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Introduction
Worldwide, approximately 400,000 new cases of 
kidney cancer occurred in 2018, with 175,000 
deaths associated with this disease.1 Around 85% 
of kidney cancers are renal cell carcinoma (RCC), 
of which 70% have a clear cell histology (ccRCC).2 
For patients with localized disease, the 5-year 
relative survival rate is 93%, which drops to 13% 
for patients with distant metastasis.3

ccRCC is a highly vascularized tumor in which 
levels of angiogenic factors, including vascular 
endothelial growth factor (VEGF), are correlated 
with patient prognosis.4 Upregulation of RCC-
related genes, including those coding for VEGF, 
platelet-derived growth factor (PDGF), MET, 
AXL, and mTOR, are associated with mutations 
in the von Hippel–Lindau (VHL) tumor 

suppressor gene. The VHL tumor suppressor is a 
ubiquitin ligase that regulates levels of the 
hypoxia-inducible factor 2α (HIF-2α) transcrip-
tion factor.5–7 A majority of patients with ccRCC 
have a loss of heterozygosity of the VHL tumor 
suppressor gene.8

ccRCC is also a highly immunogenic tumor  
characterized by an abundance of immune cells 
that exhibit a suppressed phenotype.9,10 VEGF, 
AXL, MET, and other RCC-upregulated growth 
factors have immunosuppressive effects on the 
tumor microenvironment.11–13 Consequently, 
many current and emerging therapeutic regimens 
incorporate agents that target angiogenic or 
immunosuppressive pathways, or both. These 
include VEGF receptor (VEGFR) tyrosine  
kinase inhibitors (TKIs; cabozantinib, sunitinib, 
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pazopanib, axitinib, lenvatinib), the anti- 
VEGF antibody bevacizumab, and immune check-
point inhibitors [ICIs; nivolumab (anti–PD-1), 
pembrolizumab (anti–PD-1), avelumab (anti– 
PD-L1), atezolizumab (anti–PD-L1), ipilimumab 
(anti–CTLA-4)].

In this review, we discuss the rationale for current 
and emerging first-line treatment strategies in 
advanced ccRCC; summarize key data from piv-
otal studies of VEGFR inhibitors and ICIs as 
combination therapy; and discuss novel therapeu-
tic strategies under development and approaches 
to identifying biomarkers.

Currently approved therapies
Treatment decisions for patients with advanced 
ccRCC are based on risk stratification models, 
including multiple independent prognostic fac-
tors – performance status, time from diagnosis to 
treatment of metastatic disease, elevated calcium, 
platelet and neutrophil counts, and anemia.14,15 
Other factors influencing treatment decisions 
include age; comorbidities; disease-related symp-
toms; histology; tumor burden; and for ICI-based 
regimens, history of autoimmune disease and use 
of immunosuppressive therapy.14–18 Models 
incorporating these factors include the more com-
monly used International Metastatic Renal Cell 
Carcinoma Database Consortium (IMDC) 
model and the Memorial Sloan Kettering Cancer 
Center (MSKCC) model.14,15,17 These models 
classify patients as having favorable, intermediate, 
or poor risk and share common features men-
tioned above.

For patients with favorable risk, defined as 
patients having no poor prognostic features, com-
mon treatment management approaches are 
deferred therapy, metastasectomy, or systemic 
therapy. A variety of systemic treatments are 
available. Preferred systemic regimens include 
axitinib plus pembrolizumab, cabozantinib plus 
nivolumab, lenvatinib plus pembrolizumab, or 
single-agent therapy with pazopanib or suni-
tinib.2,16,19,20 For those classified as having inter-
mediate or poor risk, characterized as ⩾1 poor 
prognostic factor, preferred first-line treatments 
are ipilimumab plus nivolumab, axitinib plus 
pembrolizumab, cabozantinib plus nivolumab, or 
lenvatinib plus pembrolizumab. Axitinib plus 
avelumab represents another combination option, 
with cabozantinib the preferred single-agent TKI 
therapy for these patients.2,16

Monotherapies

TKIs
VEGFR-TKIs inhibit angiogenic processes such 
as endothelial cell survival and vascular permea-
bility (Figure 1).21,22 Inhibition of VEGFR leads 
to vascular normalization, resulting in increased 
T-cell infiltration, and promotes T-cell function, 
maturation of dendritic cells, and reduction in 
immunosuppressive cells such as regulatory T 
cells and myeloid-derived suppressor cells.22,23

Up until 2017, the multikinase inhibitors suni-
tinib [which targets VEGFR, PDGF receptor 
(PDGFR), FLT-3, and c-KIT] and pazopanib 
(which targets VEGFR, PDGFR, and c-KIT) 
formed the standard of care for first-line treat-
ment of ccRCC, based on superiority over inter-
feron-alpha and placebo, respectively.24–26 Studies 
in first-line RCC have generally used sunitinib as 
the comparator.

Pazopanib was compared with sunitinib in the 
randomized phase III COMPARZ noninferiority 
study of 1110 patients with metastatic, untreated 
ccRCC, of which 25% had favorable risk and 
55% had intermediate risk.27 Median progres-
sion-free survival (PFS) was similar between  
pazopanib and sunitinib [median 8.4 versus 
9.5 months; hazard ratio (HR) 1.05; 95% confi-
dence interval (CI) 0.90–1.22], as was overall 
survival (OS, median 28.4 versus 29.3 months; 
HR 0.91; 95% CI 0.76–1.08), while objective 
response rate (ORR) was higher with pazopanib 
(31% versus 25%).

The oral multikinase inhibitor cabozantinib, 
which targets VEGFR, MET, and the TAM fam-
ily of kinases (TYRO3, AXL, MER), was com-
pared with sunitinib in the randomized phase II 
study CABOSUN, which included 157 patients 
with metastatic, untreated ccRCC who had either 
intermediate (81%) or poor risk.28,29 PFS was sig-
nificantly improved with cabozantinib versus  
sunitinib (median 8.6 versus 5.3 months; HR 0.48; 
95% CI 0.31–0.74); and cabozantinib was favored 
for OS (median 26.6 versus 21.2 months; HR 
0.80; 95% CI 0.53–1.21), as well as ORR (20% 
versus 9%).28

Although the VEGFR TKIs all have distinct 
safety profiles, there is considerable overlap in 
types of adverse events (AEs), with hypertension, 
fatigue, diarrhea, and palmar–plantar erythro-
dysesthesia being the most common grade 3/4 
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(a)

(b)

Figure 1.  Impact on the tumor microenvironment of VEGF-targeted monotherapy (a) and VEGF-targeted therapy combined with ICI (b).
CR, complete response; DC, dendritic cell; DCR, disease control rate; ICI, immune checkpoint inhibitor; MDSC, myeloid-derived suppressor cells; 
ORR, objective response rate; Treg, T-regulatory cells; VEGF, vascular endothelial growth factor.
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AEs.27,28 In COMPARZ, grade 3 and 4 treat-
ment-emergent AEs occurred in 59% and 15% of 
patients with pazopanib, respectively, and 57% 
and 17% of patients with sunitinib, respectively; 
discontinuation due to an AE occurred in 24% 
and 20% of patients receiving pazopanib and 
sunitinib, respectively.27 In CABOSUN, 68% of 
patients had a grade 3/4 AE with cabozantinib 
compared with 65% with sunitinib; and discon-
tinuation due to an AE occurred in 21% and 22% 
of patients, respectively.28

Immunotherapies
Checkpoint proteins such as PD-1 and CTLA-4 
are cell surface receptors expressed on immune 
cells, and their activation leads to immune inhi-
bition.30 PD-L1 and PD-L2 are both ligands for 
PD-1, with PD-L1 the most widely expressed 
within tumors.30 ICIs disrupting the PD-1/
PD-L1 axis restore the function of effector T 
cells and suppress regulatory T-cell function, 
thereby promoting an antitumor immune 
response.30,31 However, the ability of the immune 
system to mount an effective antitumor response 
depends on a variety of other factors, including 
tumor intrinsic factors, the tumor microenviron-
ment, the expression and activation of other 
checkpoint proteins, host genetics, and microbial 
diversity.32

ICI monotherapy has demonstrated clinical activ-
ity in the first-line setting.33–36 In a randomized 
phase II study, atezolizumab monotherapy was 
compared with sunitinib, with a median PFS of 6.1 
versus 8.4 months (HR 1.19; 95% CI 0.82–1.71) 
and an ORR of 25% versus 29%, respectively.35 In 
single-arm ICI monotherapy studies (phase Ib/II) of 
avelumab, pembrolizumab, and nivolumab, median 
PFS was 8.3 months, 7.1 months, and not deter-
mined, respectively, while ORR was 16%, 36%, 
and 17%, respectively.33,34,36

ICI–ICI combinations
Preclinical studies of PD-1 plus CTLA-4 ICIs 
demonstrated synergistic activity with enhanced 
effector T-cell expansion, supporting the evalua-
tion of this combination in clinical trials.37,38 
Based on positive outcomes from the phase III 
CheckMate-214 study, which compared 
nivolumab plus ipilimumab with sunitinib, this 
combination was approved for first-line use in 
patients with intermediate-/poor-risk RCC.39

In CheckMate-214, the majority of patients were 
intermediate risk (61%) and 24% were PD-L1 
positive (Table 1).39 PFS, OS, and ORR (co- 
primary endpoints in immediate-/poor-risk 
patients) all favored nivolumab plus ipilimumab 
over sunitinib in the intermediate-/poor-risk pop-
ulation (Tables 1 and 2).39,40 For the intermedi-
ate-/poor-risk population, median PFS was 11.6 
versus 8.4 months (p = 0.03); ORR was 42% versus 
27%; and in the 4-year follow up, median OS  
was 48.1 versus 26.6 months (Table 2).

In the intent-to-treat (ITT) population, PFS was 
similar between treatment arms, but the combi-
nation was favored for ORR and OS (Table 
1).39,40 In post hoc analyses done at 42 months of 
follow up, the OS benefit was sustained even in 
patients who discontinued immunotherapy owing 
to toxicity.47 Health-related quality of life 
(HRQoL) in intermediate-/poor-risk patients also 
improved with the combination versus sunitinib, 
including Functional Assessment of Cancer 
Therapy Kidney Symptom Index-19 (FKSI-19) 
score (change from baseline at Week 103: 4.0 ver-
sus −3.14, p < 0.0001).48

The rate of grade ⩾3 treatment-related AEs 
(TRAEs) was 46% for the combination (Table 3).39  
The most frequently occurring grade ⩾3 TRAE 
was increased lipase level (10%) in the combina-
tion. In the combination arm, 22% of patients 
discontinued study treatment (both agents) due 
to a TRAE compared with 12% with sunitinib.

TKI/antiangiogenic–ICI combinations
RCC is a highly angiogenic and immunogenic 
tumor.4,9 Anti-VEGFR TKIs and ICIs target 
these tumor characteristics in different ways 
(Figure 1), and preclinical studies suggest a 
potential synergistic effect of these treatment 
modalities when combined; however, this effect is 
yet to be demonstrated in clinical studies.49–51 
TKIs targeting VEGFR and other kinase recep-
tors may enhance the immune response with 
ICIs given that their kinase receptor targets con-
tribute to immune regulation, with VEGFR pro-
moting regulatory T-cell and myeloid-derived 
suppressor cell recruitment; AXL being impli-
cated in T-cell exclusion, suppressing antigen 
presentation, and low tumor major histocompat-
ibility complex class I expression; and MET 
shown to increase PD-L1 expression and tumor 
presence of immunosuppressive neutrophils.52–56

https://journals.sagepub.com/home/tam


DJ George, C-H Lee et al.

journals.sagepub.com/home/tam	 5

Ta
bl

e 
1.

 K
ey

 s
tu

dy
 d

es
ig

n 
fe

at
ur

es
, b

as
el

in
e 

ch
ar

ac
te

ri
st

ic
s,

 a
nd

 e
ff

ic
ac

y 
ou

tc
om

es
 o

f p
ha

se
 II

I c
om

bi
na

tio
n 

tr
ia

ls
 w

ith
 IC

Is
 a

nd
 IC

Is
 p

lu
s 

TK
Is

.a

C
he

ck
M

at
e-

21
4 

[C
lin

ic
al

Tr
ia

ls
.

go
v 

id
en

ti
fi

er
: 

N
CT

02
23

17
49

]39

C
he

ck
M

at
e-

9E
R

 
[C

lin
ic

al
Tr

ia
ls

.
go

v 
id

en
ti

fi
er

: 
N

CT
03

14
11

77
]19

K
EY

N
O

TE
-4

26
 

[C
lin

ic
al

Tr
ia

ls
.

go
v 

id
en

ti
fi

er
: 

N
CT

02
85

33
31

]41

JA
VE

LI
N

 R
en

al
 

10
1 

[C
lin

ic
al

Tr
ia

ls
.

go
v 

id
en

ti
fi

er
: 

N
CT

02
68

40
06

]42

C
LE

A
R

 [C
lin

ic
al

Tr
ia

ls
.

go
v 

id
en

ti
fi

er
: 

N
CT

02
81

18
61

]20

IM
m

ot
io

n 
15

1 
[C

lin
ic

al
Tr

ia
ls

.
go

v 
id

en
ti

fi
er

: 
N

CT
02

42
08

21
]43

St
ud

y 
de

si
gn

 fe
at

ur
es

 a
nd

 b
as

el
in

e 
ch

ar
ac

te
ri

st
ic

s

 
D

es
ig

n
P

ha
se

 II
I, 

ra
nd

om
iz

ed
, o

pe
n 

la
be

l

  


Tr
ea

tm
en

t
N

iv
o/

ip
i (

n 
= 

55
0)

Su
n 

(n
 =

 5
46

)
C

ab
o/

ni
vo

 (n
 =

 3
23

)
Su

n 
(n

 =
 3

28
)

A
xi

/p
em

br
o 

(n
 =

 4
32

)
Su

n 
(n

 =
 4

29
)

A
xi

/a
ve

 (n
 =

 4
42

)
Su

n 
(n

 =
 4

44
)

Le
n/

pe
m

br
o 

(n
 =

 3
55

)
Le

n/
ev

e 
(n

 =
 3

57
)

Su
n 

(n
 =

 3
57

)

B
ev

/a
te

zo
 (n

 =
 4

54
)

Su
n 

(n
 =

 4
61

)

 
In

cl
us

io
n 

cr
ite

ri
a

A
ll 

st
ud

ie
s 

in
 tr

ea
tm

en
t-

na
ïv

e 
pa

tie
nt

s 
⩾

18
 ye

ar
s 

of
 a

ge
 w

ith
 a

dv
an

ce
d 

cc
R

C
C

 (o
r 

R
C

C
 w

ith
 s

ar
co

m
at

oi
d 

hi
st

ol
og

y 
fo

r 
IM

m
ot

io
n 

15
1)

  


O
ut

co
m

es
P

ri
m

ar
y 

(in
t-

/p
oo

r-
ri

sk
 p

at
ie

nt
s)

: O
S/

O
R

R
 (I

R
R

C
)/

P
FS

K
ey

 S
ec

on
da

ry
 (I

TT
 

po
pu

la
tio

n)
: O

S/
O

R
R

 (I
R

R
C

)/
P

FS
/

Sa
fe

ty

P
ri

m
ar

y:
 P

FS
 (B

IC
R

)
K

ey
 S

ec
on

da
ry

: O
S/

O
R

R
 (B

IC
R

)/
sa

fe
ty

P
ri

m
ar

y:
 O

S/
P

FS
 

(B
IC

R
)

K
ey

 S
ec

on
da

ry
: O

R
R

 
(B

IC
R

)

P
ri

m
ar

y 
(P

D
-L

1+
 

pa
tie

nt
s)

: P
FS

 
(B

IC
R

)/
O

S
K

ey
 S

ec
on

da
ry

 
(IT

T)
: P

FS
 (B

IC
R

)/
O

S

P
ri

m
ar

y:
 P

FS
 (I

R
C

)
K

ey
 S

ec
on

da
ry

: O
S/

O
R

R
 

(IR
C

)

P
ri

m
ar

y:
 P

FS
  

(P
D

-L
1+

 p
at

ie
nt

s,
 

IA
)/

O
S 

(IT
T)

K
ey

 S
ec

on
da

ry
: 

P
FS

 (I
TT

, I
A

)/
O

S 
(P

D
-L

1+
 

pa
tie

nt
s)

/O
R

R
 (I

A
)

  �


IM
D

C
 r

is
k 

st
at

us
 (f

av
/i

nt
/

po
or

), 
%

b

N
iv

o/
ip

i: 
23

/6
1/

17
Su

n:
 2

3/
61

/1
6

C
ab

o/
ni

vo
: 2

3/
58

/1
9

Su
n:

 2
2/

57
/2

1
A

xi
/p

em
br

o:
 

32
/5

5/
13

Su
n:

 3
1/

57
/1

2

A
xi

/a
ve

: 2
1/

61
/1

6
Su

n:
 2

2/
62

/1
6

Le
n/

pe
m

br
o:

 3
1/

59
/9

Le
n/

ev
e:

 3
2/

55
/1

2
Su

n:
 3

5/
54

/1
0

B
ev

/a
te

zo
c :

 
20

/6
9/

12
Su

n:
 2

0/
69

/1
2

  


P
D

-L
1+

, %
d

N
iv

o/
ip

i: 
23

Su
n:

 2
5

C
ab

o/
ni

vo
: 2

6
Su

n:
 2

5
A

xi
/p

em
br

o:
 5

9
Su

n:
 6

2
A

xi
/a

ve
: 6

1%
Su

n:
 6

5%
Le

n/
pe

m
br

o:
 3

0
Le

n/
ev

e:
 3

3
Su

n:
 3

3

B
ev

/a
te

zo
: 3

9
Su

n:
 4

0

  �


M
ed

ia
n 

fo
llo

w
-

up
, m

o
25

.2
18

.1
12

.8
10

.8
26

.6
15

 
Ef

fic
ac

y 
ou

tc
om

es

  �


M
ed

ia
n 

P
FS

 
(9

5%
 C

I),
 m

o
12

.4
 (9

.9
–1

6.
5)

 
ve

rs
us

 1
2.

3 
(9

.8
–1

5.
2)

  
(H

R
 =

 0
.9

8,
 9

9.
1%

  
C

I 0
.7

9–
1.

23
; 

p 
= 

0.
85

)

16
.6

 (1
2.

5–
24

.9
) 

ve
rs

us
 8

.3
 (7

.0
–9

.7
) 

(H
R

 =
 0

.5
1,

 9
5%

  
C

I 0
.4

1–
0.

64
; 

p 
<

 0
.0

01
)

15
.1

 (1
2.

6–
17

.7
) 

ve
rs

us
 1

1.
1 

 
(8

.7
–1

2.
5)

  
(H

R
 =

 0
.6

9,
 9

5%
  

C
I 0

.5
7–

0.
84

; 
p 
<

 0
.0

01
)

13
.8

 (1
1.

1–
N

E)
 

ve
rs

us
 8

.4
  

(6
.9

–1
1.

1)
 

(H
R

 =
 0

.6
9,

 9
5%

 
C

I 0
.5

6–
0.

84
; 

p 
<

 0
.0

01
)

Le
n/

pe
m

br
o:

 2
3.

9 
(2

0.
8–

27
.7

)  
(H

R
 v

er
su

s 
su

n 
= 

0.
39

. 9
5%

  
C

I 0
.3

2–
0.

49
; p

 <
 0

.0
01

)
Le

n/
ev

e:
 1

4.
7 

(1
1.

1–
16

.7
) 

(H
R

 v
er

su
s 

su
n 

= 
0.

65
. 9

5%
 

C
I 0

.5
3–

0.
80

; p
 <

 0
.0

01
)

Su
n:

 9
.2

 (6
.0

–1
1.

0)

11
.2

 (9
.6

–1
3.

3)
 

ve
rs

us
 8

.4
 

(7
.5

–9
.7

)  
(H

R
 =

 0
.8

3,
 9

5%
  

C
I 0

.7
0–

0.
97

; 
p 

= 
0.

02
19

) (C
on

tin
ue

d)

https://journals.sagepub.com/home/tam


Therapeutic Advances in Medical Oncology 13

6	 journals.sagepub.com/home/tam

C
he

ck
M

at
e-

21
4 

[C
lin

ic
al

Tr
ia

ls
.

go
v 

id
en

ti
fi

er
: 

N
CT

02
23

17
49

]39

C
he

ck
M

at
e-

9E
R

 
[C

lin
ic

al
Tr

ia
ls

.
go

v 
id

en
ti

fi
er

: 
N

CT
03

14
11

77
]19

K
EY

N
O

TE
-4

26
 

[C
lin

ic
al

Tr
ia

ls
.

go
v 

id
en

ti
fi

er
: 

N
CT

02
85

33
31

]41

JA
VE

LI
N

 R
en

al
 

10
1 

[C
lin

ic
al

Tr
ia

ls
.

go
v 

id
en

ti
fi

er
: 

N
CT

02
68

40
06

]42

C
LE

A
R

 [C
lin

ic
al

Tr
ia

ls
.

go
v 

id
en

ti
fi

er
: 

N
CT

02
81

18
61

]20

IM
m

ot
io

n 
15

1 
[C

lin
ic

al
Tr

ia
ls

.
go

v 
id

en
ti

fi
er

: 
N

CT
02

42
08

21
]43

  �


M
ed

ia
n 

O
S 

(9
5%

 C
I),

 m
oe

N
R

 (4
6.

7–
N

E)
 

ve
rs

us
 3

8.
4 

(3
2.

0–
45

.0
) (

H
R

: 0
.6

9,
 

95
%

 C
I 0

.5
9–

0.
81

)

N
R

 (N
E–

N
E)

 v
er

su
s 

29
.5

 (2
8.

4–
N

E)
 

(H
R

 =
 0

.6
6,

 9
5%

 
C

I 0
.5

0–
0.

87
; 

p 
= 

0.
00

34
)

N
R

 v
er

su
s 

35
.7

 
(3

3.
3–

N
R

)  
(H

R
 0

.6
8,

 9
5%

 C
I 

0.
55

–0
.8

5;
 p

 =
 0

.0
00

3)

N
E 

(3
0.

0–
N

E)
 

ve
rs

us
 N

E 
(2

7.
4–

N
E)

  
(H

R
 =

 0
.8

0,
 9

5%
 

C
I 0

.6
2–

1.
03

; 
p 

= 
0.

03
92

)

Le
n/

pe
m

br
o:

 N
R

 
(3

3.
6–

N
E)

  
(H

R
 v

er
su

s 
su

n 
= 

0.
66

. 9
5%

  
C

I 0
.4

9–
0.

88
; p

 =
 0

.0
05

)
Le

n/
ev

e:
 N

R
 (N

E–
N

E)
(H

R
 v

er
su

s 
su

n 
= 

1.
15

. 9
5%

 
C

I 0
.8

8–
1.

50
; p

 =
 0

.3
0)

Su
n:

 N
R

 (N
E–

N
E)

33
.6

 (2
9.

0–
N

E)
 

ve
rs

us
 3

4.
9 

(2
7.

8–
N

E)
  

(H
R

 =
 0

.9
3,

 9
5%

 
C

I 0
.7

6–
1.

14
; 

p 
= 

0.
47

51
)

  �


O
R

R
/C

R
/ 

D
C

R
, %

f
39

.1
/1

0.
7/

75
.1

 
ve

rs
us

 3
2.

4/
2.

6/
74

.5
55

.7
/8

.0
/8

7.
9 

ve
rs

us
 

27
.1

/4
.6

/6
9.

2
59

.3
/5

.8
/8

3.
8 

ve
rs

us
 

35
.7

/1
.9

/7
5.

1
51

.4
/3

.4
/8

1.
0 

ve
rs

us
 

25
.7

/1
.8

/7
1.

2

Le
n/

pe
m

br
o:

 
71

.0
/1

6.
1/

90
.1

Le
n/

ev
e:

 5
3.

5/
9.

8/
87

.1
Su

n:
 3

6.
1/

4.
2/

74
.2

36
.6

/5
.3

/7
5.

8 
ve

rs
us

 
33

.2
/2

.2
/7

1.
8

a T
he

se
 d

at
a 

ar
e 

su
m

m
ar

ie
s 

of
 tr

ia
l r

es
ul

ts
 a

nd
 n

ot
 in

te
nd

ed
 fo

r 
cr

os
s-

tr
ia

l c
om

pa
ri

so
ns

.
b P

er
ce

nt
ag

es
 m

ay
 n

ot
 a

dd
 u

p 
to

 1
00

%
 a

s 
da

ta
 a

re
 n

ot
 a

va
ila

bl
e 

fo
r 

al
l p

at
ie

nt
s.

c M
SK

C
C

 r
is

k 
sc

or
e.

d A
ss

es
sm

en
t o

f P
D

-L
1 

ex
pr

es
si

on
 [⩾

1%
 (p

os
iti

ve
) v

er
su

s 
<

1%
 (n

eg
at

iv
e)

]:
 C

he
ck

M
at

e-
21

4 
us

ed
 th

e 
D

ak
o 

P
D

-L
1 

IH
C

 2
8-

8 
ph

ar
m

D
x 

te
st

; C
he

ck
M

at
e-

9E
R

 u
se

d 
th

e 
D

ak
o 

P
D

-L
1 

IH
C

 2
8-

8 
ph

ar
m

D
x 

te
st

 fo
r 

pe
rc

en
t p

os
iti

ve
 tu

m
or

 c
el

ls
; K

EY
N

O
TE

-4
26

 u
se

d 
P

D
-L

1 
IH

C
 2

2C
3 

ph
ar

m
D

X 
as

sa
y 

fo
r 

pe
rc

en
ta

ge
 o

f p
os

iti
ve

 c
el

ls
 (t

um
or

 c
el

ls
, l

ym
ph

oc
yt

es
, a

nd
 m

ac
ro

ph
ag

es
) o

ve
r 

to
ta

l n
um

be
r 

of
 tu

m
or

 c
el

ls
; J

AV
EL

IN
 R

en
al

 1
01

 u
se

d 
th

e 
Ve

nt
an

a 
P

D
-L

1 
(S

P
26

3)
 a

ss
ay

 fo
r 

pe
rc

en
ta

ge
 o

f p
os

iti
ve

 im
m

un
e 

ce
lls

 w
ith

in
 a

 tu
m

or
 a

re
a;

 C
LE

A
R

 u
se

d 
th

e 
P

D
-L

1 
IH

C
 2

2C
3 

ph
ar

m
D

x 
as

sa
y 

fo
r 

pe
rc

en
ta

ge
 o

f p
os

iti
ve

 c
el

ls
 (t

um
or

 c
el

ls
, l

ym
ph

oc
yt

es
, a

nd
 m

ac
ro

ph
ag

es
) o

ve
r 

to
ta

l n
um

be
r 

of
 tu

m
or

 c
el

ls
; I

M
m

ot
io

n 
15

1 
as

sa
ye

d 
fo

r 
pe

rc
en

ta
ge

 o
f p

os
iti

ve
 im

m
un

e 
ce

lls
 w

ith
in

 a
 tu

m
or

 a
re

a.
19

,2
0,

39
,4

1–
43

e B
as

ed
 o

n 
m

ed
ia

n 
fo

llo
w

-u
p 

of
 5

5 
(C

he
ck

M
at

e-
21

4)
40

, 2
3.

5 
(C

he
ck

M
at

e-
9E

R
)44

, 3
0.

6 
(K

EY
N

O
TE

-4
26

)45
, 1

9.
3 

(J
AV

EL
IN

 R
en

al
 1

01
)46

, 2
6.

6 
(C

LE
A

R
),20

 a
nd

 2
4 

(IM
m

ot
io

n 
15

1)
43

 m
on

th
s.

f F
or

 C
he

ck
M

at
e-

21
4,

 th
es

e 
w

er
e 

re
po

rt
ed

 fo
r 

4-
ye

ar
 fo

llo
w

-u
p 

da
ta

.40

at
ez

o,
 a

te
zo

liz
um

ab
; a

ve
, a

ve
lu

m
ab

; a
xi

, a
xi

tin
ib

; b
ev

; b
ev

ac
iz

um
ab

; B
IC

R
, b

lin
de

d 
in

de
pe

nd
en

t c
en

tr
al

 r
ev

ie
w

; c
ab

o,
 c

ab
oz

an
tin

ib
; c

cR
C

C
, c

le
ar

 c
el

l r
en

al
 c

el
l c

ar
ci

no
m

a;
 C

I, 
co

nf
id

en
ce

 
in

te
rv

al
; C

R
, c

om
pl

et
e 

re
sp

on
se

; D
C

R
, d

is
ea

se
 c

on
tr

ol
 r

at
e;

 e
ve

, e
ve

ro
lim

us
; f

av
, f

av
or

ab
le

; H
R

, h
az

ar
d 

ra
tio

; I
A

, i
nv

es
tig

at
or

 a
ss

es
sm

en
t;

 IC
I, 

im
m

un
e 

ch
ec

kp
oi

nt
 in

hi
bi

to
r;

 IH
C

, 
im

m
un

oh
is

to
ch

em
is

tr
y;

 IM
D

C
, I

nt
er

na
tio

na
l M

et
as

ta
tic

 R
en

al
 C

el
l C

ar
ci

no
m

a 
D

at
ab

as
e 

C
on

so
rt

iu
m

; i
pi

, i
pi

lim
um

ab
; i

nt
, i

nt
er

m
ed

ia
te

; I
R

C
, i

nd
ep

en
de

nt
 r

ev
ie

w
 c

om
m

itt
ee

; I
R

R
C

, 
in

de
pe

nd
en

t r
ad

io
lo

gy
 r

ev
ie

w
 c

om
m

itt
ee

; I
TT

, i
nt

en
t-

to
-t

re
at

; l
en

, l
en

va
tin

ib
; M

SK
C

C
, M

em
or

ia
l S

lo
an

 K
et

te
ri

ng
 C

an
ce

r 
C

en
te

r;
 m

o,
 m

on
th

s;
 N

E,
 n

ot
 e

st
im

ab
le

; n
iv

o,
 n

iv
ol

um
ab

; N
R

, 
no

t r
ea

ch
ed

; O
R

R
; o

bj
ec

tiv
e 

re
sp

on
se

 r
at

e;
 O

S,
 o

ve
ra

ll 
su

rv
iv

al
; P

D
-L

1,
 p

ro
gr

am
m

ed
 d

ea
th

-l
ig

an
d 

1;
 p

em
br

o,
 p

em
br

ol
iz

um
ab

; P
FS

, p
ro

gr
es

si
on

-f
re

e 
su

rv
iv

al
; P

R
O

, p
at

ie
nt

-r
ep

or
te

d 
ou

tc
om

es
; O

R
R

; o
bj

ec
tiv

e 
re

sp
on

se
 r

at
e;

 O
S,

 o
ve

ra
ll 

su
rv

iv
al

; R
C

C
, r

en
al

 c
el

l c
ar

ci
no

m
a;

 s
un

, s
un

iti
ni

b;
 T

K
I, 

ty
ro

si
ne

 k
in

as
e 

in
hi

bi
to

r.

Ta
bl

e 
1.

 (
C

on
tin

ue
d)

https://journals.sagepub.com/home/tam


DJ George, C-H Lee et al.

journals.sagepub.com/home/tam	 7

Ta
bl

e 
2.

 K
ey

 e
ff

ic
ac

y 
ou

tc
om

es
 in

 s
ub

gr
ou

ps
 o

f c
lin

ic
al

 in
te

re
st

 fr
om

 th
e 

ph
as

e 
III

 c
om

bi
na

tio
n 

tr
ia

ls
 w

ith
 IC

Is
 a

nd
 IC

Is
 p

lu
s 

TK
Is

.a

C
he

ck
M

at
e-

21
4 

 
[C

lin
ic

al
Tr

ia
ls

 
.g

ov
 id

en
ti

fi
er

: 
N

CT
02

23
17

49
]39

C
he

ck
M

at
e-

9E
R

  
[C

lin
ic

al
Tr

ia
ls

 
.g

ov
 id

en
ti

fi
er

: 
N

CT
03

14
11

77
]19

K
EY

N
O

TE
-4

26
 

[C
lin

ic
al

Tr
ia

ls
 

.g
ov

 id
en

ti
fi

er
: 

N
CT

02
85

33
31

]41

JA
VE

LI
N

 R
en

al
 1

01
 

[C
lin

ic
al

Tr
ia

ls
 

.g
ov

 id
en

ti
fi

er
: 

N
CT

02
68

40
06

]42

C
LE

A
R

 [C
lin

ic
al

Tr
ia

ls
 

.g
ov

 id
en

ti
fi

er
: 

N
CT

02
81

18
61

]20

IM
m

ot
io

n 
15

1 
 

[C
lin

ic
al

Tr
ia

ls
 

.g
ov

 id
en

ti
fi

er
: 

N
CT

02
42

08
21

]43

 
N

iv
o/

Ip
i v

er
su

s 
Su

n
C

ab
o/

N
iv

o 
ve

rs
us

 
Su

n
A

xi
/P

em
br

o 
ve

rs
us

 S
un

A
xi

/A
ve

 v
er

su
s 

Su
n

A
. L

en
/P

em
br

o 
ve

rs
us

 S
un

B
. L

en
/E

ve
 v

er
su

s 
Su

n

B
ev

/A
te

zo
 v

er
su

s 
Su

n

P
D

-L
1 

st
at

us
b

 �
M

ed
ia

n 
P

FS
 (9

5%
 

C
I),

 m
o 

or
 

H
R

c

<
1%

 e
xp

re
ss

io
n

11
.0

 v
er

su
s 

10
.4

 
(H

R
 =

 1
.0

0,
 9

5%
  

C
I 0

.8
0–

1.
26

)
⩾

1%
 e

xp
re

ss
io

n
22

.8
 v

er
su

s 
5.

9 
(H

R
 =

 0
.4

6,
 

95
%

 C
I 0

.3
1–

0.
67

)

<
1%

 e
xp

re
ss

io
n

H
R

 =
 0

.5
2,

 9
5%

  
C

I 0
.4

0–
0.

67
⩾

1%
 e

xp
re

ss
io

n
H

R
 =

 0
.4

9,
 9

5%
  

C
I 0

.3
2–

0.
73

<
1%

 e
xp

re
ss

io
n

15
.0

 (1
2.

4–
N

E)
 v

er
su

s 
12

.5
 

(1
1.

0–
N

E)
 (H

R
 =

 0
.8

7,
 9

5%
  

C
I 0

.6
2–

1.
23

)
⩾

1%
 e

xp
re

ss
io

n
15

.3
 (1

2.
6–

N
E)

 v
er

su
s 

8.
9 

(7
.6

–1
1.

3)
 (H

R
 =

 0
.6

2,
 9

5%
  

C
I 0

.4
7–

0.
80

)

<
1%

 e
xp

re
ss

io
n

H
R

 =
 0

.8
0,

 9
5%

 C
I 0

.5
5–

1.
16

)
⩾

1%
 e

xp
re

ss
io

n
13

.8
 (1

1.
1–

N
E)

 v
er

su
s 

7.
2 

(5
.7

–9
.7

) (
H

R
 =

 0
.6

1,
 9

5%
  

C
I 0

.4
7–

0.
79

; p
 <

 0
.0

01
)

<
1%

 e
xp

re
ss

io
n

A
. H

R
 v

er
su

s 
su

n 
= 

0.
39

, 
95

%
 C

I 0
.2

6–
0.

59
B

. H
R

 v
er

su
s 

su
n 

= 
0.

67
, 

95
%

 C
I 0

.4
6–

0.
98

⩾
1%

 e
xp

re
ss

io
n

A
. H

R
 v

er
su

s 
su

n 
= 

0.
40

, 
95

%
 C

I 0
.2

7–
0.

58
B

. H
R

 v
er

su
s 

su
n 

= 
0.

64
, 

95
%

 C
I 0

.4
5–

0.
90

<
1%

 e
xp

re
ss

io
n

11
.2

 (8
.6

–1
3.

7)
 

ve
rs

us
 9

.5
 (8

.2
–

10
.9

) (
H

R
 =

 0
.8

9,
 

95
%

 C
I 0

.7
2–

1.
10

)
⩾

1%
 e

xp
re

ss
io

n
11

.2
 (8

.9
–1

5.
0)

 
ve

rs
us

 7
.7

 (6
.8

–9
.7

) 
(H

R
 =

 0
.7

4,
 9

5%
 

C
I 0

.5
7–

0.
96

; 
p 

= 
0.

02
17

)

 �
M

ed
ia

n 
O

S 
(9

5%
 

C
I),

 m
o 

or
 

H
R

c,
d

<
1%

 e
xp

re
ss

io
n

N
R

 (2
8.

2–
N

E)
 v

er
su

s 
N

R
 

(2
4.

0–
N

E)
 (H

R
: 0

.7
3,

 9
5%

 
C

I 0
.5

6–
0.

96
)

⩾
1%

 e
xp

re
ss

io
n

N
R

 (N
E–

N
E)

 v
er

su
s 

19
.6

 
(1

4.
8–

N
E)

 (H
R

: 0
.4

5,
 9

5%
 

C
I 0

.2
9–

0.
71

)

<
1%

 e
xp

re
ss

io
n

H
R

 =
 0

.5
1,

 9
5%

  
C

I 0
.3

4–
0.

75
⩾

1%
 e

xp
re

ss
io

n
H

R
 =

 0
.8

0,
 9

5%
  

C
I 0

.4
8–

1.
34

<
1%

 e
xp

re
ss

io
n

H
R

 0
.7

7,
 9

5%
 C

I 0
.5

2–
1.

16
⩾

1%
 e

xp
re

ss
io

n
H

R
 0

.6
8,

 9
5%

 C
I 0

.5
1–

0.
90

<
1%

 e
xp

re
ss

io
n

H
R

 0
.7

3,
 9

5%
 C

I 0
.4

5–
1.

17
⩾

1%
 e

xp
re

ss
io

n
N

E 
(N

E–
N

E)
 v

er
su

s 
28

.6
 

(2
7.

4–
N

E)
 (H

R
 =

 0
.8

3,
 9

5%
  

C
I 0

.6
0–

1.
15

; p
 =

 1
.3

01
)

<
1%

 e
xp

re
ss

io
n

A
. H

R
 v

er
su

s 
su

n 
= 

0.
50

, 
95

%
 C

I 0
.2

8–
0.

89
B

. H
R

 v
er

su
s 

su
n 

= 
0.

86
, 

95
%

 C
I 0

.5
2–

1.
43

⩾
1%

 e
xp

re
ss

io
n

A
. H

R
 v

er
su

s 
su

n 
= 

0.
76

, 
95

%
 C

I 0
.4

6–
1.

27
B

. H
R

 v
er

su
s 

su
n 

= 
1.

40
, 

95
%

 C
I 0

.9
0–

2.
20

<
1%

 e
xp

re
ss

io
n

N
ot

 r
ep

or
te

d
⩾

1%
 e

xp
re

ss
io

n
34

.0
 (2

8.
6–

N
E)

 
ve

rs
us

 3
2.

7 
(2

3.
3–

N
E)

 (H
R

 =
 0

.8
4,

 
95

%
 C

I 0
.6

2–
1.

15
; 

p 
= 

0.
28

57
)

 
O

R
R

, %
c,

e
<

1%
 e

xp
re

ss
io

n
37

 v
er

su
s 

28
⩾

1%
 e

xp
re

ss
io

n
58

 v
er

su
s 

22

<
1%

 e
xp

re
ss

io
n

56
 v

er
su

s 
28

⩾
1%

 e
xp

re
ss

io
n

55
 v

er
su

s 
24

<
1%

 e
xp

re
ss

io
n

58
 v

er
su

s 
42

⩾
1%

 e
xp

re
ss

io
n

62
 v

er
su

s 
40

<
1%

 e
xp

re
ss

io
n

47
 v

er
su

s 
28

⩾
1%

 e
xp

re
ss

io
n

55
 v

er
su

s 
26

N
ot

 r
ep

or
te

d
<

1%
 e

xp
re

ss
io

n
33

 v
er

su
s 

32
⩾

1%
 e

xp
re

ss
io

n
43

 v
er

su
s 

35

IM
D

C
 s

ta
tu

s

 
�M

ed
ia

n 
P

FS
 (9

5%
 

C
I),

 m
o 

or
 

H
R

In
te

rm
ed

ia
te

/p
oo

r 
ri

sk
11

.6
 (8

.7
–1

5.
5)

 v
er

su
s 

8.
4 

(7
.0

–1
0.

8)
 (H

R
 =

 0
.8

2,
 

99
.1

%
 C

I 0
.6

4–
1.

05
; 

p 
= 

0.
03

)
Fa

vo
ra

bl
e 

ri
sk

15
.3

 (9
.7

–2
0.

3)
 v

er
su

s 
25

.1
 (2

0.
9–

N
E)

 (H
R

 =
 2

.1
8,

 
99

.1
%

 C
I 1

.2
9–

3.
68

; 
p 
<

 0
.0

01
)

P
oo

r 
ri

sk
H

R
 =

 0
.3

7,
 9

5%
 C

I 
0.

23
–0

.5
8

In
te

rm
ed

ia
te

 r
is

k
H

R
 =

 0
.5

4,
 9

5%
 C

I 
0.

40
–0

.7
2

Fa
vo

ra
bl

e 
ri

sk
H

R
 =

 0
.6

2,
 9

5%
 C

I 
0.

38
–1

.0
1

P
oo

r 
ri

sk
4.

9 
(2

.9
–1

2.
4)

 v
er

su
s 

2.
9 

(2
.7

–4
.2

) (
H

R
 =

 0
.5

8,
 9

5%
 C

I 
0.

35
–0

.9
4)

In
te

rm
ed

ia
te

 r
is

k
14

.5
 (1

2.
4–

18
.0

) v
er

su
s 

9.
5 

(8
.0

–1
2.

5)
 (H

R
 =

 0
.7

0,
 9

5%
 C

I 
0.

54
–0

.9
1)

P
oo

r 
ri

sk
H

R
 =

 0
.5

7,
 9

5%
 C

I 0
.3

8–
0.

88
In

te
rm

ed
ia

te
 r

is
k

H
R

 =
 0

.7
4,

 9
5%

 C
I 0

.5
7–

0.
95

Fa
vo

ra
bl

e 
ri

sk
H

R
 =

 0
.5

4,
 9

5%
 C

I 0
.3

2–
0.

91

P
oo

r 
ri

sk
A

. H
R

 v
er

su
s 

su
n 

= 
0.

28
, 

95
%

 C
I 0

.1
3–

0.
60

B
. H

R
 v

er
su

s 
su

n 
= 

0.
73

, 
95

%
 C

I 0
.4

2–
1.

29
In

te
rm

ed
ia

te
 r

is
k

A
. H

R
 v

er
su

s 
su

n 
= 

0.
39

, 
95

%
 C

I 0
.2

9–
0.

52
B

. H
R

 v
er

su
s 

su
n 

= 
0.

67
, 

95
%

 C
I 0

.5
1–

0.
88

P
oo

r 
ri

sk
H

R
 =

 0
.6

5,
 9

5%
 C

I 
0.

36
–1

.1
5

In
te

rm
ed

ia
te

 r
is

k
H

R
 =

 0
.8

1,
 9

5%
 C

I 
0.

59
–1

.1
3

Fa
vo

ra
bl

e 
ri

sk
H

R
 =

 0
.7

1,
 9

5%
 C

I 
0.

39
–1

.2
9 (C

on
tin

ue
d)

https://journals.sagepub.com/home/tam


Therapeutic Advances in Medical Oncology 13

8	 journals.sagepub.com/home/tam

C
he

ck
M

at
e-

21
4 

 
[C

lin
ic

al
Tr

ia
ls

 
.g

ov
 id

en
ti

fi
er

: 
N

CT
02

23
17

49
]39

C
he

ck
M

at
e-

9E
R

  
[C

lin
ic

al
Tr

ia
ls

 
.g

ov
 id

en
ti

fi
er

: 
N

CT
03

14
11

77
]19

K
EY

N
O

TE
-4

26
 

[C
lin

ic
al

Tr
ia

ls
 

.g
ov

 id
en

ti
fi

er
: 

N
CT

02
85

33
31

]41

JA
VE

LI
N

 R
en

al
 1

01
 

[C
lin

ic
al

Tr
ia

ls
 

.g
ov

 id
en

ti
fi

er
: 

N
CT

02
68

40
06

]42

C
LE

A
R

 [C
lin

ic
al

Tr
ia

ls
 

.g
ov

 id
en

ti
fi

er
: 

N
CT

02
81

18
61

]20

IM
m

ot
io

n 
15

1 
 

[C
lin

ic
al

Tr
ia

ls
 

.g
ov

 id
en

ti
fi

er
: 

N
CT

02
42

08
21

]43

 
N

iv
o/

Ip
i v

er
su

s 
Su

n
C

ab
o/

N
iv

o 
ve

rs
us

 
Su

n
A

xi
/P

em
br

o 
ve

rs
us

 S
un

A
xi

/A
ve

 v
er

su
s 

Su
n

A
. L

en
/P

em
br

o 
ve

rs
us

 S
un

B
. L

en
/E

ve
 v

er
su

s 
Su

n

B
ev

/A
te

zo
 v

er
su

s 
Su

n

Fa
vo

ra
bl

e 
ri

sk
17

.7
 (1

5.
2–

N
E)

 v
er

su
s 

12
.7

 
(1

1.
5–

N
E)

 (H
R

 =
 0

.8
1,

 9
5%

 C
I 

0.
53

–1
.2

4)

Fa
vo

ra
bl

e 
ri

sk
A

. H
R

 v
er

su
s 

su
n 

= 
0.

41
, 

95
%

 C
I 0

.2
8–

0.
62

B
. H

R
 v

er
su

s 
su

n 
= 

0.
55

, 
95

%
 C

I 0
.3

8–
0.

81

 
�M

ed
ia

n 
O

S 
(9

5%
 

C
I),

 m
o 

or
 

H
R

d

In
te

rm
ed

ia
te

/p
oo

r 
ri

sk
48

.1
 (3

5.
6–

N
E)

 v
er

su
s 

26
.6

 (2
2.

1–
33

.5
) (

H
R

: 
0.

65
, 9

5%
 C

I 0
.5

4–
0.

78
)

Fa
vo

ra
bl

e 
ri

sk
N

R
 (N

E–
N

E)
 v

er
su

s 
N

R
 

(5
6.

0–
N

E)
 (H

R
: 0

.9
3,

 9
5%

 
C

I 0
.6

2–
1.

40
)

P
oo

r 
ri

sk
H

R
 =

 0
.3

7,
 9

5%
 

C
I0

.2
1–

0.
66

In
te

rm
ed

ia
te

 r
is

k
H

R
 =

 0
.7

0,
 9

5%
 C

I 
0.

46
–1

.0
7

Fa
vo

ra
bl

e 
ri

sk
H

R
 =

 0
.8

4,
 9

5%
 C

I 
0.

35
–1

.9
7

P
oo

r 
ri

sk
H

R
 =

 0
.5

9,
 9

5%
 C

I 0
.3

7–
0.

96
In

te
rm

ed
ia

te
 r

is
k

H
R

 =
 0

.6
3,

 9
5%

 C
I 0

.4
7–

0.
83

Fa
vo

ra
bl

e 
ri

sk
H

R
 =

 1
.0

6,
 9

5%
 C

I 0
.6

0–
1.

86

P
oo

r 
ri

sk
21

.2
 (1

4.
7–

26
.3

) v
er

su
s 

11
.0

 
(7

.8
–1

6.
5)

 (H
R

 =
 0

.5
7,

 9
5%

 C
I 

0.
36

–0
.9

0)
In

te
rm

ed
ia

te
 r

is
k

30
.0

 (3
0.

0–
N

E)
 v

er
su

s 
28

.6
 

(2
7.

4–
N

E)
 (H

R
 =

 0
.8

6,
 9

5%
 C

I 
0.

62
–1

.2
0)

Fa
vo

ra
bl

e 
ri

sk
N

E 
ve

rs
us

 N
E 

(H
R

 =
 0

.8
1,

 
95

%
 C

I 0
.3

4–
1.

96
)

P
oo

r 
ri

sk
A

. H
R

 v
er

su
s 

su
n 

= 
0.

30
, 

95
%

 C
I 0

.1
4–

0.
64

B
. H

R
 v

er
su

s 
su

n 
= 

0.
90

, 
95

%
 C

I 0
.5

2–
1.

54
In

te
rm

ed
ia

te
 r

is
k

A
. H

R
 v

er
su

s 
su

n 
= 

0.
72

, 
95

%
 C

I 0
.5

0–
1.

05
B

. H
R

 v
er

su
s 

su
n 

= 
1.

22
, 

95
%

 C
I 0

.8
6–

1.
72

Fa
vo

ra
bl

e 
ri

sk
A

. H
R

 v
er

su
s 

su
n 

= 
1.

15
, 

95
%

 C
I 0

.5
5–

2.
40

B
. H

R
 v

er
su

s 
su

n 
= 

1.
01

, 
95

%
 C

I 0
.4

6–
2.

19

N
ot

 r
ep

or
te

d

 
O

R
R

, %
d,

e,
f

In
te

rm
ed

ia
te

/p
oo

r 
ri

sk
42

 v
er

su
s 

27
Fa

vo
ra

bl
e 

ri
sk

30
 v

er
su

s 
52

P
oo

r 
ri

sk
39

 v
er

su
s 

9
In

te
rm

ed
ia

te
 r

is
k

56
 v

er
su

s 
28

Fa
vo

ra
bl

e 
ri

sk
68

 v
er

su
s 

42

P
oo

r 
ri

sk
39

 v
er

su
s 

12
In

te
rm

ed
ia

te
 r

is
k

60
 v

er
su

s 
40

Fa
vo

ra
bl

e 
ri

sk
70

 v
er

su
s 

50

P
oo

r 
ri

sk
31

 v
er

su
s 

11
In

te
rm

ed
ia

te
 r

is
k

51
 v

er
su

s 
25

Fa
vo

ra
bl

e 
ri

sk
68

 v
er

su
s 

38

N
ot

 r
ep

or
te

d
N

ot
 r

ep
or

te
d

a T
he

se
 d

at
a 

ar
e 

su
m

m
ar

ie
s 

of
 tr

ia
l r

es
ul

ts
 a

nd
 n

ot
 in

te
nd

ed
 fo

r 
cr

os
s-

tr
ia

l c
om

pa
ri

so
ns

.
b A

ss
es

sm
en

t o
f P

D
-L

1 
ex

pr
es

si
on

 [⩾
1%

 (p
os

iti
ve

) v
er

su
s 
<

1%
 (n

eg
at

iv
e)

]:
 C

he
ck

M
at

e-
21

4 
us

ed
 th

e 
D

ak
o 

P
D

-L
1 

IH
C

 2
8-

8 
ph

ar
m

D
x 

te
st

; C
he

ck
M

at
e-

9E
R

 u
se

d 
th

e 
D

ak
o 

P
D

-L
1 

IH
C

 2
8-

8 
ph

ar
m

D
x 

te
st

 fo
r 

pe
rc

en
t p

os
iti

ve
 tu

m
or

 c
el

ls
; K

EY
N

O
TE

-4
26

 u
se

d 
P

D
-L

1 
IH

C
 2

2C
3 

ph
ar

m
D

X 
as

sa
y 

fo
r 

pe
rc

en
ta

ge
 o

f p
os

iti
ve

 c
el

ls
 (t

um
or

 c
el

ls
, l

ym
ph

oc
yt

es
, a

nd
 m

ac
ro

ph
ag

es
) o

ve
r 

to
ta

l n
um

be
r 

of
 tu

m
or

 c
el

ls
; J

AV
EL

IN
 R

en
al

 1
01

 u
se

d 
th

e 
Ve

nt
an

a 
P

D
-L

1 
(S

P
26

3)
 a

ss
ay

 fo
r 

pe
rc

en
ta

ge
 o

f p
os

iti
ve

 im
m

un
e 

ce
lls

 w
ith

in
 a

 tu
m

or
 a

re
a;

 C
LE

A
R

 u
se

d 
th

e 
P

D
-L

1 
IH

C
 2

2C
3 

ph
ar

m
D

x 
as

sa
y 

fo
r 

pe
rc

en
ta

ge
 o

f p
os

iti
ve

 c
el

ls
 (t

um
or

 c
el

ls
, l

ym
ph

oc
yt

es
, a

nd
 m

ac
ro

ph
ag

es
) o

ve
r 

to
ta

l n
um

be
r 

of
 tu

m
or

 c
el

ls
; I

M
m

ot
io

n 
15

1 
as

sa
ye

d 
fo

r 
pe

rc
en

ta
ge

 o
f p

os
iti

ve
 im

m
un

e 
ce

lls
 w

ith
in

 a
 tu

m
or

 a
re

a.
19

,2
0,

39
,4

1–
43

c F
or

 C
he

ck
M

at
e-

21
4,

 r
es

ul
ts

 w
er

e 
re

po
rt

ed
 fo

r 
P

D
-L

1 
st

at
us

 in
 p

at
ie

nt
s 

w
ith

 IM
D

C
 in

te
rm

ed
ia

te
/p

oo
r 

ri
sk

.
d B

as
ed

 o
n 

m
ed

ia
n 

fo
llo

w
-u

p 
of

 5
5 

(C
he

ck
M

at
e-

21
4,

 IM
D

C
),40

 3
0.

6 
(K

EY
N

O
TE

-4
26

),45
 a

nd
 1

9.
3 

(J
AV

EL
IN

 R
en

al
 1

01
)46

 m
on

th
s.

e F
or

 K
EY

N
O

TE
-4

26
, t

he
se

 w
er

e 
re

po
rt

ed
 fo

r 
30

.6
 m

on
th

 fo
llo

w
-u

p 
da

ta
.45

f F
or

 C
he

ck
M

at
e-

21
4,

 th
es

e 
w

er
e 

re
po

rt
ed

 fo
r 

4-
ye

ar
 fo

llo
w

up
.40

 
at

ez
o,

 a
te

zo
liz

um
ab

; a
ve

, a
ve

lu
m

ab
; a

xi
, a

xi
tin

ib
; b

ev
; b

ev
ac

iz
um

ab
; c

ab
o,

 c
ab

oz
an

tin
ib

; C
I, 

co
nf

id
en

ce
 in

te
rv

al
; e

ve
, e

ve
ro

lim
us

; H
R

, h
az

ar
d 

ra
tio

; I
C

I, 
im

m
un

e 
ch

ec
kp

oi
nt

 in
hi

bi
to

rs
; I

H
C

, 
im

m
un

oh
is

to
ch

em
is

tr
y;

 IM
D

C
, I

nt
er

na
tio

na
l M

et
as

ta
tic

 R
en

al
 C

el
l C

ar
ci

no
m

a 
D

at
ab

as
e 

C
on

so
rt

iu
m

; i
pi

, i
pi

lim
um

ab
; I

TT
, i

nt
en

t-
to

-t
re

at
; l

en
, l

en
va

tin
ib

; m
o,

 m
on

th
s;

 N
E,

 n
ot

 e
st

im
ab

le
; 

ni
vo

, n
iv

ol
um

ab
; N

R
, n

ot
 r

ea
ch

ed
; O

R
R

; o
bj

ec
tiv

e 
re

sp
on

se
 r

at
e;

 O
S,

 o
ve

ra
ll 

su
rv

iv
al

; P
D

-L
1,

 p
ro

gr
am

m
ed

 d
ea

th
-l

ig
an

d 
1;

 p
em

br
o,

 p
em

br
ol

iz
um

ab
; P

FS
, p

ro
gr

es
si

on
-f

re
e 

su
rv

iv
al

; s
un

, 
su

ni
tin

ib
; T

K
I, 

ty
ro

si
ne

 k
in

as
e 

in
hi

bi
to

r.

Ta
bl

e 
2.

 (
C

on
tin

ue
d)

https://journals.sagepub.com/home/tam


DJ George, C-H Lee et al.

journals.sagepub.com/home/tam	 9

Ta
bl

e 
3.

 K
ey

 s
af

et
y 

ou
tc

om
es

 fr
om

 th
e 

ph
as

e 
III

 c
om

bi
na

tio
n 

tr
ia

ls
 w

ith
 IC

Is
 a

nd
 IC

Is
 p

lu
s 

TK
Is

.a

C
he

ck
M

at
e-

21
4 

[C
lin

ic
al

Tr
ia

ls
 

.g
ov

 id
en

ti
fi

er
: 

N
CT

02
23

17
49

]39

C
he

ck
M

at
e-

9E
R

 
[C

lin
ic

al
Tr

ia
ls

 
.g

ov
 id

en
ti

fi
er

: 
N

CT
03

14
11

77
]19

K
EY

N
O

TE
-4

26
  

[C
lin

ic
al

Tr
ia

ls
 

.g
ov

 id
en

ti
fi

er
: 

N
CT

02
85

33
31

]41

JA
VE

LI
N

 R
en

al
  

10
1 

[C
lin

ic
al

Tr
ia

ls
 

.g
ov

 id
en

ti
fi

er
: 

N
CT

02
68

40
06

]42

C
LE

A
R

  
[C

lin
ic

al
Tr

ia
ls

 
.g

ov
 id

en
ti

fi
er

: 
N

CT
02

81
18

61
]20

IM
m

ot
io

n 
15

1 
 

[C
lin

ic
al

Tr
ia

ls
 

.g
ov

 id
en

ti
fi

er
: 

N
CT

02
42

08
21

]43

G
ra

de
 ⩾

3 
TR

A
E

N
iv

o/
ip

i: 
46

%
Su

n:
 6

3%
C

ab
o/

ni
vo

: 6
1%

Su
n:

 5
1%

A
xi

/p
em

br
o:

 6
3%

Su
n:

 5
8%

A
xi

/a
ve

: 5
7%

Su
n:

 5
5%

Le
n/

pe
m

br
o:

 7
2%

Le
n/

ev
e:

 7
3%

Su
n:

 5
9%

B
ev

/a
te

zo
: 4

0%
Su

n:
 5

4%

M
os

t c
om

m
on

 
gr

ad
e 
⩾

3 
TR

A
E

N
iv

o/
ip

i:
In

cr
ea

se
d 

lip
as

e 
(1

0%
)

Fa
tig

ue
 (4

%
)

D
ia

rr
he

a 
(4

%
)

Su
n:

H
TN

 (1
6%

)
Fa

tig
ue

 (9
%

)
P

P
E 

(9
%

)

C
ab

o/
ni

vo
:

H
TN

 (1
1%

)
P

P
E 

(8
%

)
Su

n:
H

TN
 (1

2%
)

P
P

E 
(8

%
)

A
xi

/p
em

br
o

H
TN

 (2
1%

)
A

LT
 in

cr
ea

se
d 

(1
2%

)
D

ia
rr

he
a 

(7
%

)
A

ST
 in

cr
ea

se
d 

(7
%

)
Su

n:
H

TN
 (1

8%
)

P
la

te
le

t c
ou

nt
 d

ec
re

as
ed

 
(7

%
)

N
eu

tr
op

en
ia

 (7
%

)
N

eu
tr

op
hi

l c
ou

nt
 

de
cr

ea
se

d 
(7

%
)

A
xi

/a
ve

:
H

TN
 (2

4%
)

P
P

E 
(6

%
)

D
ia

rr
he

a 
(5

%
)

A
LT

 in
cr

ea
se

d 
(5

%
)

Su
n:

H
TN

 (1
5%

)
N

eu
tr

op
en

ia
 (8

%
)

TT
P

 (6
%

)
A

ne
m

ia
 (5

%
)

Le
n/

pe
m

br
o:

H
TN

 (2
5%

)
In

cr
ea

se
d 

lip
as

e 
(1

0%
)

Le
n/

ev
e:

 7
3%

H
TN

 (2
1%

)
H

TG
 (1

0%
)

D
ia

rr
he

a 
(1

0%
)

Su
n:

H
TN

 (1
8%

)

B
ev

/a
te

zo
:

H
TN

 (1
4%

)
Su

n:
H

TN
 (1

7%
)

P
P

E 
(9

%
)

TT
P

 (5
%

)

Tr
ea

tm
en

t-
re

la
te

d 
de

at
hs

N
iv

o/
ip

i: 
8 

(p
ne

um
on

iti
s,

 
P

N
A

 a
nd

 a
pl

as
tic

 a
ne

m
ia

, 
im

m
un

e-
m

ed
ia

te
d 

br
on

ch
iti

s,
 lo

w
er

 G
IH

, 
he

m
op

ha
go

cy
tic

 s
yn

dr
om

e,
 

su
dd

en
 d

ea
th

, l
iv

er
 to

xi
c 

ef
fe

ct
s,

 a
nd

 lu
ng

 in
fe

ct
io

n)
Su

n:
 4

 (C
A

 [2
], 

H
F,

 a
nd

 
m

ul
tip

le
 o

rg
an

 fa
ilu

re
)

C
ab

o/
ni

vo
: 1

 
(s

m
al

l-
in

te
st

in
e 

pe
rf

or
at

io
n)

Su
n:

 2
 (P

N
A

 
an

d 
re

sp
ir

at
or

y 
di

st
re

ss
)

A
xi

/p
em

br
o:

 4
 

(m
ya

st
he

ni
a 

gr
av

is
, 

m
yo

ca
rd

iti
s,

 n
ec

ro
tiz

in
g 

fa
sc

iit
is

, a
nd

 
pn

eu
m

on
iti

s)
Su

n:
 7

 (a
cu

te
 M

I, 
C

A
, 

fu
lm

in
an

t h
ep

at
iti

s,
 G

IH
, 

IC
H

, m
al

ig
na

nt
 n

eo
pl

as
m

 
pr

og
re

ss
io

n,
 a

nd
 P

N
A

)

A
xi

/a
ve

: 3
 (s

ud
de

n 
de

at
h,

 m
yo

ca
rd

iti
s,

 
an

d 
ne

cr
ot

iz
in

g 
pa

nc
re

at
iti

s)
Su

n:
 1

 (i
nt

es
tin

al
 

pe
rf

or
at

io
n)

Le
n/

pe
m

br
o:

 4
 (a

cu
te

 
re

na
l f

ai
lu

re
, u

nc
on

tr
ol

le
d 

H
TN

, c
om

pl
ic

at
io

ns
 fr

om
 

m
ya

st
he

ni
c 

sy
nd

ro
m

e,
 

an
d 

co
m

pl
ic

at
io

ns
 fr

om
 

au
to

im
m

un
e 

he
pa

tit
is

)
Le

n/
ev

e:
 3

 (P
N

A
, u

ro
se

ps
is

, 
an

d 
co

lo
n 

pe
rf

or
at

io
n)

Su
n:

 1
 (n

ot
 s

pe
ci

fie
d)

B
ev

/a
te

zo
: 5

 
(c

er
eb

ra
l i

nf
ar

ct
io

n,
 

IC
H

, a
dr

en
al

 
in

su
ff

ic
ie

nc
y,

 
m

ul
tip

le
 o

rg
an

 
dy

sf
un

ct
io

n 
sy

nd
ro

m
e,

 a
nd

 
se

ps
is

)
Su

n:
 1

 (C
A

)

ir
A

Es
• 
A
ll 
gr
ad
es
: 8
0%

• 
�35
%
 r
ec
ei
ve
d 
hi
gh
 d
os
e 

st
er

oi
ds

• 
�G
ra
de
 ⩾

3:
 

H
ep

at
ot

ox
ic

ity
 

(3
%

)
• 
�19
%
 r
ec
ei
ve
d 

hi
gh

-d
os

e 
co

rt
ic

os
te

ro
id

s

• 
�⩾

G
ra

de
 3

: 1
1%

 (a
ls

o 
in

cl
ud

es
 in

fu
si

on
 

re
ac

tio
n)

• 
�H
ep
at
iti
s 
(2
%
)

• 
C
ol
iti
s 
(2
%
)

• 
�A
ll 
gr
ad
es
: 3
8.
2%

• 
�Th
yr
oi
d 
di
so
rd
er
s 

(2
5%

)
• 
G
ra
de
 ⩾

3:
 9

%
• 
�11
%
 r
ec
ei
ve
d 

hi
gh

-d
os

e 
co

rt
ic

os
te

ro
id

s

G
ra

de
 ⩾

3 
hy

po
th

yr
oi

di
sm

 
re

po
rt

ed
 in

 1
.4

%
 a

nd
 0

.6
%

 
of

 p
at

ie
nt

s 
in

 th
e 

le
n/

pe
m

br
o 

an
d 

le
n/

ev
e 

gr
ou

ps
, 

re
sp

ec
tiv

el
y

9%
 r

ec
ei

ve
d 

hi
gh

-
do

se
 c

or
tic

os
te

ro
id

s

D
is

co
nt

in
ua

tio
ns

 
du

e 
to

 T
R

A
Es

N
iv

o/
ip

i: 
22

%
 (b

ot
h)

Su
n:

 1
2%

C
ab

o/
ni

vo
: 3

%
 

(b
ot

h)
, 1

5%
 

(e
ith

er
), 

7%
 (c

ab
o)

, 
6%

 (n
iv

o)
Su

n:
 9

%

A
xi

/p
em

br
o:

 8
%

 (b
ot

h)
, 

26
%

 (e
ith

er
)

Su
n:

 1
0%

A
xi

/a
ve

: 8
%

 (b
ot

h)
Su

n:
 1

3%
Le

n/
pe

m
br

o:
 1

3%
 (b

ot
h)

, 
37

%
 (e

ith
er

), 
26

%
 (l

en
), 

29
%

 
(p

em
br

o)
Le

n/
ev

e:
 1

9%
 (b

ot
h)

, 2
7%

 
(e

ith
er

), 
22

%
 (l

en
), 

25
%

 (e
ve

)
Su

n:
 1

4%

B
ev

/a
te

zo
: 5

%
 

(b
ot

h)
, 5

%
 (b

ev
), 

2%
 

(a
te

zo
)

Su
n:

 8
%

a T
he

se
 d

at
a 

ar
e 

su
m

m
ar

ie
s 

of
 tr

ia
l r

es
ul

ts
 a

nd
 a

re
 n

ot
 in

te
nd

ed
 fo

r 
cr

os
s-

tr
ia

l c
om

pa
ri

so
ns

.
A

E,
 a

dv
er

se
 e

ve
nt

; A
LT

, a
la

ni
ne

 a
m

in
ot

ra
ns

fe
ra

se
; A

ST
, a

sp
ar

ta
te

 a
m

in
ot

ra
ns

fe
ra

se
; a

te
zo

, a
te

zo
liz

um
ab

; a
ve

, a
ve

lu
m

ab
; a

xi
, a

xi
tin

ib
; b

ev
; b

ev
ac

iz
um

ab
; C

A
, c

ar
di

ac
 a

rr
es

t;
 c

ab
o,

 
ca

bo
za

nt
in

ib
; e

ve
, e

ve
ro

lim
us

; G
IH

, g
as

tr
oi

nt
es

tin
al

 h
em

or
rh

ag
e;

 H
TG

, h
yp

er
tr

ig
ly

ce
ri

de
m

ia
; H

TN
, h

yp
er

te
ns

io
n;

 IC
H

, i
nt

ra
cr

an
ia

l h
em

or
rh

ag
e;

 IC
I, 

im
m

un
e 

ch
ec

kp
oi

nt
 in

hi
bi

to
r;

 ip
i, 

ip
ili

m
um

ab
; i

rA
E,

 im
m

un
e-

re
la

te
d 

A
E;

 le
n,

 le
nv

at
in

ib
; M

I, 
m

yo
ca

rd
ia

l i
nf

ar
ct

io
n;

 n
iv

o,
 n

iv
ol

um
ab

; p
em

br
o,

 p
em

br
ol

iz
um

ab
; P

N
A

, p
ne

um
on

ia
; P

P
E,

 p
al

m
ar

-p
la

nt
ar

 e
ry

th
ro

dy
se

st
he

si
a;

 
su

n,
 s

un
iti

ni
b;

 T
K

I, 
ty

ro
si

ne
 k

in
as

e 
in

hi
bi

to
r;

 T
R

A
E,

 tr
ea

tm
en

t-
re

la
te

d 
A

E;
 T

TP
, t

hr
om

bo
cy

to
pe

ni
a.

https://journals.sagepub.com/home/tam


Therapeutic Advances in Medical Oncology 13

10	 journals.sagepub.com/home/tam

In the following sections, we review results from 
five phase III trials evaluating these TKI/ICI  
combinations, including CheckMate-9ER, 
KEYNOTE-426, JAVELIN Renal 101, CLEAR, 
and IMmotion 151 (Tables 1–3). Results for 
CheckMate-9ER, KEYNOTE-426, and JAVELIN 
Renal 101 led to approval of the respective combi-
nation in the first-line setting, while the CLEAR 
results are under regulatory review.

CheckMate-9ER
The randomized, open-label, phase III 
Checkmate-9ER study evaluated cabozantinib in 
combination with nivolumab versus sunitinib  
in patients with ccRCC.19 Most patients in 
Checkmate-9ER were intermediate risk (57%), 
with 25% PD-L1 positive (Table 1).

Cabozantinib plus nivolumab improved PFS, OS, 
and ORR compared with sunitinib.19 Median PFS 
(primary endpoint) was 16.6 months for cabozantinib 
plus nivolumab versus 8.3 months for sunitinib 
(p < 0.001), and ORR was 56% versus 27%. In an 
updated analysis, median OS was not reached (NR) 
with the combination and 29.5 months with  
sunitinib (p = 0.0034).44 A trend of improved PFS 
and OS was noted with the combination in all sub-
groups analyzed; the benefit was more pronounced 
for those with poor risk than with intermediate or 
favorable risk (PFS: HR 0.37, 0.54, and 0.62, 
respectively) (Table 2). A favorable trend was 
observed for the combination versus sunitinib for 
PFS irrespective of PD-L1 status, while for OS the 
benefit was more pronounced in patients with 
PD-L1–negative versus PD-L1–positive tumors. In 
patients with tumors with sarcomatoid features 
(n = 75), improved outcomes were observed with the 
combination versus sunitinib for PFS [median 10.3 
versus 4.2 months (HR 0.42; 95% CI 0.23–0.74)], 
OS [median NR versus 19.7 months (HR 0.36; 95% 
CI 0.17–0.79)], and ORR (56% versus 22%).44

For HRQoL (FKSI-19), a significant difference 
(p < 0.05) was observed between treatment 
groups throughout the study. In the combination 
arm, total scores were maintained during the 
course of treatment while disease-related symp-
tom scores improved. In the sunitinib arm, both 
endpoints showed deterioration.19

TRAEs of grade ⩾ 3 were reported in 61% of 
patients with the combination (Table 3).19 The 
most frequently occurring grade ⩾ 3 TRAE was 
hypertension (11%) in the combination. TRAEs 

leading to discontinuation of all study treatment 
occurred in 3% of patients with the combination 
(15% with TRAEs leading to discontinuation  
of either study drug) and 9% of patients with 
sunitinib.

KEYNOTE-426
The combination of axitinib with pembrolizumab 
was assessed in patients with ccRCC in the open-
label phase III KEYNOTE-426 study.41 The 
majority of patients were intermediate risk (56%) 
and PD-L1 positive (60%) (Table 1).

PFS (co-primary endpoint) and ORR favored axi-
tinib plus pembrolizumab versus sunitinib, with 
median PFS 15.1 versus 11.1 months (p < 0.001) 
and ORR 59% versus 36% (Table 1).41 In  
an updated analysis, median OS (co-primary  
endpoint) was NR with the combination and 
35.7 months with sunitinib (p = 0.0003).45 There 
was a trend toward improved OS and PFS with 
the combination in all subgroups analyzed; the 
benefits were more pronounced for patients with 
poor-intermediate-risk RCC than for those with 
favorable-risk RCC (PFS HR 0.58, 0.70, and 
0.81, respectively), and for those with PD-L1–
positive tumors versus negative (PFS HR 0.62 and 
0.87, respectively) (Table 2). In a subgroup analy-
sis of patients with tumors with sarcomatoid  
features (n = 105), improved outcomes were 
observed for the combination versus sunitinib for 
PFS (HR 0.54; 95% CI 0.29–1.00) and ORR 
(59% versus 32%).57 In HRQoL analyses, no min-
imal clinically important difference in European 
Organization for the Research and Treatment of 
Cancer Quality of Life Questionnaire-C30 
(EORTC QLQ-C30) global health status and 
quality of life was observed for either treatment 
arm over a 30-week treatment period.58

TRAEs of grade ⩾ 3 were reported in 63% of 
patients with the combination (Table 3).41 The most 
frequently occurring grade ⩾ 3 TRAE was hyper-
tension (21%) in the combination. TRAEs leading 
to discontinuation of all study treatment occurred in 
8% of patients with the combination (with 26% 
having a TRAE that led to discontinuation of either 
study drug) and 10% of patients with sunitinib.

JAVELIN Renal 101
In the phase III JAVELIN Renal 101, axitinib was 
combined with avelumab and compared with 
sunitinib in patients with advanced RCC.42,46 
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The primary analysis population consisted of 
patients with PD-L1–positive status, which 
accounted for 63% of all patients. The majority of 
those enrolled in the ITT population were inter-
mediate risk (62%) (Table 1).

In JAVELIN Renal 101, median PFS in the 
PD-L1–positive population (co-primary endpoint) 
was 13.8 months with axitinib plus avelumab and 
7.2 months with sunitinib (p < 0.001), with similar 
results observed in the ITT population (Tables 1 
and 2).42 In updated efficacy results, median OS 
was NR and 28.6 months for the combination and 
sunitinib (p = 1.301), respectively, in the PD-L1–
positive population (co-primary endpoint).46 ORR 
favored the combination over sunitinib in both the 
PD-L1–positive population (55% versus 26%) and 
the ITT population (51% versus 26%).42 In a pre-
specified subgroup analysis across IMDC risk 
groups, the combination was favored over suni-
tinib for PFS with HRs of 0.54, 0.74, and 0.57 for 
the favorable-, intermediate-, and poor-risk 
groups, respectively. In a subgroup analysis of 108 
patients with tumors with sarcomatoid histology, 
median PFS with the combination versus sunitinib 
was 7 versus 4 months (HR 0.57; 95% CI 0.33, 
1.00), while ORR was 47% versus 21%.59

Rates of grade ⩾ 3 TRAEs were similar between 
the combination and sunitinib arms, at 57% and 
55%, respectively.42 The most frequently occur-
ring grade ⩾ 3 TRAE in the combination arm was 
hypertension (24%) (Table 3). In the combina-
tion arm, 8% of patients discontinued both study 
treatments owing to a TRAE, compared with 
13% in the sunitinib arm.

CLEAR
In the 3-arm CLEAR study, the multikinase 
inhibitor lenvatinib was combined with either pem-
brolizumab or the mTOR inhibitor everolimus and 
compared with sunitinib.20 Most patients had 
intermediate risk (56%), with 32% PD-L1 posi-
tive (Table 1).

Both combination arms were favored over sunitinib 
for PFS (primary endpoint), with medians of 
23.9 months for pembrolizumab plus lenvatinib, 
14.7 months for lenvatinib plus everolimus, and 
9.2 months for sunitinib (p < 0.001 for both com-
binations versus sunitinib) (Table 1).20 Similar 
PFS benefits were observed in the PD-L1–positive 
population for pembrolizumab plus lenvatinib 
versus sunitinib (Table 2). OS with lenvatinib plus 

pembrolizumab was favored over sunitinib, while 
there was no statistical difference for lenvatinib 
plus everolimus versus sunitinib. Median OS was 
NR for any of the cohorts. ORR was higher with 
pembrolizumab plus lenvatinib (71%) compared 
with lenvatinib plus everolimus (54%) or suni-
tinib (36%).

Rates of grade ⩾ 3 TRAEs were higher for either 
combination with lenvatinib (72%–73%) versus 
sunitinib (59%) (Table 3).20 The most common 
grade ⩾3 TRAE was hypertension (25% for  
pembrolizumab plus lenvatinib and 21% for len-
vatinib plus everolimus). Discontinuation rates 
for both or either combination agent due to 
TRAEs were 13% and 37% for lenvatinib plus 
pembrolizumab and 19% and 27% for lenvatinib 
plus everolimus, while for sunitinib it was 14%.

IMmotion 151
In the phase III IMmotion151, bevacizumab was 
combined with atezolizumab and compared with 
sunitinib in patients with ccRCC or RCC with a 
sarcomatoid histology (n = 915).43 The majority 
of patients were intermediate risk (69%), with 
40% PD-L1 positive (Tables 1 and 2). Based on 
findings from this study, development of this regi-
men is not being pursued.60 While the combina-
tion was favored over sunitinib for PFS in the 
PD-L1–positive population (co-primary end-
point),43 the co-primary endpoint of OS did not 
reach the significance threshold for the combina-
tion versus sunitinib in the PD-L1–positive popu-
lation or in the ITT population. Among 142 
patients with sarcomatoid features, the combina-
tion arm had longer PFS versus sunitinib with 
medians of 8.3 versus 5.3 months (HR 0.52; 95% 
CI 0.34–0.79) and longer OS with medians of 
21.7 versus 15.4 months (HR 0.64; 95% CI 0.41–
1.01).61 In HRQOL analyses, the combination 
was favored over sunitinib (p < 0.05).62

Rates of grade ⩾ 3 TRAEs were lower for the com-
bination (40%) versus sunitinib (54%) (Table 3).43 
The most common grade ⩾3 TRAE was hyper-
tension (14%) in the combination arm. In the 
combination arm, 5% of patients discontinued 
study treatment (both agents) due to a TRAE 
compared with 8% with sunitinib.

Ongoing studies and novel approaches
Several ongoing phase III studies are evaluating 
TKI-ICI combinations with results expected in 
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the next 12–24 months. The combination of 
PD-1 inhibitor toripalimab plus axitinib is being 
evaluated versus sunitinib as first-line treatment in 
advanced RCC.63 In the first study to utilize an 
alternative to sunitinib as a comparator, 
COSMIC-313 will add cabozantinib to the 
nivolumab/ipilimumab doublet in patients with 
IMDC intermediate/poor risk, with the ICI dou-
blet as the control arm.64

Studies are also evaluating regimens that include 
novel agents, such as those targeting the immune 
checkpoint LAG-3 and HIF-2α, as well as cancer 
vaccines (Table 4). Ongoing phase III studies 
that are evaluating novel agents for first-line treat-
ment of RCC include: PIVOT-09, which is 
assessing the pegylated interleukin-2 molecule 
bempegaldesleukin (NKTR-214) plus nivolumab 
versus sunitinib or cabozantinib; and the combi-
nation of pembrolizumab plus lenvatinib with or 
without the HIF-2α inhibitor belzutifan or the 
CTLA-4 inhibitor quavonlimab.65–67 In the rand-
omized phase II MERECA study, the dendritic 
cell vaccine ilixadencel followed by sunitinib was 
compared with sunitinib as a first-line treatment, 
with improved ORR but similar PFS and OS 
results.68

With the TKI/ICI combination, there is still lim-
ited information on the optimal treatment 
sequencing strategy. Also, it is unclear if treatment 
sequencing should be patient-dependent. To 
address some of these questions, the ongoing phase 
III PDIGREE study will investigate an adaptive 
treatment approach, whereby first-line nivolumab 
plus ipilimumab is followed by either nivolumab 
monotherapy, nivolumab plus cabozantinib, or 
cabozantinib monotherapy depending on 
response to nivolumab plus ipilimumab.72 It is 
also unclear if potential improvements with com-
binations are synergistic or additive and which 
drug is driving disease control. The phase III 
CONTACT-03 study will evaluate cabozantinib 
plus atezolizumab versus cabozantinib after  
prior ICI therapy and should provide some 
clarification.73

Although this review focused on ccRCC, there 
are some recent advancements in non-ccRCC 
that are worth noting. The phase III SAVOIR 
study evaluated the MET inhibitor savolitinib 
versus sunitinib in 60 primarily treatment-naïve 
patients, with MET-driven papillary RCC.74 
Although OS and ORR were greater in patients 
receiving savolitinib versus sunitinib (median NR 

versus 13.2 months and 27% versus 7%, respec-
tively), median PFS was not statistically different 
(7.0 versus 5.6 months, HR 0.71; 95% CI 0.37–
1.36). Cabozantinib was evaluated along with 
sunitinib, savolitinib, and crizotinib in primarily 
treatment-naïve patients with papillary RCC 
(n = 147) in the phase II randomized S1500/
PAPMET study.75 PFS was significantly longer 
with cabozantinib, compared with sunitinib 
(median 9.0 versus 5.6 months; HR = 0.60; 95% 
CI 0.37–0.97), and ORR was 23%, and 4%. 
Savolitinib and crizotinib were stopped early  
due to futility. Median OS was 20.0 months for 
cabozantinib and 16.4 months for sunitinib.

Biomarkers
Data from phase III trials illustrate the potential 
for long-term, durable benefit in patients who 
respond to immunotherapy-based regimens, but 
they also highlight the need for biomarkers of 
response. Currently, IMDC risk scores are the 
only validated prognostic markers in clinical use 
for RCC.19,20,39,41–43 In CheckMate-214, the ben-
efit of nivolumab plus ipilimumab was observed 
in patients with intermediate-/poor-IMDC risk 
but not in patients with favorable risk.39 For the 
CheckMate-9ER, KEYNOTE-426 studies, and 
CLEAR studies, the benefit of the ICI-TKI com-
binations was observed across IMDC risk sub-
groups with the benefit more pronounced in 
patients with intermediate/poor risk versus favora-
ble disease.

Use of additional biomarkers along with IMDC 
scores could aid in predicting outcomes. In a 
study evaluating IMDC components as outcome 
predictors with anti-VEGF therapy, elevated 
platelet count was associated with worse out-
comes in intermediate-IMDC risk patients.76 
Another study identified a high systemic immune-
inflammation index based on neutrophil, platelet, 
and lymphocyte counts, correlating with poorer 
outcomes for patients receiving a first-line TKI.77

Histologic characteristics can potentially be uti-
lized as a response predictor. Sarcomatoid fea-
tures are generally associated with poor 
outcomes.42,59,61 Although sarcomatoid features 
are well described as a poor prognostic feature, 
multiple studies of first-line ICI-TKI show 
increased response rates with sarcomatoid fea-
tures as compared with tumors negative of this 
feature.42,59,61 Given the outcomes of ICI-TKI 
and ICI-ICI combinations compared with 
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Table 4.  Ongoing studies and novel first-line therapies for RCC.

Compound Target RCC histology Major study Patients Primary outcomes/
primary and 
secondary outcome 
results

Cytokines

 � Bempegaldesleukin 
(NKTR-214)65

Pegylated IL-2 Advanced 
ccRCC 
including 
tumors with 
sarcomatoid 
features

PIVOT-09, phase 
III open-label 
randomized trial 
[ClinicalTrials.
gov identifier: 
NCT03729245]
Completion date: 
primary: 2021; 
study: 2024

•  �NKTR-214 plus 
nivolumab (n = ~300)

•  �Sunitinib or 
cabozantinib 
(n = ~300)

ORR (IMDC 
intermediate-poor 
and ITT) and OS 
(IMDC intermediate-
poor and ITT)

Immunotherapies

  Toripalimab63 Anti-PD-1 Advanced 
RCC

Phase III 
open-label, 
randomized study 
[ClinicalTrials.
gov identifier: 
NCT04394975]
Completion date 
(primary and 
study): 2023

347-patient enrollment
•  �Toripalimab plus 

axitinib
•  Sunitinib

PFS

  TBQ245066 Anti-PD-L1 Advanced 
RCC

Phase III 
open-label, 
randomized study 
[ClinicalTrials.
gov identifier: 
NCT04523272]
Completion date: 
2023 (primary and 
study)

347-patient enrollment
•  �TBQ2450 plus 

anlotinib
•  Sunitinib

PFS

•  �Quavonlimab  
(MK-1308A)

•  MK-4280
•  �Belzutifan  

(MK-6482)69

•  �Anti-CTLA-4 
(MK1308A)

•  �Anti-LAG-3 
(MK-4280)

•  �HIF-2α 
inhibitor  
(MK-6482)

RCC Phase  
Ib/II open-label, 
randomized trials 
[ClinicalTrials.
gov identifier: 
NCT04626479]
Completion date: 
2024 (primary and 
study)

390-patient enrollment
•  �Pembrolizumab/ 

quvonlimab/
lenvatinib

•  �Pembrolizumab/ 
MK-4280/lenvatinib

•  �Pembrolizumab/ 
belzutifan/lenvatinib

•  �Pembrolizumab/ 
lenvatinib

•  �Patients 
experiencing ⩾1 
DLT

•  �Patients 
experiencing ⩾1 
AEs

•  �Discontinuations 
due to AEs

•  ORR

Vaccines

  CMN-00170 Dendritic cell 
immunotherapy

Advanced 
RCC

Phase II open-
label, randomized 
[ClinicalTrials.
gov identifier: 
NCT04203901]
Completion date: 
2022 (primary and 
study)

120-patient enrollment
•  �CMN-001/nivolumab 

plus ipilimumab/
lenvatinib plus 
everolimus

•  �Nivolumab plus 
ipilimumab/
lenvatinib plus 
everolimus

OS

(Continued)
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sunitinib, the presence of sarcomatoid features 
will likely be incorporated into treatment deci-
sions in the near future.

The use of PD-L1 as a biomarker has not been 
clearly established for RCC. A meta-analysis of 
recent randomized clinical trials comparing ICIs as 
monotherapy or in combination with other agents 
to standard of care suggested that PD-L1 may be 
predictive of PFS but not OS.78 In JAVELIN Renal 
101, PD-L1 expression on immune cells was not 
associated with improved PFS with avelumab plus 
axitinib.79 Multiple issues have likely confounded 
PD-L1 biomarker data, including varying defini-
tions of PD-L1 positivity (i.e., immune cells only 
or tumor cells plus immune cells) and utilizing dif-
ferent antibodies and assay formats.41,42 Potentially, 
a composite biomarker encompassing key tumor-
immune phenotype features and not a single bio-
marker may be required.

A variety of studies have utilized genomic profiling 
and transcript profiling to identify biomarkers 
associated with treatment efficacy and safety. A 
biomarker analysis of samples from the phase II 

IMmotion150 study showed that markers of pre-
existing immunity (PD-L1 expression, effector 
T-cell signature) identified patients with improved 
response to bevacizumab plus atezolizumab, while 
patients with a high angiogenic signature responded 
better to sunitinib.35 Comparable results were 
obtained from the phase III IMmotion151 study,80 
and the same angiogenic gene expression signature 
was found to be enriched in favorable-risk patients 
from the JAVELIN Renal 101.81

Further exploratory analyses of patients treated 
with axitinib plus avelumab in JAVELIN Renal 
101 have shown the high expression of a 26-gene 
immune-based signature associated with 
improved PFS with the combination,79 and a low 
neutrophil-to-lymphocyte ratio associated with 
improved PFS, OS, and ORR.82 Additionally, a 
26-gene angiogenesis-based signature was associ-
ated with improved PFS with sunitinib, but not 
with the combination.79 However, gene signa-
tures from JAVELIN Renal 101 and IMmotion150 
were evaluated in CheckMate 214, and no rela-
tionship was observed between immune-related 
gene signature and efficacy.83

Compound Target RCC histology Major study Patients Primary outcomes/
primary and 
secondary outcome 
results

Other targets

•  �Belzutifan  
(MK-6482)71

•  �HIF-2α 
inhibitor  
(MK-6482)

Advanced 
ccRCC

Phase II, 
open-label, 
nonrandomized 
[ClinicalTrials.
gov identifier: 
NCT03634540]
Completion date: 
2023 (primary and 
study)

50 patients in 
treatment-naïve arm
•  �Belzutifan/

cabozantinib

ORR

•  �Belzutifan  
(MK-6482)

•  �Quavonlimab  
(MK-1308)67

•  �HIF-2α 
inhibitor  
(MK-6482)

•  �Anti-CTLA-4 
(MK-1308A)

Advanced 
ccRCC

Phase III, open-
label, randomized 
[ClinicalTrials.
gov identifier: 
NCT04736706]
Completion date: 
Primary 2026/
Study 2027

1431-patient enrollment
•  �Pembrolizumab/ 

belzutifan/lenvatinib
•  �Pembrolizumab/ 

quavonlimab/
lenvatinib

•  �Pembrolizumab/ 
lenvatinib

PFS, OS

AE, adverse event; ccRCC, clear cell RCC; CTLA-4, cytotoxic T-lymphocyte–associated protein 4; DLT, dose-limiting toxicity; HIF-2α; hypoxia-
inducible factor 2α; IL, interleukin; IMDC, International Metastatic Renal Cell Carcinoma Database Consortium; ITT, intent-to-treat; LAG-3, 
lymphocyte-activating gene 3; ORR; objective response rate; OS, overall survival; PD-1, programmed cell death protein 1; PD-L1, programmed 
death-ligand 1; PFS, progression-free survival; RCC, renal cell carcinoma.

Table 4.  (Continued)
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In the phase II BIONIKK study, patients with four 
different 35-gene expression mRNA signatures, 
two each associated with low-and high-sunitinib 
sensitivity, were assessed.84,85 The sunitinib low-
sensitivity groups, with immune-high (n = 31) and 
immune-low (n = 62) signatures, had ORRs of 
50% and 21%, respectively, with nivolumab and 
53% and 39%, respectively, with nivolumab plus 
ipilimumab (followed by nivolumab maintenance). 
The sunitinib high-sensitivity groups, with proan-
giogenic (n = 55) and normal (n = 6) signatures, 
had ORRs of 48% and 25%, respectively, with the 
nivolumab plus ipilimumab regimen and 54% and 
0% with a TKI (sunitinib or pazopanib). These 
results indicate the potential of using gene signa-
tures to stratify patients.

Serum molecules are also being evaluated as 
response biomarkers. Studies include identifying 
a cytokine signature associated with nivolumab 
clearance and the association of elevated interleu-
kin-6 and CD146 levels with TKI sensitivity.86–88

Overall, promising candidate biomarkers are cen-
tered around identifying patients with an immuno-
genic phenotype versus those with a predominantly 
angiogenic phenotype, who may respond better  
to ICI-based regimens or TKI monotherapies, 
respectively. Once identified, prospective valida-
tion of these targets will be required.

Challenges, gaps, and future directions
Although significant progress has been made in 
development of first-line treatment strategies for 
RCC, relevant issues still need to be addressed. 
There is a lack of data for patients with favorable-
risk RCC, as the majority of patients in phase III 
trials have intermediate-/poor-risk RCC, and 
analyses of favorable-risk subgroups have been 
exploratory. Additional research is also needed to 
better characterize the tumor biology by IMDC 
risk; results from such research may also highlight 
potentially useful biomarkers.

Better strategies need to be developed for the man-
agement of AEs with combination treatments. 
Toxicity tends to be greater with combination 
treatments relative to monotherapies, with an 
increased risk of all-grade and grade 3/4 diarrhea, 
liver toxicity, and endocrinopathies relative to suni-
tinib monotherapy.19,41,42 Studies have employed 
strategies including prophylaxis, dose interruption, 
and dose reduction (TKIs only) to manage  
AEs. Treatment sequencing may also aid in the 

development of strategies to reduce toxicity, but 
there are limited data of second-line treatments 
following newly approved first-line regimens.

Measuring response with ICI-based regimens 
poses challenges, as response kinetics differs from 
those observed with TKI treatments. Although 
trials continue to use RECIST v1.1, new meas-
ures such as irRECIST have been developed and 
may become used more widely in the future.16

Summary
The first-line RCC treatment landscape has 
evolved rapidly, with immunotherapy-based com-
binations forming a new standard of care. 
Optimization of these new therapies will involve 
greater personalization to increase benefit for indi-
vidual patients. Strategies to mitigate and mini-
mize added toxicity with combination therapies 
will be needed to translate these clinical trial results 
to more diverse real-world patient populations.
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