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Background/Aim: Agents targeting vascular endothelial growth factor (VEGF) pathway
have dramatically improved the outlook of cancer treatment. Meanwhile, it is well-known
that they are associated with increases in the risk of fatal adverse events (FAEs).
Vascular endothelial growth factor receptor 2 (VEGFR2)-targeted drugs have been
approved for the treatment of several malignancies. However, little is known regarding
the FAEs induced by VEGFR2-targeted agents across different tumor types and
treatment regimens.

Methods: We searched PubMed and Embase database from January 1966 to April
2018 for randomized controlled trials (RCTs) to calculate the incidence and relative risks
(RRs) of FAE.

Results: Seventeen RCTs involving 6,982 subjects with solid tumors were included
in this study. The overall incidence of FAEs associated with VEGFR2-targeted agents
was 1.7% (95% Cl. 0.9-2.4%). Compared with controls, the administration of
VEGFR2-targeted agents did not increase the risk of FAEs (RR, 1.29; 95% ClI: 0.90-1.86).
No significant association was found between FAE and VEGFR2-targeted agents in
subgroup analyses based on tumor type, treatment strategy, clinical phase, masking
method, median treatment duration, and approval status. Additionally, FAEs occurred in
the major organ systems dispersedly. Trial sequential analysis revealed that our results
are solid and further studies are unlikely to change this.

Conclusions: VEGFR2-targeted agents were not associated with an increased risk
of FAEs.
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INTRODUCTION

Angiogenesis is a complicated process that plays a pivotal
role in sustaining cancer microenvironment, tumor growth, and
metastasis in many solid tumors (1). The vascular endothelial
growth factor (VEGF) family, including several different VEGF
isoforms and placenta growth factor, is one of the key mediators
in this process (2). Accordingly, the VEGF pathway has been the
leading target in cancer drug design and development. Currently,
anti-VEGF agents, including small-molecule tyrosine kinase
inhibitors (TKIs) such as sorafenib and sunitinib and monoclonal
antibodies like bevacizumab and aflibercept, have been approved
and widely used in cancer treatments. In addition, the VEGF
pathway plays a key role in several physiological functions
including tissue neovascularization, vascular, and cardiomyocyte
homeostasis, and wound healing (3, 4). As a result, VEGF-
targeted agents are often associated with a distinct profile of
adverse events (AEs), and some AEs could be potentially life
threatening. In fact, it is well-established that anti-VEGF agents
are associated with increases in the relative risk (RR) of fatal
adverse events (FAEs) compared with control (5-9).

VEGF in involved in the physiological function through
binding to VEGF receptors (VEGFRs) on the cell surface.
Furthermore, it has been revealed that the activation of VEGFR2
by VEGEF is overwhelmingly regarded as the most critical driver
of tumor angiogenesis (2). Since 2014, two VEGFR2-targets
agents, namely ramucirumab and apatinib, have been approved
by regulation authorities. These VEGFR2-targeted agents are still
being investigated in various types of tumors and an increase
in their application can be expected in the future. Although
FAEs have occasionally been reported in subjects treated with
ramucirumab, no significant, and definitive results have been
established. Here, to examine the overall incidence and risk of
FAEs associated with VEGFR2-targeted agents, we undertook
the first meta-analysis among patients with solid tumors in
randomized clinical trials (RCTs). Moreover, we applied trial
sequential analysis (TSA) to investigate whether the currently
available evidence was sufficient and conclusive.

MATERIALS AND METHODS

This study was reported according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis (PRISMA)
statement (Supplementary Material) (10).

Search Strategy

A systematic search of PubMed and Embase database from
January 1966 to April 2018 was carried out without language
restrictions. Considering a recent trial with VEGFR2-targeted
agents had not been published, we also searched the abstracts
from the European Society of Medical Oncology and American
Society of Clinical Oncology Annual Meeting from January 2000
to April 2018. The keywords used were (1) vascular endothelial
growth factor receptor 2, VEGFR2, kinase insert domain
receptor, KDR, fetal liver kinase 1, Flkl; (2) ramucirumab,
LY3009806, IMC-1121B, Cyramza; (3) apatinib, YN968D1.
All investigators independently performed the initial search,

carefully screened the titles and abstracts for relevance, and
identified trials as excluded, included and uncertain. For
those uncertain studies, the full texts were reviewed for
confirmation of their eligibility. Any discrepancy was solved
by discussion.

Eligibility Criteria

Both inclusion and exclusion criteria were pre-specified. To be
eligible, studies had to meet the following criteria: (1) population:
prospective randomized controlled trials (RCTs) involving adult
patients with solid tumor; (2) intervention: random assignment
of patients to VEGFR2-targeted agents or non-VEGF TKI control
(chemotherapy or placebo) alone or in combination with other
treatment; (3) outcomes: available information on sample size
and FAEs. Other studies on this topic, including phase 1 trials,
review articles, pre-clinical papers, early versions of data later
published, and editorials were not included (Figure 1). When
multiple publications of the same study occurred, only the most
recent and/or most complete reporting study was included.

Data Extraction and Quality Assessment
Eligible studies were collected and full texts were examined for
the trial design and reporting of FAEs. The following items
were extracted: first author’s name, year of publication, clinical
phase, masking method, tumor type, number of patients enrolled,
number of patients for safety analysis, therapy strategy, median
treatment duration, median follow-up, number of FAEs, and
approval status (Table 1). All data were extracted independently
by all the reviewers, and any discrepancies were settled by
discussion and consensus.

The quality of eligible trials was evaluated by the seven-
item Jadad scale including randomization, double blinding, and
withdrawals as previously described (28).

901 Studies identified in search
486 from PubMed
423 from EMBASE

—

539 Screened for eligibility using
titles and abstracts

362 Excluded (duplicates) |

491 Excluded from titles/abstracts
259 Non-clinical topics
123 Reviews/editiorials/letters
78 Non-VEGFR2 studies
31 Non-randomized trials

I 48 Studies for eligibility

31 Not included
13 Reviews
8 Duplicate data
7 Not RCT
3 Letters

17 RCTs included in the
final meta-analysis

FIGURE 1 | Flow-chart of eligible trials included in this study.

Frontiers in Medicine | www.frontiersin.org

August 2019 | Volume 6 | Article 176


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

BI0°UISIONUOL MMM | BUIDIPSIA Ul SIBIUOI-

9/ 1 eIy | 9 8WN(OA | 6102 1SNBNy

TABLE 1 | Characteristics of trials included in this study.

Refrences Trial Mask method Tumor type No. of No. of Treatment Median Median FAE Approval Jadad
phase patients patients treatment follow-up status score
enrolled (safety) duration (months)
(weeks)
Petrylak et al. (11) 3 Double blind uc 263 258 RAM 10 mg/kg + docetaxel 75 mg/m2 on day 1 of 21-day cycle 121 5.0 8 No 4
267 265 Placebo + docetaxel 75 mg/m2 on day 1 of 21-day cycle 9.9 5
Fuchs et al. (12) 3 Double blind GC/GJC 238 236 RAM 8 mg/kg once of 14-day cycle 8.0 <28.0 5 Yes 5
17 115 Placebo once of 14-day cycle 6.0 2
Garon et al. (13) 3 Double blind NSCLC 628 627 RAM 10 mg/kg + docetaxel 75 mg/m2 on day 1 of 21-day cycle 15.0 9.5 15 Yes 5
625 618 Placebo + docetaxel 75 mg/m2 on day 1 of 21-day cycle 12.0 8.8 9
Wilke et al. (14) 3 Double blind GC/GJC 330 327 RAM 8 mg/kg on day 1,15+ paclitaxel 80 mg/m2 onday 1,8,15 18.0 7.9 6 Yes 5
of 28-day cycle
335 329 Placebo + paclitaxel 80 mg/m2 on day 1,8,15 of 28-day cycle 12.0 5
Mackey et al. (15) 3 Double blind BC 759 752 RAM 10 mg/kg + docetaxel 75 mg/m2 on day 1 of 21-day cycle 28.0 18.6 0 No 4
385 382 Placebo + docetaxel 75 mg/m2 on day 1 of 21-day cycle 27.0 0
Zhu et al. (16) 3 Double blind HCC 283 277 RAM 8 mg/kg once of 14-day cycle 12.0 8.3 7 No 4
282 276 Placebo 8 mg/kg once of 14-day cycle 8.0 7.0 4
Tabernero et al. 3 Double blind CRC 536 529 RAM 8 mg/kg + FOLFIRI once of 14-day cycle 19.0 21.7 13 No 5
)
536 528 Placebo 8 mg/kg + FOLFIRI once of 14-day cycle 18.0 10
Doebele etal. (18) 2 Open label NSCLC 69 67 RAM 10 mg/kg, pemetrexed 500 mg/m?, carboplatin or cisplatin 15.0 >24.0 No 3
75 mg/m? on Day 1 of 21-day cycle
71 69 Placebo, pemetrexed 500 mg/m?, carboplatin or cisplatin 75 12.0 5
mg/m? on Day 1 of 21-day cycle
Petrylak et al. (19) 2 Open label uc 46 46 RAM 10 mg/kg + docetaxel 75 mg/m2 on day 1 of 21-day cycle 9.1 <42.0 0 No 2
45 45 Placebo + docetaxel 75 mg/m2 on day 1 of 21-day cycle 14.3 0
Moore et al. (20) 2 Open label CRC 52 52 RAM 8 mg/kg + mFOLFOX-6 on day 1 of 14-day cycle 16.0 <24.0 2 No 3
54 49 Placebo + mFOLFOX-6 on day 1 of 14-day cycle 15.3 0
Hussain et al. (21) 2 Open label PC 66 66 RAM 6 mg/kg on day 1,8,15 of 21-day cycle 19.0 <32.0 2 No 2
66 66 Cixutumumab 6 mg/kg on day 1,8,15 of 21-day cycle 15.0 1
Vahdat et al. (22) 2 Open label BC 52 52 RAM 10 mg/kg on day 1, 8 + capecitabine 2000 mg/m? on day 14.0 <24.0 1 No 3
1-14 of 21-day cycle
49 49 Placebo + capecitabine 2000 mg/m2 on day 1-14 of 21-day 6.0 0
cycle
Yardley et al. (23) 2 Open label BC 71 69 RAM 10 mg/kg on day 1+ eribulin 1.4 mg/m2 on day 1,8 of 12.0 NR 2 No 3
21-day cycle
70 65 Placebo on day 1+ eribulin 1.4 mg/m? on day 1,8 of 21-day 27.0 1
cycle
Yoh et al. (24) 2 Double blind NSCLC 76 76 RAM 10 mg/kg + docetaxel 60 mg/m2 on day 1 of 21-day cycle 13.0 <30.0 1 No 3
81 81 Placebo + docetaxel 60 mg/m2 on day 1 of 21-day cycle 12.6 1
Yoon et al. (25) 2 Double blind GC/EC 84 82 RAM 8 mg/kg + mFOLFOX-6 on day 1 of 14-day cycle 21.0 <30.0 0 No 4
84 80 Placebo + mFOLFOX-6 on day 1 of 14-day cycle 25.0 3
(Continued)
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C, prostate cancer; UC, urothelial

cancer; RAM, ramucirumab, FAE, fatal adverse event; FOLFIRI, irinotecan 180 mg/m?, levo-leucovorin 200 mg/m? followed by fluorouracil 400 mg/m?; mFOLFOX-6, Oxaliplatin 85 mg/m?* and leucovorin 400 mg/m? followed by 5-FU

BC, breast cancer; CRC, colorectal cancer; EC, esophageal cancer; GC, gastric cancer; GJC, gastro-esophageal junction cancer; HCC, hepatocellular carcinoma; NSCLC, non-small-cell lung cancer;
400 mg/m?; NR, not reported.

Trial Sequential Analysis

In any single trial, interim analyses can increase the risk of Type I
error (false-positive results). To avoid it, monitoring boundaries
has been used to examine whether a study could be stopped early
because the p value was small enough to show the anticipated
effect or for futility. Similarly, meta-analysis may also result in
type I errors because of sparse data and/or repetitive examining
(29). Because no reason exists for the standards for a meta-
analysis to be less rigorous than those in a single trial, trial
sequential monitoring boundaries were introduced (29, 30). This
allows to evaluate whether the results from the meta-analysis are
reliable and conclusive. When the cumulative z curve crosses
the trial sequential monitoring boundary or enters the futility
area, a sufficient level of evidence for the anticipated intervention
effect may have been reached and no further trials are needed.
If the z curve crosses none of the boundaries and the required
information size has not been reached, there is insufficient
evidence to reach a conclusion. Here, we estimated the required
information size using « = 0.05 (two-sided), 8 = 0.20 (power
of 80%). Trial sequential analysis was conducted by TSA version
0.9.5.9 Beta (http://www.ctu.dk/tsa).

Statistical Analysis

The primary aim is to examine the overall incidence, relative
risk (RR) and corresponding 95% confidence intervals (Cls) of
FAEs in cancer patients treated by VEGFR2-targeted agents.
To calculate the incidence, the number of patients receiving
VEGFR2-targeted agents and the number of FAEs were extracted
from eligible studies. For the calculation of RR, patients
treated with VEGFR2-targeted agents were compared with those
assigned to control arm in the same trial. When trials reported no
FAE in one arm, a classic half-integer continuity correction was
used to calculate RR.

Statistical heterogeneity across trials was evaluated by
Cochranes Q statistic. The I? statistic was calculated to assess
the extent of inconsistency contributable to the heterogeneity
across different studies (31). The assumption of homogeneity was
considered invalid for >> 25% or p < 0.05. Summary RRs and
incidences were calculated using fixed-effects model or random-
effects model depending on the heterogeneity of included trials.
To check the impact of various clinicopathological variables on
FAE, we further conducted post hoc subgroup analysis based
on various VEGFR2-targeted agents, underlying malignancy,
treatment strategy, clinical phase, masking method, median
treatment duration, and approval status.

Potential publication bias was assessed by visual inspection
of a funnel plot, and also evaluated using the tests of Egger
et al. (32) and Begg et al. (33). Two-sided p < 0.05 were
considered statistically significant. All analyses were conducted
by MedCalc 13.0 (MedCalc Software, Belgium) and Stata 12.0
(StataCorp, USA).

RESULT

Search Results
A total of 901 potentially relevant articles were identified
from the initial search, including 486 studies from PubMed
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and 423 trials from Embase database. Three hundred and
sixty-two articles were excluded because of duplications. After
careful screening of the titles and abstracts, 491 studies
were removed. After further reviewing the complete texts
of the remaining 48 potentially eligible articles, 17 RCTs
were enrolled for the final analysis (Figure 1). Ramucirumab
was studied in 15 trials, apatinib was examined in two
RCTs (Table 1).

Study Quality

Randomized treatment allocation sequences were generated in all
trials. Eight studies were phase three RCTs, while the remaining
nine studies were phase 2 trials. Eleven trials were double-
blinded, six studies were open labeled. Sample size and FAEs were
reported in all the 17 included trials. Additionally, the follow-up
time was adequate for every RCT. We further graded the quality
of each trial by the 7-item Jadad score which can provide a score
ranging from 0 to 5 for every RCT. All RCTs included in this
study had a score of 2-5 indicating moderate or good quality.
The association of VEGFR2-targeted agents with FAE did not
show significant difference with Jadad score (score < 3 vs. score
> 3; P =0.51).

Patients

A total of 6,982 patients were enrolled in the eligible 17 RCTs.
All the subjects in these trials were over 18 years old, had
adequate renal, hepatic, cardiac, and hematologic function. Safety
population consisted of 6,895 subjects (VEGFR2-targeted agents,
3,739; control, 3,156). Underlying malignancies included gastric
cancer/gastro-esophageal junction cancer/esophageal cancer
(five trials) (12, 14, 25-27), breast cancer (three trials) (15, 22, 23),
Non-small-cell lung cancer (three trials) (13, 18, 24), colorectal
cancer (two trials) (17, 20), urothelial cancer (two trials) (11, 19),
hepatocellular cancer (one trial) (16), and prostate cancer (one
trial) (21).

Incidence of FAEs

Totally, there were 110 FAEs (VEGFR2-targeted agents, 64;
control, 46) among 6,895 patients. Using a random-effects
model (heterogeneity test: Q = 53.17; P<0.001; 2=69.9%), the
summary incidence of FAEs in patients receiving VEGFR2-
targeted agents was 1.7% (95% CI: 0.9-2.4%). We further
examined the possible reasons for this heterogeneity. As
shown in Table 2, the incidences of FAEs differed significantly
by tumor type (p = 0.046) and masking method (p =

TABLE 2 | Incidence and relative risk (RR) of FAE associated with VEGFR2-targeted agents according to underlying malignancy, treatment strategy, clinical phase,

masking method, median treatment duration, and approval status.

No. of Trials No. of FAEs/No. of patients Incidence of FAE, % (95% ClI) RR (95% CI)
VEGFR2 Control VEGFR2 Control

Underlying malignancy

GC/GJC/EC 5 11/868 10/663 1.3 (0.6-2.0) 1.5(0.7-2.4) 0.86 (0.38-1.94)

Non-small-cell lung cancer 3 18/770 15/768 2.3(1.56-3.0) 2.0 (1.1-2.9) 1.20 (0.61-2.37)

Breast cancer 3 3/873 1/496 0.3 (0.1-0.6) 0.2 (0.0-0.4) 2.13(0.44-10.38)

Colorectal cancer 2 15/581 10/577 2.6 (1.4-4.9) 1.7 (0.8-2.6) 1.47 (0.67-3.18)

Urothelial cancer 2 8/304 5/310 2.6 (0.4-5.7) 1.6 (0.0-3.3) 1.58 (0.55-4.56)

Hepatocellular cancer 1 7/277 4/276 2.5(0.0-1.0) 1.5 (0.0-0.0) 1.97 (0.68-8.73)

Prostate cancer 1 2/66 1/66 3.0(0.9-5.2) 1.5(0.0-3.1) 1.93 (0.77-12.05)
Treatment strategy

Combination therapy 12 50/2,937 39/2,560 1.7 (0.9-2.5) 1.5(0.7-2.2) 1.25(0.86-1.91)

Monotherapy 5 14/802 7/596 1.7 (0.8-2.5) 1.2(0.6-1.8) 1.48 (0.64-3.46)
Clinical phase

Phase I 10/557 11/552 1.8 (0.7-2.9) 2.0 (0.9-3.0) 0.92 (0.43-1.97)

Phase Il 54/3,182 35/2,604 1.7 (0.9-2.5) 1.3(0.6-2.0) 1.43 (0.94-2.17)
Masking method

Double blind 11 55/3,387 39/2,813 1.6 (0.9-2.1) 1.4(0.8-1.9) 1.31 (0.88-1.95)

Open label 6 9/352 7/343 2.6 (1.5-3.7) 2.0 (1.1-2.9) 1.22 (0.50-3.00)
Median treatment duration

<15 weeks 8 24/1,190 13/987 2.0 (1.1-3.0) 1.3(0.7-1.9) 1.54 (0.82-2.92)

>15 weeks 40/2,502 33/2,121 1.6 (1.1-2.2) 1.6 (0.9-2.3) 1.19(0.76-1.85)
Approval status

Approved 4 26/1,366 16/1,1563 1.9(1.1-2.7) 1.4 (0.8-2.0) 1.41(0.77-2.59)

Not approved 13 38/2,373 30/2,003 1.6 (1.2-2.0) 1.5(0.9-2.1) 1.23(0.78-1.94)
Overall 17 64/3,739 46/3,156 1.7 (0.9-2.4) 1.5 (0.8-2.1) 1.29 (0.90-1.86)

Cl, confidence interval; EC, esophageal cancer; GC, gastric cancer; GJC, gastro-esophageal junction cancer; FAE, fatal adverse event. The bold values indicate the pooled numbers

calucultad by data extracted from all the included trials.
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0.017), indicating the contributions of these factors to the
incidence of FAEs were varied in patients treated with
VEGFR2-targeted agents.

RR of FAEs
The overall RR of FAE induced by VEGFR2-targeted agents
from 17 RCTs was 1.29 (95% CI: 0.90-1.86; P > 0.05;
Figure 2), indicating the risk of FAE in subjects treated with
VEGFR2-targeted was not statistically different from those in
the control arms. No significant heterogeneity was identified
(Q 6.55; I’= 0.0%; P 0.98). We also explored the
relationship between the RR of FAEs with VEGFR2-targeted
agents stratified by tumor type, treatment strategy, clinical phase,
masking method, median treatment duration, and approval
status (Table 2). No significant association was found in all these
subgroup analyses.

To evaluate the reliability of this meta-analysis, TSA
was conducted. As shown in Figure3, the cumulative z
curve first crossed the futility boundary and entered the

further trials were not needed and were unlikely to change
our conclusions.

Specific FAEs Caused by

VEGFR2-Targeted Agents

Out of the 64 FAEs associated with VEGFR2-targeted
agents, 16 (25.0%) had unknown or unspecified causes,
while the reason for the remaining 48 mortalities were
reported. FAEs dispersedly occurred in the major organ
systems. The most frequently occurred FAEs were sepsis
and infection, representing a total of 12 deaths or 25.0%
of all specific FAEs. Other common recorded FAEs were
hemorrhage (n = 8, 16.7%), respiratory events (n = 7, 14.6%),
gastrointestinal events (n = 7, 14.6%), cardiovascular events
(n = 7, 14.6%), hepatic events (n = 4, 8.3%), and renal events
(n=2,42%).

Publication Bias
There was no evidence of publication bias by inspection

futility area, then crossed the required information size line, of the funnel plot and formal statistical tests (Begg’s
which established sufficient and conclusive evidence. Thus, test, P = 0.76; Eggers test, P = 0.82). Visual
No. of Events/No. of Patient Relative Risk
Study VEGFR2 Control (95% ClI)
Ramucirumab
Petrylak,2017 8/258 5/265 —— 1.64 (0.55-4.96)
Fuchs,2014 5/236 2/115 — 1.22 (0.24-6.18)
Garon,2014 15/627 9/618 —— 1.64 (0.72-3.73)
Wilke,2014 6/327 5/329 —a— 1.21(0.37-3.92)
Mackey,2015 01752 0/382 0.51 (0.01-25.55)
Zhu,2015 71277 4/276 —a— 1.74 (0.52-5.89)
Tabernero,2015  13/529 10/528 —— 1.30 (0.57-2.93)
Doebele,2014 2/67 5/69 L 0.41(0.08-2.05)
Petrylak,2016 0/46 0/45 0.98 (0.02-48.25)
Moore,2016 1/52 0/49 - 2.83 (0.12-67.87)
Hussain,2015 2/66 1/66 _—— 2.00 (0.19-21.53)
Vahdat,2017 2/52 0/49 - 4.72 (0.23-95.86)
Yardley,2016 2/69 1/65 _— 1.88 (0.18-20.29)
Yoh,2016 1176 1/81 1.07 (0.07-16.74)
Yoon,2016 0/82 3/80 = 0.14 (0.01-2.66)
Subtotal 64/3516 46/3017 > 1.31(0.91-1.89)
Apatinib
Li,2013 0/47 0/48 1.02 (0.02-50.42)
Li,2016 0/176 0/91 0.52 (0.01-25.85)
Subtotal 0/223 0/139 —_— 0.73 (0.05-11.16)
Overall 64/3739 46/3156 ‘ 1.29 (0.90-1.86)
Test for heterogeneity : Q = 6.55, P =0.98, 1’=0.0%
Ll 0 FENIRETTT R RETT |
0.01 0.1 1 10 100
FIGURE 2 | Relative risk (RR) of fatal adverse events (FAEs) associated with VEGFR2-targeted agents vs. control. Overall risk of FAEs was calculated by fixed-effects
models.
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inspection of Begg’s funnel plot also did not identify
substantial asymmetry.

DISCUSSION

To our knowledge, this is the first meta-analysis focused
especially on the incidence and risk of FAEs in patients treated
with VEGFR2-targeted agents. Based on 17 RCTs, our result
revealed that the incidence of FAEs in cancer patients treated
with VEGFR2-targeted agents was 1.7% compared with 1.5% in
subjects from control/placebo arms. Additional analysis showed
there was no association between VEGFR2-targeted treatment
and risk of FAEs in patients with solid tumors. The process
by which subject doctors in studies went about determining
whether a death was the result of VEGFR2-targeted agent or
just a subjective process and certainly a potential source of

bias should not play a key role since analysis on those double-
blinded and high-quality RCTs yielded similar results. In fact,
we could not observe any significant differences in the subgroup
analysis conducted in this study. Moreover, TSA confirmed
that our results are solid and reliable, and further studies are
not needed.

Drugs targeting VEGF pathway have dramatically improved
the outlook of cancer treatment in the past several decades.
Meanwhile, since these agents inhibit the growth of blood vessels,
it is well-known that they are associated with increases in
the risk of treatment related mortality compared with control
(5-8). For example, in advanced non-small cell lung cancer,
the administration of anti-VEGFR agents could significantly
increase the risk of FAEs (34). It should be noted that
in this study, the first generation agents targeting VEGFR
such as sorafenib, sunitinib, and axitinib were included for
analysis. While in gastric cancer, because only bevacizumab
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TABLE 3 | Overall incidence and relative risk of fatal adverse events in patients treated with anti-angiogenic agents.

Agent Target Incidence (%, 95% CI) Relative risk (95% Cl) References
Aflibercept VEGF 5.1(3.8-6.8) 1.81(1.20-2.72) ®)
Bevacizumab VEGF 2.9(2.0-4.2 1.33(1.02-1.73) (6)
Sorafenib VEGFR/PDGFR 1.3(0.8-2.2) 1.82(1.05-3.14) (7)
Sunitinib VEGFR/PDGFR 1.2(0.7-1.8) 2.34(1.34-4.09) )
Ramucirumab VEGFR2 1.9 (1.1-8.0) 1.31(0.91-1.89) Current study

Cl, confidence interval; PDGFR, placenta-derived growth factor receptor; VEGF, vascular endothelial growth factor; VEGFR, vascular endothelial growth factor receptor.
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and ramucirumab were investigated, no association was found
between molecular targeted agents and FAEs (35). Here, we
summarized the incidences and risks of FAE in patients
treated with several widely used agents. As shown in Table 3,
the incidence and relative risk varied among different anti-
angiogenic agents. A previous study showed that the addition
of bevacizumab, a monoclonal antibody included in the World
Health Organization’s list of essential medicines, was associated
with an increased risk of FAEs (RR, 1.33; 95% CI: 1.02-1.73)
compared with control (6). Sorafenib, a small molecule that
antagonizes the intracellular domain of the VEGFR and blocks
the downstream signaling, could also significantly increase the
risk of FAEs (RR, 1.82; 95% CI: 1.05-3.14) (7). In contrast,
our results revealed that there was no difference between
patients treated VEGFR2-targeted agents and those in the
control arms in terms of FAE risk. This might suggest that
VEGFR2-targeted agents were safer than other anti-angiogenic
agents. The mechanisms underlying these discrepancies remain
unknown. However, it cannot be ruled out that the differences
between VEGFR2-targeted agents and other anti-angiogenics
may be due to patient population, tumor type, mechanisms
of action, dosage, and treatment duration. Interestingly, it was
reported that the risk of developing proteinuria, hypertension,
gastrointestinal perforation, infusion related reactions, reversible
posterior leukoencephalopathy syndrome, wound healing delay,
and all-grade bleeding in patients treated with ramucirumab
were consistent with those in the angiogenesis inhibitor class
(36). However, no evidence for increased risk of arterial
thromboembolic events, venous thromboembolic events, or
high-grade bleeding was discovered (36), suggesting that
ramucirumab may be distinct among anti-angiogenic agents
in relation to thromboembolism and bleeding. Considering
the most common causes of FAEs in patients treated with
anti-angiogenics were hemorrhage and cardiac events (5-8),
it may partly explain the relatively low risk of treatment
related mortalities.

Our study has important clinical implications. It is
reported that mortality associated with adverse drug
reactions accounts for ~5% of all hospital fatalities
(37, 38). Accordingly, the benefit/risk evaluation should
play an essential role in the decision-making process during
cancer treatments selection. For anti-angiogenic agents,
patients should recognize the increased risk of treatment
related mortality before consenting to these kinds of
targeted cancer therapy. Our study could be important in
considering the benefit/risk trade-off by providing the overall
incidence and relative risk of FAEs in patients treated with
VEGFR2-targeted agents.

Our meta-analysis has several strengths. We performed a
comprehensive review, utilized the most up-to-date published
data. All the included original studies are phase II or phase
III RCTs, which minimized selection bias. Moreover, with the
accumulating evidence and enlarged sample sizes (i.e., the
study population was similar to the general population), this
study enhanced the statistical power with more reliable and

precise clinical outcome estimates. Additionally, to increase the
robustness of our study, we conducted several subgroup analyses
stratified by tumor type, VEGFR2-targeted agents, treatment
strategy, clinical phase, masking method, median treatment
duration, and approval status. TSA was also applied to evaluate
the impact of repetitive testing and random errors.

This study also has some limitations. First, our study is based
on data from clinical trials rather than individual patients. This
may include some confounding factors such as previous therapies
received, patients’ comorbidities, and concomitant medications.
Second, it is important to emphasize that subjects who are eligible
for RCTs show normal functions of major organs, which could
result in underestimating the risk of bleeding and cardio-toxicity
in real-world clinical practice. Third, some trials included were
open labeled RCTs. Even for those double-blinded trials, skillful
clinicians might identify AEs induced by VEGFR2-targeted
agents. This might lead to potential bias. Forth, the incidences of
FAEs among the included studies had significant heterogeneity.
Here we adjusted this heterogeneity by performing a random-
effects model to calculate the overall incidence. Even so, it might
underestimate the real event rate since trials without any death
could receive disproportional weight in calculation.

In summary, the administration of VEGFR2-targeted agents
does not increase the risk of FAEs. Accordingly, the benefit/risk
should be properly weight by both practitioners and patients in
drug selection.

DATA AVAILABILITY

The raw data supporting the conclusions of this manuscript will
be made available by the authors, without undue reservation, to
any qualified researcher.

AUTHOR CONTRIBUTIONS

BZ study design, meta-analysis, wrote, and reviewed the
manuscript. HZ and JZ database management and search
strategies, wrote, and reviewed the manuscript.

FUNDING

This work was funded by National Natural Science Foundation
of China (No. 31571417 and No. 31600713), Natural Science
foundation of Heilongjiang Province (No. QC2015109), China
Postdoctoral Science Foundation (No. 2018M641862 and No.
2019T120282), and Wenzhou Municipal Science and Technology
Bureau (No. Y20180086). The funders had no role in study
design, data collection and analysis, decision to publish, or
preparation of the manuscript.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fmed.
2019.00176/full#supplementary-material

Frontiers in Medicine | www.frontiersin.org

August 2019 | Volume 6 | Article 176


https://www.frontiersin.org/articles/10.3389/fmed.2019.00176/full#supplementary-material
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Zhao et al.

VEGFR2-Targeted Drugs and Mortality

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

. Folkman 7J.

. Ranpura V, Hapani

Angiogenesis. Annu  Rev  Med. (2006) 57:1-18.

doi: 10.1146/annurev.med.57.121304.131306

. Hicklin DJ, Ellis LM. Role of the vascular endothelial growth factor

pathway in tumor growth and angiogenesis. / Clin Oncol. (2005) 23:1011-27.
doi: 10.1200/JC0.2005.06.081

. Coultas L, Chawengsaksophak K, Rossant J. Endothelial cells and VEGF in

vascular development. Nature. (2005) 438:937-45. doi: 10.1038/nature04479

. Khurana R, Simons M, Martin JE Zachary IC. Role of angiogenesis in

cardiovascular disease: a critical appraisal. Circulation. (2005) 112:1813-24.
doi: 10.1161/CIRCULATIONAHA.105.535294

. Qi WX, Tang LN, Shen Z, Yao Y. Treatment-related mortality with aflibercept

in cancer patients: a meta-analysis. Eur J Clin Pharmacol. (2014) 70:461-7.
doi: 10.1007/s00228-013-1633-2

S, Wu S. Treatment-related mortality with
bevacizumab in cancer patients: a meta-analysis. JAMA. (2011) 305:487-94.
doi: 10.1001/jama.2011.51

. Gyawali B, Shimokata T, Ando M, Honda K, Ando Y. Risk of serious adverse

events and fatal adverse events with sorafenib in patients with solid cancer:
a meta-analysis of phase 3 randomized controlled trialsdagger. Ann Oncol.
(2017) 28:246-53. doi: 10.1093/annonc/mdw549

. Schutz FAB, Je Y, Richards CJ, Choueiri TK. Meta-analysis of randomized

controlled trials for the incidence and risk of treatment-related
mortality in patients with cancer treated with vascular endothelial
growth factor tyrosine kinase inhibitors. J Clin Oncol. (2012) 30:871-7.

doi: 10.1200/JC0O.2011.37.1195

. Zhao B, Zhao H, Zhao J. Risk of fatal adverse events in cancer

patients treated with sunitinib. Crit Rev Oncol Hematol. (2019) 137:115-22.
doi: 10.1016/j.critrevonc.2019.03.007

Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gotzsche PC, Ioannidis JP, et al.
The PRISMA statement for reporting systematic reviews and meta-analyses
of studies that evaluate healthcare interventions: explanation and elaboration.
BM]J. (2009) 339:b2700. doi: 10.1136/bm;j.b2700

Petrylak DP, de Wit R, Chi KN, Drakaki A, Sternberg CN, Nishiyama H,
et al. Ramucirumab plus docetaxel versus placebo plus docetaxel in patients
with locally advanced or metastatic urothelial carcinoma after platinum-based
therapy (RANGE): a randomised, double-blind, phase 3 trial. Lancet. (2017)
390:2266-77. doi: 10.1016/S0140-6736(17)32365-6.

Fuchs CS, Tomasek ], Yong CJ, Dumitru F, Passalacqua R, Goswami C,
et al. Ramucirumab monotherapy for previously treated advanced gastric or
gastro-oesophageal junction adenocarcinoma (REGARD): an international,
randomised, multicentre, placebo-controlled, phase 3 trial. Lancet. (2014)
383:31-9. doi: 10.1016/S0140-6736(13)61719-5

Garon EB, Ciuleanu T-E, Arrieta O, Prabhash K, Syrigos KN, Goksel T, et al.
Ramucirumab plus docetaxel versus placebo plus docetaxel for second-line
treatment of stage IV non-small-cell lung cancer after disease progression on
platinum-based therapy (REVEL): a multicentre, double-blind, randomised
phase 3 trial. Lancet. 384:665-73. doi: 10.1016/S0140-6736(14)60845-X
Wilke H, Muro K, Van Cutsem E, Oh SC, Bodoky G, Shimada Y, et al.
Ramucirumab plus paclitaxel versus placebo plus paclitaxel in patients
with previously treated advanced gastric or gastro-oesophageal junction
adenocarcinoma (RAINBOW): a double-blind, randomised phase 3 trial.
Lancet Oncol. (2014) 15:1224-35. doi: 10.1016/S1470-2045(14)70420-6
Mackey JR, Ramos-Vazquez M, Lipatov O, McCarthy N, Krasnozhon D,
Semiglazov V; et al. Primary results of ROSE/TRIO-12, a randomized placebo-
controlled phase III trial evaluating the addition of ramucirumab to first-
line docetaxel chemotherapy in metastatic breast cancer. J Clin Oncol. (2015)
33:141-8. doi: 10.1200/JC0O.2014.57.1513

Zhu AX, Park JO, Ryoo B-Y, Yen C-J, Poon R, Pastorelli D, et al.
Ramucirumab versus placebo as second-line treatment in patients with
advanced hepatocellular carcinoma following first-line therapy with sorafenib
(REACH): a randomised, double-blind, multicentre, phase 3 trial. Lancet
Oncol.16:859-70. doi: 10.1016/S1470-2045(15)00050-9

Tabernero J, Yoshino T, Cohn AL, Obermannova R, Bodoky G, Garcia-
Carbonero R, et al. Ramucirumab versus placebo in combination with second-
line FOLFIRI in patients with metastatic colorectal carcinoma that progressed
during or after first-line therapy with bevacizumab, oxaliplatin, and a

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

32.

fluoropyrimidine (RAISE): a randomised, double-blind, multicentre, phase 3
study. Lancet Oncol. (2015) 16:499-508. doi: 10.1016/S1470-2045(15)70127-0

. Doebele RC, Spigel D, Tehfe M, Thomas S, Reck M, Verma §, et al. Phase

2, randomized, open-label study of ramucirumab in combination with first-
line pemetrexed and platinum chemotherapy in patients with nonsquamous,
advanced/metastatic non-small cell lung cancer. Cancer. (2015) 121:883-92.
doi: 10.1002/cncr.29132

. Petrylak DP, Tagawa ST, Kohli M, Eisen A, Canil C, Sridhar SS, et al. Docetaxel

as monotherapy or combined with ramucirumab or icrucumab in second-line
treatment for locally advanced or metastatic urothelial carcinoma: an open-
label, three-arm, randomized controlled phase II trial. J Clin Oncol. (2016)
34:1500-9. doi: 10.1200/JCO.2015.65.0218

Moore M, Gill S, Asmis T, Berry S, Burkes R, Zbuk K, et al. Randomized
phase II study of modified FOLFOX-6 in combination with ramucirumab or
icrucumab as second-line therapy in patients with metastatic colorectal cancer
after disease progression on first-line irinotecan-based therapy. Ann. Oncol.
(2016) 27:2216-24. doi: 10.1093/annonc/mdw412

Hussain M, Rathkopf D, Liu G, Armstrong A, Kelly WK, Ferrari A, et al. A
randomised non-comparative phase II trial of cixutumumab (IMC-A12) or
ramucirumab (IMC-1121B) plus mitoxantrone and prednisone in men with
metastatic docetaxel-pretreated castration-resistant prostate cancer. Euro |
Cancer. (2015) 51:1714-24. doi: 10.1016/j.ejca.2015.05.019

Vahdat LT, Layman R, Yardley DA, Gradishar W, Salkeni MA, Joy
AA, et al. Randomized phase II study of ramucirumab or icrucumab
in combination with capecitabine in patients with previously treated
locally advanced or metastatic breast cancer. Oncologist. (2017) 22:245-54.
doi: 10.1634/theoncologist.2016-0265

Yardley DA, Reeves ], Dees EC, Osborne C, Paul D, Ademuyiwa F et al.
Ramucirumab with eribulin versus eribulin in locally recurrent or metastatic
breast cancer previously treated with anthracycline and taxane therapy: a
multicenter, randomized, phase II study. Clin Breast Cancer. (2016) 16:471-
9.el. doi: 10.1016/j.clbc.2016.07.005

Yoh K, Hosomi Y, Kasahara K, Yamada K, Takahashi T, Yamamoto N, et al.
A randomized, double-blind, phase II study of ramucirumab plus docetaxel
vs. placebo plus docetaxel in Japanese patients with stage IV non-small cell
lung cancer after disease progression on platinum-based therapy. Lung cancer.
(2016) 99:186-93. doi: 10.1016/j.lungcan.2016.07.019

Yoon HH, Bendell JC, Braiteh FS, Firdaus I, Philip PA, Cohn AL,
et al. Ramucirumab combined with FOLFOX as front-line therapy for
advanced esophageal, gastroesophageal junction, or gastric adenocarcinoma:
a randomized, double-blind, multicenter Phase II trial. Ann Oncol. (2016)
27:2196-203. doi: 10.1093/annonc/mdw423

LiJ, Qin S, Xu J, Guo W, Xiong J, Bai Y, et al. Apatinib for chemotherapy-
refractory advanced metastatic gastric cancer: results from a randomized,
placebo-controlled, parallel-arm, phase II trial. J Clin Oncol. (2013) 31:3219-
25. doi: 10.1200/JC0O.2013.48.8585

Li J, Qin S, Xu J, Xiong J, Wu C, Bai Y, et al. Randomized, double-
blind, placebo-controlled phase III trial of apatinib in patients with
chemotherapy-refractory advanced or metastatic adenocarcinoma of the
stomach or gastroesophageal junction. J Clin Oncol. (2016) 34:1448-54.
doi: 10.1200/JC0O.2015.63.5995

Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynolds DJ, Gavaghan
DJ, et al. Assessing the quality of reports of randomized clinical
trials: is blinding necessary? Control Clin Trials. (1996) 17:1-12.
doi: 10.1016/0197-2456(95)00134-4

Wetterslev J, Thorlund K, Brok J, Gluud C. Trial sequential analysis may
establish when firm evidence is reached in cumulative meta-analysis. J Clin
Epidemiol. (2008) 61:64-75. doi: 10.1016/j.jclinepi.2007.03.013

Brok J, Thorlund K, Gluud C, Wetterslev J. Trial sequential analysis
reveals insufficient information size and potentially false positive
results in many meta-analyses. J Clin Epidemiol. (2008) 61:763-9.
doi: 10.1016/j.jclinepi.2007.10.007

. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency

in meta-analyses. BM]J. (2003) 327:557-60. doi:
7414.557

Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-
analysis detected by a simple, graphical test. BMJ. (1997) 315:629-34.

doi: 10.1136/bm;j.315.7109.629

10.1136/bm;j.327.

Frontiers in Medicine | www.frontiersin.org

August 2019 | Volume 6 | Article 176


https://doi.org/10.1146/annurev.med.57.121304.131306
https://doi.org/10.1200/JCO.2005.06.081
https://doi.org/10.1038/nature04479
https://doi.org/10.1161/CIRCULATIONAHA.105.535294
https://doi.org/10.1007/s00228-013-1633-2
https://doi.org/10.1001/jama.2011.51
https://doi.org/10.1093/annonc/mdw549
https://doi.org/10.1200/JCO.2011.37.1195
https://doi.org/10.1016/j.critrevonc.2019.03.007
https://doi.org/10.1136/bmj.b2700
https://doi.org/10.1016/S0140-6736(17)32365-6.
https://doi.org/10.1016/S0140-6736(13)61719-5
https://doi.org/10.1016/S0140-6736(14)60845-X
https://doi.org/10.1016/S1470-2045(14)70420-6
https://doi.org/10.1200/JCO.2014.57.1513
https://doi.org/10.1016/S1470-2045(15)00050-9
https://doi.org/10.1016/S1470-2045(15)70127-0
https://doi.org/10.1002/cncr.29132
https://doi.org/10.1200/JCO.2015.65.0218
https://doi.org/10.1093/annonc/mdw412
https://doi.org/10.1016/j.ejca.2015.05.019
https://doi.org/10.1634/theoncologist.2016-0265
https://doi.org/10.1016/j.clbc.2016.07.005
https://doi.org/10.1016/j.lungcan.2016.07.019
https://doi.org/10.1093/annonc/mdw423
https://doi.org/10.1200/JCO.2013.48.8585
https://doi.org/10.1200/JCO.2015.63.5995
https://doi.org/10.1016/0197-2456(95)00134-4
https://doi.org/10.1016/j.jclinepi.2007.03.013
https://doi.org/10.1016/j.jclinepi.2007.10.007
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1136/bmj.315.7109.629
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Zhao et al. VEGFR2-Targeted Drugs and Mortality

33. Begg CB, Mazumdar M. Operating characteristics of a rank correlation test for studies. ~ JAMA. ~ (1998)  279:1200-5.  doi:  10.1001/jama.279.
publication bias. Biometrics. (1994) 50:1088-101. doi: 10.2307/2533446 15.1200

34. Gu B, Gao W, Chu H, Gao ], Fu Z, Ding H, et al. Adverse events 38. Zhao B, Zhao H, Zhao J. Serious adverse events and fatal adverse events

35.

36.

37.

risk associated with anti-VEGFR agents in the treatment of advanced
nonsmall-cell lung cancer: a meta-analysis. Medicine. (2016) 95:3752.
doi: 10.1097/MD.0000000000003752

Wang L, Liu Y, Zhou W, Li W. Treatment-related severe and fatal
adverse events with molecular targeted agents in the treatment of advanced
gastric cancer: a meta-analysis. OncoTargets Therapy. (2017) 10:2281-7.
doi: 10.2147/OTT.S110431

Arnold D, Fuchs C, Tabernero J, Ohtsu A, Zhu AX, Garon EB, et al.
Meta-analysis of individual patient safety data from six randomized,
placebo-controlled trials with the antiangiogenic VEGFR2-binding
monoclonal antibody ramucirumab. Ann Oncol. (2017) 28:2932-42.
doi: 10.1093/annonc/mdx514

Lazarou ], Pomeranz BH, Corey PN. Incidence of adverse drug
reactions in hospitalized patients: a meta-analysis of prospective

associated with nivolumab treatment in cancer patients : Nivolumab-
related serious/fatal adverse events. J Immunother Cancer. (2018) 6:101.
doi: 10.1186/s40425-018-0421-z

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2019 Zhao, Zhao and Zhao. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication
in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Medicine | www.frontiersin.org

10

August 2019 | Volume 6 | Article 176


https://doi.org/10.2307/2533446
https://doi.org/10.1097/MD.0000000000003752
https://doi.org/10.2147/OTT.S110431
https://doi.org/10.1093/annonc/mdx514
https://doi.org/10.1001/jama.279.15.1200
https://doi.org/10.1186/s40425-018-0421-z
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

	Incidence and Risk of Fatal Adverse Events in Cancer Patients Treated With Vascular Endothelial Growth Factor Receptor 2-Targeted Agents: A Meta-Analysis With Trial Sequential Analysis of Randomized Controlled Trials
	Introduction
	Materials and Methods
	Search Strategy
	Eligibility Criteria
	Data Extraction and Quality Assessment
	Trial Sequential Analysis
	Statistical Analysis

	Result
	Search Results
	Study Quality
	Patients
	Incidence of FAEs
	RR of FAEs
	Specific FAEs Caused by VEGFR2-Targeted Agents
	Publication Bias

	Discussion
	Data Availability
	Author Contributions
	Funding
	Supplementary Material
	References


