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Background: The treatment of solid malignant tumors using immune checkpoint inhibitors (ICIs)
combined with antiangiogenic drugs, has gradually become an active field of clinical research. However, the
results are inconsistent. Therefore, we designed this meta-analysis to evaluate the efficacy and safety of ICIs
combined with antiangiogenic drugs in patients with solid malignant tumors. We found that the focus of
combination therapy studies was on renal cell carcinomas (RCC).

Methods: We scarched PubMed, Embase, and the Cochrane Library to summarize the hazard ratio (HR)
for overall survival (OS), progression-free survival (PFS), and the odds ratio (OR) for objective response rate
(ORR), disease control rate (DCR), and adverse events (AEs) of grade 3 or higher.

Results: A total of 6 studies were included. We found that patients who received antiangiogenic drugs
combined with ICIs had better OS [HR =0.74, 95% confidence interval (CI): 0.60-0.89], PFS (HR =0.79,
95% CI: 0.70-0.89), ORR (OR =2.34, 95% CI: 1.35-4.04) and DCR (OR =1.52, 95% CI: 1.21-1.91) than
those without ICIs. There was no significant difference in the incidence of grade 3 or higher AEs (OR =0.76,
95% CI: 0.52-1.11). Subgroup analyses showed that combination therapy resulted in a lower risk of death in
patients with PD-L1 expression >1% or <1%, and better PFS in patients with RCCs who were of different
ages, different genders, and different International Metastatic Renal Cell Carcinoma Database Consortium
(IMDC) risk scores (favorable/intermediate/poor).

Conclusions: The results of this meta-analysis suggest that ICIs combined with antiangiogenic drugs can
provide more clinical benefits to patients with solid malignant tumors without significantly increasing side

effects. More clinical trials are needed to validate these findings further.
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Introduction with tumors may obtain a better prognosis. Commonly

In recent years, with the development of immunotherapy, used ICIs include programmed cell death protein-1 (PD-

immune checkpoint inhibitors (ICIs) have gradually 1) inhibitors (such as nivolumab and pembrolizumab),
changed the treatment pattern of solid malignant tumors. programmed death-ligand 1 (PD-L1) inhibitors (such as

As more IClIs are approved for clinical use, more patients atezolizumab, durvalumab, and avelumab), and cytotoxic
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T-lymphocyte-associated antigen 4 (CTLA-4) inhibitors
(such as ipilimumab). These ICIs have been widely used
for treating various cancers, including lung cancer, renal
cell carcinoma (RCC), melanoma, and gastrointestinal
tumors (1-5). However, the efficacy of ICI monotherapy
for the treatment of solid malignant tumors is limited (6).
In order to expand the clinical benefits, the use of
combination therapy for cancer treatment is gradually
increasing.

Previous research has demonstrated that ICIs, combined
with antiangiogenic drugs, can improve the prognosis of
certain patients with tumors (7). Antiangiogenic drugs,
which are classic anti-tumor agents, are widely used for
the treatment of various malignant solid tumors (8). At
present, widely used antiangiogenic drugs mainly include
tyrosine kinase inhibitors (TKIs), which target the vascular
endothelial growth factor (VEGF) signaling pathway (such
as sunitinib), and monoclonal antibodies that block VEGF
(such as bevacizumab). A previous study demonstrated that
antiangiogenic drugs not only promoted the normalization
of blood vessels and facilitated the infiltration of
lymphocytes into tumor tissues but also down-regulated
the number and function of regulatory T-lymphocytes
(Tregs), myeloid-derived suppressor cells (MDSCs), and
M2 macrophages (9). Also, VEGF reduced the expression
of adhesion molecules on endothelial cells, and also reduced
the ability of endothelial cells to recognize white blood cells
(including tumor-killing T cells). VEGF can also reduce
the expression of PD-1 on killer T cells (10) and inhibit the
maturation of dendritic cells (11). Therefore, antiangiogenic
drugs, by inhibiting the effects of VEGE, can enhance the
anti-tumor ability of the immune system. Researchers have
also observed that antiangiogenic drugs combined with
PD-1/PD-L1 inhibitors had a synergistic therapeutic effect
in a mouse model (12).

Nonetheless, the efficacy and safety of ICIs combined
with antiangiogenic drugs in solid malignant tumors
are not always consistent (13), and combination therapy
remains controversial. We, therefore, performed a meta-
analysis to compare the efficacy and safety of antiangiogenic
drugs with or without ICIs in solid malignant tumors. We
found that combination therapy mainly focused on RCC.
We present the following article in accordance with the
PRISMA reporting checklist (available at http://dx. doi.
org/10. 21037/tcr-20-1975).
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Methods
Search strategy and selection criteria

We searched PubMed, Embase, and the Cochrane
Library for articles before March 2020. We used “immune
checkpoint inhibitor; immunotherapy; angiogenesis
inhibitor; antiangiogenic drug; VEGF; malignant solid
tumor” as keywords. The language was limited to English.
The inclusion criteria were designed based on the PICOS
principle—population: patients with solid malignant
tumors; intervention: antiangiogenic drugs combined
with an ICI; comparison: treatment without an ICI;
outcomes: overall survival (OS), progression-free survival
(PES), objective response rate (ORR), disease control
rate (DCR), adverse events (AEs) of grade 3 or higher;
study: randomized controlled trials. Two investigators
independently reviewed all articles. The exclusion criteria
were as follows: (I) abstract-only papers; (II) not published
in English; (III) not a comparative study; (IV) not a
randomized trial; (V) not a combination study with an
ICI; (VI) did not study solid tumors; (VII) study had no

outcomes.

Data extraction and quality assessment

QH and CZ independently extracted the following data sets
in each study: the publication year, trial phase, study design,
disease, treatments, sample size, median age, and outcomes.
If there was a disagreement between the two investigators,
a discussion with a third author was conducted to reach a
consensus. QH and JL independently used the Cochrane
Collaboration’s tool to assess the quality of the selected
studies using the following ratings: low risk (+), undefined

risk (?), and high risk (-).

Statistical analysis

The meta-analysis was conducted using RevMan 5.3
software (The Nordic Cochrane Center, Cochrane
Collaboration). OS and PFS were evaluated through HR.
OR evaluated ORR, DCR and AEs of grade 3 or higher.
The main results were analyzed in subgroups. All data were
extracted from the included studies. When I°<33, a fixed
effect (FE) model was used, and when I’>33, a random
effect (RE) model was used. The results were illustrated
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using forest plots. Heterogeneity was estimated using
Cochran’s Q test and I’ statistics. The significance level was
set as <0.05. Publication bias was evaluated using a funnel
plot, and a sensitivity analysis was performed by removing
each study in turn.

Results
Included studies and study quality

A total of 1,886 related studies were retrieved from the
databases. After eliminating duplicate studies, screening
abstracts, and reading full texts, we found eight articles on
solid malignant tumors (7,13-19). Table 1 summarizes the
main baseline characteristics and survival results of these
studies. We found that in these eight articles, only two types
of tumors were included. There were six studies on kidney
cancer and two on non-small cell lung cancer (NSCLC).
Due to the inconsistency of the tumor microenvironment
in RCC and NSCLC, after careful consideration, we
finally decided to include six studies on RCC in this review
(Figure I). Among these six articles, 1 article (18) was a
subgroup analysis of the randomized trials described in
another article (13), and we included this subgroup analysis
article only in our subgroup analysis. The randomized trials
we included were of high quality (Figure 2).

In these six studies, we pooled the HR of OS in 4 trials
and PFS in 5 trials. We also pooled the OR of ORR in
S trials, DCR in 3 trials, and grade 3 or higher AEs in 3
trials. We performed a subgroup analysis of the results
of OS, PFS, ORR, and DCR. In addition to the small
heterogeneity in the OS group, OS subgroup, and PFS
subgroup, there was evident heterogeneity among most
studies. Therefore, the FE model was used in the OS group,
OS subgroup, and the PFS subgroup, and the RE model
was applied for the rest of the groups.

Overall survival

The pooled HR suggested that ICIs combined with
antiangiogenic drugs significantly improved the OS
of patients with RCC (HR =0.74, 95% CI: 0.60-0.89,
I’=64%, n=4) (Figure 3). As shown in the subgroup analysis
(Figure 3), regardless of whether PD-L1 expression was
>1% or <1%, ICIs combined with antiangiogenic drugs
showed a lower risk of death (HR =0.76, 95% CI: 0.62-0.92,
n=4; HR =0.74, 95% CI: 0.60-0.92, n=2, respectively).
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We found that ICIs combined with antiangiogenic drugs
significantly prolonged the PFS of patients with RCC
(HR =0.79; 95% CI: 0.70-0.89, '=46%, n=5) (Figure 4).
Subgroup analyses of PFS indicated that combination
therapy with ICIs and antiangiogenic drugs improved
PFS in patients with RCC who were of different ages (age
<65 years: HR =0.66, 95% CI: 0.54-0.80; age >65 years:
HR =0.66, 95% CI: 0.51-0.86), different genders (male:
HR =0.68, 95% CI: 0.57-0.82; female: HR =0.66, 95%
CI: 0.49-0.91), different International Metastatic RCC
Database Consortium (IMDC) risk scores (favorable/
intermediate/poor) (HR =0.71, 95% CI: 0.52-0.96; HR
=0.71, 95% CI: 0.60-0.84, HR =0.58, 95% CI: 0.43-0.79,
respectively), an intermediate/poor Memorial Sloan-
Kettering Cancer Center (MSKCC) score (HR =0.74, 95%
CI: 0.64-0.87, HR =0.55, 95% CI: 0.41-0.74, respectively),
PD-L1 expression >1% (HR =0.67, 95% CI: 0.59-0.76), or
underwent nephrectomy (HR =0.67, 95% CI: 0.55-0.81)

(Figure 5).

ORR and DCR

We summarized the OR of ORR and DCR (Figure 6) and
found that both in the PD-L1 >1% subgroup and the total
population, ICIs combined with antiangiogenic drugs
showed better ORR (PD-L1 >1%: OR =2.83, 95% CI:
1.43-5.63, n=4; total population: OR =2.34, 95% CI: 1.35-
4.04, n=5, respectively) and better DCR (PD-L1 >1%: OR
=1.73, 95% CI: 1.12-2.67, n=3; total population: OR =1.52,
95% CI: 1.21-1.91, n=3, respectively).

Toxicity

This meta-analysis evaluated treatment toxicity by
analyzing the OR of grade 3 or higher AEs. The outcomes
revealed that there was no statistically significant difference
in toxicity between the 2 treatments (OR =0.76, 95% CI:
0.52-1.11, P=0.15, ’=71%, n=3) (Figure 7).

Publication bias and sensitivity analysis

Since our analysis included less than ten studies, we did not
perform publication bias analysis. Sensitivity analysis was
conducted, and the results showed that deleting any study
did not significantly change our results, indicating that the
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Figure 1 The flow diagram described our process of selection studies. We finally included 6 retrospective cohort studies.

results were robust and credible (7ible 2).

Discussion

The efficacy of immunotherapy monotherapy for solid
malignant tumors is far from satisfactory. Some studies
have shown that ICIs, combined with antiangiogenic
drugs, demonstrate efficacy for solid malignant tumors,
and the toxicity is tolerable. However, the outcomes of
current studies on combination therapy are inconsistent.
A previous meta-analysis examined ICIs in combination
with antiangiogenic therapy (20); however, the article did
not include a subgroup analysis. Also, a series of studies on
ICIs combined with antiangiogenic drugs for the treatment
of solid malignant tumors were recently published. Hence,
we designed and implemented this meta-analysis. In this
meta-analysis, ICIs combined with antiangiogenic drugs
improved the OS, PFS, ORR, and DCR of patients with
solid malignant tumors, and there was no statistically
significant difference in the incidence of grade 3 or higher
AEs between the 2 treatments.

Regardless of the expression level of PD-L1, our
subgroup analysis showed that patients who received
ICIs combined with antiangiogenic drugs had longer OS.
Among the patients with solid malignant tumors who had
PD-L1 expression >1%, patients receiving antiangiogenic

drugs with ICIs had better PFS, ORR, and DCR than
those without ICIs. Notably, 1 study evaluated the effect
of nivolumab or everolimus in patients with RCC who
previously received antiangiogenic drugs.

In RCC, we found that combination treatment
prolonged the PFS of patients with different ages,
different genders, different IMDC risk scores (favorable/
intermediate/poor), an intermediate/poor MSKCC score,
or patients who underwent nephrectomy. In RCC, Rini
et al. also observed that when treated with combination
therapy, patients of different ages, different genders, or
patients with an intermediate/poor IMDC risk score all
had improved OS (7).

In patients with non-squamous NSCLC with epidermal
growth factor receptor (EGFR) mutations, Reck et al.
found no significant difference in OS and PFS in patients
who took antiangiogenic drugs with or without ICIs (19).
Interestingly, in NSCLC patients with exon 19 deletion
or Leu858Arg mutation, it was observed that combination
therapy improved OS and PFS. They also found that for
NSCLC patients with EGFR mutations who had previously
received TKI treatment, combination therapy improved
PFES, but its effect on OS was not statistically different
compared to antiangiogenic treatment without an ICIL.
Also, they found that NSCLC patients with liver metastases
treated with combination therapy had a PFS advantage and

© Translational Cancer Research. All rights reserved. Transl Cancer Res 2020;9(11):6780-6791 | http://dx.doi.org/10.21037/tcr-20-1975
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Figure 2 Risk bias of studies included.

a lower risk of death (19).

Some studies have shown that ICIs, combined with
antiangiogenic drugs, can increase treatment toxicity (16).
However, in this meta-analysis, there was no significant
difference in the toxicity of antiangiogenic drugs with or
without ICIs. Common adverse effects of combination
therapy included neutropenia, hypertension, alopecia,
peripheral neuropathy, nausea, anemia, decreased
appetite, and diarrhea. Therefore, the implementation
of combination therapy necessitates close attention to
prevention, early detection, and proper handling of these
side effects.

All the articles included in this meta-analysis were
randomized controlled trials in RCC patients. We also

discussed the role of combination therapy in NSCLC. Our

© Translational Cancer Research. All rights reserved.

results showed that ICIs, combined with antiangiogenic
drugs, were safe and effective. Also, recent studies have
found that combination therapy also had a role in other
types of tumors. In unresectable hepatocellular carcinoma
(uHCC), lenvatinib combined with pembrolizumab
demonstrated anti-tumor activity and was well tolerated in
patients (21), and atezolizumab combined with bevacizumab
also demonstrated better OS and PFS than sorafenib
alone (22). Researchers have also found that in advanced
hepatocellular carcinoma, gastric cancer, or esophagogastric
junction carcinoma, the ORR of SHR-1210 combined with
apatinib was 30.8%, and the toxicity was acceptable (23).
Furthermore, previous studies have demonstrated
the efficacy of regorafenib combined with nivolumab
for advanced colorectal cancer or gastric cancer (24). A

Transl Cancer Res 2020;9(11):6780-6791 | http://dx.doi.org/10.21037/tcr-20-1975



6786 He et al. Inmunotherapy and antiangiogenic drugs for renal cell cancer
A Hazard Ratio Hazard Ratio
r r log[Hazard Rati E Weight IV, Ran % Cl IV, Random., 95% CI
1.1.1 RCC
Motzer 2019 -0.2485 0.166 20.7% 0.78[0.56, 1.08] —
Rini-1 2019 -0.6349 0.1703 20.2% 0.53[0.38, 0.74] —
Rini-2 2019 -0.0726 0.1039 29.3% 0.93[0.76, 1.14] —
Xu 2017 -0.3147 0.1011  29.7% 0.73[0.60, 0.89] —=
Subtotal (95% CI) 100.0% 0.74 [0.60, 0.92] -
Heterogeneity: Tau? = 0.03; Chi? = 8.40, df = 3 (P = 0.04); I> = 64%
Test for overall effect: Z=2.71 (P = 0.007)
Total (95% Cl) 100.0% 0.74 [0.60, 0.92] N

Heterogeneity: Tau? = 0.03; Chi? = 8.40, df = 3 (P = 0.04); I* = 64% 0'5 07 1 15 2
Test for overall effect: Z = 2.71 (P = 0.007) i ’ :
Test for subaroun differences: Not anolicable

B Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio; SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.6.1 PD-L1=1%

Motzer 2019 -0.1985 0.2272 18.8% 0.82[0.53, 1.28] - 1
Rini-1 2019 -0.6162 0.2254 19.1% 0.54[0.35, 0.84] -
Rini-2 2019 -0.1744 0.1603 37.8% 0.84[0.61, 1.15] —
Xu 2017 -0.2357 0.2004 24.2% 0.79[0.53, 1.17] S
Subtotal (95% Cl) 100.0% 0.76 [0.62, 0.92] o
Heterogeneity: Chi? = 2.84, df = 3 (P = 0.42); I = 0%

Test for overall effect: Z = 2.82 (P = 0.005)

1.6.2 PD-L1<1%

Rini-1 2019 -0.5276 0.2843 14.7% 0.59[0.34, 1.03] - " —
Xu 2017 -0.2614 0.1178 85.3% 0.77[0.61, 0.97] t
Subtotal (95% CI) 100.0% 0.74 [0.60, 0.92]

Heterogeneity: Chi2 = 0.75, df = 1 (P = 0.39); 1= 0%

Test for overall effect: Z = 2.76 (P = 0.006)

Test for subaroup differences: Chi? = 0.02. df = 1 (P = 0.88). 1> = 0%

Figure 3 Forest plot for OS and OS subgroup. RCC, renal cell carcinomas.
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Figure 4 Forest plot for PFS. RCC, renal cell carcinomas.

study also reported that 39.6% of patients with advanced
endometrial carcinoma receiving lenvatinib combined
with pembrolizumab had an objective response at 24
weeks (25). In the recurrent epithelial ovarian, fallopian
tube, or primary peritoneal cancer, a phase II trial found
pembrolizumab combined with bevacizumab and oral
metronomic cyclophosphamide had a greater and longer-

lasting tumor response compared with pembrolizumab

© Translational Cancer Research. All rights reserved.

monotherapy or bevacizumab combined with oral
cyclophosphamide, and the AEs were tolerated (26). Studies
have also shown that in patients with advanced sarcomas,
axitinib combined with pembrolizumab had preliminary
activity and controllable toxicity, especially in the alveolar
soft-part sarcoma (27).

Our results indicated that ICIs combined with

antiangiogenic drugs were safe and effective for some solid
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Rini-2 2019 03147 0129 266% 0.73[0.57,094] —
Uemura 2019 -0.7133 05918  1.3%  0.49[0.15, 1.56] I
Xu 2017 0.2231 01762 14.3%  0.80[0.57, 1.13] T
Subtotal (95% CI) 100.0%  0.67 [0.59, 0.76] *
Heterogeneity: Chi = 2.62, df = 5 (P = 0.76); I = 0%
Test for overall effect: Z = 6.06 (P < 0.00001)
1.7.2PD-L1<1
Rini-1 2019 01393 01767 13.9%  0.87[0.62,1.23] T
Rini-2 2019 -0.0726 0.1083 37.0% 0.93[0.75,1.15] -
Xu 2017 0.1165 0.094 49.1%  0.89[0.74,1.07] .
Subtotal (95% CI) 100.0%  0.90 [0.79, 1.03] <
Heterogeneity: Chi* = 0.14, df = 2 (P = 0.93); I = 0%
Test for overall effect: Z = 1.57 (P = 0.12)
1.7.3 age<65years
Motzer 2019 -0.5108 0.1531 412%  0.60[0.44,0.81] ——
Rini-1 2019 -0.3567 0.1282 58.8%  0.70[0.54, 0.90] —
Subtotal (95% CI) 100.0%  0.66 [0.54, 0.80] >
Heterogeneity: Chi = 0.60, df = 1 (P = 0.44); I = 0%
Test for overall effect: Z = 4.28 (P < 0.0001)
1.7.4 age>65years
Motzer 2019 03425 02187 37.8%  0.71[0.46, 1.09] — =
Rini-1 2019 0462 01705 622%  0.63[0.45,0.88] ——
Subtotal (95% CI) 100.0%  0.66 [0.51, 0.86] -
Heterogeneity: Chiz = 0.19, df = 1 (P = 0.67); I = 0%
Test for overall effect: Z = 3.10 (P = 0.002)
1.7.5 sex-male
Motzer 2019 -0.5798 0.1491 38.4%  0.56[0.42, 0.75] —a—
Rini-12019 -0.2614 01178 61.6% 0.77[0.61,097] —
Subtotal (95% Cl) 100.0% 0.68 [0.57, 0.82] ’
Heterogeneity: Chiz = 2.81, df = 1 (P = 0.00); I = 64%
Test for overall effect: Z = 4.15 (P < 0.0001)
1.7.6 sex-female
Motzer 2019 0.1054 02503 40.6%  0.90[0.55, 147] N
Rini-12019 -0.6162 02069 59.4% 0.54[0.36, 0.81] ——
Subtotal (95% CI) 100.0% 0.6 [0.49, 0.91] -
Heterogeneity: Chit = 2.47, df = 1 (P = 0.12); I* = 60%
Test for overall effect: Z = 2.56 (P = 0.01)
1.7.7 MSKCC-favorable
Motzer 2019 -0.5621 03261 132%  0.57[0.30, 1.08] T
Rini-2 2019 -0.478 0.3369 124% 0.62[0.32,1.20] -
Xu 2017 0.207 0.1374 74.4% 1.23[0.94,161] '._
Subtotal (95% Cl) 100.0% 1.02[0.81, 1.29] -
Heterogeneity: Chiz = 7.22, df = 2 (P = 0.03); [ = 72%
Test for overall effect: Z = 0.17 (P = 0.86)
1.7.8 MSKCC-intermidiate
Motzer 2019 0.478 0.1549 24.7%  0.62[0.46,0.84] =
Rini-2 2019 02357 015 263% 0.79[0.59, 1.06] —=
Xu 2017 -02357 011 49.0% 0.79[0.64,0.98] —|
Subtotal (95% CI) 100.0%  0.74 [0.64, 0.87] <
Heterogeneity: Chi? = 1.84, df = 2 (P = 0.40); I = 0%
Test for overall effect: Z = 3.84 (P = 0.0001)
1.7.9 MSKCC-poor
Motzer 2019 -0.5978 03443 19.3%  0.55[0.28, 1.08]
Rini-2 2019 06539 04393 11.8% 052[0.22,1.23]

2017 05798 0.182 68.9%  0.56(0.39, 0.80]
Subtotal (95% CI) 100.0%  0.55[0.41, 0.74]

Heterogeneity: Chit = 0.02, df = 2 (P = 0.99); I* = 0%
Test for overall effect: Z = 3.92 (P < 0.0001)

1.7.10 IMDC-favorable

Motzer 2019 -0.6931 0.3381 21.5% 0.50[0.26, 0.97] e
Rini-1 2019 -0.2107 0.2173 52.0% 0.81[0.53, 1.24] —a—
Rini-2 2019 -0.3425 0.3047 26.5% 0.71[0.39, 1.29] - =
Subtotal (95% Cl) 100.0% 0.71[0.52, 0.96] -
Heterogeneity: Chiz = 1.4, df = 2 (P = 0.49); I = 0%

Test for overall effect: Z = 2.23 (P = 0.03)

1.7.11 IMDC-intermidiate

Motzer 2019 04463 01625 29.5%  0.64[0.47,0.88] =
Rini-1 2019 -0.3567 0.1339 435% 0.70[0.54,0.91] —
Rini-2 2019 -0.2107 0.1699 27.0% 0.81[0.58, 1.13] — T
Subtotal (95% Cl) 100.0% 0.71[0.60, 0.84] L 4

Heterogeneity: Chi = 1.02, df = 2 (P = 0.60); = 0%
Test for overall effect: Z = 3.89 (P < 0.0001)

1.7.12 IMDC-poor

Motzer 2019 -0.6349 0.2868 30.1% 0.53[0.30, 0.93] -
Rini-12019 0.5447 0.2464 40.7%  0.58[0.36, 0.94] —
Rini-2 2019 0.4308 02911 202%  0.65[0.37, 1.15] —
Subtotal (95% CI) 100.0%  0.58[0.43, 0.79] -

Heterogeneity: Chi? = 0.25, df = 2 (P = 0.88); I = 0%
Test for overall effect: Z = 3.42 (P = 0.0006)

1.7.13 Nephrectomy-yes

Motzer 2019 -0.462 0.1345 53.1%  0.63[0.48,0.82) —a
Rini-2 2019 0.3425 01432 46.9%  0.71[0.54,0.94] ——
Subtotal (95% CI) 100.0%  0.67 [0.55, 0.81] L 4

Heterogeneity: Chi2 = 0.37, df = 1 (P = 0.54); 2= 0%
Test for overall effect: Z = 4.14 (P < 0.0001)

1.7.14 Nephrectomy-no

Motzer 2019 0462 0.3657 42.9% 0.63[0.31,1.29] — &
Rini-2.2019 02231 0.3173 57.1%  0.80[0.43,1.49] —
Subtotal (95% CI) 100.0% 0.72[0.45, 1.15] —

Heterogeneity: Chit = 0.24, df = 1 (P = 0.62); I = 0%
Test for overall effect: Z = 1.36 (P = 0.17)

Test for subarou differences: Chi? = 29.13. df = 13 (P = 0.006). I = 55.4%

Figure 5 Forest plot for PFS subgroup. MSKCC, Memorial Sloan-Kettering Cancer Center; IMDC, International Metastatic Renal Cell

Carcinoma Database Consortium.
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A Experimental Control Odds Ratio Odds Ratio
_ Study or Subgroup  Events Total Events Total Weight M-H. Random, 95% CI M-H. Random, 95% CI
McDermott 2018 32 101 29 101 17.7% 1.1510.63, 2.10] "
Motzer 2019 227 442 114 444 21.3% 3.06 [2.30, 4.06] -
Rini-1 2019 256 432 153 429 21.3% 2.62[1.99, 3.46] -
Rini-2 2019 166 454 153 461 21.4% 1.16 [0.88, 1.52] ™
Xu 2017 88 410 16 411 18.3% 6.75[3.88, 11.72] -
Total (95% CI) 1839 1846 100.0% 2.34[1.35, 4.04] -
Total events 769 465
Heterogeneity: Tau? = 0.34; Chiz = 48.34, df = 4 (P < 0.00001); I = 92% t y t t ' y
Test for overall effect: Z = 3.05 (P = 0.002) 01 02 05 1 2 5 10
B Experimental Control Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random. 95% CI M-H. Random, 95% CI
1.8.1 PD-L12>1%
McDermott 2018 23 50 16 60 23.9% 2.34[1.05, 5.20] =
Motzer 2019 149 270 74 290 322% 3.59[2.52, 5.13] -
Rini-2 2019 76 178 64 184 31.0% 1.40[0.91, 2.14] Tl
Uemura 2019 15 22 3 20 12.9% 12.14 [2.65, 55.54] -
Subtotal (95% CI) 520 554 100.0% 2.83[1.43, 5.63] -
Total events 263 157
Heterogeneity: Tau? = 0.35; Chi? = 15.37, df = 3 (P = 0.002); I* = 80%
Test for overall effect: Z = 2.97 (P = 0.003)
0.02 0.1 1 10 50
Test for subaroun differences: Not abolicable
C Experimental Control Odds Ratio Odds Ratio
_Study or Subgroup  Events Total Events Total Weight M-H.Rand 95% Cl M-H. Random.95%Cl
Motzer 2019 358 442 316 444 33.4% 1.73[1.26, 2.36] =
Rini-1 2019 362 432 322 429 30.5% 1.72[1.23, 2.41] ol
Rini-2 2019 344 454 331 461 36.1% 1.23[0.91, 1.65] T =
Total (95% CI) 1328 1334 100.0% 1.52[1.21,1.91] -
Total events 1064 969
i Tau? = . Chi2 = - - 2= 369 t t f
Heterogeneity: Tau? = 0.01; Chi? = 3.14, df =2 (P = 0.21); I = 36% 05 0.7 1 15 >
Test for overall effect: Z = 3.63 (P = 0.0003)
D Experimental Control Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H. Rand 95% Cl M-H. Random, 95% CI
1.9.1 PD-L1=1%
Motzer 2019 221 270 199 290 49.3% 2.06 [1.39, 3.07] =
Rini-2 2019 132 178 128 184 43.3% 1.26 [0.79, 1.99] =
Uemura 2019 19 22 13 20 74% 3.41[0.74, 15.68] ] -
Subtotal (95% Cl) 470 494 100.0% 1.73[1.12, 2.67] -
Total events 372 340
Heterogeneity: Tau? = 0.06; Chi? = 3.38, df = 2 (P = 0.18); I = 41%
Test for overall effect: Z = 2.46 (P = 0.01)
0.05 0.2 1 5 20

Test for subaroun differences: Not abolicable

Figure 6 Forest plot for ORR (A), ORR by subgroup (B), DCR (C), DCR by subgroup (D). ORR, objective response rate; DCR, disease

control rate.

Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H. Random, 95% Cl M-H Randlom 95% Cl
McDermott 2018 64 101 69 100 22.5% 0.78 [0.43, 1.40] ol
Motzer 2019 309 434 314 439 37.9% 0.98 [0.73, 1.32]
Rini-2 2019 182 451 240 446 39.6% 0.58 [0.45, 0.76] — &
Total (95% Cl) 986 985 100.0% 0.76 [0.52, 1.11]
Total events 555 623
Heterogeneity: Tau? = 0.08; Chi? = 6.87, df = 2 (P = 0.03); 12 = 71% 0?5 0?7 ; 1f5 2

Test for overall effect: Z = 1.44 (P = 0.15)

Figure 7 Forest plot for grade >3 AEs. AEs, adverse events.
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Table 2 The sensitivity analyses of the study
HR (95% Cl) OR (95% ClI)

Sensitivity No. of
analyses studies No. of No. of No. of ORR No. of No. of Grade

studies studies studies studies studies =3 AEs
Total studies 5 4 0.74 5 0.79 5 2.34 3 1.52 3 0.76

(0.60, 0.92) (0.70, 0.89) (1.35, 4.04) (1.21,1.91) (0.52-1.11)

McDermott 4 - - 4 0.78 4 2.73 - - 2 0.75
2019 excluded (0.69, 0.88) (1.48, 5.01) (0.45, 1.26)
Motzer 2019 4 3 0.73 4 0.82 4 2.18 2 1.44 2 0.61
excluded (0.55, 0.97) (0.73, 0.93) (1.08, 4.41) (1.04, 2.00) (0.48, 0.78)
Rini-1 2019 4 3 0.81 4 0.82 4 2.28 2 1.45 - -
excluded (0.69, 0.96) (0.73, 0.93) (1.07, 4.82) (1.04, 2.02)
Rini-2 2019 4 3 0.68 4 0.78 4 2.84 2 1.72 2 0.94
excluded (0.56, 0.84) (0.67, 0.92) (1.75, 4.62) (1.37,2.17) (0.72, 1.22)
Xu 2017 4 3 0.74 4 0.77 4 1.86 - - - -
excluded (0.53, 1.03) (0.67, 0.88) (1.10, 3.12)

AE, adverse effect; Cl, confidence interval; DCR, disease control rate; HR, hazard ratio; No., number; OR, odds ratio; ORR, objective

response rate; OS, overall survival; PFS, progression-free survival.

malignant tumors, suggesting that combination therapy
is promising. However, the specific treatment options for
different malignant solid tumors need to be further explored
in large-scale prospective randomized clinical trials. On the
clinicaltrials.gov website, many trials are investigating ICls
combined with antiangiogenic drugs in the treatment of
solid malignant tumors. These ICls include pembrolizumab,
nivolumab, ipilimumab, durvalumab, sintilimab,
toripalimab, AK105, TSR-042, SHR-1210, HLX10, and
BCD-100. Antiangiogenic drugs include bevacizumab,
anlotinib, axitinib, apatinib, endostar, and lenvatinib.
The tumors studied in these trials range from lung
cancer, melanoma, urinary system tumors, head and neck
tumors, gastrointestinal tumors, neuroendocrine tumors,
hepatobiliary malignancies, ovarian cancer, cervical cancer,
and triple-negative breast cancer. With the broadening of
future research, ICIs combined with antiangiogenic drugs
are expected to bring long-term clinical benefits to more
patients with various malignant solid tumors.

Strengths and limitations

There were some limitations to this study. First, we only
included studies on RCC. Furthermore, our results were
hypothesis-generating. Hence more trials are needed to
evaluate the efficacy and safety of combination therapy
in solid malignant tumors. Second, the number of studies

© Translational Cancer Research. All rights reserved.

and the patients involved in certain subgroups were small.
More clinical data from larger-scale studies are required to
confirm the benefits of combination therapy. Third, some I’
values in this meta-analysis were large, which meant there
was heterogeneity between studies. Additionally, due to
the small number of studies included, we did not conduct a
publication bias assessment. Some unpublished and missing
data may bias the aggregation effect.

Conclusions

This meta-analysis showed that ICIs combined with
antiangiogenic drugs could prolong OS and PFS and
improve ORR and DCR in some patients with RCC, with a
tolerable toxicity profile. More clinical trials are still needed
to further screen for patients who can benefit from the
combination therapy and optimize treatment strategies.
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