






[PD], stable disease [SD], and adverse events [�
grade 3]).

2.5. Risk of bias assessment

Two authors (MN and WA) independently
assessed the risk of bias using the Rob-2 tool [14].
The third author (MAA) addressed discrepancies in
judgment between the initial two authors.

3. Results

In total, 5927 articles were identified, including
1656 articles from PubMed, 1683 articles from WOS,
287 articles from Cochrane library, 2109 articles from
Embase, and 192 articles from clinicaltrials.gov. Ten
randomized control trials (RCTs) (N ¼ 7765) [15e24]
and 10 non-randomized studies (N ¼ 572) [25e34]
were included based on inclusion criteria (Fig. 1).

Fig. 1. Flow chart of literature search.
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3.1. Risk of bias

The included RCTs had a high risk of bias, given
their open-label nature. However, the risk of bias
was low considering other parameters, such as
randomization, measurement of outcomes, missing
data, and selection of results (Fig. 2).

3.2. CPIs in RCC

CPIs were examined in previously treated patients
with ccRCC in 6 clinical studies (N ¼ 1258), in
treatment naïve patients as first-line therapy in 10

trials (N ¼ 6000), post-nephrectomy patients in 1
trial (N ¼ 994), and both treated and untreated pa-
tients in 3 trials (N ¼ 182). Overall, 4819 patients
were treated with CPI combinations and compared
with everolimus, sunitinib, and placebo. All patients
were >18 years of age. Table 1 presents the baseline
characteristics of included trials.

3.3. Nivolumab-based regimens

In two dose-finding studies on previously treated
patients with RCC (N¼ 258) [22,26], ORRswere 9e20,
22, and 20% in nivolumab 0.3, 2, and 10 mg groups,

Fig. 2. Risk of bias assessment with the RoB-2 tool.
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respectively. Median PFS (mPFS), median OS, and �
grade 3 adverse events were comparable between the
three dose groups. In an RCT by Motzer et al.
(N¼ 821) [15], ORR/CR/PRwere 25%/1%/24% vs. 5%/
1%/5% innivolumab vs. everolimus, respectively. The
response and survival rates were significantly higher
in the nivolumab group than in the everolimus-
treated group (Supplemental Table 2 (https://www.
hosct.org/cgi/viewcontent.cgi?filename¼0&article¼
1027&context¼hematology-oncology-and-stem-
cell-therapy&type¼additional)). Treatment-related
adverse events (TRAEs) of� grade 3were 19% vs. 37%
in nivolumab vs. everolimus groups, respectively,
with fatigue, anemia, hyperglycemia and pneumo-
nitis among the commonly documented adverse
events (Supplemental Table 2 (https://www.hosct.
org/cgi/viewcontent.cgi?filename¼0&article¼1027&
context¼hematology-oncology-and-stem-cell-
therapy&type¼additional)). In three clinical trials
(N ¼ 898) [20,23,33], ORR/mPFS were 42%/11.6
months, 55.7%/16.6 months, and 56%/18.9 months in
combinations of nivolumab with ipilimumab, cabo-
zantinib, and tivozanib, respectively. These nivolu-
mab combinations exhibited significantly better
response and survival rates than sunitinib. TRAEs �
of grade 3 were 46% in two-CPI combinations and
75.3e80% in the nivolumab and tyrosine kinase in-
hibitor (TKI) combination. Palmer-planter eryth-
rodysesthesia (PPE), hypertension, anemia, and
hepatitis were common � grade 3 adverse events
reported in combination regimens (Supplemental
Table 2 (https://www.hosct.org/cgi/viewcontent.cgi?
filename¼0&article¼1027&context¼hematology-
oncology-and-stem-cell-therapy&type¼additional)).

3.4. Avelumab-based regimens

In two clinical trials (N ¼ 941) [16,30], ORR, CR,
PR, median OS, mPFS were 51.5e58%, 3.4e6%,
48e52%, 11.6 months, and 13.8 months in the
avelumab + axitinib group, respectively, compared
with that of the sunitinib group (25.5%, 1.8%, 23.9%,
10.7 months, and 8.4 months, respectively) (Sup-
plemental Table 2 (https://www.hosct.org/cgi/
viewcontent.cgi?filename¼0&article¼1027&context
¼hematology-oncology-and-stem-cell-therapy&
type¼additional)). Both regimens were well toler-
ated by most patients, with similar safety profiles
noted in both groups. Anemia, hypertension, hep-
atitis, and proteinuria were commonly reported
adverse events (Supplemental Table 2 (https://www.
hosct.org/cgi/viewcontent.cgi?filename¼0&article¼
1027&context¼hematology-oncology-and-stem-cell-
therapy&type¼additional)).

3.5. Pembrolizumab-based regimens

In three clinical trials (N ¼ 943) [17,32,35], the
pembrolizumab + TKI group presented ORR, CR,
and PR values of 59.3e73, 0e16.1, and 53.5e70%,
respectively, when compared with those of the
sunitinib only group (ORR, CR, and PR of 25.7, 8,
and 23.9%, respectively). Both regimens were
tolerated with � grade 3 TRAEs of 65e82.4% vs.
70.6% in the pembrolizumab + TKI group vs. the
TKI-only group, respectively. Anemia, hyperten-
sion, hepatitis, PPE, proteinuria, fatigue, and hypo-
thyroidism were commonly reported � grade 3
adverse events (Supplemental Table 2 (https://www.
hosct.org/cgi/viewcontent.cgi?filename¼0&article¼
1027&context¼hematology-oncology-and-stem-cell-
therapy&type¼additional)). In a phase Ib/II clinical
trial by Dudek et al. (N ¼ 61) [29], ORR, CR, and PR
were 41.7e60.9, 6.5e8, and 34e53.5%, respectively.
In an RCT by Choueiri et al. (N ¼ 994) [21], the
hazard ratio (HR) of OS and recurrence/death were
significantly improved with pembrolizumab therapy
when compared with those of placebo therapy in
post-nephrectomy patients with RCC. In a phase II
study by McDermott et al. (N ¼ 110) [34], pem-
brolizumab monotherapy resulted in ORR, CR, PR,
and mPFS of 36.4%, 3.6%, 32.7%, and 7.1 months,
respectively. In a clinical trial by Atkins et al. (N ¼
22) [31], combining pembrolizumab with ipilimumab
and pegylated interferon (PEG-INF) alfa induced
ORRs of 30 and 17%, respectively, in pretreated pa-
tients with RCC (Supplemental Table 2 (https://
www.hosct.org/cgi/viewcontent.cgi?filename¼0&article
¼1027&context¼hematology-oncology-and-stem-
cell-therapy&type¼additional)).

3.6. Atezolizumab-based regimens

In two RCTs (N ¼ 1220) [18,19], the
atezolizumab + bevacizumab group showed ORR,
CR, and PR of 32e36, 5e7, and 25e31%, respectively,
compared with those of the sunitinib group (ORR,
CR, and PR of 29e33, 5e9, and 31e32%, respec-
tively). The HR of OS and PFS were not statistically
significant (Supplemental Table 2 (https://www.
hosct.org/cgi/viewcontent.cgi?filename¼0&article
¼1027&context¼hematology-oncology-and-stem-
cell-therapy&type¼additional)). However, substan-
tially promising results were reported in the PD-
L1+ve subgroup of patients, and the HR of PFS was
0.74 (95% CI ¼ 0.57e0.96) in the phase III trial.
TRAEs of � grade 3 were documented in 64/555,
94/562, and 17/103 patients in atezolizumab + bev-
acizumab, sunitinib, and atezolizumab monotherapy
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groups, respectively (Supplemental Table 2
(https://www.hosct.org/cgi/viewcontent.cgi?filename¼
0&article¼1027&context¼hematology-oncology-and-
stem-cell-therapy&type¼additional)).

3.7. Two-CPI combination

Motzer et al. examined a two-CPI combination
comprising ipilimumab and nivolumab in treatment
naïve patients. The ipilimumab + nivolumab group
presented ORR, CR, and PR of 42, 9, and 32%,
respectively, compared with those of the sunitinib
group (ORR, CR, and PR of 27, 1, and 25%, respec-
tively). HR of OS and PFS were 0.63 (0.44e0.89) and
0.82 (0.64e1.05), respectively, favoring the
ipilimumab + nivolumab combination. TRAEs of �
grade 3 were reported in 46% vs. 63% of patients in
ipilimumab + nivolumab vs. sunitinib groups,
respectively (Supplemental Table 2 (https://www.
hosct.org/cgi/viewcontent.cgi?filename¼0&article¼
1027&context¼hematology-oncology-and-stem-cell-
therapy&type¼additional)).

3.8. Early trial results presented at conferences

In early results of three trials (N ¼ 184) [36,37],
GSK998 + pembrolizumab and durvalumab +
guadecitabine were found to be safe and effective in
advanced RCC. In a phase II study by Atkins et al.
(N ¼ 117) [38], nivolumab + ipilimumab was safe
and effective in patients refractory to nivolumab
monotherapy. In three clinical studies (N ¼ 86)
[39e41], sitravatinib + nivolumab, nivolumab, and
durvalumab were safe and effective in patients un-
dergoing nephrectomy. However, full-term results
and more RCTs are needed to confirm these find-
ings (Table 3).

3.9. Ongoing clinical trials

There are 15 ongoing clinical trials (N ¼ 5233)
examining CPI combinations, registered on clinical-
trials.gov, including 3 phase trials (N¼ 1026) (Table 4).

4. Discussion

In recent years, multiple clinical trials have eval-
uated the safety and effectiveness of CPIs alone or in
combination therapy for patients with advanced
RCC. PD-L1/PD-1/CTLA-4 blockade can unleash the
immune response against tumor cells [8]. VHL gene
mutation is a hallmark of ccRCC, leading to the
subsequent accumulation of hypoxia-inducible fac-
tors. This leads to vascularization and persistence of
RCC. Therefore, CPIs were also assessed in

combination with other targeted therapies, including
pazopanib, sunitinib, temsirolimus, axitinib, and
bevacizumab. Typically, CPIs and combining CPIs
with anti-angiogenic agents were well tolerated by
most patients. CPIs were found to induce fewer
adverse events than anti-angiogenic drugs; however,
autoimmune adverse events related to CPIs can be
life-threatening. CPIs have been associated with
endocrinopathies, enterocolitis, hepatitis, dermatitis,
and pneumonitis. However, any organ can be
involved in the CPI-mediated autoimmune process.
Proteinuria, hypertension, fatigue, diarrhea, and PPE
were common adverse events reported with anti-
angiogenic drugs and were also reported on
combining these agents with CPIs.
PD-1 inhibitor antibodies block the checkpoint

pathway and are speculated to increase tumor traf-
ficking or T-cell infiltration into cancer cells or
facilitate ongoing T-cell expansion within the tumor
microenvironment [42]. In the initial phase I clinical
trial conducted by Toplians et al., in 2012, multiple
cancer patients, including 33 patients with RCC, 76
with lung cancer, and 94 with melanoma, were
treated with different anti-PD-1 antibodies. The
objective response was reported in 27% of patients
with RCC. However, the trial included patients with
RCC refractory to multiple lines of drug therapy,
and PD-1 antibodies were evolving in 2012. The
authors found that only patients with PD-L1þve
tumors exhibited a response, whereas no patients
with PD-L1-ve tumors responded to treatment.
However, multiple trials on different solid tumors
subsequently reported responses in PD-L1-ve tu-
mors, as well as PD-L1þve solid tumors [43,44]. The
drug was well tolerated, and � grade 3 TRAEs were
observed in 14% of patients who received anti-PD1
antibodies, suggesting that therapy can be delivered
in outpatient settings with minimal support. On
examining the 5-year follow-up, Topalian et al.
found that the drug was associated with long-term
survival and was well tolerated, and none of the
patients with RCC died owing to TRAEs. However,
three patients with lung cancer died of pneumonitis
during treatment [45].
In a phase II RCT by Motzer et al. (N ¼ 168), the

doseeresponse relationship, safety, and antitumor
action of nivolumab (PD-1 inhibitor) were assessed
in pretreated patients with metastatic RCC. The
overall response was reported in 20% of patients
unresponsive to prior drug therapies, and all three
drug doses (0.3, 2, and 10 mg/kg) were well tolerated.
A response was observed with all doses, and the
median OS was 24.7 months with 10 mg/kg nivolu-
mab (superior dose among the three doses), which
was numerically better than that reported in
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