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Opinion statement

Adjuvant therapy for non-metastatic renal cell carcinoma (RCC) remains contro-
versial. Of the four reported randomized controlled trials evaluating adjuvant
vascular endothelial growth factor (VEGF) inhibition, only one met its primary
endpoint. The S-TRAC study demonstrated a statistically significant improvement
in disease-free survival (DFS) of greater than 1 year with adjuvant sunitinib
compared to placebo in patients with high-risk localized RCC and earned it FDA
approval. However, the larger ASSURE study which reported first did not find a
difference in DFS or overall survival between 1 year of adjuvant sunitinib or
sorafenib compared to placebo. Given the discordant results of the two sunitinib
studies, two other negative studies of adjuvant targeted therapy with pazopanib
and axitinib, the lack of definite overall survival benefit in any study, and the
high incidence of treatment-related adverse events with sunitinib, we do not
recommend the routine use of adjuvant sunitinib. The decision to offer adjuvant
sunitinib should be considered on an individual basis after an informed discussion
of the potential toxicities and the risk/benefit ratio. Despite numerous efforts
and recently published works, there is a paucity of prognostic and predictive
molecular biomarkers in RCC. Further investigation is needed to discover new
tools that can enhance the identification of patients who are most likely to
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benefit from adjuvant treatment beyond pathologic stage. Immune checkpoint
inhibitors have great potential to significantly improve outcomes in high-risk
localized RCC. Building on their established efficacy in the metastatic setting,
several ongoing clinical trials are evaluating their value as single agents or in
combination in the neoadjuvant and adjuvant settings. At this time, we recom-
mend participation in clinical trials as the preferred therapeutic option for
patients with high-risk, non-metastatic RCC planned for nephrectomy.

Introduction

Renal cell carcinoma (RCC) is a frequently diag-
nosed urologic malignancy, constituting approxi-
mately 65,430 cases in 2018 in the USA and over
400,000 new cases globally [1, 2]. For patients with
non-metastatic disease, surgical resection via partial
or radical nephrectomy is the current standard-of-
care [3]. Cancer-specific survival rates for non-
metastatic clear cell RCC are estimated at 84 and
76% at 5 and 10 years respectively after initial surgi-
cal resection [4]. However, around 30–40% of pa-
tients with high-risk features such as high nuclear
grade, locally advanced stage, and/or regional lymph
node involvement experience disease recurrence
which is generally incurable. The optimal treatment
strategy for such high-risk patients would be to offer
an effective anticancer perioperative systemic treat-
ment with the goal of eradicating micrometastatic
disease and potentially improving cure rates, without
subjecting patients to significant toxicity. Such a
multimodal strategy has been successful in several
other solid tumors such as bladder, breast, colon,
and lung cancer [5–8].

Multiple agents such as interferon, interleukin-2, tu-
mor vaccines, chemotherapies and medroxyprogesterone
acetate have been evaluated in RCC in the adjuvant
setting without improvement in disease-free survival

(DFS) or overall survival (OS) [9–18]. More recently,
enhancement in our understanding of the pathogenesis
of advanced RCC has significantly enriched the treat-
ment landscape with the introduction of agents
targeting the vascular endothelial growth factor (VEGF)
pathway and mammalian target of rapamycin (mTOR)
inhibitors. These therapies have significantly improved
outcomes in the metastatic setting [19], and thus, were
rational to investigate in the adjuvant setting. However,
to date only one of four reported randomized controlled
clinical trials has demonstrated improved DFS with ad-
juvant tyrosine kinase inhibition, albeit with an earlier
trial with the same agent, sunitinib, reporting no differ-
ence [20••, 21••, 22••, 23••]. Consequently, there is no
well-established adjuvant systemic therapy strategy in
RCC.

Immune checkpoint inhibitors (CPI) have demon-
strated durable efficacy with a favorable safety and tol-
erability profile in both treatment naïve and VEGF
targeted therapy refractory metastatic RCC [24, 25].
Therefore, great enthusiasm exists to evaluate them in
the non-metastatic setting to prevent disease recurrence
and improve cure rates. In this review, we discuss the
current evidence regarding VEGF targeted therapy as
adjuvant treatment in RCC as well as discuss the ongo-
ing trials evaluating CPI in this setting.

Risk stratification in localized renal cell carcinoma

For localized disease, multiple prognostic nomograms incorporating the
American Joint Committee on Cancer (AJCC) TNM staging, Eastern Coop-
erative Oncology Group (ECOG) performance status, and histologic fea-
tures such as presence or absence of necrosis and Fuhrman nuclear grade
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have been developed to identify patients at high risk for disease recurrence
[26–34]. Among the most frequently used nomograms are the Leibovich
and the UCLA Integrated Staging System (UISS) scores. The Leibovich
score was specifically designed to predict DFS after surgery for patients
with localized clear cell RCC and stratifies patients into three risk groups
based on tumor stage, regional lymph node status, nuclear grade, and the
presence or absence of necrosis [28]. Recently, Leibovich and colleagues
presented a prognostic model including non-clear cell subtypes (papillary
and chromophobe) of RCC as well [4]. The UISS score stratifies patients
into five risk categories based on TNM stage, Fuhrman nuclear grade, and
performance status and is designed to classify patients into risk groups and
predict survival for patients with both clear cell and non-clear cell RCC
[27]. These prognostic models have been used for patient selection in
several contemporary adjuvant clinical trials. However, significant hetero-
geneity has been described across these nomograms with regard to estima-
tion of recurrence risk [35].

Advances in our understanding of RCC pathogenesis have highlighted
the significance of VHL, BAP1, PBRM1, and SETD2 mutations as key
drivers of RCC progression [36–38]. Transcriptomic approaches based on
gene expression have the potential to improve the risk stratification of
RCC. Prognostic assays based on gene expression data have been success-
fully incorporated in clinical practice in other tumor types such as breast
and prostate carcinoma [39, 40]. Brooks et al. developed a genomic
classifier (ClearCode 34) based on expression of 34 genes to identify
good-risk (ccA) and poor-risk (ccB) subtypes of RCC that is able to
discriminate significant differences in outcomes [41]. The prognostic sig-
nificance of this signature was subsequently validated using gene expres-
sion data from patients with non-metastatic RCC included in The Cancer
Genome Atlas (TCGA) database and an institutional cohort of RCC pa-
tients. Rini and colleagues investigated a 16-gene expression signature in a
retrospective cohort of 942 patients with stage I–III clear cell RCC who
underwent nephrectomy [42]. A total of 11 genes representing vascular,
immune response, inflammation, cell cycle, and cell growth pathways, as
well as, 5 reference genes were selected for inclusion in the recurrence
score. This 16-gene recurrence score was subsequently validated in an
independent cohort of patients with stage I–III RCC and was associat-
ed with worse recurrence-free survival (RFS) after adjusting for tumor
size, nuclear grade, and Leibovich score. Its prognostic value was
validated using a cohort of patients with high-risk RCC treated with
adjuvant sunitinib versus placebo in the S-TRAC trial [43•]. Increase in
recurrence score was associated with worse RFS, DFS, and cancer-
specific survival (CSS) in patients treated with both sunitinib and placebo
treatment arms and may help identify patients who would most need an
effective adjuvant therapy.

Long non-coding RNAs (lncRNAs) have a critical role in cancer recur-
rence and prognosis [44]. RNA-sequencing of 444 stage I–III clear cell RCC
tumors captured in the TCGA dataset permitted development of a four-
lncRNA-based classifier that significantly stratified patients into high- ver-
sus low-risk groups in terms of clinical outcome [45]. The signature
achieved a higher accuracy than clinical staging such as TNM and SSIGN
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score. Genes important in cell cycle proliferation may also aid in predic-
tion of recurrence. Morgan et al. identified a multigene signature derived
from a RNA expression array measuring genes involved in cell cycle pro-
liferation as an independent predictor of recurrence and disease-specific
mortality after nephrectomy in 565 patients with localized clear cell,
papillary, or chromophobe RCC [46]. A composite score incorporating
clinical data (Karakiewicz nomogram) was developed, which was correlat-
ed with outcomes suggesting that the combination of clinical and genomic
features could improve risk stratification. While these studies represent
significant attempts at improving the risk stratification of localized RCC,
most require further prospective validation before adoption into clinical
practice.

Contemporary trials of targeted therapies in the adjuvant setting

The blockade of tumor angiogenesis via VEGF pathway inhibition is the main
mechanism of action of targeted therapies in RCC [19]. Their efficacy in ad-
vanced disease led to the development of several phase III clinical trials inves-
tigating their role in the adjuvant setting. The results of some studies have been
reported thus far (Table 1): ASSURE (sunitinib vs. sorafenib vs. placebo), S-
TRAC (sunitinib vs. placebo), PROTECT (pazopanib vs. placebo), and ATLAS
(axitinib vs. placebo). The primary endpoint for all these studies was DFS,
defined as the interval between randomization and first tumor recurrence,
occurrence of metastasis or a secondary cancer, or death. OS, defined as the
time from randomization to death from any cause, was a secondary endpoint
across the trials.

The ASSURE trial (NCT00326898) was the largest study to investigate
VEGF targeted agents adjuvantly in RCC [20••]. A total of 1943 patients
with high-risk RCC as defined by AJCC (pT1bN0M0 with nuclear grade ≥
3, or pT2-4N0M0 or pTanyN+M0) were randomized in a 1:1:1 fashion to
receive sunitinib 50 mg oral per day (4 weeks on and 2 weeks off sched-
ule) with sorafenib placebo, sorafenib 400 mg oral twice daily (continu-
ous schedule) with sunitinib placebo, or placebo/placebo for 1 year after
nephrectomy. Enrollment of patients with non-clear cell histology was
allowed. High rates of treatment discontinuation due to toxicity among
the initial 1323 patients enrolled led to an amendment to lower the
starting dose to sunitinib 37.5 mg daily and sorafenib 400 mg (200 mg
twice daily). Patients with tolerable grade 2 adverse events (AEs) could be
dose escalated to the full doses. Dose reductions due to toxicity were
permitted for both sunitinib (lowest level: 25 mg daily) and sorafenib
(lowest: 400 mg every other day). Median DFS was 5.8 years for sunitinib
(HR 1.02, 97.5% CI 0.85–1.23; p = 0.8038), 6.1 years for sorafenib (HR
0.97, 97.5% CI 080–1.17; p = 0.7184), compared to 6.6 years for patients
in the placebo arm. No difference in OS was noted between the three
cohorts. Subgroup analyses of patients at the highest risk by stage (pT3-4
or pN+) with clear cell histology (n = 1069) and those that had higher
dose intensity of sunitinib or sorafenib failed to demonstrate benefit from
adjuvant sunitinib or sorafenib compared to placebo [47•]. ASSURE
highlighted the tolerability issues associated with VEGF tyrosine kinase
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inhibition when administered in the adjuvant setting. Grade 3 or higher AEs
occurred in 63% of patients in the sunitinib arm, 72% in the sorafenib arm, and
25% in the placebo arm. Among all patients, the starting dose had to be reduced
to 37.5 mg daily for sunitinib (69.6%) and 200 mg twice daily for sorafenib
(69.8%). Treatment discontinuation due to treatment-related AEs occurred in
44% of patients treated with sunitinib and 45% of patients who received
sorafenib. Despite dose reductions, 34% at reduced dose sunitinib and 30%
at reduced dose sorafenib still required treatment discontinuation.

The S-TRAC trial (NCT00375674) randomized 615 patients with resected
locoregional clear cell RCC at high risk for recurrence per UISS criteria
(pT2N0M0 grade ≥ 3 or pT3-4N0M0 or pTxN+M0) to receive sunitinib
50 mg daily (4 weeks on and 2 weeks off schedule) or placebo (1:1) for 1 year
[21••]. S-TRAC required treatment to be started at the full dose and limited dose
reductions during treatment to only one dose level (no lower than 37.5 mg daily).
Based on blinded independent central review with a median follow-up of
5.4 years, patients treated with sunitinib had a statistically significant increase in
DFS compared to those treated with placebo (6.8 vs. 5.6 years, HR 0.76; 95% CI
0.59–0.98; p = 0.03). Therewas no statistically significant difference in investigator-
assessed DFS between both treatment arms (6.5 vs. 4.5 years, HR 0.81; 95% CI
0.64–1.02; p = 0.08). There was no difference inOS (HR 1.01). Follow-up analyses
identified 67 deaths with sunitinib and 74 deaths with placebo [48].

The toxicity profile of sunitinib was similar to that seen in the ASSURE trial.
Grade 3–4 events occurred in 60.5% of patients in the sunitinib arm. The
treatment discontinuation rate due to AEs was 28% and dose reductions were
needed in 34% of patients. Recently, patient-reported outcomes from S-TRAC
highlighted reduced quality of life and increased toxicity compared to the
placebo arm. Diarrhea, palmar-plantar erythrodysesthesia, and hypertension
were the most common events described in the sunitinib armwith appetite loss
and diarrhea being clinically meaningful to the patients. [49].

A prospective exploratory biomarker analysis in a subset of patients from the
S-TRAC trial has been conducted to examine potential associations between
treatment effects and tissue biomarkers including CD4, CD68, CD8, and pro-
grammed cell death ligand 1 (PD-L1). Greater CD8+ T cell density in tumor
tissue was associated with longer DFS with sunitinib but not placebo, suggest-
ing potential predictive utility, although further independent cohort validation
studies are warranted [50].

Based on the improvement in DFS seen in the S-TRAC trial, the Food and
Drug Administration (FDA) extended the sunitinib indication to patients at
high risk for recurrence after nephrectomy, and it is now a standard treatment
option for patients whose disease meets the S-TRAC criteria. Nevertheless, the
decision remains controversial among many patients and physicians given the
discrepant results, lack of OS benefit, and toxicity profile. Indeed, prior to the
FDA and International Kidney Cancer Coalition (IKCC) decision, the European
Association of Urology (EAU) convened a panel of kidney cancer experts and
patient advocates from the IKCC [51•]. Their meta-analysis of the ASSURE and
S-TRAC data, did not demonstrate a significant DFS benefit. The consensus of
the patient and physician panels was that the evidence to support adjuvant
sunitinib was weak, and they did not recommend sunitinib as adjuvant therapy.

The PROTECT trial (NCT01235962) randomized 1538 patients to
pazopanib 800 mg oral per day or placebo (1:1) for 1 year [22••]. Eligible
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patients had intermediate- or high-risk clear cell RCC (pT2N0M0 grade ≥ 3,
pT3-4N0M0, pTxN1M0). As in the ASSURE trial, the starting dose of pazopanib
was reduced from 800 to 600 mg daily, after enrollment of 403 patients, due to
high rates of treatment discontinuations due to toxicity. The primary endpoint
was subsequently changed to DFS among the patients treated with pazopanib
600 mg vs. placebo (n = 1135). The modified primary endpoint was not
achieved; there was no significant difference in DFS between patients treated
with pazopanib 600 mg daily or placebo (HR 0.86; 95% CI 0.70–1.06; p =
0.16). However, the subpopulations with no reduction in the starting
dose—pazopanib 800 mg (HR 0.69; 95% CI 0.51–0.94; p = 0.02)—and the
combined population—pazopanib 800 and 600 mg (HR 0.80; 95% CI 0.68–
0.95; p = 0.01)—achieved a significant intention-to-treat DFS benefit leading to
31 and 20% risk reductions, respectively. While it may be premature, no OS
benefit for either subpopulation was seen. The treatment discontinuation rate
was 35% with pazopanib 600 mg and 39% at the full 800 mg dose.

A recent systematic review and meta-analysis of patients treated on the
ASSURE, S-TRAC, and PROTECT trials did not reveal a statistically significant
benefit of DFS or OS in patients with intermediate/high risk disease and was
associated with significantly higher rates of high-grade AEs [52].

Recently, the results from ATLAS (NCT01599754), a randomized phase 3
trial evaluating axitinib 5 mg oral twice daily or placebo (1:1), have been
reported. Eligibility required clear cell RCC intermediate or high risk for recur-
rence after nephrectomy (≥ pT2 and/or pN+) [23••]. Patients were required to
take the drugs for 1 year but could remain on it for up to 3 years based on
physician and patient discretion. An independent data monitoring committee
recommended stopping the study at a planned interim analysis due to futility at
203 DFS events. Overall, a total of 724 patients were randomized in a 1:1
fashion and included in the intention-to-treat population. Among these, a
higher percentage of patients were Asian (73%) and at highest risk of recurrence
(56%), defined as pT3 grade ≥ 3 or pT4 and/or N+. Axitinib dose reductions
were permitted to a minimum of 1 mg twice a day and dose escalations up to
10 mg twice a day were allowed. There was no significant difference in DFS per
independent review committee assessment in the intention-to-treat population
(HR 0.870, 95% CI 0.660–1.147; p 0.3211) or per investigator assessment (HR
0.776, 95% CI 0.599–1.005; p 0.0536). In the subgroup of patients at highest
risk (pT3, Grade ≥ 3 or pT4 and/or N+), a trend towards improved DFS was
observed by an independent review committee (HR 0.735, 95% CI 0.525–
1.028; p 0.0704) and by investigators (HR 0.641, 95% CI 0.468–0.879; p
0.0051). OS data were not mature. Treatment-related AEs occurred in 91% of
patients treated with axitinib with 49% experiencing a grade 3–4 event. In
axitinib-treated patients, 56% had dose reductions, 51% dose interruptions,
and 23% had to permanently discontinue treatment. Duration of treatment for
patients in the axitinib armwas as follows: 9 1 year (31%), 1–2 years (27%), 2–
3 years (22%), and 3 full years (20%).

Given the poor prognosis associated with its expression in localized RCC,
agents targeting the carbonic anhydrase IX protein (CAIX) have also been
investigated in the adjuvant setting [53]. The ARISER trial (NCT00087022)
evaluated the efficacy of a monoclonal antibody (girentuximab) targeting CAIX
in patients with pT1b-pT2 grade ≥ 3, pT3-4, or N+ RCC compared to placebo
[54]. Girentuximab was administered as a first single dose 50 mg intravenous
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infusion, followed by weekly 20 mg infusions. Co-primary endpoints were DFS
and OS assessed by independent radiologic review. No statistically significant
DFS (HR = 0.97; 95% CI 0.79–1.18) or OS (HR = 0.99; 95% CI 0.74–1.32)
benefit was observed. Drug-related AEs occurred in 21.6% of patients, which
was similar in both arms. Subsequent analyses showed that a high CAIX score
expression in primary tumor tissue (a calculation based on staining intensity
and expression) portended the greatest DFS benefit especially in patients youn-
ger than 65 years, good ECOG performance status, or low grade tumors.
Ultimately, this agent did not move forward in the clinic.

In addition to the previously mentioned studies, the ongoing SORCE (sorafe-
nib vs. placebo) and EVEREST (everolimus vs. placebo) phase III clinical trials are
assessing the utility of sorafenib and everolimus in the adjuvant setting, respective-
ly. These studies have completed accrual and the final results are awaited (Table 2).

SORCE (NCT00492258) is a phase III study comparing sorafenib 400 mg
twice daily for 3 years, sorafenib 400 mg twice daily for 1 year followed by
placebo for 2 years, and placebo for 3 years. Patients are randomized in a 3:3:2
fashion. This study is targeting intermediate- or high-risk disease by Leibovich
score and allows both clear cell and non-clear cell histologies. Similar to the
ASSURE trial, the initial starting dose was reduced due to toxicity issues, in this
case to sorafenib 400 mg once daily. The primary objective is DFS. The study
has completed recruitment and final results are not yet published.

The phase III EVEREST trial (NCT01120249) is evaluating the role of themTOR
inhibitor everolimus 10 mg oral daily versus placebo for 1 year in clear and non-
clear cell RCC at intermediate- or high-risk of recurrence. Using a 1:1 randomiza-
tion, 1545 patients were accrued, and the final results are expected in 2021.

Lastly, akin to adjuvant therapy, the concept of targetingmicroscopic disease
post-metastectomy is being investigated. A randomized phase 2 study
(NCT01444807) compared 1 year of postsurgical sorafenib or observation after
metastectomy and did not find a benefit in RFS [55]. Tolerability was a signif-
icant issue with only two patients among the 32 enrolled in the sorafenib arm
being able to tolerate the full dose. E2810 (NCT01575548) is a fully accrued
and maturing phase III trial which is evaluating postsurgical pazopanib for
1 year compared to placebo in patients with metastatic RCC who have no
evidence of residual disease after metastatectomy.

Dissecting the evidence

Whether to use adjuvant VEGF inhibition for localized RCC remains contro-
versial given the discordant results of the randomized trials to date. S-TRAC is
the only study to show a statistically significant DFS benefit. Based on the S-
TRAC results, the FDA approved sunitinib for high-risk patients in 2017 as
adjuvant therapy for RCC. However, the voting was split with only 6 of the 12
ODAC members voting in favor. Conversely, the European Medicines Agency
(EMA) opted to recommend against sunitinib in the adjuvant setting given the
low benefit to risk ratio [51•].

The reasons behind the discrepant results have been debated. All stud-
ies proposed the same underlying hypothesis, were phase III randomized
trials with an experimental arm with an oral VEGF targeted agent and a
placebo control arm, and employed a primary DFS endpoint. However,
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some subtle but important differences have been noted. Heterogeneity in
study design has been proposed as a possible reason to explain the
different outcomes. These studies differed in terms of the stage of disease
permitted (intermediate and/or high-risk patients using different risk re-
currence classifications), inclusion or not of non-clear cell histologies, drug
dosing from initiation to lowest dose reduction permitted, as well as
primary endpoint assessment (investigator or independent central review).

S-TRACwas themost restrictive in terms of eligibility requiring the highest risk
population by stage and excluding the non-clear cell histologies that have poorer
prognosis when metastatic and where sunitinib has lower efficacy in the meta-
static setting [56]. To assess whether differences in the primaryDFS result between
S-TRAC and ASSURE could be based on targeting only the highest risk clear cell
disease, a post-hoc subgroup analysis of patients from the ASSURE trial with stage
pT3-4 or pN+ clear cell disease, similar to those in the S-TRAC trial, demonstrated
no statistically significant DFS benefit compared to placebo [47•]. S-TRAC
employed central review of imaging at baseline and at recurrence, opposed to
ASSURE which relied on investigator-based assessment, which could have influ-
enced the reliability of the results. However, to counter that point, there was no
difference in investigator-assessedDFS between the treatment arms in the S-TRAC
trial which is in line with results from the ASSURE trial.

Differences in drug exposure have also been cited as a potential explanation
for the differences in the trials. The sunitinib starting dose was not reduced in S-
TRAC trial, and dose reductions were limited to 37.5 mg/day. In the ASSURE
trial, the starting dose was reduced 37.5 mg/day for 70% of the patients and dose
reductions were permitted as low as 25 mg/day. Reports in advanced disease
have demonstrated a relationship between drug-dose and drug-efficacy among
the VEGFR multityrosine kinase inhibitors [57–60]. The results of the adjuvant
PROTECT study support the relationship between pazopanib exposure and
clinical efficacy and safety [61•]. Among the patients treated with pazopanib
600 mg daily on the PROTECT trial, there was trend towards improved DFS in
patients with a high pazopanib trough concentration compared to thosewhohad
low trough concentration or those who received placebo and a significant benefit
in DFS was achieved among patients treated with pazopanib 800 mg daily.

None of the studies evaluating adjuvant targeted therapies in RCC have
shown a survival benefit, which prompts the question of whether DFS is a
good surrogate endpoint in this setting. Given the significant time require-
ments to test an OS endpoint, an earlier intermediate endpoint like DFS is
preferred. DFS has been shown to correlate with OS in other diseases such
as breast and colon cancer [62, 63]. The validity of DFS as a surrogate
endpoint and its correlation with OS in RCC adjuvant studies was inves-
tigated in a meta-analysis of 13 randomized clinical trials which evaluated
a heterogeneous array of adjuvant agents from cytokines to vaccines to
chemotherapy to VEGF blockade. Only a modest correlation (R2 0.48)
between 5-year DFS and OS rates was found [18]. The correlation of DFS
with OS using patient data from the S-TRAC trial has been investigated
[64]. The investigators found similar moderate correlations (R2 from 0.51
to 0.88) between OS and both investigator-assessed and blinded indepen-
dent review DFS. Most of the ongoing trials in non-metastatic RCC con-
sider OS as secondary endpoint with few studies considering both DFS and
OS as co-primary endpoints likely due to duration and sample size
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requirements. Further studies are warranted to evaluate the relationship
between DFS and OS.

Adjuvant checkpoint blockade

Cancer immunotherapies that target the T cell have enhanced disease
control with some durable long-term responses in a broad array of
advanced cancers. The efficacy of CPI targeting the Programmed Death-
1 (PD-1) and Cytotoxic T Lymphocyte Associated protein-4 (CTLA-4)
pathways in metastatic RCC [24, 25] has generated enthusiasm for the
potential utility of these therapies in the adjuvant setting. Experience
from other solid tumors such as melanoma indicates that CPIs in the
adjuvant setting could be a promising strategy [65, 66].

Currently, several clinical trials are examining the efficacy of immuno-
therapy in the adjuvant setting through either single or dual CPI (Table 2
and Fig. 1). The IMMotion010 (NCT03024996) and KEYNOTE-564
(NCT03142334) trials are phase III studies evaluating the role of
atezolizumab (anti-PD-L1) and pembrolizumab (anti-PD-1), respectively,
for 1 year compared to placebo in clear cell RCC. Tumors with
sarcomatoid features are allowed in both trials. IMMotion010 includes
high-risk disease and KEYNOTE-564 targets those patients with intermedi-
ate- and high-risk of recurrence. Both allow patients who present with
isolated, soft tissue metastases that have been completely resected at the
time of nephrectomy (synchronous) or ≤ 1 year from nephrectomy
(metachronous). The primary objective of both studies is DFS.

Other ongoing clinical trials are evaluating dual CPI. RAMPART
(NCT03288532) is a phase III multi-arm study assessing durvalumab (anti-PD-
L1) alone or in combination with tremelimumab (anti-CTLA-4) for 1 year com-
pared to surveillance. Patients with intermediate- or high-risk disease based on
Leibovich score are eligible. It is expected that intermediate-risk patients will
contribute 25% of the total accrual target. Enrollment of patients with non-clear
cell histology is permitted except for pure oncocytoma, collecting duct, or medul-
lary carcinomas. DFS and OS are co-primary endpoints. Only two doses of
tremelimumab are given at the beginning of the treatment with continuation of
adjuvant PD-L1 blockade for 1 year. Hoping to capitalize on the success of dual
CPI in the first-line metastatic setting [25], the CheckMate 914 study
(NCT03138512) is evaluating the ability of adjuvant nivolumab (anti-PD-1) plus
ipilimumab (anti-CTLA-4) to increase DFS over placebowhen given for 6 months.
Intermediate or high-risk patients (pT2N0M0 grade ≥ 3 or pT3-4N0M0 or
pTxN+M0) with predominantly clear cell disease are included. The combination
will be given together for the first four doses followed by monthly nivolumab
monotherapy for the remainder of the 6 months.

Althoughmost studies are evaluating CPI solely in the adjuvant setting, their
use in the neoadjuvant setting might elicit a more potent anti-tumor immune
response due to presence of larger repertoire of tumor-associated antigens [67•].
Efficacy results from phase 2 trials testing neoadjuvant PD-1 pathway blockade
in different solid tumors including bladder, lung, and breast cancer have shown
promising results with impressive pathological responses [68–71]. In RCC, at
least four clinical trials are evaluating the effects of CPI in the neoadjuvant
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context (NCT02595918, NCT02575222, NCT02212730, NCT02762006) and
preliminary results of two have demonstrated feasibility and safety of nivolumab
without delays in surgical treatment (NCT02575222, NCT02595918).

Of the phase 3 perioperative CPI studies in RCC, only one, the PROSPER
RCC study (ECOG-ACRIN 8143), is evaluating the role of combined neoadju-
vant plus adjuvant blockade (NCT03055013). PROSPER takes a three-
dimensional approach of pre-surgical priming with PD-1 blockade in the form
of nivolumab, followed by surgical resection, and consolidation with adjuvant
PD-1 blockade for 9 months. It is not placebo controlled, and the control arm is
standard-of-care partial or radical nephrectomy followed by observation. Pa-
tients with clinical T2-4 or any node positive tumors are eligible.
Oligometastatic disease that can be surgically resected within a 12-week win-
dow is permitted. Both clear cell and non-clear cell tumors are eligible. The
neoadjuvant component will allow the unique opportunity for correlative

Fig. 1. Phase 3 trials evaluating checkpoint inhibitors in the perioperative setting.
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biomarker analyses of the impact of the neoadjuvant PD-1 priming on the
immune response and discovery of any biomarkers that may predict optimal
use of this strategy or portend better outcomes regardless of adjuvant therapy.

Conclusions

Given the discordant results from the currently reported adjuvant VEGFR
tyrosine kinase inhibitor trials, the utility of adjuvant VEGF blockade in RCC
today is debatable and participation in ongoing prospective CPI trials should be
the priority. How best to incorporate these agents into the perioperative para-
digm is evolving at a rapid pace. The future is bright, with several important
ongoing CPI trials addressing different key questions from the efficacy of
adjuvant monotherapy to dual checkpoint inhibition to a combined
neoadjuvant/adjuvant approach. The recent successes of CPI-VEGF inhibitor
combinations in the metastatic setting may make this an attractive approach in
the adjuvant setting, although their tolerability profile will need to be carefully
considered. Ideally, patient selection for future perioperative therapy trials
should be based on genomic ormolecular biomarkers in addition to the current
prognostic tools based on disease stage, histology, and performance status.
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