42, 299.49)

Fruquintinib
1.45 (0.01, 380.08)
13.35 (0.36, 1,369.93)

Lenvatinib

9.60 (0.39, 268.16)

Placebo + PBS

OR with 95% Cl for Proteinuria

Anlotinib

0.70 (0.04, 14.11)
0.99 (0.06, 17.83)
0.27 (0.02, 5.23)
2.61(0.51, 12.85)

Apatinib
1.38 (0.05, 36.30)
0.39 (0.01, 11.29)
3.69 (0.34, 36.11)

Fruquintinib
0.27 (0.01, 9.71)
2.63 (0.25, 29.02)

Lenvatinib
9.21 (0.78, 113.85)

Placebo + PBS

OR with 95% ClI for HFSR

Anlotinib

0.39 (1.36x10°, 123.15)
3.02x10° (7.63x10™, 0.04)
7.13x107" (2.48x10%, 1.09)
11.75 (0.64, 361.49)

Apatinib
5.79x10° (2.23x10™, 0.11)
2.31x10™ (5.9x10%, 3.53)

31.38 (0.31, 4114.15)

Fruquintinib
0.48 (4.72x10™", 1.67x10")
3.79x10°(394.44, 1.22x10%)

Lenvatinib
1.91x10" (16.58, 5.6x10%)

Placebo + PBS

OR with 95% Cl for Elevated ALT/AST

Anlotinib

0.14 (2.6x10%, 3.65)
0.28 (0.01, 5.54)
2.09 (0.46, 11.52)

Apatinib
2.03 (0.03, 177.11)
14.75 (0.92, 602.41)

Fruquintinib
7.48 (0.68, 128.76)

Placebo + PBS

OR with 95% CI for Nausea and Vomiting

Anlotinib

0.23 (0.01, 8.43)
1.40 (0.04, 45.63)
0.10 (2.78x10, 3.60)
0.77 (0.06, 9.18)

Apatinib
6.14 (0.15, 272.96)
0.42 (0.01, 18.05)
3.38(0.24, 52.42)

Fruquintinib
0.07 (1.9x10%, 2.48)
0.55 (0.04, 7.24)

Lenvatinib
7.86 (0.57, 105.50)

Placebo + PBS

OR with 95% Cl for Diarrhea

Anlotinib

0.32 (0.01, 7.41)
0.56 (0.04, 8.44)
3.84 (0.98, 18.28)

Fruquintinib
1.84 (0.05, 124.07)
12.53 (0.85, 491.69)

Lenvatinib

6.78 (0.81, 81.28)

Placebo + PBS

Figure 5 Multiple treatment comparison for tolerability based on network consistency model. (OR >1 means the treatment in top left is
worse). OR, odds ratio; CI, confidence interval; TRAE, Treatment-related Adverse Event; TRAE 3-5, Treatment-related Adverse Event
Grade 3-5; HFSR, hand-foot skin reaction; BSC, best support care.
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patients.

Clinical practice points

*.

%  Four multi-targeted TKIs, including anlotinib,
apatinib, fruquintinib and lenvatinib, are currently
evaluated in third-line treatment of advanced
NSCLC patients. However, there was no network
meta-analysis among all the TKIs;

% Orally convenient multi-targeted TKIs, to some
extent, could serve as a salvage therapy for those
patients progress after front-line treatment in the
hope of other upcoming subsequent therapy;

%  These multitarget TKIs (anlotinib, apatinib,

fruquintinib and lenvatinib) have a promising

therapeutic efficacy and acceptable toxicity profile
and may consider to be an option as third-line
treatment in NSCLC patients.
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Multi-targeted tyrosine kinase inhibitors as third-line regimen in advanced non-small cell lung cancer: a network meta-analysis

Background: Four multi-targeted tyrosine kinase inhibitors (TKIls) including apatinib, anlotinib, fruquintinib and lenvatinib are currently available as third-line regimen
for advanced non-small cell lung cancer (NSCLC) patients who failed at least two lines of systemic therapy. Limited evidence was provided to demonstrate the general
efficacy and safety profile of these drugs as third-line treatment approach for NSCLC.

Methods: Eligible literature was searched from electronic database. Data of objective response rate (ORR), disease control rate (DCR), progression-free survival (PFS),
overall survival (OS), treatment related adverse event (TRAE), treatment related adverse event grade 3-5 (TRAES3-5), hypertension, proteinuria, hand-foot skin reaction
(HFSR), elevated ALT/AST, nausea and vomiting, diarrhea were synthetically extracted. Multiple-treatments comparisons (MTCs) based on a Bayesian consistency
model integrated the efficacy and toxicity outcomes. Rank probabilities of each regimen were assessed and clustered by the surface under the cumulative ranking
curve.

Results: Five phase II/lll randomized trials involving 915 advanced NSCLC patients were enrolled. MTCs showed that four multi-targeted TKls shared equivalent
efficacy in terms of outcome measures, of which anlotinib stood out in ORR (OR =39.26; 95% CI: 2.36-2,748.06), DCR (OR =8.69; 95% CI: 1.70-50.18) and PFS (HR
=0.27; 95% CI: 0.10-0.78) when compared with placebo plus BSC. No significantly differences were observed among these TKIs and placebo with respect to OS, TRAE
and TRAE 3-5. Fruquintinib and lenvatinib may relate to high rate of HFSR while anlotinib may relate to hypertension.

Conclusions: Multi-targeted TKis (apatinib, anlotinib, fruquintinib and lenvatinib) with acceptable efficacy and safety profile were options for advanced NSCLC in third-
line setting.

The emergence of ICls for the treatment of malignancy has significantly changed the therapeutic landscape of lung cancer, especially NSCLC. These encouraging ther-
apies have improved survival and the quality of life for NSCLC patients, however, most of the patients experience disease progression after receiving a certain period of
time with first- or second-line therapy and there is currently no standard therapeutic options beyond second-line, placing the subsequent salvage therapy in a difficult
situation.

At present, various anti-angiogenic drugs, such as apatinib, anlotinib, fruquintinib, lenvatinib have been applied and evaluated in many clinical studies for NSCLC. Thus
we perform this network analysis of randomized controlled trials reporting survival and safety data of those patients who have failed at least two lines of systemic thera-
py to determine the role of oral multi-target TKls as third-line treatment in patient with advanced NSCLC.

Not needed

(I) prospective phase Il or Il trials involving NSCLC patients; (1l) patients received second or later-line therapy; (1ll) at least one available survival data regarding third-line
treatment in advanced NSCLC patients.

Random control trials (RCTs) by the cutoff of December 2018 in the PubMed, Embase, Cochrane Central Register of Controlled Trials databases were searched. An
additional search through conference abstracts, reference lists of selected trials, relevant previous systematic reviews and meta-analysis were also screened.

n o o

A combination of the terms a combination of the terms “non-small cell lung cancer (NSCLC)”, “pretreated”, “third-line therapy”, “apatinib”, “anlotinib” , “fruquintinib”,
“lenvatinib” within the restriction limit of “randomized controlled trial” were used to find relevant articles and ensure the latest research progress enrolled. Detailed
search strategy was listed in Figure S1. We also reviewed abstract books and conducted a manual search of conference proceedings to make sure that the newest
oncological progress enrolled. Besides, we also carefully checked and extracted all of the supplemental materials data from each trial to ensure no significant informa-
tion was missing. Moreover, we also re-examine the reference lists of related reviews as additional confirmation. The literature retrieval was conducted by two reviewers
independently (F Lu and Z Zhang).

Eligible studies should meet the following criteria: (I) prospective phase Il or Il trials involving NSCLC patients; (1l) patients received second or later-line therapy; (Ill) at
least one available survival data regarding third-line treatment in advanced NSCLC patients.

Study author, publication year, patient category, pathology, therapeutic regimens, sample size and clinical outcomes mentioned above were reviewed and summed up by
two investigators independently. (F Lu and F Luo) to assess the eligibility. Disagreements were discussed with a third author (Z Zhang) to reach a consensus. The same
authors used a standardized form to extract data independently.

Therapeutic clinical outcomes including objective response rate (ORR), disease control rate (DCR), progression free survival (PFS), overall survival (OS) and toxicity out-
comes including treatment related adverse event (TRAE), treatment related adverse event grade 3-5 (TRAE3-5), while specific concerned TRAE including hypertension,
proteinuria, hand-foot skin reaction (HFSR), elevated ALT/AST, nausea and vomiting, diarrhea were synthetically extracted.

The Cochrane Collaboration for Systematic Reviews guidelines were used to evaluate the quality of each study by two reviewers. The following seven items were assessed:
random sequence generation, allocation sequence concealment, blinding of participants and personnel, blinding of the outcome assessment, incomplete outcome data,
selective reporting, and other biases. The overall methodologic quality of each included study was assessed as “low risk of bias”, “high risk of bias”, or “unclear risk of
bias”.

Firstly, the Bayesian network meta-analysis was performed with R v3.5.1 (gemtc package) (22) using a random-effects hierarchical model by assuming that different
comparisons for each survival outcome (PFS, OS) shared a common heterogeneity parameter (23,24). 95% Cls of the pooled HR excluding 1 or a two-sided P value
less than 0.05 was considered statistically significant. Secondly, a random-effects network within a Bayesian framework was established using Markov chain Monte
Carlo methods in ADDIS 1.15 (Drugis.org) (25). Thirdly, the binary clinical outcomes (ORR, DCR, TRAE, TRAEs 3-5 and specific concerned TRAE) network within stud-
ies was constructed and the relations among the odds ratios across studies were specified to make comparisons of different treatments in immunotherapy regimens.
Fourthly, for each outcome, the probability of every agent being at each possible rank was estimated and presented. To be more intuitive, the surface under the cumu-
lative ranking (SUCRA) curve was calculated based on the rank probability of each agent with corresponding outcomes to rank the efficacy and safety profile of various
regimens (26) and displayed using the rank-heat plot (27) to provide a simple numerical summary for the relative ranking of the regimens. SUCRA value would be 1 if the
agent is certain to be the best and 0 if it’s certain to be the worst.

We took the hazard ratio for survival outcomes (OS and PFS), and the odds ratio (OR) for binary outcomes (ORR, DCR, TRAE and TRAE 3-5 and specific concerned
TRAE) as well as their 95% confidence intervals (Cls) to measure the efficacy and safety of various third-line regimens. For a specific comparison, an agent with HR
for OS or PFS <1, or OR for ORR >1 was deemed preferable to its contrast in efficacy, while an agent with OR for TRAE or TRAE 3-5>1 was considered to have higher
toxicity in the comparison. The network geometry was generated with plots depicting using StataMPversion 13.0 (StataCorp).
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Risk of bias across studies 15 The details of risk of bias for included studies could be found in Figure S2. 5
Additional analyses 16 The inconsistency within the multiple treatment comparison (MTC) was evaluated using a variance calculation such as Inconsistency Standard Deviation (ISD) and Ran- 6
dom Effects Standard Deviation (RESD). The inclusive “1” in the 95% CI of ISD would indicate a low risk of inconsistency. The homogeneous results of RESD between
consistency and inconsistency model would indicate a low risk of heterogeneity. The key parameters for evaluating inconsistency including direct, indirect and overall
effects as well as ISD are listed in the Table S1. The node-splitting analysis would evaluate the consistency among different regimes if loop MTCs exist. The inconsisten-

cy within the network was evaluated by the variance calculation and node-splitting analysis using R v3.5.1, RStudio (gemtc package) and ADDIS 1.15. A P value <0.05
indicated significant inconsistency.

RESULTS

Study selection 17 One thousand and six hundred seventy-four original articles were identified through database searches and additional sources on 15 December 2018. After removing 9
the duplicates and screening, 103 studies were considered potentially eligible for full-text assessment. Finally, five eligible studies were included in the network me-
ta-analyses. Of the 98 excluded studies, 52 studies contained inappropriate patient/control groups, 31 lacked relevant interventions, 15 were non-RCTs. A flowchart
following Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) is shown in Figure 1.

Study characteristics 18 Among these five phase II/lll randomized control trials (30-34), Zhang [2012] compared apatinib with placebo as third-line treatment in NSCLC. Han [2017] and Han [2018] 9
study investigated anlotinib and placebo in NSCLC. Lu [2017] performed trials comparing treatment with fruquintinib and placebo. And Havel [2015] compared lenvatinib with
placebo in NSCLC third-line treatment. Detailed information about the characteristics of the studies included in this meta-analysis shown in Table 1.

Risk of bias within studies 19 The details of risk of bias for included studies could be found in Figure S2.

Results of individual studies 20 Table 1 summarized the characteristics of all included studies, such as trial name, chemotherapy category, antiemetic regimens, the dose of olanzapine and clinical 9
outcomes.

Synthesis of results 21 Network meta-analyses for efficacy profile 9-10
For ORR, DCR outcomes, the anlotinib and fruquintinib showed a significant improvement in ORR compared to placebo plus BSC (OR =39.26; 95% Cl: 2.36-2.75x10%;
OR =8.31x10"; 95% Cl: 4.35-3.35x10"%). The SUCRA rankings suggested fruquintinib (0.94) as the best intervention in ORR followed by anlotinib (0.63), apatinib (0.50),
lenvatinib (0.38) and placebo+BSC (0.05) which ranked last. For DCR, the result showed anlotinib has a significant improvement than placebo plus BSC (OR =8.69;
95% CI: 1.7-50.18). The SUCRA rankings suggested fruquintinib (0.77) as the best intervention in DCR followed by anlotinib (0.71), apatinib (0.61), lenvatinib (0.37) and
placebo+BSC (0.05) which ranked last.

For PFS, OS outcomes, according to the MTCs results, only anlotinib showed a significant improvement in PFS outcome when compared to placebo plus
BSC (HR =0.27; 95% Cl, 0.1-0.78). The SUCRA rankings of PFS indicated that anlotinib (0.73) as the best intervention followed by apatinib (0.70), fruquintinib (0.57),
lenvatinib (0.46) and placebo+BSC (0.04). For OS outcomes, no statistically significant differences were observed in all these four interventions in this study, of which
the HR of OS and 95% ClI existed marginal significant differences between anlotinib and placebo+BSC (HR =0.71; 95% CI: 0.50-1.04). Taken OS rankings probability
into account, the anlotinib is associated with the relatively higher SUCRA value (0.65), suggesting that the anlotinib may be superior to other treatments in survival
outcomes. Additional data can be found in Figure 3 and Figure S3.

Network meta-analyses for safety profile

For TRAE, TRAES-5 outcomes, MTCs showed insignificantly but higher risk of treatment-related adverse events with apatinib, anlotinib, fruquintinib, and lenvatinib in
comparison to placebo plus BSC. The SUCRA values for these four TKIs were higher (range: 0.51-0.72) than for placebo plus BSC (0.04). Of the three highest ranking
drugs (apatinib, fruquintinib, lenvatinib), the safety profile comparisons of drugs were no significant difference. Four trials were included in TRAE3-5 outcome analysis,
anlotinib had the highest SUCRA value (0.75), among which however there was no statistically significant difference in TRAE3-5 across three high-ranking drugs.

For specific concerned TRAE, the incidence of hypertension during the treatment of multiple-target TKIs were reported in five trials. As demonstrated in Figures
4,S3, anlotinib is associated with the highest SUCRA rank value, while placebo plus BSC remained the lowest probability, with significantly higher rate of hypertension
of the anlotinib group than in the placebo plus BSC group (OR =13.83; 95% CI: 1.64-183.71). Based on the results shown in Figures 4,S3, SUCRA value indicated
that lenvatinib ranked the highest incidence of HFSR (0.86), followed by fruquintinib (0.8575). According to the analysis, the incidence of HFSR was significantly higher
in the lenvatinib (OR =1.91x10"%; 95% Cl: 16.58-5.6x10%) and fruquintinib (OR =3.79x10% 95% Cl: 394.44-1.22x10%) than in the placebo plus BSC group. Patients
who received apatinib (OR =5.79x10"°%; 95% ClI: 2.23x107'°~0.11) or anlotinib (OR =3.02x10°%; 95% Cl: 7.63x10°°-0.04) regimen were less likely to suffer HFSR
when compared with those treated with fruquintinib regimen. MTCs of other adverse events (proteinuria, elevated ALT/AST, nausea and vomiting, diarrhea) were also
performed. Detailed results were shown in Figure 3 and the SUCRA values were listed in Figure S3.

Risk of bias across studies 22 The details of risk of bias for included studies could be found in Figure S2. 7
Additional analysis 23 Ranking probability 11

The “ranking probabilities” produced by the network consistency model tended to indicate which multiple-target TKls had higher ranking probability in all outcomes
measured, including ORR, DCR, PFS, OS and TRAE etc. In general, regimens with greater ranking probabilities are more likely to produce better outcomes. Therefore,
we calculated the SUCRA curve value with the primary ranking probabilities results to better represent the possible ranking and established a ranking heat plot to com-
bine efficacy and safety profile based on the SUCRA. The SUCRA value of each regimen with corresponding outcomes are displayed in Figure S3 and the synthesized
ranking heat map plot was exhibited in Figure 4.

DISCUSSION

Summary of evidence 24 To our knowledge, this is the first network meta-analysis study to compare the efficacy and toxicity profile among different small molecule multi-targeted TKls in third- 13-15
line NSCLC treatment. We conducted this comprehensive network meta-analysis with 5 RCTs included 915 advanced NSCLC patients to compare therapeutic efficacy
and toxicity of four TKis (apatinib, anlotinib, fruquintinib and lenvatinib) as third-line treatment for advanced NSCLC. Overall, the results in this study demonstrated
that anlotinib were superior in improving PFS compared to placebo plus BSC as third-line treatment in patients with advanced NSCLC after failure to prior therapy. As
for OS, we found that three different TKis (anlotinib, fruquintinib and lenvatinib) shared equivalent therapeutic effect without statistic differences. And notably anlotinib
(as ranking the highest in SUCRA 0.65) seemed to have a marginal significant difference in contrast to placebo+BSC. Rank probabilities indicated that anlotinib
potentially have a better efficacy compared with apatinib, fruquintinib and lenvatinib as third-line treatment for advanced NSCLC. Besides, the outcome of ORR, DCR
and treatment-related adverse event were also analyzed. When compared with other agents, fruquintinib showed a better rank probability in SUCRA of ORR (0.94) and
DCR (0.77), while potentially drug toxicity (TRAE, TRAE3-5) were observed in fruquintinib and anlotinib. For common TRAE, hypertension, proteinuria, HFSR, etc. were
observed in all these TKils. And fruquintinib and lenvatinib may relate to high rate of HFSR while anlotinib may relate to high risk of hypertension (detailed data can be
found in Figure 5). All of these evidences indicated that these multi-targeted TKls were potentially better in efficacy with tolerable toxicity in contrast to placebo as third-
line treatment for advanced NSCLC. However, as in third-line therapy setting, OS may be considered an important outcome, we also provide some information on the
potential of survival benefit that anlotinib may convey though the HR between anlotinib and placebo didn’t reach statistic difference. More prospective randomized
controlled trials or even real-world study specially comparing various novel agents as third-line therapy for advanced NSCLC are needed to validate the result.

Limitations 25 There are several limitations of this study. First, although high quality of trials was included, only 915 patients were finally enrolled in this network meta-analysis, the 15-16
sample size of this study was relatively small. Second, subgroup analysis was limited with lack of the individual patient data (IPD). We could not perform subgroup
analysis stratified by subtypes of EGFR mutation status, race information, which didn’t reach to precise medical level. Third, here are not enough data for an in-depth
analysis of OS (apatinib) and some other specific TRAE outcomes, more clinical data are warranted to support the survival benefit of multi-targeted oral tyrosine kinase
inhibitors.

Conclusions 26 Regardless of above limitations, this network meta-analysis preliminarily demonstrated the role of multi-targeted oral TKI as third-line therapy for NSCLC patients. The 16
results led to important hints. Orally convenient TKIs, to some extent, could serve as a salvage therapy for those patients progress after front-line treatment in the hope of
other upcoming novel therapy. In conclusion, our study indicated that multitarget TKls (anlotinib, apatinib, fruquintinib and lenvatinib) have a promising therapeutic efficacy
and acceptable toxicity profile and may consider to be an option as third-line treatment in NSCLC patients.
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« Inappropriate patient/control
groups (n=52)




Lung cancer #1  (((((lung neoplasms[MeSH]) OR “Carcinoma, Non-Small-Cell Lung”[Mesh]) OR lung carcinom*[tiab]) OR lung
neoplasm*[tiab]) OR lung cancer(tiab]) OR NSCLCJtiab]) OR non small cell lung[tiab]

Advanced #2  ((“Neoplasm Metastasis”[MeSH]) OR advanced|tiab]) OR stage IV[tiab]) OR stage 4[tiab]) OR metastases[tiab]) OR
metastatic[tiab]) OR stage fourftiab]
Intervention #3  (((((((“erlotinib”[Supplementary Concept]) OR tarceva[tiab]) OR erlotinib[tiab])) OR ((Apatinib[tiab])

OR”Apatinib”[Supplementary Concept])) OR ((Lenvatinib[tiab] OR “Lenvatinib”[Supplementary Concept])) OR
((Fruquintinib[tiab]) OR “Fruquintinib”[Supplementary Concept])) OR ((“Anlotinib”[Supplementary Concept]) OR
Anlotinib[tiab])

Third line #4  ((((((third line[tiab]) OR phase lI[tiab]) OR phase llI[tiab]) OR pretreat*[tiab]) OR previously treated[tiab]) OR
refractory[tiab]) OR recurrent[tiab]

RCT #5  (((((((randomized controlled trial[Publication Type]) OR controlled clinical trial[Publication Type]) OR randomized|[tiab])
OR placeboltiab]) OR drug therapy[sh]) OR randomly[tiab]) OR trial[tiab]) OR groupsi[tiab]) NOT ((animals[mh]) NOT
humans[mh])

Language #6 English [Language]

Date publication #7 “2007/01/01”[Date - Publication] : “2018/10/01”[Date - Publication]
Search strategy #1 AND #2 AND #3 AND #4 AND #5 AND #6 AND #7

Figure S1 Search strategy.

Table S1 Evaluation of inconsistency (random effects standard deviation and inconsistency standard deviation)

Random effects standard deviation Random effects standard deviation  Inconsistency standard deviation

Outcomes (consistency model) (inconsistency model) (ISD)

ORR 1.27 (0.08, 2.55) 1.25 (0.08, 2.54) 1.29 (0.06, 2.56)
DCR 0.67 (0.01, 2.20) 0.68 (0.04, 2.19) 1.14 (0.06, 2.27)
TRAE 0.81 (0.05, 2.10) 0.71(0.04, 2.08) 1.10 (0.05, 2.15)
TRAE3-5 0.60 (0.05, 1.43) 0.59 (0.03, 1.42) 0.75 (0.03, 1.45)
Hypertension 1.00 (0.06, 2.81) 1.03 (0.08, 2.80) 1.46 (0.08, 2.88)
Proteinuria 0.68 (0.04, 1.91) 0.67 (0.06, 1.89) 1.00 (0.05, 1.95)
HFSR 1.42 (0.07, 3.86) 1.41 (0.05, 3.88) 2.05 (0.09, 3.98)
Elevated ALT/AST 0.70 (0.04, 1.93) 0.70 (0.03, 1.93) 1.02 (0.06, 1.97)

Nausea/vomiting

Diarrhea

0.97 (0.04, 1.91)
0.65 (0.04, 1.71)

1.03 (0.08, 1.91)
0.64 (0.01, 1.72)

0.98 (0.05, 1.91)
0.90 (0.05, 1.75)

ORR, objective response rate; DCR, disease control rate; TRAE, treatment-related adverse event; TRAE3-5, treatment-related adverse

event (grade 3-5); HFSR, hand and foot syndrome.



Table S2 The supplementary characteristics of included studies

Sample ECOG Subtype EGFR ALK KRAS Prior oncology therapies
Study Year Treatment ) Non-
size 0 12 squamous Squamous Mutated Wild Unknown Mutated Wild Unknown Mutated Wild Unknown Chemotherapy Targeted
Zhang 2012  Apatinib 90 20 70 0 90 0 NR NR NR NR NR NR NR NR NR NR NR
Placebo 45 12 33 0 45 0 NR NR NR NR NR NR NR NR NR NR NR
Han (1) 2018  Anlotinib 60 7 47 6 54 6 12 14 34 NR NR NR NR NR NR 130 NR
Placebo 57 3 49 5 50 7 9 11 37 NR NR NR NR NR NR 132 NR
Han (2) 2018  Anlotinib 294 59 233 2 228 53 93 201 NR 5 286 3 NR NR NR 294 158
placebo 143 22 120 1 108 33 45 98 NR 2 140 1 NR NR NR 143 69
Lu 2017 Fruquintinib 61 4 57 0 61 0 30 27 4 NR NR NR NR NR NR 128 23
Placebo 30 1 29 0 30 0 15 13 2 NR NR NR NR NR NR 62 14
Havel 2015 Lenvatinib 89 17 63 8 83 1 13 33 43 2 25 62 5 24 60 88 65
Placebo 46 11 29 6 45 0 8 15 23 0 18 28 0 31 15 46 35

NR, not reported.



A. Risk of bias graph: review authors' judgements about each risk of
bias item presented as percentages across all included studies
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B. Risk of bias summary: review authors' judgements about each risk
of bias item for each included study.
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Figure S2 Risk of bias for included studies.



ORR

Treatment Rank1 Rank2 Rank3 Rank4 Rank5 SUCRA
Apatinib 0.08 0.5 0.3 0.11 0.01 0.6325
Anlotinib 0.04 0.28 0.37 0.26 0.05 0.5000
Fruquintinib 0.86 0.07 0.04 0.02 0.01 0.9375
Lenvatinib 0.02 0.15 0.27 0.43 0.13 0.3750
Placebo+BSC 0 0 0.01 0.17 0.81 0.0475
DCR

Treatment Rank1 Rank2 Rank3 Rank4 Rank5 SUCRA
Apatinib 0.25 0.42 0.25 0.07 0.01 0.7075
Anlotinib 0.21 0.25 0.36 0.14 0.04 0.6125
Fruquintinib 0.49 0.22 0.18 0.08 0.02 0.7650
Lenvatinib 0.06 0.11 0.18 0.56 0.09 0.3725
Placebo+BSC 0 0 0.02 0.14 0.84 0.0450
PFS

Treatment Rank1 Rank2 Rank3 Rank4 Rank5 SUCRA
Apatinib 0.366 0.265 0.208 0.132 0.029 0.702
Anlotinib 0.328 0.359 0.218 0.086 0.010 0.727
Fruquintinib 0.203 0.220 0.283 0.251 0.044 0.572
Lenvatinib 0.103 0.154 0.270 0.415 0.057 0.458
Placebo+BSC 0.000 0.002 0.020 0.116 0.861 0.041
0os

Treatment Rank1 Rank2 Rank3 Rank4 SUCRA

Anlotinib 0.273 0.417 0.282 0.028 0.645

Fruquintinib 0.368 0.271 0.247 0.114 0.631

Lenvatinib 0.357 0.288 0.256 0.099 0.634

Placebo+BSC 0.001 0.024 0.215 0.759 0.089

TRAE

Treatment Rank1 Rank2 Rank3 Rank4 Rank5 SUCRA
Apatinib 0.1 0.22 0.31 0.35 0.02 0.5075
Anlotinib 0.22 0.28 0.27 0.19 0.04 0.6125
Fruquintinib 0.46 0.2 0.15 0.14 0.04 0.7200
Lenvatinib 0.21 0.3 0.25 0.2 0.04 0.6100
Placebo+BSC 0 0 0.02 0.12 0.86 0.0400
TRAE3-5

Treatment Rank1 Rank2 Rank3 Rank4 SUCRA

Anlotinib 0.43 0.39 0.17 0.02 0.7467

Fruquintinib 0.38 0.29 0.23 0.1 0.6500

Lenvatinib 0.19 0.29 0.38 0.13 0.5100

Placebo+BSC 0 0.03 0.22 0.75 0.0933

Hypertension

Treatment Rank1 Rank2 Rank3 Rank4 Rank5 SUCRA
Apatinib 0.26 0.35 0.27 0.11 0.01 0.6850
Anlotinib 0.2 0.23 0.26 0.27 0.05 0.5700
Fruquintinib 0.36 0.18 0.18 0.22 0.06 0.6400
Lenvatinib 0.18 0.23 0.28 0.26 0.05 0.5575
Placebo+BSC 0 0 0.02 0.14 0.84 0.0450
Proteinuria

Treatment Rank1 Rank2 Rank3 Rank4 Rank5 SUCRA
Apatinib 0.06 0.21 0.36 0.31 0.06 0.4750
Anlotinib 0.16 0.36 0.25 0.16 0.07 0.5950
Fruquintinib 0.11 0.23 0.25 0.27 0.14 0.4750
Lenvatinib 0.66 0.19 0.09 0.04 0.02 0.8575
Placebo+BSC 0 0.01 0.05 0.22 0.72 0.0875
HFSR

Treatment Rank1 Rank2 Rank3 Rank4 Rankb5 SUCRA
Apatinib 0 0.01 0.31 0.64 0.04 0.3225
Anlotinib 0 0.04 0.65 0.26 0.05 0.4200
Fruquintinib 0.47 0.51 0.01 0 0 0.8575
Lenvatinib 0.52 0.43 0.03 0.02 0 0.8625
Placebo+BSC 0 0 0.01 0.08 0.91 0.0250
Elevated ALT/AST

Treatment Rank1 Rank2 Rank3 Rank4 SUCRA

Anlotinib 0.03 0.18 0.69 0.1 0.3800

Fruquintinib 0.63 0.29 0.06 0.02 0.8433

Lenvatinib 0.34 0.52 0.11 0.04 0.7233

Placebo+BSC 0 0.01 0.14 0.84 0.0533

Nausea/Vomiting

Treatment Rank1 Rank2 Rank3 Rank4 Rank5 SUCRA
Apatinib 0.04 0.11 0.23 0.31 0.32 0.3150
Anlotinib 0.25 0.52 0.11 0.06 0.05 0.7100
Fruquintinib 0.02 0.07 0.14 0.23 0.53 0.2000
Lenvatinib 0.68 0.23 0.05 0.02 0.02 0.8825
Placebo+BSC 0.01 0.07 0.47 0.37 0.08 0.3900
Diarrhoea

Treatment Rank1 Rank2 Rank3 Rank4 SUCRA

Anlotinib 0.1 0.32 0.55 0.02 0.4967

Fruquintinib 0.59 0.23 0.15 0.03 0.7933

Lenvatinib 0.31 0.44 0.22 0.03 0.6767

Placebo+BSC 0 0.01 0.08 0.91 0.0333

Figure S3 Rank probabilities with SUCRA value for different outcomes in four kinds of multiple-target TKIs. TKI, tyrosine kinase
inhibitor; ORR, objective response rate; DCR, disease control rate; PFS, progression-free survival; OS, overall survival; TRAE,
treatment-related adverse event; TRAE3-5, treatment-related adverse event (grade 3-5); HFSR, hand and foot syndrome; BSC, best support

care; SUCRA, surface under the cumulative ranking curve.



