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Ramucirumab, as a vascular endothelial growth factor receptor-2 inhibitor, was frst approved in 2014 for treated advanced or
metastatic gastric/gastroesophageal junction (GEJ) adenocarcinoma. Tis study deeply analyzed the efcacy and safety of ad-
vanced or metastatic cancer treated with ramucirumab, which included 11 global, double-blind, phase 3 randomized controlled
trials with a total of 7410 patients. Subgroup analysis based on diferent cancer types showed that standard regimens plus
ramucirumab signifcantly increased progression-free survival and overall survival compared with placebo groups in patients with
advanced non-small-cell lung cancer (NSCLC), hepatocellular carcinoma, gastric cancer, or GEJ adenocarcinoma. Although
a higher proportion of patients achieved overall response and disease control than those treated with placebo, the overall response
was not statistically signifcant between the two groups in advanced NSCLC. Grade 3 or worse treatment-emergent adverse events
(TEAEs) that occurred in at least 5% of patients were neutropenia (30.5% in the ramucirumab group vs. 23.5% in the placebo
group), leucopenia (14.8% vs. 9.2%), weight decreased (14.2% vs. 8.0%), myalgia (11.7% vs. 7.7%), fatigue (10.9% vs. 7.7%),
hypertension (9.2% vs. 2.3%), and anaemia (6.2% vs. 7.7%). In the TEAEs of special interest, the ramucirumab group had
a signifcantly higher incidence of bleeding (mainly grade 1-2 epistaxis and gastrointestinal bleeding), hypertension, proteinuria,
liver injury/failure (grade 1-2), venous thromboembolism (grade 1-2), and gastrointestinal perforation (grade ≧3) than the
control group.

1. Introduction

Cancer is a serious global public health problem and is
expected to become the leading cause of death in countries
around the world in the 21st century, which may bring great
harm to human health [1]. In 2021, there was an estimation
of 1,898,160 new cancer cases and 608,570 cancer-related
deaths in the United States [2]. In the special period of the
COVID-19 global pandemic, the delay in diagnosis and
treatment of early cancer may further increase the incidence
and mortality of advanced cancer due to the scarcity of
medical resources. Tis phenomenon inevitably leads to

a heavier economic burden on families and society. Tradi-
tional treatments for cancer include surgery, chemotherapy,
and radiation. However, due to the untimely early diagnosis,
most patients lose the opportunity for surgical treatment.
Chemotherapy or radiotherapy also primer its acquired drug
resistance and serious side efects, forcing people to seek
other treatments. Terefore, the combination of targeted
therapies, immunotherapy, and gene therapy has developed
rapidly in recent years [3].

Te formation of blood vessels can provide oxygen and
nutrients to tissues and play an important role in the growth,
invasion, and metastasis of tumor cells [4]. Tis hypothesis
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was frst proposed by Folkman in 1971, who believed that the
continuous growth of solid tumors larger than 1-2mm3 re-
quires new blood vessels to promote, and gave some evidence
to support this view in subsequent studies [5, 6]. In the past
50 years, a large number of studies have reported the efects of
a variety of regulatory factors on tumor angiogenesis, such as
vascular endothelial growth factor (VEGF), transforming
growth factor, and hypoxia-inducible factor [7–10]. VEGF is
one of the targets of anticancer drugs. Ligands VEGF-A, -C,
and -D can specifcally bind to receptor VEGFR-2, increase
angiogenesis and vascular permeability, and provide sufcient
oxygen and nutrients to cancer cells [11]. Terefore, limiting
the binding of VEGF ligands and receptors may delay the
progression of cancer. An abnormal expression of VEGF has
been found in various types of cancer and is associated with
poor prognosis. For example, digestive cancers included
esophageal cancer [12], gastric cancer [13], colorectal cancer
[14], intrahepatic cholangiocarcinoma [15], and pancreatic
cancer [12], as well as nondigestive cancers, included lung
cancer [16], breast [17], cervical cancer [18], ovarian cancer
[19], osteosarcoma [20], prostate cancer [21], and renal cancer
[22]. VEGF is therefore a promising therapeutic target in
advanced or metastatic cancers. Te VEGFR-2 inhibitor
ramucirumab, a fully human immunoglobulin G1 mono-
clonal antibody, was frst approved in the United States in
2014 for the treatment of advanced or metastatic gastric/
gastroesophageal junction (GEJ) adenocarcinoma [23–25].
Today, results from 11 worldwide, phase 3, double-blind
randomized controlled trials (RCTs) investigating the ef-
cacy and safety of RAM in diferent types of cancer have been
published, and a number of Phase 1/2 RCTs is also underway.
Based on the data reported in these 11 worldwide, phase 3
RCTs, the present study’s purpose is to investigate whether
adding ramucirumab to standard regimens could improve the
treatment outcomes in advanced or metastatic cancer, in-
cluding overall survival (OS), progression-free survival (PFS),
objective response rate (ORR), disease control rate (DCR),
treatment-emergent adverse events (TEAEs), or of special
interest, and to evaluate the efcacy and safety of combination
treatment.

2. Methods

Te present study was conducted based on the PRISMA
guidelines (registration number: CRD42022324190; https://
www.crd.york.ac.uk/prospero/).

2.1. Search Strategy. Te literature search included standard
regimens with/without ramucirumab treatment for advanced
or metastatic cancer by PubMed, Web of Science, and the
Cochrane Library databases, as well as three international
conferences including the American Society of Clinical
Oncology and European Cancer Conference without lan-
guage restrictions. Te deadline was on January 31, 2022.
Table S1 shows the search strategy of the PubMed database;
other databases’ search strategy is similar to this. Besides, we
manually searched the references of relevant articles to fnd
other articles that meet the research conditions.

2.2. Inclusion and Exclusion Criteria. Te inclusion criteria
were as follows: (1) patients who were diagnosed with ad-
vanced or metastatic cancer cytologically or histologically,
(2) published phase 3 RCTs, (3) the experimental group was
treated by standard regimens (chemotherapy, radiotherapy,
targeted therapy, and best supportive care) plus ramucir-
umab, and the control group was standard regimens plus
placebo, and (4) at least one outcome was reported (PFS, OS,
ORR, DCR, TEAEs, or of special interest). Articles or ab-
stracts that do not meet any of the abovementioned criteria
were excluded.

2.3. Data Extraction. Te titles and abstracts of published
articles were frst selected according to the keywords. After
preliminary evaluation, the full texts that meet the collection
requirements were downloaded for in-depth reading. Sec-
ond, the detailed data of qualifed studies, including frst
author, title, year of publication, treatment measures, sample
size, disease stage, and primary and secondary outcomes,
were independently extracted into two spreadsheets by two
authors, and the authenticity of these data was carefully
checked by the other two authors to avoid possible evalu-
ation bias caused by researchers. If a study has more than
one publication, the authors aggregated the latest results for
data analysis. Te authors did not extract data for all of the
adverse events mentioned in the study. Instead, only
treatment-emergent adverse events reported in more than
two studies were analyzed. Any diferences of opinion were
resolved by discussion with the principal investigator or
arbitration by a third examiner.

2.4. Quality Evaluation. Te risk of bias for each article was
assessed using the Cochrane Collaboration tool, and the
following evaluation domains were assessed accordingly:
random sequence generation, allocation concealment,
blinding of participants and personnel, blinding of outcome
assessment, incomplete outcome data, selective reporting,
and other biases [26]. Review Manager (version 5.4), a sta-
tistical software provided by the Cochrane Collaboration,
was used to draw the “Risk of bias graph” (Figure S1) and
“Risk of bias summary” (Figure S2).

2.5. Statistical Analysis. Data analysis and fgures pro-
duction were completed by the Review Manager. PFS and
OS were analyzed by the hazard ratio (HR) and 95% con-
fdence interval (CI). ORR, DCR, and adverse events were
analyzed by the odds ratio (OR) and 95%CI, p < 0.05 means
a statistical signifcance. Te heterogeneity of studies
meeting inclusion criteria were assessed by I-square and chi-
square tests. When I2> 50% or p≦0.1, the random-efect
model was adopted; if not, the fxed-efect model was used.

3. Results

Tis study retrieved a total of 3354 articles from the database,
of which 736 did not meet the inclusion criteria and 2560
duplicated studies were excluded. After in-depth reading of
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the full text, 11 RCTs were fnally included in this meta-
analysis (Figure 1). Te main characteristics and dosage
administered of each RCTs are shown in Table 1, including
RAINBOW-Asia [27], RELAY [28], REACH-2 [29], RANGE
[30], RAINFALL [31], RAINBOW [32], RAISE [33], REVEL
[34], REACH [35], REGARD [36], and ROSE/TRIO-012
[37]. Tere were 7 RCTs compared the chemotherapy plus
ramucirumab with chemotherapy plus placebo, 3 RCTs
compared best supportive care (BSC) plus ramucirumab
after chemotherapy with BSC plus placebo after chemo-
therapy, and 1 RCTcompared EGFR-TKI plus ramucirumab
with EGFR-TKI plus placebo.Te total population was 7410,
with 4078 (55%) in the ramucirumab group and 3332 (45%)
in the control groups. Te remaining characteristics are
shown in Tables 2 and S2.

3.1. PFS and OS. PFS is defned as the time of disease
progression or death from any cause since randomization,
and OS is defned as the time from randomization to the date
of death from any cause. Meta-analysis of PFS (Figure 2) and
OS (Figure 3) were performed according to diferent
cancer types.

2 of the 11 RCTs were reported PFS and OS in a total of
1702 patients with advanced non-small-cell lung cancer
(NSCLC). Te pooled HR was 0.69 (95%CI: 0.54–0.88, p �

0.002) in PFS and 0.86 (95%CI: 0.75–0.98, p � 0.02) in OS. 2
RCTs were reported in 857 patients with advanced hepa-
tocellular carcinoma (HCC). Te pooled HR was 0.54 (95%
CI: 0.39–0.75, p � 0.0002) in PFS and 0.82 (95%CI:
0.70–0.96, p � 0.01) in OS. Moreover, a total of 4 RCTs were
reported in 2105 patients with advanced gastric cancer or
GEJ adenocarcinoma. Te pooled HR was 0.65 (95%CI:
0.54–0.79, p< 0.00001) in PFS and 0.88 (95%CI: 0.79–0.97,
p � 0.01) in OS. In addition, the remaining 3 RCTs were
reported on advanced colorectal carcinoma, breast cancer,

and urothelial carcinoma respectively, so we could not
conduct a meta-analysis on them. In general, the above-
mentioned results indicated that the standard regimen
combined with ramucirumab could achieve more benefcial
PFS and OS than the standard regimen plus placebo in
patients with advanced NSCLC, HCC, gastric cancer, or GEJ
adenocarcinoma.

3.2. ORR and DCR. ORR is defned as complete response
rate plus partial response rate. DCR is defned as complete
response rate plus partial response rate and disease stability
rate. Similarly, a meta-analysis of ORR (Figure 4) and DCR
(Figure 5) was also conducted according to diferent
cancer types.

In advanced NSCLC, the ORR reported by the ramu-
cirumab group and control group were 37.0% and 29.8%,
and the DCR in the two groups were 72.2% and 64.0%. Te
pooled OR was 1.47 (95%CI: 0.86–2.51, p � 0.15) in ORR
and 1.59 (95%CI: 1.24–1.92, p � 0.0001) in DCR. In ad-
vanced HCC, the ORR values reported by the ramucirumab
group and control group were 6.0% and 0.8%, and the DCR
values in two groups were 57.7% and 44.0%, respectively.
Te pooled OR was 8.13 (95%CI: 2.47–26.83, p � 0.0006) in
ORR and 1.74 (95%CI: 1.32–2.29, p< 0.0001) in DCR. In
advanced gastric cancer or GEJ adenocarcinoma, the ORR
values reported by the ramucirumab group and control
group were 26.3% and 22.4%, and the DCR in the two groups
were 73.5% and 64.3%, respectively. Te pooled OR was 1.45
(95%CI: 1.17–1.80, p � 0.0006) in ORR and 1.87 (95%CI:
1.26–2.78, p � 0.002) in DCR, respectively.

In conclusion, compared with the control group, the
ramucirumab group brought better ORR and DCR to pa-
tients with advanced HCC, gastric cancer, or GEJ adeno-
carcinoma. It should be noted that the proportion of patients
with advanced HCC who have achieved disease control was

Records identifed through database
Searching(n=3219)

Pubmed:1084; Cochrane:577; Web of
Science:1558

Additional records identifed
through other sources(n=135)

Records screened afer
duplication removal

(n=798)

Full-text articles assessed
for eligibility (n=62)

736 records were excluded based
on the titles and abstracts

Eligible studies included
in this review (n=11)

51 records were excluded based
on the full-texts:
(i) Unrelated conference abstract: 2
(ii) Other endpoint: 3
(iii) Study Protocol: 23
(iv) Single arm study: 14
(v) others:9

Figure 1: Flowchart of articles included in the meta-analysis. Articles that meet the inclusion requirements were screened according to
PRISMA guidelines, and PICO principles were followed (population, interventions, comparisons, and outcomes).

Journal of Oncology 3



Ta
bl

e
1:

Ra
m
uc
ir
um

ab
do

ub
le
-b
lin

d
ph

as
e
3
RC

Ts
.

St
ud

y
Ca

nc
er

ty
pe
s

Tr
ea
tm

en
t
ex
po

su
re

Sa
m
pl
e

siz
e

Tr
ia
lr
eg
ist
ry

nu
m
be
r

C
ol
le
ct
io
n
tim

e

RA
IN

BO
W
-A

sia
[2
7]

A
dv
an
ce
d
ga
st
ri
c
or

G
EJ

ad
en
oc
ar
ci
no

m
a

RA
M

8
m
g/
kg

(d
ay
s
1
an
d
15
)+

pa
cl
ita

xe
lV

S.
PB

O
+
pa
cl
ita

xe
l

29
4/
14
6

N
C
T0

28
98
07
7

20
17
.0
3.
02

∼
20
20
.0
6.
30

RE
LA

Y
[2
8]

A
dv
an
ce
d
N
SC

LC
RA

M
10

m
g/
kg

(I
V
;Q

2W
)+

er
lo
tin

ib
V
S.

PB
O
+
er
lo
tin

ib
22
4/
22
5

N
C
T0

24
11
44
8

20
16
.0
1.
28

∼
20
18
.0
2.
1

RE
A
C
H
-2

[2
9]

A
dv
an
ce
d
H
C
C

RA
M

8
m
g/
kg

(I
V
;Q

2W
)
af
te
r
so
ra
fe
ni
b
+
BS

C
V
S.

PB
O

af
te
r

so
ra
fe
ni
b
+
BS

C
19
7/
95

N
C
T0

24
35
43
3

20
15
.0
7.
26

∼
20
17
.0
8.
30

RA
N
G
E
[3
0]

Lo
ca
lly

ad
va
nc
ed

or
m
et
as
ta
tic

U
C

RA
M

10
m
g/
kg

+
do

ce
ta
xe
l6

0
or

75
m
g/
m

2
(I
V
;d

ay
1,

21
-d
ay

cy
cl
e)

V
S.

PB
O
+
do

ce
ta
xe
l

26
3/
26
7

N
C
T0

24
26
12
5

20
15
.0
7.
20

∼
20
17
.0
4.
04

RA
IN

FA
LL

[3
1]

M
et
as
ta
tic

ga
st
ri
c
or

ju
nc
tio

na
l

ad
en
oc
ar
ci
no

m
a

RA
M

8
m
g/
kg

(I
V
;d

ay
s1

an
d
8,
Q
21
D
)+

ci
sp
la
tin

+
ca
pe
ci
ta
bi
ne

V
S.

PB
O
+
ci
sp
la
tin

+
ca
pe
ci
ta
bi
ne

32
6/
31
9

N
C
T0

23
14
11
7

20
15
.0
1.
28

∼
20
16
.0
9.
16

RA
IN

BO
W

[3
2]

A
dv
an
ce
d
ga
st
ri
c
or

G
EJ

ad
en
oc
ar
ci
no

m
a

RA
M

8
m
g/
kg

(I
V
;d

ay
s
1
an
d
15
)+

pa
cl
ita

xe
lV

S.
PB

O
+
pa
cl
ita

xe
l

33
0/
33
5

N
C
T0

11
70
66
3

20
10
.1
2.
02

∼
20
12
.0
9.
23

RA
IS
E
[3
3]

M
et
as
ta
tic

co
lo
re
ct
al

ca
rc
in
om

a
RA

M
8
m
g/
kg

(I
V
;d

ay
1,

Q
2W

)+
FO

LF
IR
I
V
S.

PB
O
+
FO

LF
IR
I

53
6/
53
6

N
C
T0

11
83
78
0

20
10
.1
2.
14

∼
20
13
.0
8.
23

RE
V
EL

[3
4]

St
ag
e
IV

no
n-
sm

al
lc

el
ll
un

g
ca
nc
er

RA
M

10
m
g/
kg

+
do

ce
ta
xe
l(
IV

;d
ay

1,
21
-d
ay

cy
cl
e)

V
S.

PB
O
+
do

ce
ta
xe
l

62
8/
62
5

N
C
T0

11
68
97
3

20
10
.1
2.
03

∼
20
13
.0
1.
24

RE
A
C
H

[3
5]

A
dv
an
ce
d
he
pa
to
ce
llu

la
r
ca
rc
in
om

a
RA

M
8
m
g/
kg

(I
V
;Q

2W
)
af
te
r
so
ra
fe
ni
b
+
BS

C
V
S.

PB
O

af
te
r

so
ra
fe
ni
b
+
BS

C
28
3/
28
2

N
C
T0

11
40
34
7

20
10
.1
1.
04

∼
20
13
.0
4.
18

RE
G
A
RD

[3
6]

A
dv
an
ce
d
ga
st
ri
c
or

G
EJ

ad
en
oc
ar
ci
no

m
a

RA
M

8
m
g/
kg

(I
V
;Q

2W
)
af
te
r
ch
em

ot
he
ra
py

+
BS

C
V
S.

PB
O

af
te
r

ch
em

ot
he
ra
py

+
BS

C
23
8/
11
7

N
C
T0

09
17
38
4

20
09
.1
0.
06

∼
20
12
.0
1.
26

RO
SE

/T
RI
O
-0
12

[3
7]

M
et
as
ta
tic

br
ea
st

ca
nc
er

RA
M

10
m
g/
kg

+
do

ce
ta
xe
l(
IV

;Q
3W

)
V
S.

PB
O
+
do

ce
ta
xe
l

75
9/
38
5

N
C
T0

07
03
32
6

20
08
.0
8
∼
20
11
.1
2

RC
Ts

�
ra
nd

om
iz
ed

co
nt
ro
lle
d
tr
ia
ls,

G
EJ

�
ga
st
ro
es
op

ha
ge
al

ju
nc
tio

n,
U
C

�
ur
ot
he
lia
l
ca
rc
in
om

a,
RA

M
�
ra
m
uc
ir
um

ab
,P

BO
�
pl
ac
eb
o,

V
S.

�
ve
rs
us
,F

O
LF

IR
I�

le
uc
ov
or
in

(f
ol
in
ic

ac
id
),
fu

or
ou

ra
ci
l,
an
d

ir
in
ot
ec
an
,B

SC
�
be
st

su
pp

or
tiv

e
ca
re
,I
V

�
in
tr
av
en
ou

s,
Q
2W

�
ev
er
y
2
w
ee
ks
,Q

3W
�
ev
er
y
3
w
ee
ks
,a

nd
Q
21
D

�
ev
er
y
21

da
ys
.

4 Journal of Oncology



Ta
bl

e
2:

C
ha
ra
ct
er
ist
ic
s
in

th
e
in
te
nt
-t
o-
tr
ea
tp

op
ul
at
io
n
of

ph
as
e
3
RC

Ts
.

To
ta
l

RE
LA

Y
RA

N
G
E

RA
IN

FA
LL

RA
IN

BO
W
-A
sia

RE
A
CH

-2
RE

A
CH

RE
G
A
RD

RE
V
EL

RA
IN

BO
W

RO
SE

/T
RI
O
-0
12

RA
IS
E

RA
M

22
4

C
on

22
5

RA
M

26
3

C
on

26
7

RA
M

32
6

C
on

31
9

RA
M

29
4

C
on

14
6

RA
M

19
7

C
on

95
RA

M
28
3

C
on

28
2

RA
M

23
8

C
on

11
7

RA
M

62
8

C
on

62
5

RA
M

33
0

C
on

33
5

RA
M

75
9

C
on

38
5

RA
M

53
6

C
on

53
6

A
ge

(y
ea
rs
)

M
ed
ia
n

(r
an
ge
)

65
(5
7–

71
)

64
(5
6–

70
)

65
(5
9–

72
)

66
(5
9–

72
)

60
(5
1–

68
)

62
(5
4–

68
)

57
(2
2–

84
)

58
(1
8–

79
)

64
(5
8–

73
)

64
(5
6–

71
)

64
(2
8–

87
)

62
(2
5–

85
)

60
(5
2–

67
)

60
(5
1–

71
)

62
(2
1–

85
)

61
(2
5–

86
)

61
(2
5–

83
)

61
(2
4–

84
)

54
(2
4–

82
)

54
(2
9–

81
)

62
(2
1–

83
)

62
(3
3–

87
)

<6
5
∗

10
2(
46
)

11
4(
51
)

12
4(
47
)

11
5(
43
)

20
3
(6
2)

20
2
(6
3)

22
5
(7
7)

11
2
(7
7)

10
2(
52
)

49
(5
2)

15
0
(5
3)

16
2
(5
7)

15
6
(6
6)

71
(6
1)

39
1
(6
2)

40
7
(6
5)

20
4
(6
2)

21
2
(6
3)

62
9
(8
3)

32
5
(8
4)

32
4
(6
0)

32
1
(6
0)

≥6
5
∗

12
2
(5
4)

11
1
(4
9)

13
9
(5
3)

15
2
(5
7)

12
3
(3
8)

11
7
(3
7)

69
(2
3)

34
(2
3)

95
(4
8)

46
(4
8)

13
3
(4
7)

12
0
(4
3)

82
(3
4)

46
(3
9)

23
7
(3
8)

21
8
(3
5)

12
6
(3
8)

12
3
(3
7)

13
0
(1
7)

60
(1
6)

21
2
(4
0)

21
5
(4
0)

G
en
de
r

M
al
e∗

83
(3
7)

83
(3
7)

21
3
(8
1)

21
5
(8
1)

21
4
(6
6)

21
5
(6
7)

20
5
(7
0)

96
(6
6)

15
4
(7
8)

79
(8
3)

23
6
(8
3)

24
2
(8
6)

16
9
(7
1)

79
(6
8)

41
9
(6
7)

41
5
(6
6)

22
9
(6
9)

24
3
(7
3)

0
(0
)

0
(0
)

28
9
(5
4)

32
6
(6
1)

Fe
m
al
e∗

14
1
(6
3)

14
2
(6
3)

50
(1
9)

52
(1
9)

11
2
(3
4)

10
4
(3
3)

89
(3
0)

50
(3
4)

43
(2
2)

16
(1
7)

47
(1
7)

40
(1
4)

69
(2
9)

38
(3
2)

20
9
(3
3)

21
0
(3
4)

10
1
(3
1)

92
(2
7)

75
9(
10
0)

38
5(
10
0)

24
7
(4
6)

21
0
(3
9)

Ra
ce W
hi
te
∗

52
(2
3)

48
(2
1)

20
3
(7
7)

20
4
(7
6)

25
6
(7
9)

26
4
(8
3)

0
(0
)

0
(0
)

60
(3
0)

31
(3
3)

13
9
(4
9)

13
7
(4
9)

18
1
(7
6)

91
(7
8)

52
6
(8
4)

50
3
(8
0)

20
8
(6
3)

19
9
(5
9)

67
6
(8
9)

34
1
(8
9)

40
5
(7
6)

41
0
(7
6)

A
sia

n
∗

17
2
(7
7)

17
4
(7
8)

54
(2
1)

61
(2
3)

38
(1
2)

31
(1
0)

29
4

(1
00
)

14
6
(1
00
)

10
2
(5
2)

45
(4
7)

13
1
(4
6)

13
5
(4
8)

39
(1
6)

17
(1
5)

74
(1
2)

86
(1
4)

11
0
(3
3)

12
1
(3
6)

83
(1
1)

44
(1
1)

11
1
(2
1)

10
3
(1
9)

Bl
ac
k/

O
th
er
∗

0
(0
)

3
(1
)

4(
2)

2
(<
1)

15
(4
)

14
(4
)

0
(0
)

0
(0
)

1
(1
)

2(
2)

13
(5
)

10
(3
)

18
(2
)

9
(7
)

27
(4
)

36
(6
)

12
(4
)

15
(5
)

N
R

N
R

18
(3
)

18
(4
)

N
A
∗

0
(0
)

0
(0
)

2
(<
1)

0
(0
)

17
(5
)

10
(3
)

0
(0
)

0
(0
)

34
(1
7)

17
(1
8)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

1
(<
1)

0
(0
)

0
(0
)

0
(0
)

N
R

N
R

2
(<
1)

5
(1
)

EC
O
G

PS
0
∗

11
6
(5
2)

11
9
(5
3)

12
1
(4
6)

12
5
(4
7)

14
1
(4
3)

14
3
(4
5)

65
(2
2)

31
(2
1)

11
3
(5
7)

55
(5
8)

15
9
(5
6)

15
3
(5
4)

67
(2
8)

31
(2
6)

20
7
(3
3)

19
9
(3
2)

11
7
(3
5)

14
4
(4
3)

43
9
(5
8)

24
0
(6
2)

26
3
(4
9)

25
9
(4
8)

≥1
∗

10
8
(4
8)

10
6
(4
7)

13
9
(5
3)

14
2
(5
3)

18
5
(5
7)

17
6
(5
5)

22
9
(7
8)

11
5
(7
9)

84
(4
3)

40
(4
2)

12
4
(4
4)

12
9
(4
6)

17
1
(7
2)

86
(7
4)

42
0
(6
7)

42
5
(6
8)

21
3
(6
5)

19
1
(5
7)

32
0
(4
2)

14
5
(3
8)

26
9
(5
0)

27
5
(5
3)

N
A
∗

0
(0
)

0
(0
)

3
(1
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

1
(<
1)

1
(<
1)

0
(0
)

0
(0
)

0
(0
)

0
(0
)

4
(1
)

2
(<
1)

RC
Ts

�
ra
nd

om
iz
ed

co
nt
ro
lle
d
tr
ia
ls,

EC
O
G

PS
�
ea
st
er
n
co
op

er
at
iv
e
on

co
lo
gy

gr
ou

p
pe
rf
or
m
an
ce

st
at
us
,R

A
M

�
ra
m
uc
ir
um

ab
gr
ou

p,
C
on

�
co
nt
ro
lg

ro
up

,a
nd

N
R

�
no

tr
ep
or
te
d
or

m
iss

in
g,
∗

�
n
(%

).

Journal of Oncology 5



Study or Subgroup log[Hazard Ratio] SE
Weight

(%) IV, Random, 95% CI
Hazard Ratio

IV, Random, 95% CI
Hazard Ratio

Heterogeneity: Tau2 = 0.02; Chi2 = 3.31, df = 1 (P = 0.07); I2 = 70
Test for overall efect: Z = 3.03 (P = 0.002)

Subtotal (95% CI)
REVEL 2014
RELAY 2019

0.0567
0.127

0.69 [0.54, 0.88]
0.76 [0.68, 0.85]
0.59 [0.46, 0.76]

100.0
60.1
39.9

–0.2744
–0.5276

1.7.1 advanced NSCLC

Heterogeneity: Tau2 = 0.04; Chi2 = 3.54, df = 1 (P = 0.06); I2 = 72
Test for overall efect: Z = 3.70 (P = 0.0002)

Subtotal (95% CI)
REACH-2 2019
REACH 2015

0.1468
0.0979

0.54 [0.39, 0.75]
0.45 [0.34, 0.60]
0.63 [0.52, 0.76]

100.0
44.6
55.4

–0.7941
–0.462

1.7.2 advanced HCC

Heterogeneity: Tau2 = 0.02; Chi2 = 9.30, df = 3 (P = 0.03); I2 = 68
Test for overall efect: Z = 4.49 (P < 0.00001)

Subtotal (95% CI)

RAINBOW-Asia 2021
RAINBOW 2014

0.113
0.0865

0.65 [0.54, 0.79]

0.01 0.1 1 10 100

Favours [control]Favours [ramucirumab]

0.76 [0.61, 0.95]
0.64 [0.54, 0.75]

100.0

24.4
28.5

–0.2679
–0.4541

REGARD 2014
RAINFALL 2019

0.1278
0.11

0.48 [0.38, 0.62]
0.75 [0.61, 0.93]

22.3
24.9

–0.7277
–0.2837

1.7.3 advanced gastric / GEJ adenocarcinoma

Figure 2: Forest plots showing the hazard ratio for progression-free survival.
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Figure 3: Forest plots showing the hazard ratio for overall survival.
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very low (6.0% vs. 0.8%). For patients with advanced
NSCLC, although the DCR of the ramucirumab group was
better than the control group, the ORR between the two
groups was not statistically signifcant.

3.3. TEAEs of Special Interest. Te merged data of grade 1-2
and grade≧3 TEAEs of special interest were analyzed, re-
spectively (Table 3). Te number of events in each RCT and
the raw data for the meta-analysis were provided in the
supplementary material as Table S3.

3.3.1. Bleeding/Haemorrhage. 10 RCTs reported the risk of
bleeding/haemorrhage events, including 1304 (34.5%)
patients in the ramucirumab group and 503 (16.6%) in the
control group with grade 1-2 events, 107 (2.8%) in the
ramucirumab group and 87 (2.9%) in the control group
with grade≧3. Although the results showed a higher in-
cidence of bleeding/haemorrhage events in the ramucir-
umab group at grade 1-2 (OR: 2.72, 95% CI: 2.31–3.09,
p < 0.00001), there was no statistical signifcance between
the two groups at grade≧3 (OR: 1.28, 95%CI: 0.82–1.99, p �

0.27). Since pulmonary haemorrhage is a problem of
NSCLC receiving antiangiogenic drugs, a separate meta-
analysis of two studies (REVEL and RELAY) in advanced
NSCLC was performed, and the results showed there were
no statistically signifcant diferences between the two

groups in grade 1-2 (OR: 2.04, 95% CI: 0.45–9.33, p � 0.36)
or grade≧3 (OR: 0.88, 95% CI: 0.35–2.24, p � 0.79) pul-
monary haemorrhage events.

3.3.2. Hypertension. Hypertension was defned as newly
diagnosed arterial hypertension during treatment or a pre-
viously diagnosed hypertension that worsened during
treatment. Hypertension (hypertension and increased blood
pressure) data were provided in 10 RCTs, included 600
(15.9%) patients in the ramucirumab group and 190 (6.3%)
in the control group with grade 1-2 events, 379 (10.0%) in the
ramucirumab group and 88 (2.9%) in the control group with
grade≧3.Te results of diferent analysis between two groups
in the occurrence of grade 1-2 and grade≧3 events were (OR:
2.57, 95%CI: 2.16–3.095, p< 0.00001) and (OR: 3.86, 95%CI:
3.04–4.89, p< 0.00001), respectively. In general, the in-
cidence of hypertension in the ramucirumab group was
higher than in the control group, regardless of grade 1-2 or
grade≧3.

3.3.3. Proteinuria. Tere were 486 (13.0%) patients in the
ramucirumab group and 153 (5.0%) in the control group
with grade 1–2 events, 55 (1.5%) in the ramucirumab group,
and 4 (0.1%) in the control group with grade≧3. Moreover,
the meta-analysis showed that the incidence of proteinuria
in the ramucirumab group was higher than in the control
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Figure 4: Forest plots showing the odds ratio for objective response rate.
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group, regardless of grade 1–2 (OR: 2.94, 95%CI: 2.42–3.57,
p< 0.00001) or gra de≧3 (OR: 6.46, 95%CI: 3.03–13.78,
p< 0.00001).

3.3.4. Liver Injury/Failure. 5 RCTs reported Liver Injury/
Failure, included 361 (22.2%) patients in the ramucirumab
group and 170 (12.4%) in the control group with grade 1-2
events, 155 (9.6%) in the ramucirumab group and 125 (9.1%)
in the control group with grade≧3. Te incidence of liver
injury/failure in the ramucirumab group was higher than the
control group at grade 1-2 (OR: 1.73, 95%CI: 1.40–2.15,
p< 0.00001), but there was not statistically signifcant at
grade≧3 (OR: 1.01, 95%CI: 0.78–1.31, p � 0.92).

3.3.5. Epistaxis. Epistaxis is a type of bleeding/haemorrhage,
and it was analyzed separately in 4 RCTs, included 393
(25.0%) patients in the ramucirumab group and 149 (10.2%)
in the control group with grade 1-2 events, 3 (0.2%) in the
ramucirumab group and 1 (0.0%) in the control group with
grade≧3. Te incidence of epistaxis in the ramucirumab
group was higher than the control group at grade 1–2 (OR:
3.19, 95%CI: 2.59–3.92, p< 0.00001], but there was no
statistically signifcant diference at gra de≧3 (OR: 1.77, 95%
CI: 0.26–12.18, p � 0.56).

3.3.6. Others. Congestive heart failure (CHF), infusion-
related reaction (IRR), venous thromboembolic (VTE),
arterial thromboembolic (ATE), gastrointestinal (GI) per-
foration, GI haemorrhage, renal failure, fstula, healing
complication, and pulmonary hemorrhage were adverse
events with low probability (<5%). Tere was no signifcant
diference between the two groups except for the higher
incidence of grade 1-2 VTE events (OR: 0.68, 95%CI:
0.53–0.89, p � 0.004), GI haemorrhage events (OR: 1.88,
95%CI: 1.44–2.46, p< 0.00001), and gra de≧3 GI perforation
events (OR: 3.24, 95%CI: 1.60–6.57, p � 0.001) in the
ramucirumab group.

3.4. TEAEs. Te merged data of grade 1-2 and gra de≧3
TEAEs were analyzed, respectively (Table 4). Te number of
events in each RCT and the raw data for the meta-analysis
were provided in the supplementary material as Table S4. In
the total incidence of TEAEs, fatigue (55.2%) and neu-
tropenia (52.3%) were the most common, followed by di-
arrhoea (33.5%), nausea (33.0%), alopecia (29.1%),
stomatitis (28.3%), decreased appetite (27.8%), leucopenia
(26.7%), anaemia (25.1%), and the incidence rate of other
TEAEs was 10%–25%. In TEAEs, the incidence of grade 1-2
and grade≧3 fatigue, hypertension, decreased appetite,
stomatitis, neutropenia, and thrombocytopenia in the
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Figure 5: Forest plots showing the odds ratio for disease control rate.
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ramucirumab group were higher than in the control group.
Te incidence of grade 1-2 nausea, epistaxis, peripheral
oedema, pyrexia, proteinuria, cough, hypoalbuminaemia,
ascites, headache, leucopenia events, or grade≧3 neuropathy,
myalgia events were also higher in the ramucirumab group
than in the control group. However, abdominal pain, alo-
pecia, diarrhoea, dyspnoea, vomiting, back pain, weight
decreased, and rash were not statistically diferent between

the two groups. It is worth noting that the incidence of
grade≧3 constipation events and all grade anaemia events
were higher in the control group.

3.5. Subgroup Analysis Based on Diferent Treatment
Regimens. Subgroup meta-analyses of TEAEs of special
interest based on diferent treatment regimens also have

Table 3: Meta analysis of TEAEs of special interest.

TEAEs of
special interest Studies, n

RAM, n Con, n
OR (95% CI) p value

Events Total Events Total
Bleeding/haemorrhage 10
Grade 1-2 1304 3782 503 3028 2.72 [2.41, 3.07] <0.00001
Grade ≧3 107 3782 87 3028 1.02 [0.76, 1.37] 0.89

Hypertension 10
Grade 1-2 600 3782 190 3028 2.57 [2.16, 3.05] <0.00001
Grade ≧3 379 3782 88 3028 3.86 [3.04, 4.89] <0.00001

Proteinuria 10
Grade 1-2 486 3782 153 3028 2.94 [2.42, 3.57] <0.00001
Grade ≧3 55 3782 4 3028 6.46 [3.03, 13.78] <0.00001

CHF 9
Grade 1-2 25 3546 12 2913 1.59 [0.80, 3.15] 0.19
Grade ≧3 19 3546 9 2913 1.62 [0.78, 3.37] 0.20

Liver injury/failure 5
Grade 1-2 361 1623 170 1373 1.73 [1.40, 2.15] <0.00001
Grade ≧3 155 1623 125 1373 1.01 [0.78, 1.31] 0.92

IRR 10
Grade 1-2 216 3717 118 2978 1.59 [0.86, 2.93] 0.06
Grade ≧3 31 3717 13 2978 1.59 [0.86, 2.93] 0.14

VTE 10
Grade 1-2 111 3782 132 3028 0.68 [0.53, 0.89] 0.004
Grade ≧3 79 3782 90 3028 0.76 [0.56, 1.03] 0.07

ATE 10
Grade 1-2 44 3782 37 3028 0.97 [0.62, 1.50] 0.88
Grade ≧3 30 3782 29 3028 0.85 [0.51, 1.42] 0.54

GI perforation 8
Grade 1-2 11 2753 5 2370 1.61 [0.62, 4.17] 0.33
Grade ≧3 35 2753 9 2370 3.24 [1.60, 6.57] 0.001

GI haemorrhage 10
Grade 1-2 174 3288 85 2911 1.88 [1.44, 2.46] <0.00001
Grade ≧3 66 3288 49 2911 1.17 [0.80, 1.70] 0.42

Renal failure 5
Grade 1-2 55 2018 54 2016 1.02 [0.69, 1.49] 0.94
Grade ≧3 23 2018 13 2016 1.75 [0.89, 3.43] 0.10

Epistaxis 4
Grade 1-2 393 1574 149 1466 3.19 [2.59, 3.92] <0.00001
Grade ≧3 3 1574 1 1466 1.77 [0.26, 12.18] 0.56

Fistula 5
Grade 1-2 5 1270 1 895 1.51 [0.35, 6.50] 0.58
Grade ≧3 5 1270 1 895 1.87 [0.45, 7.87] 0.39

Healing complication 4
Grade 1-2 5 1114 2 961 2.00 [0.50, 8.02] 0.33
Grade ≧3 1 1114 0 961 2.93 [0.12, 72.32] 0.51

Pulmonary haemorrhage 5
Grade 1-2 75 1645 52 1529 1.43 [0.99, 2.05] 0.06
Grade ≧3 11 1645 11 1529 0.93 [0.42, 2.07] 0.87

TEAEs� treatment-emergent adverse events, RAM� ramucirumab, Con� control, OR� odds ratio, CI� confdence interval, CHF� congestive heart failure,
IRR� infusion-related reaction, VTE� venous thromboembolic, ATE� arterial thromboembolic, and GI� gastrointestinal.
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Table 4: Meta analysis of TEAEs.

TEAEs Studies, n
RAM, n Con, n OR (95%

CI) p value
Events Total Events Total

Fatigue 9
Grade 1-2 1686 3526 1269 2923 1.14 [1.03, 1.27] 0.01
Grade ≧3 383 3526 224 2923 1.44 [1.21, 1.71] <0.00001

Hypertension 5
Grade 1-2 174 1422 63 1279 2.55 [1.89, 3.44] <0.00001
Grade ≧3 131 1422 29 1279 4.25 [1.57, 11.53] 0.004

Neuropathy 4
Grade 1-2 349 1741 320 1740 1.12 [0.94, 1.33] 0.21
Grade≧3 49 1741 30 1740 1.66 [1.05, 2.62] 0.03

Decreased appetite 11
Grade 1-2 1098 4040 743 3293 1.34 [1.20, 1.50] <0.00001
Grade≧3 143 4040 55 3293 2.10 [1.52, 2.90] <0.00001

Abdominal pain 9
Grade 1-2 546 3067 451 2686 1.06 [0.82, 1.37] 0.65
Grade ≧3 89 3067 69 2686 1.13 [0.82, 1.56] 0.45

Nausea 9
Grade 1-2 966 3052 850 2796 1.13 [1.01, 1.27] 0.04
Grade ≧3 52 3052 61 2796 0.84 [0.57, 1.22] 0.36

Alopecia 6
Grade 1-2 643 2255 626 2110 0.94 [0.71, 1.24] 0.66
Grade ≧3 0 3782 0 3028 0.34 [0.04, 3.26] 0.35

Diarrhoea 9
Grade 1-2 887 3052 823 2796 1.11 [0.86, 1.44] 0.41
Grade ≧3 144 3052 107 2796 1.52 [0.95, 2.43] 0.08

Epistaxis 6
Grade 1-2 596 2128 151 1622 3.58 [2.94, 4.36] <0.00001
Grade ≧3 1 2128 3 1622 1.53 [0.06, 37.57] 0.80

Vomiting 9
Grade 1-2 593 3067 495 2686 1.09 [0.95, 1.25] 0.21
Grade≧3 70 3067 80 2686 0.78 [0.56, 1.08] 0.13

Peripheral oedema 5
Grade 1-2 433 1957 206 1846 2.28 [1.90, 2.73] <0.00001
Grade ≧3 10 1957 3 1846 2.37 [0.74, 7.58] 0.15

Constipation 8
Grade 1-2 481 2744 414 2371 1.01 [0.87, 1.17] 0.89
Grade ≧3 9 2744 20 2371 0.41 [0.19, 0.88] 0.02

Stomatitis 6
Grade 1-2 871 2714 420 2347 2.00 [1.57, 2.54] <0.00001
Grade≧3 108 2714 31 2347 2.92 [1.94, 4.40] <0.00001

Pyrexia 8
Grade 1-2 427 2729 265 2481 1.55 [1.32, 1.83] <0.00001
Grade ≧3 11 2729 7 2481 1.41 [0.57, 3.48] 0.45

Proteinuria 5
Grade 1-2 270 1376 90 1240 2.89 [1.98, 4.21] <0.00001
Grade ≧3 24 1376 2 1240 6.26 [2.05, 19.10] 0.001

Dyspnoea 6
Grade 1-2 251 2174 245 1950 0.96 [0.79, 1.16] 0.65
Grade ≧3 44 2174 67 1950 0.82 [0.32, 2.09] 0.68

Rash 4
Grade 1-2 137 1335 131 1347 1.06 [0.82, 1.37] 0.65
Grade ≧3 3 1335 8 1347 0.45 [0.14, 1.46] 0.18

Weight decreased 3
Grade 1-2 8 1149 5 1002 1.37 [0.49, 3.80] 0.55
Grade ≧3 164 1149 106 1002 1.31 [0.83, 2.05] 0.25
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been performed (Table 5). Te incidence of all grades of
hypertensive events, grade 1-2 proteinuria, and bleeding/
haemorrhage events was higher in the ramucirumab group
than the control group, regardless of what treatment regi-
mens were combined. Besides, the addition of ramucirumab
also increased the incidence of grade 1-2 liver injury/failure
events and grade≧3 proteinuria events in BSC. However, the
incidence of grade≧3 VTE events was higher in the control
group. Furthermore, the addition of ramucirumab increased
the incidence of grade 1-2 liver injury/failure events in PTX,
and all grades of VTE events in DOC.

4. Discussion

To our knowledge, ramucirumab plus BSC, targeted
therapy, or chemotherapy signifcantly increased OS
compared with placebo groups in patients with advanced
NSCLC, HCC, gastric cancer, or GEJ adenocarcinoma.
Tese patients treated with ramucirumab also had sig-
nifcantly longer PFS. Although a higher proportion of
patients achieved overall response and disease control
than those treated with a placebo, the ORR was not sta-
tistically signifcant between the two groups in advanced
NSCLC.

In the TEAEs that were statistically diferent between the
two groups, fatigue, diarrhoea (grade 3), nausea (grade 1–2),
decreased appetite, and stomatitis were some of the most
frequently reported nonhaematological events. Neutropenia,
leucopenia (grade 1–2), and thrombocytopenia were the
most frequently reported haematological TEAEs. Moreover,
the incidence of TEAEs reported above was higher in the
ramucirumab group. In addition, the TEAEs of special in-
terest such as bleeding/haemorrhage (mainly grade 1–2
epistaxis and gastrointestinal haemorrhage), hypertension,
liver injury/failure (grade 1–2), proteinuria, VTE (grade
1–2), and GI perforation (grade 3) were also more common
in the ramucirumab group, as expected, consistent with the
incidence of adverse events associated with most anti-
angiogenic therapies (38–40). Most of grade 4 or 5 TEAEs of
special interest occurred with a very low incidence in both
groups. Tere were only 0.07% of patients (3/4040) reported
grade 4 hypertensive crisis, and 0.03% of patients (1/3782)
reported grade 4 proteinuria in the ramucirumab group (0%
in control), with no grade 5 events. Grade 4 and grade 5 GI
perforation events were 0.36% (10/2783) and 0.22% (6/2783)
in the ramucirumab group (only 1 case in each control
group). Fortunately, in the reported cases of RCTs, these
events were all within the safe range that could be controlled

Table 4: Continued.

TEAEs Studies, n
RAM, n Con, n OR (95%

CI) p value
Events Total Events Total

Cough 6
Grade 1-2 356 2274 261 2121 1.37 [1.15, 1.63] 0.0004
Grade ≧3 5 2274 7 2121 0.76 [0.27, 2.11] 0.60

Back pain 4
Grade 1-2 143 1505 104 357 1.24 [0.95, 1.62] 0.12
Grade ≧3 12 1505 7 1357 1.67 [0.67, 4.16] 0.27

Hypoalbuminaemia 3
Grade 1-2 150 897 56 750 2.05 [1.47, 2.87] <0.0001
Grade ≧3 8 897 4 750 1.70 [0.54, 5.30] 0.36

Myalgia 2
Grade 1-2 4 954 5 947 0.81 [0.23, 2.82] 0.74
Grade ≧3 112 954 76 947 1.52 [1.12, 2.07] 0.007

Ascites 3
Grade 1-2 109 801 48 700 2.20 [1.53, 3.16] <0.0001
Grade≧3 33 801 26 700 1.14 [0.67, 1.94] 0.63

Headache 5
Grade 1-2 252 1957 148 1846 1.98 [1.17, 3.35] 0.01
Grade ≧3 8 1957 8 1846 0.93 [0.39, 2.22] 0.87

Neutropenia 6
Grade 1-2 724 2816 591 2437 1.16 [1.02, 1.33] 0.03
Grade ≧3 858 2816 572 2437 1.67 [1.20, 2.33] 0.002

Anaemia 6
Grade 1-2 424 2300 469 2170 0.83 [0.71, 0.96] 0.01
Grade ≧3 161 2593 179 2315 0.71 [0.56, 0.89] 0.003

Leucopenia 3
Grade 1-2 218 1277 153 1262 1.50 [1.20, 1.88] 0.0004
Grade ≧3 190 1277 116 1262 1.69 [0.97, 2.94] 0.06

Trombocytopenia 6
Grade 1-2 381 2341 175 2331 2.47 [2.04, 3.00] <0.00001
Grade ≧3 78 2341 26 2331 3.02 [1.94, 4.72] <0.00001
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by medical treatment, with no unexpected safety events
reported.

VEGF has been proved to be essential for the occurrence,
development, and metastasis of cancer, and its mediated
carcinogenesis is mainly completed by afecting the for-
mation of new blood vessels and vascular permeability. In
the past few decades, many anticancer drugs that target
VEGF receptors or subtypes or signaling pathways have been
approved by the United States Food and Drug Adminis-
tration. Tese targeted drugs can be divided into the fol-
lowing categories according to the mechanism of action: (1)
block the binding of ligands to receptors, such as bev-
acizumab, which targets VEGF-A, (2) block signaling
through VEGFR, such as ramucirumab, which targets
VEGFR2, and (3) tyrosine kinase inhibitors that block
VEGFR1, VEGFR2, and VEGFR3 kinase activity, such as
pazopanib and lenvatinib [41, 42]. Te frst approved
antiangiogenic drug, bevacizumab, was used in clinical
practice as early as 15 years ago. Although bevacizumab in
combination with chemotherapy was well tolerated in
multiple cancers and resulted in more benefcial PFS, no OS
beneft was reported. Terefore, a large number of clinical
trials of ramucirumab have been carried out, and its efcacy
and safety have been reported in 11 phase 3 global RCTs.
Two previous meta-analyses of 6 global trials have been
published [43, 44]. However, these two studies did not report
the results of PFS, OS, ORR, or DCR. Te present study was
a comprehensive update and meta-analysis of 11 global,
double-blind, phase 3 RCTs, which were treated with
standard regimens plus ramucirumab or placebo for ad-
vanced or metastatic cancer. Tis study represented one of
the largest meta-analysis of antiangiogenic therapy for ad-
vanced cancer. A total of 4078 patients treated with
ramucirumab and 3332 patients treated with placebo were
included in this evaluation, which was a great strength and
provided high-quality evidence for the safety and efcacy of
ramucirumab therapy. A potential limitation of this meta-
analysis is that 3 of these RCTs only reported once on
diferent types of cancer. Encouragingly, the global RCTs on
ramucirumab are still ongoing. Although the current RCTs
have confrmed the important role of the VEGFR-2 signaling
pathway as a therapeutic target in advanced cancer; fur-
thermore, studies also need to explore the potential pre-
dictive biomarkers of ramucirumab and provide guidance
for clinical treatment.

5. Conclusion

In conclusion, the meta-analysis showed that standard
regimens combined with ramucirumab resulted in more
benefcial PFS and OS outcomes in advanced NSCLC, HCC,
gastric cancer, or GEJ adenocarcinoma. Te importance of
the results for clinical practice was that the incidence of
hypertension, proteinuria, bleeding, liver injury/failure,
VTE, and GI perforation were consistent with reported
TEAEs of special interest associated with the angiogenesis
inhibitor class. However, the authors do not observe an
increased incidence associated with ramucirumab for high-
grade bleeding, ATE, IRR, renal failure, fstula, or healing

complication across these RCTs. Also, these adverse events
were largely controllable after dose adjustment and sup-
portive treatment.
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