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Abstract. In recent years, incredible progress has been made in the treatment of metastatic renal cell carcinoma, with a
paradigm shift from the use of cytokines to tyrosine kinase inhibitors, and more recently, immune checkpoint inhibitors (ICIs).
Despite advances in the metastatic setting, effective therapies in the adjuvant setting are a largely unmet need. Currently,
sunitinib (Sutent, Pfizer) is the only therapy for the adjuvant treatment of RCC included in the National Comprehensive
Cancer Network guidelines, which was approved by the FDA based on the improvement in disease-free survival (DFS) seen
in the S-TRAC trial. However, improvement in DFS has not translated into an overall survival (OS) benefit for patients
at high-risk of relapse post-nephrectomy, illustrating the need for more effective therapies. This manuscript will highlight
attributes of both historical and current drug trials and their implications on the landscape of adjuvant therapy. Additionally,
we will outline strategies for selecting patients in whom treatment would be most beneficial, as optimal patient selection is
a crucial step towards improving outcomes in the adjuvant setting. This is especially critical, given the financial cost and
pharmacological toxicity of therapeutic agents. Furthermore, we will review the design of clinical trials including the value of
utilizing OS as an endpoint over DFS. Finally, we will discuss how the incorporation of genomic data into predictive models,
the use of more sensitive imaging modalities for more accurate staging, and more extensive surgical intervention involving
lymph node dissection, may impact outcomes.
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INTRODUCTION

Renal cell carcinoma (RCC) is estimated to ac-
count for 73,750 cases of new cancer diagnoses and
14,830 cancer deaths in the United States in 2020 [1].
Of these, clear cell RCC (ccRCC) is the predominant
histological subtype, accounting for approximately
85% of cases. Non-clear cell RCC (non-ccRCC)
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comprises the remaining 15% of RCC tumors, of
which a significant proportion include papillary
(pRCC) or chromophobe (chRCC) subtypes. Inci-
dence of early stage RCC has risen in recent decades
due to incidental detection secondary to the increased
use of computed tomography scans in practice [2,
3]. From 2004–2015, stage I diagnoses proportion-
ally increased and accounted for approximately 70%
of cases, while stage III and IV diagnoses trended
downwards to 8% and 11% respectively [4].

Despite statistically significant improvement in
early detection, improvement in survival for stage
I-III tumors has not been achieved over this time
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Fig. 1. Phase III trials completed and ongoing in renal cell carcinoma since the start of the tyrosine kinase era. Abbreviations: RCT,
randomized clinical trial.

period. Nephrectomy or ablation can potentially offer
patients a cure in early localized disease, however, in
stage II and III RCC the risk of recurrence is signifi-
cant, with 20–40% of patients experiencing a local or
distant recurrence [5]. On the other hand, a statisti-
cally significant improvement in overall survival (OS)
for stage IV disease has been noted, likely secondary
to the major advancements in systemic therapy for
mRCC [4]. Therapeutic options for mRCC have
rapidly progressed from cytokines to targeted ther-
apies with tyrosine kinase inhibitors (TKIs), with
a current focus on immune checkpoint inhibitors
(ICIs), and combinations thereof. The majority of
trial modalities in the adjuvant setting have mirrored
those in mRCC (Fig. 1). Understanding key aspects of
these trials, reasons for which they may have failed,
and future directions in systemic therapy is vital in
improving OS within the adjuvant setting. Of note,
these agents have varying levels of both pharma-
cologic and financial toxicities. Subjecting patients
at a lower risk of relapse to these treatments must
be avoided. Therefore, optimal identification of both
high-risk patients, and effective adjuvant therapies
remain among the great challenges of the field.

CYTOKINE THERAPY IN THE
ADJUVANT SETTING

Initial experimental studies prior to 1990 explored
cytotoxic, hormonal, and radiation therapy in mRCC
with minimal and unsustained responses [6]. Soon
thereafter, it was hypothesized that cytokine therapy
could stimulate an immune response against cancer
cells [7]. Interferon alpha (IFN-�) and high dose
interleukin-2 (IL-2) quickly emerged as front runners,
with the latter achieving a 5% sustained complete

response in mRCC, a new milestone at the time [8,
9]. Given this response, IL-2 became an option for
monotherapy, while IFN-� was utilized as an adjunc-
tive therapy. Due to their success with mRCC, it was
presumed these agents may provide benefit, leading
to their exploration via formalized trials within the
adjuvant setting [10–12].

Overall, across a constellation of trials, IFN-� and
IL-2 did not provide a significant improvement in
disease free survival (DFS) or OS. Moreover, they
frequently resulted in severe side effects [7, 10].
Pizzocaro et al. investigated adjuvant IFN-� versus
placebo in 247 patients with Robson stage II and
III RCC, the majority of which were T3a/bN0. This
study did not find a significant benefit in five-year
DFS or OS [13]. The majority of treated patients
developed toxicity, and over a quarter required dose
suspension or reduction. Notably, a small number
(n = 26) of pN2/3 patients had a statistically signif-
icant reduction in recurrence rate in the experimental
arm, observed on univariate analysis. Subsequently,
a study by Messing et al. failed to show a statistically
significant benefit of adjuvant IFN-� after 10.4 years
of follow-up in 283 patients with advanced pT3–4
RCC. Clark et al. conducted a phase III prospec-
tive trial exploring adjuvant bolus high dose IL-2
in locally advanced, pT3b-4 or N1-3, or metastatic
patients following complete resection of disease prior
to enrollment. The study was terminated early due to
failure to meet its primary endpoint of 30% improve-
ment in DFS [11]. At interim analysis, there was
no difference in DFS or OS observed in the over-
all cohort, nor in the locally advanced subgroup.
The Italian Oncology Group for Clinical Research
explored combination therapy with low-dose IL-
2 and IFN-� in 303 patients with all histologic
subtypes and surgically resectable stages of RCC,



A.G. Kazarian et al. / Adjuvant Therapy in Renal Cell Carcinoma 11

which failed to show a statistically significant ben-
efit in recurrence free survival (RFS) or OS after five
years [7].The German Cooperative Renal Carcinoma
Chemoimmunotherapy Group investigated high dose
IL-2, IFN-�, and 5-fluorouracil combination versus
observation in the adjuvant setting for 203 patients
with locally advanced, pT3b/c-4N0, TXN1-2, or
completely resected relapsed or solitary metastatic
disease [10]. The trial showed no difference after 4.3
years of follow-up in both the overall cohort and in
subset analysis with regard to DFS. The intervention
cohort experienced significantly decreased survival
as compared with the control arm. Another European
phase III trial explored this regimen in 309 patients
with T3b/c, T4, or TXN1-2 and again found no sig-
nificant difference in DFS or OS after 7 years of
follow-up [14]. Ultimately the cytokine approach has
been largely abandoned in RCC, as drugs with more
efficacy, improved safety, and tolerability have come
to the forefront.

TARGETED THERAPY IN THE
ADJUVANT SETTING

As the biology and tumor microenvironment of
various cancers came to be better understood in
the early 2000s, several molecules were developed
with the aim of disrupting the molecular functions
that facilitate tumor growth and invasion. Small
molecules, antibodies, hormones, and interfering
RNA (iRNA) are examples of the class of medica-
tions known as targeted therapy [15]. Amongst the
small molecule compounds are the tyrosine kinase
inhibitors (TKIs). Mutations in the Von Hippel-
Lindau (VHL) gene are implicated in the majority of
ccRCC tumors [16, 17]. The VHL tumor-suppressor
protein is a component of the E3 ubiquitin ligase com-
plex which under normal conditions promotes the
degradation of hypoxia inducible factor 1-� (HIF1�),
a transcriptional regulator of the angiogenesis path-
way. HIF1-� promotes the activation of vascular
endothelial growth factor (VEGF) and drives platelet
derived growth factor (PDGF) production. Therefore,
mutations in this pathway often lead to aberrantly
persistent angiogenesis and tumorigenesis. TKIs that
specifically inhibit VEGF were developed and came
to be known as VEGF-TKIs [18]. The mammalian
target of rapamycin (mTOR), a cell proliferation
pathway frequently hyperactive in RCC, was also
a subject of targeted therapy, with everolimus and
temsirolimus eventually gaining FDA approval in
mRCC [19].

Early stage trials established the efficacy of VEGF-
TKIs, but revealed the potential toxicities seen with
this class of medications. Common side effects asso-
ciated with this class include hypertension, diarrhea,
fatigue, mucosal inflammation, and palmar–plantar
erythrodysesthesia also known as hand-foot syn-
drome [20]. A phase III trial comparing sunitinib with
IFN-� in 750 mRCC patients showed a significant
benefit in DFS and OS [21]. Further studies using
VEGF inhibitors including pazopanib and axitinib
were also approved for mRCC based on significant
DFS [22, 23]. Although a number of trials attempted
to utilize VEGF-TKIs, and mTOR inhibitors in the
adjuvant setting, results have been far less fruitful.

Within the realm of targeted therapy, only S-TRAC
(sunitinib vs placebo) has shown improvement in
DFS, and thereby has been approved for treatment
in the adjuvant setting, despite its increased inci-
dence of grade >3 adverse effects [21]. The results of
ASSURE (sunitinib vs sorafenib vs placebo), PRO-
TECT (pazopanib vs placebo), SORCE (sorafenib vs
placebo), and ATLAS (axitinib vs placebo) suggest
no improvement in DFS with adjuvant therapy [19,
22–24].

The randomized phase III trial ASSURE (Sunitib
Malate or Sorafenib Tosylate in Treating Patients
with Kidney Cancer that was Removed by Surgery)
launched soon after regulatory approval of sunitinib
and sorafenib for mRCC, and sought to explore these
targeted therapies in the high-risk adjuvant setting
[25]. 1943 patients, of any histological subtype, were
randomized 1:1:1 to receive sunitinib 50 mg daily,
sorafenib 800 mg daily, or placebo. Ultimately, no
significant difference was observed in DFS between
treatment groups. However, there was greater toxicity
seen in the treatment arms, with a significantly greater
incidence of hypertension and hand-foot syndrome.
Discontinuation due to adverse events or patient with-
drawal occurred in 44% and 45% of participants in
the sunitinib and sorafenib arms respectively, com-
pared to 11% on placebo. This led to a protocol
amendment for dose reductions from planned levels.
Subsequently, a subgroup analysis found no differ-
ence in DFS regardless of dosage. The ASSURE trial
included variable histology, with 20% of patients hav-
ing non-ccRCC. Yet, no difference was observed in
ccRCC or non-ccRCC cohorts. Despite the negative
outcome seen in this trial, two subsequent studies
exploring each agent individually in the adjuvant
setting were launched: S-TRAC (A Clinical Trial
Comparing Efficacy And Safety of Sunitinib Versus
Placebo For the Treatment of Patients at High Risk
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of Recurrent Renal Cell Cancer) for sunitinib and
SORCE (Sorafenib in Treating Patients at Risk of
Relapse After Undergoing Surgery to Remove Kid-
ney Cancer) for sorafenib [26].

In contrast to the ASSURE trial, the S-TRAC trial
enrolled patients with only clear cell histology who
were defined as high risk per the UCLA integrated
staging system (UISS) [26]. A total of 615 patients
were enrolled and randomized to receive sunitinib
or placebo. Results demonstrated a significant DFS
benefit with sunitinib over placebo (6.8 versus 5.6
years, (95% CI 5.8-not reached) (95%CI 3.8–6.6)
respectively, p = 0.03). This was the first and only
positive trial investigating TKI agents in the adjuvant
setting. A significant proportion of patients required
dose reductions or interruptions: 34.3% and 46.4%
with sunitinib versus 2.0% and 13.2% with placebo,
respectively. The observed benefit in DFS held true
across various subgroup analyses. However, longer
follow-up has shown that improvement in DFS did
not correlate to a difference in OS benefit between
sunitinib or placebo (median OS not reached at 6.6
versus 6.7 years respectively, (HR 0.92, 95% CI
0.66–1.28; p = 0.6) [26].

The S-TRAC results were particularly interesting
given the lack of DFS benefit identified for sunitinib
in the ASSURE trial [25, 26]. The subtle differences
between both study populations were scrutinized due
to their divergent outcomes. It was hypothesized that
this may be due to the selection of a high-risk ccRCC
cohort in the S-TRAC trial. The ASSURE authors
investigated this question by analyzing the high-risk
clear cell RCC cohort in a subset analysis; however,
there remained no significant difference in either DFS
or OS [25]. The reasons for these differing results are
still not completely understood and continue to be
controversial.

The SORCE trial recruited 1711 intermediate or
high-risk patients, as determined by Leibovich clas-
sification of 3–11, who were randomized 2:3:3 to
placebo, one year of sorafenib followed by two years
of placebo, or three years of sorafenib [24]. The
study included both ccRCC and non-ccRCC histol-
ogy. In the most recently reported efficacy analysis
of placebo versus three years of sorafenib, no dif-
ference was observed in DFS or OS for the overall,
high-risk only, or clear cell RCC only cohorts [24].
As with other trials investigating targeted therapy,
a significant proportion of patients experienced side
effects, leading to amendment of the trial protocol to
reduce the dosage of sorafenib. Despite dose reduc-
tions, over half of patients stopped treatment early and

nearly a quarter experienced grade three hand-foot
syndrome.

Given the mixed results of other VEGF-TKI trials
in this setting, the PROTECT (A Study to Evaluate
Pazopanib as an Adjuvant Treatment for Local-
ized Renal Cell Carcinoma) trial sought to compare
pazopanib versus placebo following partial or radical
nephrectomy in patients at high risk for recurrence
[23]. The study allowed only ccRCC patients who
were pT2N0M0: pT3-4 of any grade N0M0 or any
pTN1M0. Comparatively, the risk of recurrence in
the PROTECT study was between that of the S-
TRAC and ASSURE study populations [23, 25, 26].
The starting dosage of pazopanib was reduced from
800 mg to 600 mg because a safety review revealed
unexpectedly high rates of drug discontinuation due
to adverse effects [23]. The primary endpoint was
DFS of pazopanib 600 mg. OS and PFS of the 800 mg
dosage were assessed as secondary endpoints. The
protocol allowed for increase of dosage to 800 mg
after 8–12 weeks if tolerated. Primary analysis was
done following 350 DFS events, which demonstrated
no significant difference in DFS between the 600 mg
trial arm and placebo. However, a 33.7% reduc-
tion in risk of recurrence or death was observed
for those receiving 800 mg dosage (n = 189 patients),
with median DFS not yet reached in the experimen-
tal group, and 54.0 months in the placebo group
(p = .008). Investigators cautioned that the difference
in DFS between the 600 mg and 800 mg groups may
be attributable to superior DFS in the placebo arm of
the former as compared to the latter. Notably, patients
with higher plasma trough levels of pazopanib tended
towards longer DFS. OS at the time of DFS analysis
did not significantly differ at either dose level.

The ATLAS trial, another trial restricted to ccRCC
patients, explored the novel TKI axitinib versus
placebo in 724 patients with advanced disease with
similar inclusion criteria as the PROTECT trial [22,
23]. ATLAS was discontinued due to futility, failing
to show a difference in the primary endpoint of DFS
[22]. A subgroup analysis was conducted evaluating
low-risk versus high-risk patients. Although, a DFS
benefit was seen with investigator assessed outcomes
in the high-risk group (HR = 0.641, p = 0.0051), this
benefit was insignificant per independent review
facility assessment (HR 0.735, p = 0.0704). Survival
data were not mature at the time of analysis. While
the incidence of adverse events was similar between
treatment and placebo groups, increased grade 3-4
events and discontinuation due to adverse events were
noted in the experimental group. It is notable that the
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Table 1
Randomized clinical trials investigating adjuvant tyrosine kinase inhibitors to in renal cell carcinoma

Trial Experimental Therapy Completion Enrollment Histology Endpoint Statistically Eligibility
Therapy Duration Significant?

(years)

ASSURE sunitinib or sorafenib 1 2010 1943 Any DFS No∗ ≥T1bNXM0
SORCE sorafenib 3 2012 1656 Any DFS No Leibovich 3–11
S-TRAC sunitinib 1 2016 674 ccRCC DFS Yes High-risk per UISS
PROTECT pazopanib 1 2016 1538 ccRCC DFS No† pT2, pT3-4N0, or node

positive disease
ATLAS axitinib 3 2017 592 ccRCC DFS No pT2, pT3-4N0, or node

positive disease
EVEREST everolimus 1 Estimated 2021 1545 Any DFS TBD Intermediate (pT2-3aN0)

or high (pT3a-4N0-1)
risk

∗Subset analysis of high risk ccRCC patients similar to S-TRAC failed to show DFS difference. †Subset analysis of patients receiving 800
mg dose showed a significant DFS benefit. Abbreviations: ccRCC, clear cell renal cell carcinoma; DFS, disease-free survival; UISS, UCLA
integrated scoring system; TBD, to be determined.

majority (73%) of the study population were of Asian
heritage, which may have impacted its applicability
to other patient groups.

Additionally, adjuvant VEGF-TKI therapy has
been explored in the related population of patients
with limited metastatic disease undergoing radical
nephrectomy and metastasectomy. E2810, a phase III
trial investigating 800 mg pazopanib for one year in
patients with no evidence of disease following metas-
tasectomy, failed to find a benefit in DFS, with limited
data supporting a trend of worse OS in those receiv-
ing pazopanib [27]. Similarly, the phase II RESORT
trial compared RFS in patients randomized to 800 mg
sorafenib versus observation for one year of planned
treatment. After five years resulting in 69 accrued
patients, the trial was closed early and analysis failed
to reveal a benefit in RFS between groups. The
RESORT trial also reported toxicity data consistent
with other VEGF-TKI trials, revealing an approxi-
mately eight-fold increase in grade 3 toxicities in the
sorafenib arm of the study [28].

Trials exploring mTOR inhibitors in the adjuvant
setting are lacking. The ongoing EVEREST trial
(NCT01120249) is seeking to shed light on this
approach [19]. This trial is exploring one year of
adjuvant everolimus versus placebo of the same dura-
tion, in patients with any histological RCC subtypes.
This study includes patients at high and interme-
diate risk of recurrence. The primary endpoint is
DFS. A safety study has been reported that suggests
a continued trend of treatment limiting toxicity in
targeted therapy, as 39% of patients on experimen-
tal therapy have prematurely discontinued treatment.
Medication trough levels were also measured and
did correlate with the development of adverse events.

Results regarding DFS are not yet mature, but when
available will likely determine if any further explo-
ration of this therapeutic class as adjuvant therapy is
warranted.

Trials of targeted therapy in RCC have generally
failed to show a statistical or clinical benefit for
patients (Table 1). The use of these agents is fre-
quently accompanied by the high cost of toxicity.
The S-TRAC study remains an outlier amongst this
group of trials and its application in clinical practice is
unclear, a fact reflected in governing guidelines. The
National Comprehensive Cancer Network (NCCN)
recommends adjuvant sunitinib with a category 2B
designation, indicating lower-level evidence and a
lack of uniform consensus [29]. The European Asso-
ciation of Urology does not recommend adjuvant
sunitinib, based on high quality systematic review and
homogeneity of randomized clinical trials (level of
evidence 1A) [30]. Furthermore, this therapy has not
been approved by the European Medicines Agency in
the adjuvant setting. A systematic review and pooled
analysis of ASSURE, S-TRAC, and PROTECT sup-
ported general trends, with no consistent effect on
DFS or OS of adjuvant VEGF therapy despite a sig-
nificant incidence of adverse events [31]. The pooled
analysis showed that out of every ten patients treated
with VEGF therapy, only one was likely to expe-
rience improvement in DFS. In conclusion, while
TKI therapy may continue to play a role in the
management of metastatic disease, current evidence
suggests that observation may better serve patients
over TKI therapy in the adjuvant setting. However,
the newest class of therapy in RCC, immune check-
point inhibitors, may offer benefit in the adjuvant
space.
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Table 2
Randomized clinical trials planned to explore checkpoint inhibitors in renal cell carcinoma

Trial Therapy Inhibitor Therapy Completion Planned Histology Endpoint
Type(s) Duration Enrollment

(years)

ImMotion010∗ Atezolizumab PD-L1 1 2022 664 Any DFS
Keynote-564∗ Pembolizumab PD-1 1 2022 950 ccRCC DFS
PROSPER∗ Nivolumab PD-1 0.75† 2023 805 Any EFS
Checkmate 914 Nivolumab;

Nivolumab + Ipilimumab
PD-1; PD-1 + CTLA-4 2 2023 1600 ccRCC DFS

RAMPART Durvalumab; Dur-
volumab + Tremelimumab

PD-L1; PD-L1 + CTLA-4 1 2024 1750 Any DFS; OS

∗Metastasctomy patients eligible. †Patients receive one dose neoadjuvant and 9 doses adjuvant. Abbreviations: PD-1, programmed cell
death protein 1; PD-L1, programmed death ligand 1; CTLA-4, cytotoxic T-lymphocyte-associated protein 4; ccRCC, clear cell renal cell
carcinoma; DFS, disease-free survival; OS, overall survival; event-free survival, EFS.

THE IMMUNE CHECKPOINT ERA

Immune checkpoint inhibitors have truly trans-
formed therapy across a number of solid tumors, most
notably in RCC. Not unlike the rationale behind the
cytokine era, checkpoint inhibition again involves
modulation of the immune system to fight can-
cer. These agents block signals which perpetuate
downregulation of T-cell action and prevent normal
antitumor functions [32]. Two sets of checkpoint
inhibitor interactions are targeted by these mono-
clonal antibody agents: programmed death protein
1 (PD-1) with its ligand (PD-L1), and cytotoxic T-
lymphocyte-associated protein 4 (CTLA-4) with its
ligand (CD80/86). Agents in this class have rapidly
progressed from investigational to first line therapy
in mRCC, displaying both increased efficacy and
improved side effect profiles than previous targeted
agents [33–35]. Ipilimumab (Yervoy, Bristol-Meyers
Squibb, a CTLA-4 inhibitor) and nivolumab (Opdivo,
Bristol-Meyers Squibb, a PD-1 inhibitor) combina-
tion therapy is a preferred first line regimen in the
poor prognostic group in mRCC, as well as in sub-
sequent therapy, with a category 1 recommendation
for both scenarios [29]. As with previous generations
of therapies, the natural question of efficacy in the
adjuvant space has emerged. Five phase III random-
ized clinical trials are currently exploring this very
question (Table 2).

ImMotion 010 (A Study of Atezolizumab as Adju-
vant Therapy in Participants With RCC at High
Risk of Developing Metastasis Following Nephrec-
tomy) is a large trial of atezolizumab (Tecentriq,
Genentech, a PD-L1 inhibitor), versus placebo, with
an accrual goal of over 750 patients [36]. Eligible
patients include those at high risk for recurrence fol-
lowing radical or partial nephrectomy or following

metastasectomy without residual disease on imaging
following surgery. Primary endpoint is DFS by inde-
pendent review, with secondary endpoints including
OS, and DFS of patients with ≥1% PD-L1 expres-
sion. Results are expected in 2022.

Keynote-564 (Safety and Efficacy Study of Pemb-
rolizumab as Monotherapy in the Adjuvant Treat-
ment of Renal Cell Carcinoma Post Nephrectomy)
is investigating the potential of pembrolizumab
(Keytruda, Merck, a PD-1 inhibitor), in patients with
intermediate-high risk or high-risk clear cell histol-
ogy, sarcomatoid features and without evidence of
disease following nephrectomy [37]. Those with a
few soft tissue metastatic lesions would be allowed if
lesions can be removed with a synchronous or meta-
synchronous metastasectomy (at the time of, or one
year following nephrectomy, respectively). Approx-
imately 950 patients will be randomized to one year
of pembrolizumab or placebo. Patients are strati-
fied into intermediate or high risk, based on TNM
and Fuhrman grade criteria, or completely resected
metastatic disease. DFS by investigator assessment
will serve as the primary endpoint. OS, safety and
tolerability will be included amongst the secondary
endpoints. Reported results anticipated in 2022.

PROSPER (Nivolumab in Treating Patients With
Localized Kidney Cancer Undergoing Nephrectomy)
is a phase 3 unblinded study of nivolumab in the
perioperative setting versus nephrectomy followed
by observation [38]. Patients in the experimental arm
will undergo one neoadjuvant nivolumab dose, fol-
lowed by nine cycles of adjuvant nivolumab followed
by observation (a prior version of the protocol stated
2 neoadjuvant doses, and up to 12 cycles of adju-
vant therapy). The PROSPER neoadjuvant-adjuvant
combination protocol is unique among contemporary
trials in kidney cancer. While the rationale for pure
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adjuvant therapy is to eliminate or halt the growth
of residual tumor cells following surgery, the ratio-
nale behind the neoadjuvant dosing is to prime T-cells
against the primary tumor in an environment rich
with neoantigens [39]. Theoretically, natural immu-
nity would thus be heightened following operation,
which, in combination with further adjuvant therapy,
may lead to robust clearance of residual micrometas-
tases and a maintained immune memory for tumor
antigens. Planned enrollment is 805 patients and any
histology may be included. Primary endpoint is event
free survival, defined as recurrence or death from
any cause up to 10 years, with primary data analysis
estimated for 2023.

RAMPART (Renal Adjuvant MultiPle Arm Ran-
domised Trial) is a multi-arm trial of 1 year of
observation following surgery (arm A) versus single
agent durvalumab (Imfinzi, AstraZeneca, a PD-L1
inhibitor) (arm B) versus doublet therapy with dur-
valumab with tremelimumab (Optune, Novocure, a
CTLA-4 inhibitor) (arm C) [40]. Primary endpoints
are DFS and OS for arms B and C versus arm
A. Patients with Leibovich score 3–11 (indicating
intermediate to high risk of recurrence following
nephrectomy) of any histology are eligible [40].
Notably, those with an intermediate Leibovich score
of 3–5 will be enrolled up to three years of the start
of the trial or until this group represents 25% of the
study population. Recruitment target is 1750 patients
and with results expected in 2024.

CheckMate 914 (A Study Comparing the Com-
bination of Nivolumab and Ipilimumab Versus
Placebo in Participants With Localized Renal Cell
Carcinoma) is investigating nivolumab alone or com-
bination nivolumab and ipilimumab, compared to
placebo [34]. Randomization in part A of the trial
will be 1:1 nivolumab+ipilimumab to placebo for
2 years. Part B randomization will be 1:1:2, with
nivolumab plus ipilimumab placebo serving as the
third arm. Eligible patients include those at high risk
for relapse following nephrectomy. The aforemen-
tioned interventions are planned for 24 months or
first DFS event, treatment limiting toxicity, or consent
withdrawal. Only patients with predominantly clear
cell histology are eligible. This study has a planned
enrollment of 1600 with anticipated completion in
2023. Primary and secondary endpoints are DFS and
OS by independent review, respectively.

The next generation of adjuvant trials are posi-
tioned to answer a number of novel questions, in
addition to exploring the role of adjuvant check-
point inhibitors. ImMotion010, Keynote-564, and

PROSPER all allow enrollment of patients who are
status post metastasectomy, a previously unexplored
area for adjuvant therapy [36–38]. ImMotion010,
PROSPER, and RAMPART have generous histology
inclusion criteria, allowing for subgroup analysis of
adjuvant therapy in selected non-ccRCC cohorts [36,
38, 40]. Checkmate 914 and RAMPART incorporate
experimental arms with dual CTLA-4 and PD block-
ade, a combination with previously demonstrated
efficacy in advanced RCC [34, 40]. With the structure
of these trials, monotherapy and combination therapy
can be directly compared.

NOVEL THERAPEUTIC APPROACHES

Parallel to the evolution of classical generations
of cytokine, targeted, and checkpoint inhibitor ther-
apy, novel approaches have been tested. A number
of vaccines have been explored as adjuvant ther-
apy for RCC. Autologous tumor cells incubated with
Bacillus Calmette-Guerin (BCG) twice-injected after
surgery was compared to placebo without statisti-
cally significant differences in DFS or OS at 5 years
[41]. Another study explored an autologous vac-
cine complexly created from patient lymph tissue
incubated in interferon gamma and injected in six
doses adjuvant to surgery. It showed an improvement
in DFS over placebo after five years of follow-up
(p = 0.02) [42]. This trial has been subject to a num-
ber of criticisms, however, including the proportion
of ccRCC patients being higher in the experimental
group, as well as trial conduction parameters. Given
the cost and complexity of the treatment, this vac-
cine treatment has been abandoned [40]. Another
vaccine based on heat-shock protein (glycoprotein-
96)-peptide complex, HSPPP-96, was investigated
in a phase III trial which showed no difference in
RFS [43]. Although promising in a phase II trial
of mRCC, the autologous RNA-modulated dendritic
cell vaccine AGS-003 phase III trial (NCT01582672)
in mRCC was terminated due to lack of efficacy
which lead to termination of investigation of this ther-
apy in the neoadjuvant setting (NCT02170389) [41].

The ARISER trial investigated the monoclonal
antibody girentuximab targeting carbonic anhydrase
IX, a surface glycoprotein commonly expressed on
ccRCC tumors [44]. The trial recruited 864 patients
with ccRCC tumors with high risk for recurrence
defined as T2G3 + N0M0, T3-4NXM0, or TXN+M0.
No clinical benefit in DFS, with a median follow-
up of 6.0 years, or OS, with median follow-up not
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reached, was observed. Drug-related and serious ad-
verse events were comparable between experimental
and placebo arms.

CURRENT CHALLENGES AND FUTURE
DIRECTIONS

With the tradeoff of adverse events and minimal, if
any, benefit of therapy, selecting the optimal patients
in which to administer adjuvant therapy is of the
utmost importance. Potential areas of focus include
improvement of current predictive models, improved
surgical techniques incorporating lymph node dissec-
tion, and the incorporation of more sensitive imaging
in identifying patients who would benefit from lymph
node dissection [45].

Previously, risk of recurrence was stratified uti-
lizing several factors including tumor size, grade,
necrosis, and lymph node involvement [46–48].
Using these elements, several predictive models have
been developed. One of the initial models, the SSIGN
score, developed by the Mayo Clinic, included stage,
size, grade and necrosis [46]. Later, this model was
modified to include LN involvement, known as the
Leibovich prognosis score. The University of Cali-
fornia Los Angeles Integrated Staging System (UISS)
incorporates presence of metastasis, Fuhrman nuclear
grade and the Eastern Cooperative Oncology Group
(ECOG) performance status [49]. These predictive
models are often utilized to select patients at high risk
for recurrence thereby determining who would bene-
fit from adjuvant therapy. Other nomograms include
the Union for Initial Cancer, Memorial Sloan Ketter-
ing Cancer Center nomogram, and the GRANT score
[50]. However, they often contain limitations and lack
prospective validation [45].

Despite their flaws, these predictive models are
often utilized as they are relatively simple and have
little to no additional cost. Novel methods using
genetic sequencing offer improved accuracy and
potentially wider application; however, they are hin-
dered by cost and availability. These methods largely
appear to be improved when combined with current
clinical scoring systems. Several studies have sought
to establish gene mutational signatures as prognos-
tic tools in RCC using next generation sequencing
(NGS). Brooks et al developed a 34 gene panel,
which was validated using RNA sequencing data
from the Cancer Genome Atlas database. Patients in
the poor risk group were found to have more fre-
quent and earlier recurrence, were at nearly three

times higher risk of disease specific death, and more
than twice as likely to experience all cause-mortality
[51]. Rini et al. developed a 16 gene panel to pre-
dict clinical outcomes of stage I-III ccRCC. Using
reverse-transcription PCR, over 500 genes were iden-
tified that correlated with recurrence free survival
(RFS) from a database of nearly 1000 patients [52]. 11
were ultimately selected via statistical analysis, with
5 other reference genes for a total of 16 genes, based
upon which a recurrence score was calculated. This
approach was validated using the cohort data from the
S-TRAC trial, and was found to be predictive of RFS,
time to recurrence, and renal cancer-specific survival.
The cell cycle proliferation (CCP) score was devel-
oped by Morgan et al. by identifying genes involved in
cellular proliferation using an RNA expression assay.
The CCP score predicted recurrence and disease-
specific mortality in these patients [53]. When used
with the Karakiewicz nomogram, a composite score
was developed, which reliably differentiated low-risk
and high-risk patients. Notably, this study included
patients with chromophobe and papillary histolo-
gies in addition to ccRCC. Long non-coding RNA
(LncRNA) has been found to play key roles in tumori-
genesis and tumor progression. Qu et al. identified
four LncRNAs associated with recurrence in RCC
that stratified patients as low or high risk for recur-
rence and outperformed TNM and SSIGN scores.
Additionally, studies have illustrated cell tumor DNA
(ctDNA) has the potential to function as a surveillance
biomarker in patients with localized RCC. A study
by Al-Qassab et al. found 67% of patients with RCC
(n = 30) had detectable mutations in more than gene
via ctDNA NGS assay, as compared with 3.1% of
individuals in their healthy control group (n-32) [54].
The incorporation of genomic data in conjunction
with current predictive scores in RCC has improved
accuracy in identifying patients at higher risk.

Another approach requiring further exploration is
the widespread use of lymph node dissection dur-
ing nephrectomy, even in patients without significant
risk factors for nodal involvement. The European
Organization for Research and Treatment of Can-
cer (EORTC) randomized phase 3 trial 30881, which
compared nephrectomy versus nephrectomy with
routine lymph node dissection, showed no differ-
ence in OS or PFS benefit between both groups
[55]. Based on this study, NCCN guidelines recom-
mend that lymph node dissection be completed only
when enlarged lymph nodes are present on preop-
erative imaging or palpated during surgery which
allows variability in nodal analysis [29]. However,
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the EORTC study did not look at the use of subse-
quent adjuvant treatment in those who were found to
be node positive. By performing routine lymph node
dissection, we may be able to better stratify patients
and identify a larger subset which are at higher risk of
distant recurrence, and accordingly may benefit from
adjuvant treatments.

Currently, cross sectional imaging with CT scan
is the standard imaging modality used in the stag-
ing evaluation of patients prior to nephrectomy.
The potential use of more sensitive imaging tech-
niques such as FDG-PET or 18F-FDG PET may
be a useful tool in the preoperative evaluation of
patients for increased detection of nodal involvement
[45]. Although the utility of conventional FDG-PET
imaging is debatable in RCC, novel PET methods
may prove useful in identifying ideal candidates for
immunotherapy. Currently under investigation are
PET tracers tracking CD8, and reports exist of PET
tracers labeling atezolizumab and other checkpoint
inhibitors [56–58]. These novel imaging approaches
may increase imaging sensitivity with downstream
effects of identifying a greater number of patients
with metastatic disease at diagnosis and allowing
treatment optimization.

As recurrence risk in trial design evolves to incor-
porate genetics, so too must the primary aims be
evaluated. The majority of adjuvant studies in RCC
have used DFS as a primary outcome, as are many
of the current adjuvant studies investigating check-
point inhibitors. However, a meta-analysis of trials in
the targeted era found that DFS correlated only mod-
erately with OS, suggesting its ability to serve as a
surrogate was not particularly strong [59].

CONCLUSION

Improving patient selection for therapy will likely
position future drug trials in the adjuvant RCC setting
for greater success. Further development of meth-
ods that combine clinical data with gene mutation
data likely hold the most promise. However, optimal
patient selection is futile without improving adjuvant
therapeutic modalities. Despite conferring improved
patient outcomes in mRCC, neither cytokine nor TKI
agents have shown consistent benefit in the adjuvant
setting. The one exception is the S-TRAC trial, which
illustrated a 1-year DFS, but lacked OS benefit, and
was burdened by notably high toxicity rates. Fur-
thermore, these findings were not reproduced in a
subsequent subset analysis. Other trials with various

TKIs have also failed to show benefit in the adjuvant
setting. VEGF-TKIs, by their very nature, may not
be a fruitful strategy in this arena. Data from phase
III trials testing everolimus and several checkpoint
inhibitors are eagerly awaited and have the potential
to provide the long-sought value of adjuvant therapy
of RCC.
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