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abstract

PURPOSE Targeted tyrosine kinase inhibitors (TKIs) and immune-checkpoint inhibitors (ICIs) revolutionized the
treatment of metastatic renal cell carcinoma (RCC). Efforts to translate these therapies into the adjuvant setting
for local and locoregional RCC have been pursued over the past decade. We sought to provide an updated review
of the literature regarding adjuvant therapy in RCC, as well as an analysis of patient characteristics that may
portend the most favorable responses.

MATERIALS AND METHODS Using PubMed, Google Scholar, and Wiley Online Library, we reviewed articles
between 2000 and 2022. Search terms included “tyrosine kinase inhibitors,” “adjuvant,” “immunotherapy,”
and “renal cell carcinoma.” The articles included were original and published in English. Information on clinical
trials was collected from ClinicalTrials.gov, accessed in June 2022.

RESULTS Landmark trials investigating adjuvant vascular endothelial growth factor (VEGF) inhibitors produced
conflicting results, with only a single trial of sunitinib (S-TRAC) resulting in US Food and Drug Admin-
istration–approval on the basis of a slightly prolonged progression-free survival (PFS). Subsequent meta-
analyses failed to show a benefit for adjuvant VEGF inhibitors. Several trials evaluating ICIs are currently ongoing,
with pembrolizumab (KEYNOTE-564) earning US Food and Drug Administration–approval for a prolonged PFS,
although overall survival data are not yet mature. Preliminary results from other adjuvant ICI trials have been
conflicting.

CONCLUSION There remains a lack of clear benefit for the use of adjuvant VEGF inhibitors in local and
locoregional RCC. Adjuvant ICI investigations are ongoing, with promising results from KEYNOTE-564. It
remains to be seen if PFS is an adequate surrogate end point for overall survival. Selection of patients at
greatest risk for recurrence, and identification of those at greatest risk of rare but serious adverse events, may
improve outcomes.

JCO Precis Oncol 7:e2200407. © 2023 by American Society of Clinical Oncology

INTRODUCTION

Renal cell carcinoma (RCC) has been of increasing
incidence in the United States and worldwide over
the past 4 decades.1,2 Globally, kidney cancer is the
14th most common cancer by incidence.2 In the
United States, it represents the 9th most common
cancer and is estimated to result in 79,000 new cases
and cause 13,920 deaths in 2022.3

Most patients are diagnosed at a stage deemed local or
locally advanced and are candidates for surgery that
may be considered curative. Among the roughly 70% of
patients diagnosed within these early stages, between
20% and 40% will recur.4 When classified into low-,
intermediate-, and high-risk using the UCLA Integrated
Staging System (UISS), the 5-year recurrence risk was
9.6%, 39.2%, and 58.1%, respectively.5 Much has
been done to develop new targets and therapies for

adjuvant use, as recurrence will result in greater than
half of all patients being considered high-risk.

Translational research has led to therapies directed at
cellular targets such as vascular endothelial growth
factor (VEGF), which has revolutionized treatment of
metastatic RCC (mRCC).6 Following US Food andDrug
Administration (FDA)–approval for the first tyrosine
kinase inhibitor (TKI) for mRCC in 2005 with sunitinib,
a new era of treatment began with development of
novel targeted therapies; subsequently, multiple at-
tempts have been made to use TKIs in the adjuvant
setting for nonmetastatic disease.7 Despite these ef-
forts, the results from these clinical trials have been
conflicting.8 More recently developed immune-
checkpoint inhibitors (ICIs) are hoped to portend a
more favorable safety profile with positive antitumor
responses.9 Clinical trials are underway to assess their
use in the adjuvant setting.

Author affiliations
and support
information (if
applicable) appear at
the end of this
article.

Accepted on
December 7, 2022
and published at
ascopubs.org/journal/
po on February 1,
2023: DOI https://doi.
org/10.1200/PO.22.
00407

1

http://ascopubs.org/journal/po
http://ascopubs.org/journal/po
http://ascopubs.org/doi/full/10.1200/PO.22.00407
http://ascopubs.org/doi/full/10.1200/PO.22.00407
http://ascopubs.org/doi/full/10.1200/PO.22.00407


In this review, we explore the role of adjuvant targeted
therapy in RCC, both historically and in modern practice.
We also seek to describe patient populations that may
benefit from adjuvant therapy, while weighing risks of
adverse effects against potential benefits, and discuss
outcomes data imperative to understanding the efficacy of
adjuvant therapy.

METHODS

Using PubMed, Google Scholar, and Wiley Online Library,
we reviewed articles between 2000 and 2022. Search
terms included “tyrosine kinase inhibitors,” “adjuvant,”
“immunotherapy,” and “renal cell carcinoma.” Articles
were original and published in English. Unpublished works,
works not in English, and news articles were not included.
Information on clinical trials was collected from Clinical-
Trials.gov, accessed in June 2022.

RESULTS

Historical Perspective: Adjuvant Therapy in the

Pretargeted Era

In the 1980s, adjuvant immunotherapy agents interferon-
alpha and interleukin-2 were pursued, given their favorable
results treating metastatic disease. Several trials failed to
show improvement in disease-free survival (DFS), both
alone and in combination.10 Similarly disappointing results
were found investigating adjuvant tumor-derived vaccine
therapy.11 Both adjuvant radiotherapy and hormone ther-
apy with medroxyprogesterone acetate were investigated in
the latter part of the twentieth century, with neither showing
improved DFS.10 As such, further investigation into these
modalities was not pursued.

Targeted Era

Background. Identification of the tumor suppressor gene
von Hippel-Lindau (VHL) in the pathogenesis of RCC be-
came the catalyst for targeted therapies. With loss of the

suppressing activity of VHL, downstream modulators
such as hypoxia-inducible factors (HIFs) persist under
inappropriate circumstances, leading to a cascade of
molecular events promoting cellular growth.12 Uninhibited,
HIF transcription factors go on to regulate several hundred
gene products that promote angiogenesis, cell survival,
metabolism, and metastasis. One such gene product is
VEGF, which contributes to tumorigenesis and is of par-
ticular importance in RCC.13

Downstream targets of the VHL-HIF pathway function as
receptor tyrosine kinases, which are signaling molecules
amenable to pharmacologic targeting to disrupt this
dysregulated cascade. Introduction of VEGF-targeting
TKIs radically altered mRCC prognosis and became the
new standard of care for these patients.9 Following suc-
cess with TKI therapy in mRCC, efforts were focused on
expanding their use into the adjuvant setting for local and
locally advanced RCC in five landmark clinical trials
(Table 1).

Sunitinib. Sunitinib was included in two major TKI trials,
ASSURE and S-TRAC. ASSURE investigated adjuvant use
of once daily sunitinib, twice daily sorafenib, or placebo in a
phase III double-blinded randomized controlled trial (RCT)
of patients with high-risk clear-cell or non–clear-cell RCC
(ccRCC).14 Patients were randomly assigned and further
stratified into intermediate and very high risk of recurrence
using the UISS, with the primary outcome of DFS. Both
drugs underwent midstudy dose reduction because of high
rates of adverse events (AEs; Table 2). ASSURE ultimately
found no significant difference in DFS for sunitinib com-
pared with placebo at a median follow-up of 5.8 years,
failing to meet the primary end point (median DFS [mDFS]
5.8 years for sunitinib, 6.6 years for placebo [hazard ratio
(HR), 1.17; 97.5% CI, 0.90 to 1.52; P = .1762]).14

CONTEXT

Key Objective
Increasing disease-free survival for patients with renal cell carcinoma (RCC) amendable to resection at intermediate-to-high

risk of recurrence has long been a challenge. Treatment of metastatic RCC has been revolutionized with targeted therapies
against tyrosine kinase inhibitors (TKIs) and immune checkpoint inhibitors (ICIs). Efforts to translate these therapies into the
adjuvant setting have been pursued with uneven results. We sought to contextualize efforts to elucidate adjuvant therapies
for this population, while also investigating patient characteristics and study design implications in these efforts.

Knowledge Generated
Clinical trials investigating adjuvant TKIs for RCC at high risk for recurrence did not provide strong evidence for their use.

Ongoing investigations into ICIs have led to approval of adjuvant pembrolizumab.
Relevance
Adjuvant targeted therapies for RCC at high risk for recurrence represent an unmet need. Pembrolizumab represents a

promising ICI option for select patients. Examining specific patient populations within this group can guide future
investigations.
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Notably, ASSURE included a variety of RCC histologic
subtypes, with just under 80% of patients in the clear-
cell group. Although the rationale for TKI use centers on
the VHL-HIF-VEGF cascade, its dysregulation is less
commonly implicated in tumorigenesis of other subtypes

of RCC.15 As such, secondary analysis concerning
ccRCC and those considered very-high risk failed to
show a significant DFS benefit—5-year DFS was
47.7% in the sunitinib arm and 50.0% in the placebo
arm (HR, 0.94; 97.5% CI, 0.74 to 1.19; P = .54).16

TABLE 1. Adjuvant TKI Clinical Trials

Trial No. Treatment Regimen Time
Primary
End Point Outcome Notes

ASSURE 1,943 Sorafenib or sunitinib
v placebo

1 year DFS No significant difference. Sunitinib: 5.8 years
HR, 1.02; 97.5% CI, 0.85 to 1.23; P = .8038
Sorafenib: 6.1 years
HR, 0.97; 97.5% CI, 0.80 to 1.17; P = .7184
Placebo: 6.6 years

Dose reduction of sunitinib and
sorafenib midtrial because of
higher-than-expected rates of
discontinuation

S-TRAC 615 Sunitinib v placebo 1 year DFS Significant difference. Sunitinib: 6.8 years
HR, 0.76; 95% CI, 0.59 to 0.98; P = .03
Placebo: 5.6 years

Led to FDA approval of sunitinib in
the adjuvant setting for RCC

PROTECT 1,538 Pazopanib v placebo 1 year DFS No significant difference
HR, 0.86; 95% CI, 0.70 to 1.06; P = .165

Dose reduction of pazopanib
midtrial because of higher-
than-expected rates of
discontinuation

ATLAS 724 Axitinib v placebo 3 years DFS No significant difference
HR, 0.870; 95% CI, 0.660 to 1.147; P = .3211

Terminated early because of lack
of response at interim analysis

SORCE 1,711 Sorafenib v placebo 3 years DFS No significant difference
HR, 1.01; 95% CI, 0.83 to 1.23; P = .95

Greater than 50% of patients
stopped treatment early
because of adverse events

EVEREST 1,218 Everolimus v placebo Nine cycles
of 6 weeks

DFS No significant difference at interim analysis
HR, 0.85; 95% CI, 0.72 to 1.00; P = .0246

Subgroup analysis showed
significant improvement in DFS
among patients at very high risk
of recurrence

Abbreviations: DFS, disease-free survival; FDA, US Food and Drug Administration; HR, hazard ratio; RCC, renal cell carcinoma.

TABLE 2. Adjuvant TKI Trial Dose Reductions and Adverse Events

Trial Phase Starting Dose Adjusted Dose Treatment Duration
Adverse Event Rate
(Grade 3 or Worse) Most Common AEs

ASSURE III 50 mg sunitinib
800 mg sorafenib

37.5 mg sunitinib
400 mg sorafenib

54 weeks 63% sunitinib
72% sorafenib

Sunitinib-hypertension, fatigue (17%)
Hand-foot syndrome (15%)
Diarrhea (10%)
Sorafenib-hand-foot syndrome (33%)
Hypertension (16%)
Rash/desquamation (15%)

S-TRAC III 50 mg sunitinib — 1 year 63% Diarrhea (57%)
Hand-foot syndrome (50%)
Hypertension (37%)

PROTECT III 800 mg pazopanib 600 mg pazopanib 1 year 60% Hypertension (25%)
LFT elevation (16%)
Diarrhea (7%)

ATLAS III 10 mg axitinib — 1-3 years 61% Hypertension (60%)
Diarrhea (47%)
Dysphonia (38%)

SORCE III 800 mg sorafenib 400 mg sorafenib 1 or 3 years 58% sorafenib 1 year
64% sorafenib 3 years

Sorafenib 1 year-hypertension (26%)
Hand-foot syndrome (24%)
Rash (7%)
Sorafenib 3 years-hypertension (24%)
Hand-foot syndrome (24%)
Rash (10%)

Abbreviations: AE, adverse event; LFT, liver function test.
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With no improvement in DFS in primary or secondary
analyses, along with elevated rates of AEs, ASSURE
failed to provide evidence to support adjuvant sunitinib
in RCC.

S-TRAC included patients with locoregional ccRCC at high
risk for recurrence using UISS in a phase III double-
blinded RCT evaluating adjuvant sunitinib once daily
versus placebo. Unlike ASSURE, patients diagnosed with
non-ccRCC were excluded. Primary outcome was DFS,
which resulted in a significant difference between the
sunitinib group with an mDFS of 6.8 years compared with
5.6 years for placebo (HR, 0.76; 95% CI, 0.59 to 0.98; P =
.03).17 Because of AEs, 44% of patients in the sunitinib
arm discontinued the drug before the prespecified 1-year
regimen (Table 2).

The DFS benefit observed in S-TRAC led to FDA-approval of
adjuvant sunitinib for patients with locoregional ccRCC at
high risk for recurrence in 2017, although it was denied
approval by regulatory officials in Europe.18,19 Current
National Comprehensive Cancer Network guidelines des-
ignate adjuvant sunitinib for stage III RCC as a category
three recommendation, indicating major disagreement that
the intervention is appropriate.20 Secondary analysis was
unable to demonstrate an overall survival (OS) benefit.
However, subgroup analysis showed an mDFS benefit
persisted in the highest risk category (T3, no or undeter-
mined nodal involvement, Fuhrman grade≥ 2, and Eastern
Cooperative Oncology Group performance status ≥ 1; or
T4 and/or nodal involvement).21

A meta-analysis of adjuvant sunitinib from both studies
failed to show a DFS benefit, a result that persisted with
non-ccRCC patients from ASSURE excluded.22 With con-
flicting results from two major clinical trials, adjuvant
sunitinib for RCC remains contentious despite FDA ap-
proval. Debate surrounding heterogeneity of patient pop-
ulations, dosing, and the use of DFS as an appropriate
metric continues today.23

Sorafenib. Sorafenib was investigated in ASSURE as
previously described. As with sunitinib in this trial, mid-
study dose reduction was required because of AEs
(Table 2). Primary outcome of DFS with sorafenib was not
met, with an mDFS of 73.4 months compared with pla-
cebo at 79.6 months (HR, 0.97; 97.5% CI, 0.80 to 1.17;
P = .7184).14 Secondary analysis of only ccRCC and those
at very high risk of recurrence per UISS failed to dem-
onstrate an mDFS benefit.16 ASSURE failed to provide
evidence to support adjuvant sorafenib in RCC, as it did
with sunitinib.

The more recent SORCE trial, a phase III double-blinded
RCT, investigated adjuvant sorafenib twice daily. Given the
results of ASSURE and S-TRAC, both of which used a 1-
year treatment duration, SORCE investigated a more pro-
longed regimen. Patients with ccRCC and non-ccRCC
histology at intermediate or high risk of recurrence per

the Leibovich risk model were stratified and randomly
assigned into 3 years of sorafenib, 1 year of sorafenib
+2 years of placebo, or 3 years of placebo. As with AS-
SURE, midstudy dose reduction was required because of
high rates of discontinuation (Table 2). The primary out-
come was again DFS, which failed to be met (3 years of
sorafenib compared with placebo [HR, 1.01; 95% CI, 0.82
to 1.23; P = .946], 1 year of sorafenib +2 years of placebo
compared with placebo, HR, 0.94; 95% CI, 0.77 to 1.14;
P = .509). Secondary outcomes included OS, which failed
to be met in any of the treatment arms. As with the pre-
viously discussed TKI trials, AEs were significant, neces-
sitating dose reductions (Table 2).24 The study failed to
provide evidence to support the use of adjuvant sorafenib in
RCC at intermediate to high risk of recurrence.

Both ASSURE and SORCE included non-ccRCC with
ccRCC and both required midstudy sorafenib dose re-
duction. A major difference in study design and patient
stratification is the use of UISS (ASSURE) versus Leibovich
model (SORCE). In using these distinct prediction models,
standardization among stratification and definition of re-
currence necessarily comes into question, complicating
comparison.9

Pazopanib. The PROTECT trial was a phase III double-
blinded RCT evaluating once daily adjuvant pazopanib. As
with S-TRAC, patients with non-ccRCC were excluded.
Again, midstudy dose reduction was required because of
AEs (Table 2).25 The study did not meet its primary end
point of DFS (HR, 0.86; 95% CI, 0.70 to 1.06; P = .16);
however, a secondary analysis of DFS in patients able to
tolerate dose escalation wasmet (HR, 0.69; 95%CI, 0.51 to
0.94; P = .02).25 Notably, the placebo arm of the reduced-
dose group performed significantly better compared with
that of the higher-dose arm (64% DFS at 3 years compared
with 54%), which may relate to the significant result found.
AEs were experienced at rates observed in previous TKI
trials (Table 2).25

PROTECT enrolled 84% of patients with T3 or T4 disease,
with the remaining 16% T2 disease. Stage, Size, Grade
and Necrosis score was used to define risk, as opposed to
UISS or Leibovich used in other TKI trials. Because of
differences in patient selection and scoring systems, it is
difficult to draw comparisons between them. Ultimately,
PROTECT failed to provide evidence for adjuvant pazo-
panib in ccRCC.

Axitinib. ATLAS enrolled patients with predominant ccRCC
in a double-blinded RCT. Patients were to receive twice
daily axitinib for at least one but up to 3 years or placebo.
The study was terminated early at predetermined interim
analysis because of failure to show DFS benefit (HR, 0.87;
95% CI, 0.66 to 1.147; P = .3211). Like PROTECT, in-
cluded patients had T2 disease (11%), while the remaining
89% were T3, T4, and node-positive patients. Subsequent
subgroup analysis of only patients considered high risk
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(pT3 with FG ≥ 3 or pT4 and/or N+, any T, any FG) was
performed once S-TRAC results were published. There was
a significant reduction in risk of DFS between the axitinib
and placebo arms in the higher-risk group. AEs were seen
at rates similar to those described in prior adjuvant TKI trials
(Table 2).26 Further analysis was undertaken to evaluate
ethnic and treatment duration differences that may
have resulted in a DFS benefit; however, neither was
supported.27,28

ATLAS failed to meet its primary end point of DFS and was
terminated early. However, subgroup analysis supported
potential benefits in higher-risk patients with ccRCC. As
with prior TKI studies, differences in patient populations
and prediction models complicate direct comparison
(Table 3).26

Meta-analyses. Following the five landmark trials, meta-
analyses were performed to further establish the role of
adjuvant TKIs in the face of conflicting individual study
results. Early analysis found no benefit to DFS or OS with
adjuvant TKI use and a significant increase in AEs.29

However, more recent meta-analyses with stratification
of patients into lower and higher risk of recurrence each

found improvement in DFS in the higher-risk population,
although this benefit did not translate to OS. The elevated
risk of AEs remained consistent across analyses.30,31

Elucidating appropriate patients for adjuvant TKI treat-
ment is recommended.

Everolimus. EVEREST investigates once daily adjuvant
mammalian target of rapamycin inhibitor everolimus in a
randomized double-blinded RCT (ClinicalTrials.gov
identifier: NCT01120249). Participants have ccRCC or
non-ccRCC histology. A recently presented analysis re-
ported improvement in DFS in the everolimus group
versus placebo (HR, 0.85; 95% CI, 0.72 to 1.00; P =
.0246), although it fell short of their prespecified signif-
icance value.32 Very high risk subgroup analysis reported
improvement in DFS in the everolimus group versus
placebo (HR, 0.79; 95% CI, 0.65 to 0.97; P = .011), which
may provide support for adjuvant everolimus in this
population. As with other adjuvant TKI trials, AEs were
common, and resulted in elevated rates of discontinua-
tion. An OS benefit was not demonstrated.32 EVEREST will
continue to release data in the coming years, and the
peer-reviewed manuscript of the initial abstract presen-
tation is eagerly awaited.

TABLE 4. Active Adjuvant Immunotherapy Trials

Study No. Treatment Regimen
Primary
End Point Outcome

Keynote 564 994 Pembrolizumab v placebo DFS Significant difference at 30 months
HR, 0.63; 95% CI, 0.50 to 0.80;

P , .0001

IMmotion10 778 Atezolizumab v placebo DFS No significant difference reported
during earnings call

PROSPER RCC 766 Nivolumab v observation DFS Terminated early. No significant
difference

HR, 0.97; 95% CI, 0.74 to 1.28;
P = .43

Checkmate 914 1,628 Part A: nivolumab + ipilimumab v placebo + placebo
Part B: nivolumab + ipilimumab v placebo +

placebo v nivolumab + placebo

DFS No significant difference at 37 months
HR, 0.92; 95% CI, 0.71 to 1.19;

P = .5347

RAMPART 1,750; actively
recruiting

Durvalumab v durvalumab + tremelimumab v
observation

DFS and OS —

Abbreviations: DFS, disease-free survival; OS, overall survival; HR, hazard ratio; RCC, renal cell carcinoma.

TABLE 3. Histologic Subtype, Recurrence Risk Scoring System, and Risk Definitions of TKI Trials
Trial Histologic Subtype Recurrence Risk Scoring System Designation of High Risk

ASSURE ccRCC or non-ccRCC UISS pT3/4 grade 3/4 or any T, N+

S-TRAC ccRCC UISS T3 high and T4 and any T, N+

PROTECT ccRCC SSIGN pT2G3-4N0, pT3-T4 any G, and/or N+

ATLAS . 50% component of ccRCC Fuhrman grade pT3 with Fuhrman grade ≥ 3 or pT4 and/or N+,
any T, any Fuhrman grade, M0

SORCE ccRCC or non-ccRCC Leibovich risk model Leibovich high risk

Abbreviations: ccRCC, clear cell renal cell carcinoma; SSIGN, Stage, Size, Grade and Necrosis score; UISS, UCLA Integrated Staging System.
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Adjuvant Immunotherapy

Background. Immunotherapy is a rapidly evolving onco-
logic treatment option. ICIs have become common first-line
agents for treatment of stage IV RCC.33 Positive results
from KEYNOTE-564 have led to FDA-approval of pem-
brolizumab in adults with RCC at increased risk of recur-
rence following surgery.34 Several other phase III clinical
trials are currently underway (Table 4); however, pem-
brolizumab remains the only ICI recommended by the
European Association of Urology.35

Pembrolizumab. KEYNOTE-564 investigates adjuvant
pembrolizumab in patients with ccRCC at high risk for
recurrence in a phase III double-blinded RCT.34 Partici-
pants had locoregional RCC with a clear-cell component or
metastatic disease amenable to resection, and a high risk of
recurrence (tumor stage 2 with nuclear grade 4 or sarco-
matoid differentiation, tumor stage 3 or higher, regional
lymph-node metastasis, or stage M1 with no evidence of
disease). Patients receive pembrolizumab or placebo once
every 3 weeks for up to 17 cycles. Primary and secondary
end points are DFS and OS, respectively.

The median duration of the treatment was 11.1 months for
both pembrolizumab and placebo groups. The pem-
brolizumab group had a significant improvement in DFS
(77.3% v 68.1% in placebo group; HR, 0.68; 95% CI, 0.53
to 0.87; P = .002). The estimated percentage of patients
who remained alive at 24months was 96.6% (95% CI, 94.3
to 98.0) in the pembrolizumab group and 93.5% (95% CI,
90.5 to 95.6) in the placebo group.34 Pembrolizumab
appeared to be better tolerated (20.7% discontinuation)
when compared with TKIs.29 Fatigue represented the most
common AE (29.7% v 24.2% placebo).

Thirty-month follow-up data maintained DFS benefit
with pembrolizumab (HR, 0.63; 95% CI, 0.50 to 0.80;
P , .0001).36 OS at 24 months was 96.2% in the pem-
brolizumab group, compared with 93.8% for placebo.
There has been a total of 66 OS events, with 23 in the
treatment arm and 43 in the placebo arm (HR, 0.52; 95%
CI, 0.31 to 0.86; P = .0048). The P value did not cross the
statistical hypothesis testing boundary and additional
follow-up is needed. No additional grade 3-4 AEs
occurred.36,37 24-month analysis found significance in the
European Union (HR, 0.49; 95% CI, 0.32 to 0.79), while
North America and the rest of the world were not inde-
pendently significant (0.87 [0.53 to 1.41] and 0.81 [0.55 to
1.21], respectively). Regional outcome differences warrant
further evaluation.38

Atezolizumab. Immotion010 evaluates adjuvant atezolizu-
mab (anti–PD-L1) in a double-blind phase III RCT of
participants with ccRCC or sarcomatoid histology (Clin-
icalTrials.gov identifier: NCT03024996). Patients received
atezolizumab or placebo once every 3 weeks for 16 cycles
or 1 year (whichever occurred first). At a median follow up
of 44.7 months (interquartile range, 39.1-51.0 months),

treatment group DFS was 57.2 months compared with
49.5 months for placebo (HR, 0.93; 95% CI, 0.75 to 1.15;
P = .50). 2-year DFS rates were 67% versus 65%,
respectively.39 Negative results from Immotion010 conflict
with those of KEYNOTE-564, both of which target the PD-1/
PD-L1 pathway, calling into question the similarities be-
tween drugs in this class. Subgroup analysis is expected
soon.40

Nivolumab. The PROSPER RCC trial investigates nivolu-
mab (anti–PD-1) in an unblinded phase III RCT (Clin-
icalTrials.gov identifier: NCT03055013). Patients with
ccRCC or non-ccRCC receive nivolumab or standard
observation. The treatment group receives neoadjuvant
nivolumab once every 2 weeks for two cycles, then every
once 2 weeks after surgery for six cycles, and then once
every 4 weeks for six more cycles. Notably, trial design
incorporates neoadjuvant therapy, likely due in part to
findings showing that a similar approach in early-stage
non–small-cell lung cancer induced a significant patho-
logic complete response rate of 45%. Similar data have
been demonstrated in patients with muscle-invasive
bladder cancer treated with pembrolizumab before
cystectomy.41,42 However, the study was terminated early
because of futility, as no difference in DFS was observed
between the two groups (HR, 0.97; 95% CI, 0.74 to 1.28;
P one-sided = .43) and mDFS was not reached. OS data
are not yet mature, but were insignificant at the time of
data presentation (HR, 1.48; 95% CI, 0.89 to 2.48; P one-
sided = .93).43

Ipilimumab. Checkmate914 (ClinicalTrials.gov identifier:
NCT03138512) is a multiarm, quadruple-blinded, phase III
RCT investigating nivolumab once every 2 weeks for 6
months and ipilimumab (anti-choline transporter-like pro-
tein 4 (anti-CTLA4) once every 6 weeks for 6 months).
Participants have predominant clear-cell histology. Part A
compares nivolumab + ipilimumab versus placebo, while
part B compares nivolumab + ipilimumab versus placebo
versus nivolumab + placebo. Recently presented prelimi-
nary results demonstrated no improvement in DFS (HR,
0.92; 95% CI, 0.71 to 1.19; P = .5347) at a median follow-
up of 37 months. DFS at 24 months was 76.4% and 74%
for treatment and placebo groups, respectively.44

Durvalumab and tremelimumab. RAMPART is a multiarm,
open-label, phase III RCT assessing adjuvant durvalumab
(anti-CD274) and tremelimumab (anti–CTLA-4) in patients
with ccRCC or non-ccRCC (ClinicalTrials.gov identifier:
NCT03288532). Study groups include no intervention,
durvalumab monotherapy (once every 4 weeks for 1 year),
or durvalumab (once every 4 weeks for 1 year) + trem-
elimumab (on day 1 and week 4 follow-up visit) combined
therapy. Primary end points include DFS and OS. Sec-
ondary end points include metastasis-free survival and
RCC-specific survival time. RAMPART has an estimated
primary completion date of July 1, 2024.
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Appropriate Patient Selection

Outcomes: physician-assessed and patient-reported. After
appropriate treatment for malignancies of any variety, pa-
tients often harbor psychologic stress associated with fear of
cancer recurrence or progression.45 This fear can become
pathologic and has been associated with decreased quality
of life, anxiety, intrusive thoughts, fatigue, and dysfunctional
behavior. Fear of cancer recurrence or progression has led to
increased health care costs, more frequent emergency
department visits, longer hospital stays, and requests for
additional doctor visits and imaging studies. Lack of clear
guidelines for adjuvant therapy in RCC leaves patients with
high levels of anxiety regarding their diagnosis, with many
requesting treatment despite potential harms often out-
weighing benefits.45 Although immunotherapy agents are
often seen as having amore favorable side-effect profile than
TKIs, they are not entirely benign. Through immunostimu-
lation, side effects canmimic autoimmune disease, resulting
in mild to life-threatening symptoms that may endure.46,47

With adjuvant therapy, many patients who will never have
had recurrence will be treated, often incurring unnecessary
clinical and financial toxicity. Without appropriate studies
evaluating OS data in these patients, optimal population
selection remains unknown. As with the introduction of
many other medications, we must attempt to treat cancer
while mitigating risk and avoiding harm. If the treatment
does not make patients live longer or better, why give it?48

Risk assessments. Delineating proper patient selection for
adjuvant therapy is a multifactorial challenge. First, patients
with poorer outcomes should be considered. Previous data
from the National Cancer Data Base showed stage I and II
RCC had significantly better survival outcomes than stage
III and IV disease—90.4% and 83.4% compared with
66.0% and 9.1%, respectively.49 The results from the SEER
database showed 5-year survival rates after nephrectomy of
97.4% (stage I), 89.9% (stage II), 77.9% (stage III), and
26.7% (stage IV).50 With this, stage III and IV RCC are
identified as populations that may benefit from adjuvant
therapy.

A recent publication compared patients who had stage III
RCC with and without lymph node (LN) involvement to
patients who had stage IV disease. Using OS as the primary
end point, patients with stage III disease without LN in-
volvement (LN−) had a 5-year OS of 61.9%, while patients
with stage III disease with LN involvement (LN+) and pa-
tients with stage IV disease had an OS of 22.7% and 15.6%,
respectively. With overlapping confidence intervals, stage
III LN+ and stage IV groups behaved similarly and together
may be considered high-risk, potentially benefiting from
adjuvant therapy. In addition to nodal involvement, among
patients with stage III disease, high-grade tumor histology
and non–clear-cell histology were associated with poorer
survival.51

TABLE 5. Genes Involved in RCC Tumorigenesis
Gene Chromosomal Location Pathway/Primary Function Notes

SDHB 1p36.13 Mitochondrial enzyme
Metabolism

Aggressive tumors

FH 1q43 TCA cycle enzyme
Metabolism

Mutation responsible for HLRCC

MITF 3p13 Transcription factor Translocation-associated tumors

BAP1 3p21.1 SWI/SNF
Chromatin remodeling

Associated with rapid tumor growth rate

VHL 3p25.3 VHL-HIF-VEGF angiogenesis, cellular growth Associated with 90% of all RCC tumors

TFEB 6p21.1 Transcription factor Translocation-associated tumors

MET 7q31.2 Tyrosine kinase
Angiogenesis, tumor growth

Associated with papillary tumors

TSC1 9q34.13 Hamartin protein
Cell growth

Mutation responsible for TSC

PTEN 10q23.31 Phosphatase
PIP3 regulation

Mutation responsible for Cowden syndrome

SDHD 11q23.1 Mitochondrial enzyme
Metabolism

Aggressive tumors

TSC2 16p13.3 Tuberin protein
Cell growth

Mutation responsible for TSC

FLCN 17p11.2 Metabolism Mutation responsible for Birt–Hogg–Dubé syndrome

TFE3 Xp11.23 Transcription factor Translocation-associated tumors

Abbreviations: HIF, hypoxia-inducible factor; HLRCC, hereditary leiomyomatosis and renal cell cancer; RCC, renal cell carcinoma; TCA,
tricarboxylic acid cycle; TSC, tuberous sclerosis; VEGF, vascular endothelial growth factor; VHL, von Hippel-Lindau.
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Patients with certain forms of variant histology also portend a
worse prognosis, making adjuvant therapy a consideration
for this population.52 Accompanying a higher 5-yearmortality
rate, sarcomatoid RCC harbors a significantly higher rate
of metastasis at diagnosis, estimated to be 60%-80%.
Additionally, there is an 80% likelihood of recurrence after
nephrectomy.53-55 Other microscopic features consistently
associated with poorer prognosis are tumor necrosis, mi-
crovascular invasion, and tumor grade.56 As discussed
previously, stage III disease comes in many varieties, each
with different predictedOS andDFSdependent upon unique
tumor characteristics. With vascular invasion, inferior vena
cava involvement portends worsened survival than renal vein
involvement, which in turn has worse survival than tumors
confined to the kidney.56

Certain molecular subtypes of RCC may also portend a
poorer prognosis. Although VHL remains the most well
studied, recently identified genes PBRM1, BAP1, SETD2,
and components of the PI3K/AKT pathway are implicated in
RCC, and are among those being studied for prognostic
significance. Despite identification of many implicated
genes, few have been therapeutically targeted successfully
(Table 5).57-60 A recent Chinese study investigated immune-
related gene signatures interferon-gamma, CTL, the ex-
panded immune gene, and the HLA-A/B molecules as they
relate to prognosis in RCC.61 499 samples from patients with
localized or advanced RCC were taken from the cancer
genome atlas database (TCGA). From the 231 advanced
RCC samples, genes were identified that were associated
with poorer OS and DFS, including TNFRSF8 and CXCL13.61

In a case-control study in Eastern Europe, investigators
identified unique risk factors for the development of
ccRCC subtypes A versus B.62 Genes related to hypoxia,
angiogenesis, and fatty and organic acid metabolism
were associated with ccRCC type A, along with elevated
BMI. Conversely, genes responsible for epithelial-to-
mesenchymal transition, cell cycle, and wound healing
have been associated with RCC type B, along with male sex
and exposure to trichloroethylene in this study population.62

Given the robust genetic and environmental risk factors,
further investigation is warranted to determine their role in
the patient selection algorithm.

End points: DFS versus OS. One major limitation in adjuvant
RCC data is reliance on DFS over OS. The goal of adjuvant
therapy is for patients to live longer and/or better. Ideally,
trials would report outcomes using OS, but demonstrating
significance could take years. Alternatively, DFS has been
used as a surrogate. Although the newer immunotherapies
are generally thought of as safer than traditional systemic
therapy, these medications have the potential to cause
significant life-altering side effects. Without a clear OS

advantage or significant improvement in quality of life, DFS
remains the only metric from which conclusions can be
drawn. In a statement from the FDA regarding adjuvant
trials, they recommend accounting for the magnitude of
improvement in DFS before drug approval.63 Although
demonstration of OS benefit is not required for initial ap-
proval, it should still be assessed with an interim analysis
and show a favorable trend per FDA guidelines. Patients
should also be followed to allow a final OS analysis to be
conducted.63

DFS as the primary surrogate for benefit in targeted therapy
is complicated by several other factors.64 With increased
systemic treatments of RCC, patients are living longer,
which may make OS susceptible to confounding in ways
DFS may not. For instance, in a nonrandomized setting,
patients with a higher tumor stage or higher International
Metastatic RCC Database Consortium score may be more
likely to receive adjuvant treatment. In the randomized
setting, although patients may start with one specific
treatment, they may ultimately end up receiving systemic
treatment. At this point, quantifying the treatment effect on
OS becomes challenging and requires complex statistical
adjustments and modeling.65

Inevitably, some patients will recur after receiving adjuvant
immune-oncologic (IO) monotherapy. In addition to the
previously described critiques of the established data on
adjuvant IO therapy, lack of data and treatment options for
this subset of patients presents a unique challenge for
patients and their oncologists. After failing IO monotherapy,
should patients then proceed with combination IO dual
therapy, IO with a TKI, or something else? This is an im-
portant opportunity for future research.

DISCUSSION

In conclusion, to date, elucidating proper adjuvant therapy
in locoregional RCC has proven challenging. Despite evi-
dence for various agents, including TKIs, in metastatic
disease, these benefits did not translate to landmark
clinical trials in the adjuvant setting, aside from S-TRAC.
Although DFS improved in certain subgroup analyses, OS
was invariably unchanged. As such, use of adjuvant TKIs in
RCC remains controversial. With the development of ICIs
and their rapid implementation throughout oncology, on-
going trials have shown uneven preliminary results.

Appropriate patient selection and using risk assessment
tools represent often-undervalued components of our in-
vestigations. Reliance upon metrics such as DFS over OS
complicates how we report and qualify data. Greater focus
on determining proper end points, meaningful outcomes,
and risk assessments will improve adjuvant therapy moving
forward.
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