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Abstract: In 2018, there were 400,000 new cases of renal cell carcinoma (RCC) globally, 
with 175,000 deaths attributable to the disease. Three quarters of patients have potentially 
curable localised disease at diagnosis; however, recurrence rates are as high as 40% follow-
ing surgery. There are currently no adjuvant therapies in routine clinical use which reliably 
improve outcomes. Effective adjuvant therapy is an urgent unmet need to reduce recurrence 
risk and improve outcomes. Early efforts explored chemotherapy, radiotherapy, cytokine 
therapy, hormonal treatments and tumour cell vaccines as adjuvant therapies, however, have 
yielded disappointing results. More recently, interest shifted to evaluating tyrosine kinase 
inhibitors (TKIs) in the adjuvant setting, as they improve outcomes in metastatic disease. 
Five phase III clinical trials testing adjuvant use of a range of TKIs have been performed, 
with the results of a sixth trial awaited. Unfortunately, these studies have thus far yielded 
conflicting and disappointing results, and there is currently no strong evidence for routine 
adjuvant TKI therapy. In parallel, novel immunotherapy treatment approaches have recently 
been developed, transforming the management of a range of malignancies, particularly 
through immune checkpoint inhibitors (ICIs). These approaches are well established in the 
metastatic context in RCC, as well as in the adjuvant treatment of melanoma. On this basis, 
five phase III trials are currently ongoing to test the efficacy of a range of ICIs in adjuvant 
RCC patients, with initial results expected over the next few years. In this article, we review 
the current evidence for adjuvant therapies in RCC, discuss ongoing clinical trials and 
suggest directions for future work to address this unmet need. 
Keywords: renal cell carcinoma, adjuvant therapy, tyrosine kinase inhibitors, immune 
checkpoint inhibitors

Introduction
Approximately 13,100 people are diagnosed with renal cell carcinoma (RCC) in the 
UK each year, making it the seventh most common cancer affecting the UK 
population.1 A total of 4500 UK deaths are attributable to RCC annually and five- 
year survival is just 56%. In 2018, there were over 400,000 new cases globally and 
RCC was responsible for 1.8% of the cancer deaths worldwide, with 175,000 deaths 
attributable to the disease.2 Although 75% of newly diagnosed patients have 
potentially curable localised or locally advanced disease,3 recurrence rates in 
patients with stage II and III disease following nephrectomy are as high as 40%.4 

Effective adjuvant therapies are therefore needed to reduce recurrence risk and 
improve outcomes. Targeted treatments including tyrosine kinase inhibitors (TKIs) 
and novel immunotherapies have significantly improved the outlook for patients 
with metastatic RCC in recent years,5–16 providing impetus for studies aimed at 
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identifying an effective adjuvant therapy. Indeed, exten-
sive efforts have been invested in attempts to translate 
clinical benefits from the metastatic to adjuvant setting. 
In this review, we examine current evidence for adjuvant 
therapies in RCC, discuss ongoing clinical trials and sug-
gest future directions in the search for an effective adju-
vant therapy.

Predicting Recurrence Risk in the 
Adjuvant Setting
RCC is currently staged using the eighth TNM staging 
system.17 Using this system, patients are grouped into prog-
nostic stages based on features of the primary tumour and the 
presence or absence of nodal and distant metastases (Table 1).

Leibovich et al aimed to develop an algorithm to predict 
metastasis development following surgery.18 In a study of 
1671 patients with localised clear cell RCC (ccRCC), metas-
tasis development was associated with tumour stage, regio-
nal lymph node status, tumour size, nuclear grade and 
histologic tumour necrosis. The Leibovich Risk Score there-
fore incorporates these features to stratify patients into low, 
intermediate or high-risk groups, reliably predicting metas-
tasis-free survival (Table 2).

The UCLA Integrated Staging System (UISS) similarly 
stratifies ccRCC patients into low, intermediate and high- 
risk groups to predict postoperative outcomes.19 By strati-
fying 814 patients based on primary tumour status, grade 
and Eastern Cooperative Oncology Group (ECOG) perfor-
mance status, the authors reliably predicted overall survi-
val (OS) and disease-specific survival (Table 3).

These approaches reliably predict recurrence risk in the 
adjuvant setting for ccRCC and are therefore important not 
only as prognostic tools to guide individual management, 
but also as a consistent framework for evaluating novel 
adjuvant therapies. However, there is currently no consen-
sus for a specific prognostic model20 and this is likely 
responsible, at least in part, for discrepancies in results 
of contemporary studies. Development of novel biomar-
kers is needed to improve and unify existing prognostic 
models and this may, in turn, improve concordance 
between studies assessing novel adjuvant therapies.

Failure to Identify Effective 
Adjuvant Therapies in the Past
Following potentially curative surgery, adjuvant therapies 
are given with the aim of killing any residual microscopic 
disease and undetectable micro-metastases. Despite many 

approaches reaching phase III trials, early efforts failed to 
identify adjuvant therapies which improve RCC survival 
(Table 4).

Table 1 UICC TNM Staging of Kidney Tumours

Primary Tumour

T Features

TX Primary tumour cannot be assessed

T0 No evidence of primary tumour
T1 Tumour 7cm or less in greatest dimension, limited to the 

kidney

T1a Tumour 4cm or less
T1b Tumour more than 4cm but not more than 7cm

T2 Tumour more than 7cm in greatest dimension, limited to 

the kidney
T2a Tumour more than 7cm but not more than 10cm

T2b Tumour more than 10cm, limited to the kidney

T3 Tumour extends into major veins or perinephric tissues, 
but not into the ipsilateral adrenal gland and not beyond 

Gerota fascia

T3a Tumour extends into the renal vein or its segmental 
branches, or tumour invades the pelvicalyceal system, or 

tumour invades perirenal and/or renal sinus fat

T3b Tumour extends into vena cava below the diaphragm
T3c Tumour extends into vena cava above the diaphragm or 

invades the wall of the vena cava

T4 Tumour invades beyond Gerota fascia (including 
contiguous extension into the ipsilateral adrenal gland)

Regional Lymph Nodes (hilar, abdominal para-aortic and para-caval 
nodes)

N Features

NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis

N1 Metastasis in regional lymph node(s)

Distant Metastasis

M Features

M0 No distant metastasis

M1 Distant metastasis

Prognostic Stage Groups

Stage T N M

Stage I T1 N0 M0
Stage II T2 N0 M0

Stage III T3 N0 M0

T1, T2, T3 N1 M0
Stage IV T4 Any N M0

Any T Any N M1

Notes: Reproduced with permission from John Wiley and Sons © (2017). TNM 
Classification of Malignant Tumours, Eighth Edition. Edited by James D. Brierley, Mary 
K. Gospodarowicz and Christian Wittekind (2017).17

Tacconi et al                                                                                                                                                          Dovepress

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                                           

OncoTargets and Therapy 2020:13 12302

http://www.dovepress.com
http://www.dovepress.com


Based on observations that interferon-alpha (INF-α) 
and interleukin-2 (IL-2) increase time to progression and 
OS in metastatic RCC,12,21,22 many early efforts have been 

invested in evaluating adjuvant cytokine therapy. 
A prospective phase III trial evaluating IL-2 versus obser-
vation in patients with high-risk RCC following surgical 
resection23 closed early when interim analysis provided no 
evidence that IL-2 improves disease-free survival (DFS). 
A study comparing IFN-α-NL versus observation similarly 
identified no benefit.24 In this phase III study, adjuvant 
IFN-α-NL failed to improve either OS or relapse-free 
survival (RFS) in 247 patients following resection of 
locally extensive RCC. Accordingly, a randomised study 
found no significant difference in five-year OS or event- 
free survival in patients treated with recombinant IFN-α2b 
versus observation following nephrectomy.25

Passalacqua et al assessed the combination of IL-2 plus 
IFN-α in a phase III randomised trial of 303 patients.26 RFS 
and OS were not significantly different between groups, con-
sistent with the above studies. However, unplanned subgroup 

Table 2 Leibovich Risk Score

Scoring Algorithm to Predict Metastases After Radical 
Nephrectomy in Patients with ccRCC

Primary Tumour Status (T) Score

pT1a 0
pT1b 2

pT2 3

pT3a 4
pT3b 4

pT3c 4

pT4 4

Regional Lymph Node Status (N) Score

pNX 0

pN0 0

pN1 2
pN2 2

Tumour Size (cm) Score

<10 0

≥10 1

Nuclear Grade Score

1 0

2 0
3 1

4 3

Histologic Tumour Necrosis Score

No 0
Yes 1

Risk Groups

Group Score

Low 0–2

Intermediate 3–5

High ≥6

Estimated Metastasis-Free Survival Rate (%)

Risk Group Year One Year Five Year Ten

Low 99.5 97.1 92.5
Intermediate 90.4 73.8 64.3

High 57.7 31.2 23.6

Notes: Reprinted by permission from John Wiley and Sons © (2003). Prediction of 
progression after radical nephrectomy for patients with clear cell renal cell carci-
noma, Leibovich BC, Blute ML, Cheville JC et al. Cancer. 2003;97(7):1663–1671 .18

Table 3 UCLA Integrated Staging System (UISS)

UISS

Risk Group TNM Stage Grade ECOG

Low I 1,2 0

Intermediate I 1,2 ≥1
I 3,4 0
I 3,4 ≥1

II Any Any

III 1 0
III 1 ≥1

III >1 0

High III >1 ≥1
IV Any Any

OS (%)

Risk Group Year One Year Three Year Five

Low 97.5 90.5 83.8

Intermediate 95.4 81.6 71.9
High 84.4 55.5 44.0

Disease-Specific Survival (%)

Risk Group Year One Year Three Year Five

Low 100 94.9 91.1

Intermediate 97.2 87.7 80.4
High 89.0 63.7 54.7

Notes: Reprinted with permission © (2002) American Society of Clinical 
Oncology. . Zisman, A et al: Risk group assessment and clinical outcome algorithm 
to predict the natural history of patients with surgically resected renal cell 
carcinoma. J Clin Oncol, 2002;20(23):4559–4566.19
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analysis suggested that patients with two of more of age 60 or 
younger, pN0, tumour grades 1–2 and stage pT3a were more 
likely to benefit from treatment, with improved RFS rates.

Atzpodien et al evaluated IL-2 and IFN-α2a in combi-
nation with 5-flurouracil (5-FU) in the adjuvant setting.27 

In this prospective trial, 203 high-risk patients were ran-
domised to either eight weeks of IL-2, IFN-α2a and 5-FU 
or observation. This study found no RFS benefit of treat-
ment, and that OS was actually inferior to observation 
alone. In the more recent RE04 study from the UK com-
munity, Aitchison et al similarly compared IL-2, IFN-α 
and 5-FU to observation in high-risk RCC patients eight 
weeks following nephrectomy.28 While no significant dif-
ference was found in DFS or OS, treatment was associated 
with significant toxicity and worse quality of life. These 

studies support that there is no benefit of adjuvant cytokine 
therapy in RCC, either alone or in combination with che-
motherapy, and that treatment may be associated with 
poorer quality of life and worse outcomes.

Another approach in the search for an effective adjuvant 
RCC therapy has been the development of tumour cell 
vaccines.12 No significant difference in DFS or OS was 
detected in a prospective study of 43 patients randomised to 
hormonal therapy alone or in combination with autologous 
irradiated tumour cells.29 However, this study was signifi-
cantly underpowered and there was a trend towards 
improved DFS in patients with localised disease. Galligioni 
et al randomised 120 patients to receive either control or 
three intradermal injections of 107 autologous irradiated 
tumour cells following radical nephrectomy.30 Thirty-eight 

Table 4 Summary of Early Clinical Studies Investigating Adjuvant RCC Therapies

Study N Intervention Primary 
Endpoint(s)

Outcome

Clark et al 200323 69 IL-2 vs observation DFS Closed early; interim 

analysis non-significant 

(P=0.73)

Messing et al 200324 283 IFN-α vs observation OS Non-significant (P=0.09)

Pizzocaro et al 200125 247 IFN-α2b vs observation OS, EFS Non-significant (P=0.86 

for OS, 0.11 for EFS)

Passalacqua et al 201426 303 IL-2 + IFN-α vs observation RFS Non-significant (P=0.44)

Atzpodien et al 200527 203 IL-2 + IFN-α2a + 5-FU vs observation RFS Non-significant (P=0.24)

Aitchison et al 201428 309 IL-2 + IFN-α2a + 5-FU vs observation DFS Non-significant (P=0.23)

Kjaer et al 198786 65 Radiotherapy vs observation RFS, OS Non-significant (P>0.05)

Pizzocaro et al 198787 120 Medroxyprogesterone acetate vs observation RFS Non-significant (P not 

presented)

Naito et al 199788 66 UFT (tegafur and uracil 1:4) vs observation NRR, RCC- 

specific survival 

rate

Non-significant (P not 

presented)

Adler et al 198729 43 Autologous irradiated tumour cells + hormonal therapy 

vs hormonal therapy alone

PFS Non-significant (P<0.1)

Jocham et al 200431 379 Autologous irradiated tumour cells vs observation PFS Significant, favouring 

vaccine group (P=0.02)

Galligioni et al 199630 120 Autologous irradiated tumour cells vs observation DFS, OS Non-significant (P=0.21 

for DFS, 0.28 for OS)

Wood et al 200832 818 Autologous, tumour-derived heat-shock protein (glycoprotein 

96)-peptide complex therapeutic vaccine vs observation

RFS Non-significant (P=0.51)

Chamie et al 201733 864 Girentuximab vs placebo DFS, OS Non-significant (P=0.74 

for DFS, 0.94 for OS)
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of 54 immunised patients showed a delayed-type cutaneous 
hypersensitivity reaction; however, despite this, there was no 
significant difference in DFS or OS between groups.

In a phase III trial of RCC patients who had undergone 
radical nephrectomy (pT2–3b pN0–3 M0), Jocham et al 
randomised 558 patients to receive no adjuvant treatment 
or autologous renal tumour cell vaccine (six intradermal 
applications at four-week intervals post-operatively).31 

Progression-free survival (PFS) at five and 70 months 
was 77.4% and 72% respectively in the vaccine group, 
and 67.8% and 59.3% respectively in controls, 
a statistically significant difference. However, this study 
was unblinded and many baseline characteristics were 
unbalanced; this, coupled with the failure of similar stu-
dies to detect benefit, has meant that this approach has not 
translated into widespread clinical use. Furthermore, Wood 
et al performed a multicentre randomised phase III trial of 
an adjuvant autologous, tumour-derived heat-shock protein 
(glycoprotein 96)-peptide complex therapeutic vaccine in 
818 patients.32 Participants were randomised to treatment 
or observation, and no significant difference was found in 
RFS between the groups, supporting the negative results 
from earlier autologous therapeutic vaccine trials.

More recently, Chamie et al evaluated weekly girentuxi-
mab in patients with high-risk ccRCC following partial or 
radical nephrectomy (ARISER).33 Girentuximab is 
a chimeric monoclonal antibody targeting carbonic anhydrase 
IX, a cell surface glycoprotein overexpressed in ccRCC but 
absent from normal renal tissue. In this randomised, double- 
blind, placebo-controlled phase III trial, no significant differ-
ence was detected in either DFS or OS, indicating that there is 
no clinical benefit of adjuvant girentuximab.

Compounding the disappointing results thus far, 
Massari et al performed a meta-analysis of 14 phase III 
clinical trials exploring adjuvant RCC therapies, in parti-
cular cytokine and vaccine-based therapies.34 This study 
found no statistically significant difference in five-year 
RFS and results suggested that cytokine therapy may 
have a detrimental effect on OS.

The studies discussed here failed to demonstrate con-
sistent improvement in DFS or OS. Although they likely 
struggled with a lack of effective treatments, it is impor-
tant to note that many of these trials were designed and 
completed before validated stratification systems for recur-
rence risk were established. As patient recruitment was 
mainly based on histopathological parameters, results 
may have been different had one of the above risk strati-
fication systems been used.

Novel Approaches to Adjuvant 
Treatment: TKIs
TKIs have been shown to improve outcomes in patients 
with metastatic RCC.6–8,10–14 For example, sunitinib 
improved OS by almost five months compared to IFN-α 
in a phase III trial.8 Newer targeted therapies for meta-
static RCC, in particular TKIs, arose through an improved 
understanding of its molecular pathogenesis.13 The tumour 
suppressor VHL (von Hippel–Lindau) is frequently 
mutated in RCC and encodes an E3 ubiquitin ligase that 
marks proteins including HIF1-α (hypoxia-inducible factor 
1-alpha) for degradation, in turn regulating the activity of 
pro-angiogenic factors including VEGF (vascular endothe-
lial growth factor). This discovery provided impetus to 
investigate VEGFR (vascular endothelial growth factor 
receptor) inhibitors such as sorafenib and sunitinib in 
metastatic RCC, and their use is now well established in 
this setting. The PI3K-AKT (phosphatidylinositol 
3-kinase; RAC-α serine/threonine-protein kinase) signal-
ling pathway has also been implicated in RCC through 
angiogenesis promotion and its regulation via mTOR 
(mechanistic target of rapamycin) has been exploited in 
metastatic RCC; mTOR inhibitors approved for clinical 
use include temsirolimus and everolimus. TKIs are now 
in widespread use as both first- and second-line agents for 
treatment of metastatic RCC13 and their mechanism of 
action is summarised in Figure 1.

Having been established as effective therapies in meta-
static disease, TKIs have been the focus of extensive 
efforts in developing an effective adjuvant RCC treatment. 
Several studies have been performed or are ongoing to 
assess TKIs in this setting (Table 5), including ASSURE, 
S-TRAC, PROTECT, ATLAS, SORCE and EVEREST.

ASSURE (adjuvant sorafenib or sunitinib for unfavour-
able renal carcinoma) was the first phase III trial assessing 
the efficacy of TKIs in adjuvant RCC patients.12–14,35 This 
double-blind, randomised study compared sorafenib or 
sunitinib for one year versus placebo on DFS in 1943 
patients with high-risk RCC. Participants from 226 centres 
with high-grade pathological stage T1b or greater non- 
metastatic RCC who had undergone nephrectomy were 
randomised 1:1:1 to sunitinib (50mg; 647 patients), sora-
fenib (800mg; 649 patients) or placebo (647 patients). No 
significant difference was found in the primary endpoint of 
DFS for either sunitinib or sorafenib relative to placebo 
(median DFS: 5.8, 6.1 and 6.6 years for sunitinib, sorafe-
nib and placebo, respectively; OS: 77.9%, 80.5% and 
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80.3%, respectively). Furthermore, treatment was asso-
ciated with high rates of adverse events (AEs) including 
hypertension, rash, fatigue and hand-foot syndrome; 63% 

of the patients receiving sunitinib and 72% of the patients 
receiving sorafenib reported grade three or worse AEs, 
compared to 25% in the placebo group. Following dose 
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Figure 1 Mechanism of action of TKIs used in metastatic RCC. Kinases regulating angiogenesis are frequently overexpressed in RCC, culminating in increased tumour vascular 
supply. VHL inactivation leads to overexpression of pro-angiogenic factors including VEGF via increased HIFα expression. HIFα is also upregulated via PI3K/mTOR signalling. VEGF 
binds to VEGFR1/2/3 on endothelial cell surfaces, promoting angiogenesis. Additional cell surface receptors regulating angiogenesis include PDGFR (platelet-derived growth factor 
receptor), FGFR (fibroblast growth factor receptor), tyrosine-protein kinase MET (hepatocyte growth factor receptor), AXL oncogene (tyrosine-protein kinase receptor UFO) and 
proto-oncogene tyrosine-protein kinase receptor RET. A range of TKIs have been developed targeting various aspects of these signalling pathways. Adapted by permission from 
Springer Nature © (2017). Posadas EM, Limvorasak S, Figlin RA. Targeted therapies for renal cell carcinoma. Nat Rev Nephrol. 2017;13(8):496–511.13 

Abbreviations: PDGF, platelet-derived growth factor; FGF, fibroblast growth factor; HGF, hepatocyte growth factor; GAS6, growth arrest-specific protein 6; GDNF, glial 
cell line-derived neurotrophic factor.

Table 5 Summary of Newer Generation Studies Testing Adjuvant TKIs

Study N Intervention Primary 
Endpoint

Outcome

ASSURE35 1943 Sorafenib or sunitinib 

vs placebo for one year

DFS Non-significant; sunitinib HR 1.02, 97.5% CI 0.85–1.23, P=0.8038; 

sorafenib HR 0.97, 97.5% CI 0.80–1.17, P=0.718

S-TRAC36 615 Sunitinib vs placebo for 

one year

DFS Significant; HR 0.76; 95% CI 5.8-NR; P=0.030

PROTECT39 1538 Pazopanib (600mg) vs placebo 

for one year

DFS Non-significant; HR 0.86; 95% CI 0.70–1.06; P=0.165

ATLAS40 724 Axitinib vs placebo for three 

years

DFS Stopped due to futility; non-significant at interim analysis; HR 0.87, 95% 

CI 0.66–1.15; P=0.321

SORCE42 1711 Sorafenib vs placebo for three 

years

DFS Non-significant; HR 1.01; 95% CI 0.83–1.23; P=0.950

EVEREST43,44 1218 Everolimus vs placebo (nine 

courses of six weeks)

DFS Results awaited
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reduction, this figure still exceeded 55%. In patients 
started on full dose, treatment discontinuation rates due 
to AEs or patient withdrawal were 44% and 45% in the 
sunitinib and sorafenib groups, respectively (11% in the 
placebo group). The disappointing results of this study 
suggested that TKIs would not be useful for preventing 
RCC recurrence in the adjuvant setting.

Shortly after publication of ASSURE, the findings of 
S-TRAC (Sunitinib Trial in Adjuvant Renal Carcinoma) 
were made available.12–14,36 This was a randomised, dou-
ble-blind phase III study comparing sunitinib versus pla-
cebo for one year in 615 patients at high-risk of recurrence 
from 99 centres. This study considered a higher risk popu-
lation than ASSURE, with eligibility criteria focusing on 
locoregional UISS high-risk T3-T4 disease. Patients were 
randomised to receive sunitinib (50mg) or placebo for 
one year. In contrast to ASSURE, a significant difference 
in DFS was detected (6.8 years for sunitinib and 5.6 years 
for placebo). This study was, therefore, the first to show 
benefit of adjuvant TKI therapy. Subgroup analyses con-
firmed a benefit of adjuvant sunitinib over placebo across 
subgroups, consistent with the primary analysis.37 

While DFS was prolonged in the sunitinib group, this 
must be balanced against toxicity and quality of life con-
siderations; 48% of the patients in the treatment group 
experienced grade three to four AEs (16% in the placebo 
group), with a discontinuation rate of 28%.

There are several possible explanations for the conflicting 
results of ASSURE and S-TRAC. While ASSURE included 
patients with stage I tumours, S-TRAC focused on a higher 
risk population as discussed above. Furthermore, S-TRAC 
included only ccRCC while ASSURE did not restrict their 
study population. Dose reductions were greater in ASSURE, 
with reductions to 25mg included while in S-TRAC max-
imum reduction was to 37.5mg, with fewer dose reductions. 
Furthermore, S-TRAC involved central radiograph review to 
confirm disease-free status and the primary endpoint of DFS 
was based on blinded central review while in ASSURE this 
was by investigators only. When both studies were included 
in a meta-analysis of 1909 patients38 (with sorafenib 
ASSURE arm excluded), a trend towards benefit of sunitinib 
was detected; however, there was no significant benefit of 
sunitinib on either DFS or OS; these findings did not change 
when only the ccRCC histology subgroup of ASSURE was 
included. Furthermore, the hazard ratio (HR) for OS was 
greater than one, suggesting harm of treatment, and risk of 
grade three or greater AEs increased by up to 2.63 times upon 
treatment. These results support that there is no evidence for 

the use of TKIs in the adjuvant setting at present; while there 
is no clear evidence of clinical benefit, there is increased risk 
of toxicity and possible harm to OS.

In sub-population analyses of S-TRAC, higher risk 
patients benefited more from treatment, with DFS of 6.2 
years versus 4.0 years in the placebo group. This high-risk 
subgroup was defined as tumour stage III, no or undeter-
mined nodal involvement, no metastasis, Fuhrman grade 2 
or more and an ECOG score of 1 or more or tumour stage 
4, local nodal involvement or both. Although there is no 
clear evidence for adjuvant TKIs as blanket treatment, it is 
important to note that there may be a benefit for higher 
risk patients or those with certain pathological features. 
Further studies should focus on identifying those most 
likely to benefit, in particular by identifying predictive 
biomarkers that can predict response to adjuvant therapies.

PROTECT was designed to evaluate efficacy and 
safety of pazopanib in 1538 patients with localised or 
locally advanced RCC at high-risk of relapse following 
nephrectomy.12–14,39 In this phase III trial, patients with 
resected pT2 (high grade), pT3 or greater, including N1, 
ccRCC were randomised 1:1 to pazopanib (800mg) or 
placebo for one year. Due to toxicity attrition, the pazopa-
nib dose was reduced to 600mg and the primary endpoint 
was changed to DFS for pazopanib 600mg compared to 
placebo. Despite a trend towards benefit, there was no 
significant difference in DFS between pazopanib 
(600mg) and placebo, supporting that there is no benefit 
of adjuvant TKI treatment, in accordance with ASSURE. 
However, there was a 31% decrease in recurrence risk in 
patients receiving pazopanib 800mg, suggesting that 
higher doses are more effective at prolonging DFS; none-
theless, the pazopanib 800mg group accounted for just one 
third of the whole study group and this result is therefore 
less reliable than the pazopanib 600mg group. Deranged 
liver function was common, and 21% of the patients 
receiving pazopanib 800mg were unable to continue due 
to transaminase elevations, making this an unrealistic dose 
for widespread clinical use.

ATLAS (Adjuvant Axitinib Therapy of Renal Cell 
Cancer in High Risk Patients) was a phase III double- 
blind trial comparing adjuvant axitinib versus placebo in 
724 patients with locoregional RCC.40 Axitinib is 
a selective VEGFR1/2/3 inhibitor associated with longer 
PFS compared to sorafenib in metastatic RCC41 and which 
is approved as second-line treatment in this context. 
Patients who had undergone nephrectomy and had no 
evidence of residual or metastatic disease were 
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randomised 1:1 to receive either axitinib twice a day 
(5mg) or placebo for a minimum of one year and up to 
three years. The trial was stopped following interim ana-
lysis due to futility as there was no significant difference 
detected between DFS in treatment and placebo groups. 
However, in the highest-risk subpopulation (pT3 disease 
with Fuhrman grade 3 or above, or pT4 and/or lymph node 
positive, any T and any Fuhrman grade), reduction in risk 
of a DFS event of 36% and 27% was detected by inves-
tigators and independent review committee, respectively. 
Although there were similar rates of AEs, there were more 
grade three or four AEs in the axitinib than the placebo 
group (61% and 30%, respectively). The disappointing 
results of this study are consistent with ASSURE and 
PROTECT, reinforcing that there is no strong evidence 
for adjuvant TKIs in RCC. However, consistent with 
S-TRAC, axitinib did lead to a significant improvement 
in DFS in the highest-risk subpopulation, further high-
lighting the need for future studies to focus on identifying 
those patients most likely to benefit from adjuvant TKI 
therapy.

These findings are compounded by the primary efficacy 
analysis from SORCE (Sorafenib in Treating Patients at Risk 
of Relapse After Undergoing Surgery to Remove Kidney 
Cancer) published in October of last year.42 This was 
a randomised double-blind phase III trial assessing sorafenib 
versus placebo in 1711 RCC patients at intermediate and high 
recurrence risk (Leibovich classification). Participants from 
147 sites were randomised 2:3:3 to three years of placebo, 
one year of sorafenib followed by two years of placebo or 
three years of sorafenib. During the study, sorafenib dose was 
reduced from 400mg twice a day to 400mg daily, and the 
primary analysis was revised to compare three years of sor-
afenib to placebo in order to focus on the question of longer 
exposure on outcomes. In accordance with previous trials, no 
differences in DFS or OS were detected between treatment 
and placebo. Importantly, no difference was detected in a sub- 
population analysis of high-risk patients, in contrast to 
S-TRAC and ATLAS. Furthermore, even with dose reductions 
over half of patients stopped treatment early and grade three 
hand-foot syndrome occurred in 24% of sorafenib-treated 
patients, highlighting significant toxicity associated with TKI 
treatment. The results of this study further support that TKIs 
are not suitable for adjuvant RCC treatment regardless of 
treatment duration and suggest that this may be the case 
regardless of recurrence risk.

The final newer generation study testing TKIs in the 
adjuvant setting is EVEREST (Everolimus in Treating 

Patients with Kidney Cancer Who Have Undergone 
Surgery), which was designed to assess the efficacy of 
everolimus versus placebo.14,43 This multicentre rando-
mised phase III trial will assess RFS and is ongoing, 
with completion due in October 2021 (NCT01120249).44 

A higher than expected dropout rate and toxicities includ-
ing rash and hypertriglyceridemia have been reported,43 

raising concerns that toxicity could present a barrier to 
everolimus as an adjuvant therapy regardless of efficacy 
results. Nonetheless, given the unclear benefit of adjuvant 
TKI therapy yielded from studies so far, the results of 
EVEREST are keenly awaited.

Based on the results of S-TRAC, sunitinib has been FDA 
approved as an adjuvant RCC therapy. However, of the five 
phase III studies discussed here with results available, four 
failed to meet their primary endpoint and demonstrated no 
benefit of TKI therapy on DFS or OS in the adjuvant setting, 
calling into question the results of S-TRAC. The results of 
these studies do, however, suggest that higher-risk sub- 
populations may be more likely to benefit from adjuvant 
TKIs; this was found in both S-TRAC and ATLAS, how-
ever, was not reproduced in SORCE. In a meta-analysis of 
ASSURE, S-TRAC, PROTECT and ATLAS including 4820 
patients, there was no statistically significant OS benefit of 
adjuvant TKI therapy.45 However, a benefit was seen in 
DFS, particularly in high-risk populations. While adjuvant 
TKIs did not significantly affect DFS in a low-risk popula-
tion, a benefit was seen in high-risk patients with one or 
more of positive nodes, T3/T4 tumours and Fuhrman grades 
3/4. Therefore, improved methods of patient selection may 
allow more reliable evaluation of adjuvant therapies and 
more favourable outcomes by targeting patients most at 
risk. However, results from SORCE were not included in 
this meta-analysis; had these been included, the findings 
may have been less favourable and it will be important to 
incorporate results of both SORCE and EVEREST into 
a meta-analysis when available in order to make definitive 
conclusions regarding benefit of adjuvant TKIs in both low- 
and high-risk populations.

Arising from these studies, there are significant concerns 
surrounding TKI toxicity and resultant high rates of treat-
ment discontinuation, further calling into question the utility 
of adjuvant TKIs in routine practice. Indeed, the death of an 
otherwise healthy patient on the SORCE trial due to an 
idiosyncratic reaction to sorafenib culminating in hepato-
toxicity and associated renal failure is a sobering reminder 
of potential hazards of adjuvant TKI therapy.46 As MHC 
associations with susceptibility to other TKIs have been 
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reported,47,48 this case further highlights the need for genetic 
profiling to identify markers of idiosyncratic drug reactions.

The SORCE trial investigators surveyed 233 patients to 
explore what survival benefits they judged sufficient to 
warrant therapy with sorafenib.49 For 1 year of treatment 
versus no intervention, median increase in survival time 
required to justify treatment was an extra nine months 
beyond a hypothetical 5 years or an extra year beyond 
a hypothetical 15 years. Further, patients randomised to 
sorafenib judged larger benefits necessary than those allo-
cated to placebo and clinicians also judged larger benefits 
necessary.50 These studies highlight importance of toxicity 
and quality of life considerations when weighing up ben-
efits and harms of adjuvant treatment.

The disappointing results yielded thus far from studies 
of TKIs have prompted a shift in focus to alternatives 
which might provide more effective adjuvant RCC treat-
ments, in particular immunotherapy approaches.

Novel Approaches to Adjuvant 
Treatment: Immunotherapy
Novel immunotherapy approaches have been developed 
based on our understanding of immune checkpoints 

(Figure 2).16 The genetic heterogeneity that provides 
a substrate for tumour cell evolution simultaneously 
results in presentation of a range of neoantigens on cancer 
cell surfaces, providing a mechanism for the immune 
system to recognise them as “foreign”. Antigen-specific 
T-cells are activated upon recognition of tumour antigen 
(TA) by the T-cell receptor (TCR); this mechanism also 
requires co-stimulation, in particular between CD80/CD86 
on the tumour cell and CD28 on the T-cell. In response, 
tumour cells have developed mechanisms to evade recog-
nition; in particular, by downregulating the response via 
Cytotoxic T lymphocyte antigen 4 (CTLA-4), pro-
grammed cell death 1 (PD-1), programmed cell death 1 
ligand 1 (PD-L1) and programmed cell death 1 ligand 2 
(PD-L2). There has therefore been significant interest in 
the targeting of CTLA-4, PD-1 and PD-L1 with the aim of 
enhancing the immune response against tumour cells, an 
approach supported by the observation that PD-L1 expres-
sion is associated with poor prognosis in RCC.16,51,52

Novel immunotherapies developed based on an under-
standing of immune checkpoints are now well established 
in the metastatic setting in RCC.16 In CheckMate 025, 821 
patients with advanced RCC received either nivolumab or 
everolimus. Median OS was 25.0 and 19.6 months in 

Tumour 
Cell

T-cellMHC TCR

CD28CD80/CD86

CD80/CD86

PD-L1 PD-1

CTLA-4

Ipilimumab
Tremelimumab

Nivolumab
Pembrolizumab

Atezolizumab
Avelumab
Durvalumab

T-cell
activation

PD-1PD-L2

TA

Figure 2 Mechanism of action of ICIs. In response to recognition of TA presented by cancer cells, T-cell activation depends on coalescence of a range of signals including co- 
stimulation by CD80/CD86 which bind to CD28 on the T-cell. Cancer cells evade the immune response via competitive binding of CD80/CD86 to CTLA-4 and via binding of 
PD-L1/PD-L2 to PD-1, inhibiting T-cell activation. Antibodies targeting CTLA-4, PD-1 and PD-L1 prevent activation of immunosuppressive signals, thus enhancing host 
immune responses against cancer cells. Adapted by permission from Springer Nature © (2020). Xu W, Atkins MB, McDermott DF. Checkpoint inhibitor immunotherapyin 
kidney cancer. Nat Rev Urol. 2020;17(3):137–150.16
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nivolumab and everolimus groups, respectively; a 27% OS 
benefit was observed in the nivolumab group compared to 
everolimus and there were fewer grade three or four AEs 
in the nivolumab group.5 Nivolumab is now approved 
as second-line treatment in metastatic RCC. Furthermore, 
in Checkmate 214,9 1096 patients with advanced or meta-
static RCC were randomised to nivolumab and ipilimumab 
or sunitinib; combination immunotherapy was superior in 
both OS and PFS. Combination trials of TKIs and immune 
checkpoint inhibitors (ICIs) have also shown promising 
results in the metastatic setting. In KEYNOTE-426 the 
combination of axitinib and pembrolizumab was superior 
to sunitinib alone, extending both OS and PFS in patients 
with metastatic disease.15 Several trials are ongoing asses-
sing various combinations of TKIs and ICIs in metastatic 
RCC, including CheckMate 9ER, COSMIC-313 and 
CLEAR.16

Promising results showing that immunotherapies are more 
effective, and less toxic, than TKIs in the metastatic setting 
have provided impetus to assess whether this will translate to 
adjuvant RCC, particularly as these approaches are already 
established in adjuvant melanoma treatment.53–55 Five phase 
III clinical trials are currently ongoing to address this question 
(Table 6),14,16 including PROSPER, IMmotion010, Keynote- 
564, CheckMate 914 and RAMPART.

PROSPER (NCT03055013)56 is a randomised phase 
III trial assessing neoadjuvant and adjuvant nivolumab 
versus surgery alone in patients with biopsy-proven T2 
high-risk disease. Patients in the treatment group will 
receive neoadjuvant nivolumab every two weeks for two 
cycles, then surgery followed by adjuvant nivolumab 
every two weeks for six cycles and then every four 
weeks for a further six cycles, while control patients will 
receive surgery followed by observation. The trial is cur-
rently recruiting and projected to complete in 2023. The 
primary outcome is RFS, with secondary outcomes includ-
ing OS, RFS in ccRCC and incidence of toxicity.

IMmotion010 (NCT03024996)57 is a phase III multi-
centre randomised double-blind study evaluating efficacy 
and safety of adjuvant atezolizumab versus placebo in 
RCC patients at high recurrence risk following nephrect-
omy. This study is ongoing, with completion projected in 
2022. The primary outcome is DFS as per independent 
review facility (IRF), with secondary outcomes including 
OS, investigator-assessed DFS, distant metastasis-free sur-
vival and AEs.

KEYNOTE-564 (NCT03142334)58 is a phase III ran-
domised double-blind placebo-controlled trial evaluating 

efficacy and safety of adjuvant pembrolizumab monother-
apy in patients with intermediate- or high-risk RCC 
including those with resectable oligometastases. The 
study is ongoing, with completion projected in 2022. The 
primary outcome is investigator-assessed DFS, with sec-
ondary outcomes including OS and AEs.

CheckMate 914 is a phase III clinical trial 
(NCT03138512)59 evaluating adjuvant nivolumab alone 
or combined with ipilimumab versus placebo. The trial is 
currently recruiting RCC patients at high-risk of relapse 
and is projected to complete in 2022. The primary out-
come is DFS, with secondary outcomes including OS 
and AEs.

RAMPART (Renal Adjuvant MultiPle Arm 
Randomised Trial; NCT03288532)60 is a phase III open- 
label randomised trial assessing adjuvant durvalumab 
alone or combined with tremelimumab versus active mon-
itoring. This trial is currently recruiting intermediate- and 
high-risk RCC patients, and is projected to complete in 
2023. Primary outcomes are DFS and OS, with secondary 
outcomes including metastasis-free survival and RCC- 
specific survival time. By including both intermediate- 
and high-risk patients, this study may shed light on the 
utility of ICIs in patients at varying recurrence risk. As 
both CheckMate 914 and RAMPART are assessing mono-
therapy versus combination ICIs, they will also inform on 
any advantage of combination therapies in the adjuvant 
setting.

If ICIs are shown to improve PFS and OS in adjuvant 
RCC patients, there will be further barriers to overcome 
before they can be routinely deployed in this context. 
Studies in the metastatic setting have suggested that ICIs 
may be less toxic than TKIs.16 However, the toxicity 
profile is broader and potentially life-threatening, with 
treatment-related deaths occurring in up to 2%.61 The 
effects of immunotherapy treatment are less predictable 
as any system can be affected by the activated immune 
response; common manifestations include fatigue, colitis, 
hepatitis, pneumonitis, endocrinopathies, hypophysitis, 
inflammatory arthritis and dermatitis. Cardiovascular, hae-
matological, renal, neurological and ophthalmological side 
effects are less common but well-established immunother-
apy toxicities.61 Furthermore, toxic effects have 
a prolonged duration compared to chemotherapy and 
often continue after treatment discontinuation. Moreover, 
combination immunotherapies, while more effective, 
further increase toxicity risk.62–64 Clinicians must, there-
fore, remain alert to manifestations of immunotherapy 
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Table 6 Summary of Newer Generation Studies Testing Adjuvant ICIs

Study Intervention N (Estimated/ 
Actual)

Primary Endpoint(s) Secondary Endpoint(s)

PROSPER56 Neoadjuvant 

and adjuvant 

nivolumab

805 1. RFS 1. OS 

2. RFS in ccRCC patients 

3. Incidence of toxicity

IMmotion01057 Adjuvant 

atezolizumab

778 1. DFS (IRF-assessed) 1. OS 

2. Investigator-assessed DFS 

3. IRF-assessed DFS in participants with tumour-infiltrating 

immune cell 1/2/3 

4. Investigator-assessed DFS in participants with tumour- 

infiltrating immune cell 1/2/3 

5. Disease-specific survival 

6. Distant metastasis-free survival 

7. Percentage of participants who are alive and IRF-assessed 

recurrence free at year three 

8. Percentage of participants who are alive and investigator- 

assessed recurrence free at year three 

9. Percentage of participants with AEs 

10. Maximum serum atezolizumab concentration 

11. Minimum serum atezolizumab concentration 

12. Percentage of participants with anti-therapeutic antibodies to 

atezolizumab

Keynote-56458 Adjuvant 

pembrolizumab

950 1. DFS (investigator assessed) 1. OS 

2. AEs 

3. Study treatment discontinuation due to AEs 

4. First local disease recurrence-specific survival as assessed by 

investigator 

5. First local recurrence with visceral lesion or distant metastasis 

with visceral lesion or secondary systemic malignancy with 

visceral lesion as assessed by investigator 

6. DFS according to participant PD-L1 expression status as 

assessed by investigator 

7. OS according to participant PD-L1 expression status 

8. European organisation for the research and treatment of cancer 

quality of life questionnaire C30 total score 

9. Functional assessment of cancer therapy kidney symptom 

index-disease related symptoms index score

CheckMate 

91459

Adjuvant 

nivolumab ± 

ipilimumab

1600 1. DFS 1. OS 

2. Incidence of AEs 

3. DFS (nivolumab and ipilimumab vs nivolumab and ipilimumab 

placebo)

RAMPART60 Adjuvant 

durvalumab ± 

tremelimumab

1750 1. DFS (durvalumab + 

tremelimumab 

vs observation) 

2. DFS (durvalumab 

vs observation) 

3. OS in high-risk patients 

(durvalumab + tremelimumab 

vs observation) 

4. OS in high-risk patients 

(durvalumab vs observation)

1. Metastasis-free survival (durvalumab + tremelimumab 

vs observation) 

2. Metastasis-free survival (durvalumab vs observation) 

3. RCC-specific survival time (durvalumab + tremelimumab 

vs observation) 

4. RCC-specific survival time (durvalumab vs observation)

Note: Data from Blick et al14, Xu et al16, and ClinicalTrials.gov.56,57,58,59,60
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toxicity and their potential delayed onset; the risk–benefit 
balance of these therapies, while often favouring treatment 
in patients with metastatic disease, may be less favourable 
in the adjuvant setting.

Current Clinical Landscape and 
Future Directions
The European Association of Urology published guidelines 
regarding adjuvant RCC treatment in 2017.65 Based on the 
results of ASSURE and S-TRAC, the guidelines do not 
recommend adjuvant sunitinib following surgical resection in 
high-risk RCC patients due to poor benefit-to-harm ratio and 
absence of evidence of an OS benefit. Furthermore, updated 
European Association of Urology guidelines published in 
2019 do not recommend adjuvant therapy with TKIs in high- 
risk patients following nephrectomy based on lack of proven 
benefit, and recommend that no adjuvant therapy is provided 
outside of clinical trials.66 This is in accordance with the 
National Comprehensive Cancer Network Kidney Cancer 
Guidelines, which favour involvement in clinical trials over 
adjuvant treatment with sunitinib.

To develop effective adjuvant therapies for RCC and 
address this unmet need in the future, there are several 
areas of focus for ongoing research. It will be important to 
develop improved methods of risk stratification, improve 
matching of patients to appropriate therapies through 
development of molecular biomarkers, improve prediction 
of treatment toxicities and continue to invest in develop-
ment of novel targeted treatment strategies.

As discussed, a consistent finding from S-TRAC and 
ATLAS was that higher-risk subpopulations may be more 
likely to benefit from adjuvant TKIs. This was supported by 
a meta-analysis of ASSURE, S-TRAC, PROTECT and 
ATLAS which showed benefit of TKI treatment on DFS in 
a high-risk population but not a low-risk population.45 This 
suggests that improved methods of patient selection may 
enable more reliable evaluation of adjuvant therapies and, by 
targeting those patients most at risk, lead to more favourable 
outcomes. Therefore, further work to develop unified and 
robust stratification systems for identifying high-risk patients 
will be important in the search for effective adjuvant therapies. 
Indeed, despite existence of a range of stratification systems 
there remains a lack of consensus between recent studies. 
A comprehensive analysis was recently performed using the 
multi-centre CORONA database, with the aim of optimising 
adjuvant therapy inclusion criteria.67 This study considered 
trials including ASSURE, SORCE, EVEREST, PROTECT, 

S-TRAC and ATLAS and concluded that results of contem-
porary adjuvant trials will not be comparable as their inclusion 
criteria differ significantly.

Developing our understanding of molecular biomarkers 
will further inform patient stratification. For example, Rini 
et al68 developed a prognostic multigene signature to pre-
dict recurrence risk in ccRCC and found that a panel of 16 
genes could reliably predict clinical outcomes. By incor-
porating molecular information such as this into existing 
stratification systems, patients could be more reliably stra-
tified into high- and low-risk populations.

With the advent of novel immunotherapies, there has been 
considerable interest in biomarker development to predict 
which patients will benefit from specific treatments, although 
this has largely been in the metastatic setting.16 The most 
extensively explored biomarker in this context is PD-L1, 
which has proved useful for predicting response to PD-1 and 
PD-L1 blockade in other cancers, including non-small-cell 
lung carcinoma and melanoma.69–72 While these results are 
supported by some studies in metastatic RCC, for example, in 
CheckMate 214 combination immunotherapy with nivolumab 
and ipilimumab improved PFS relative to sunitinib only in PD- 
L1 positive tumours, this has not been the case consistently.37 

Indeed, in CheckMate 025, OS benefits of nivolumab were 
similar irrespective of PD-L1 expression.5 Several possible 
explanations for this discrepancy have been proposed; in par-
ticular, PD-L1 expression levels are often discordant between 
the primary tumour and metastases, are often heterogeneous 
within the primary tumour itself and can change over time.16 

Whether PD-L1 expression would be a reliable predictive 
biomarker in adjuvant RCC remains to be investigated.

Studies of gene expression profiling have led to the 
possibility of targeting RCC treatments based on expres-
sion profiles. For example, RNA sequencing performed 
during IMmotion150 demonstrated three distinct gene 
expression signatures (angiogenic, T-effector cell and 
myeloid inflammatory signatures).16,73 Accordingly, in 
IMmotion151, patients with T-effector cell signatures 
experienced a PFS benefit from combination atezolizumab 
and bevacizumab while those with angiogenic signatures 
responded well to sunitinib alone.74

Other approaches currently being investigated as predic-
tive biomarkers for response to ICIs include assessment of 
tumour mutational burden, PBRM1 mutations, CD8+ T-cell 
density and IFN-γ expression profiles.16 High tumour muta-
tional and neoantigen burden are markers of genomic 
instability associated with clinical response to ICIs in 
a range of tumours.75–77 However, no association was 
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found between tumour mutational or neoantigen burden and 
PFS in metastatic RCC patients treated with atezolizumab in 
a randomised study.73 PBRM1 encodes a subunit of the 
PBAF switch-sucrose nonfermentable (SWI/SNF) chromatin 
remodelling complex, whose inactivation has been impli-
cated in vulnerability to IFN-γ and T-cell-mediated toxicity 
as well as effects on various signalling pathways, in particu-
lar HIF signalling.78–80 Accordingly, loss-of-function 
PBRM1 mutations are associated with clinical benefit in 
metastatic RCC patients receiving nivolumab78 and clinical 
response to VEGFR inhibitors.73,81 CD8+ T-cell density has 
been implicated in response to both ICIs and TKIs. Greater 
CD8+ T-cell density is associated with improved DFS in 
adjuvant RCC patients treated with sunitinib versus 
placebo82 and improved PFS in advanced RCC patients 
treated with axitinib plus avelumab versus sunitinib.83 

Finally, a T-cell-inflamed gene expression profile containing 
IFN-γ-responsive genes has been identified as predicting 
response to PD-1 blockade84; this profile successfully pre-
dicted responses to pembrolizumab in metastatic urothelial 
cancer.85 While many of these studies were performed in 
metastatic RCC or in other tumour types, they highlight the 
importance of matching patients to treatments based on the 
molecular features of their tumour and it will be important to 
assess whether these approaches can be translated to the care 
of adjuvant RCC patients.

Further investment in biomarker development is also 
urgently needed in efforts to predict which patients are likely 
to develop severe treatment toxicity. In S-TRAC, 48% of the 
patients experienced grade three or four AEs and there are 
significant concerns surrounding TKI toxicity. Furthermore, 
while ICIs are generally better tolerated, they have a broad 
toxicity profile with potentially life-threatening AEs. 
Development of biomarkers able to predict treatment toxicity 
would enable us to avoid life-threatening side effects in those 
most at risk.

Finally, although results of ICIs in adjuvant phase III 
studies are eagerly awaited, these may be equally as disap-
pointing as adjuvant TKI studies and we currently have no 
effective adjuvant RCC therapies. Efforts must, therefore, con-
tinue to be invested in basic research aiming to develop further 
targeted treatment strategies which may ultimately address this 
unmet need and improve survival in this patient group.

Conclusions
Despite extensive efforts having been invested in the 
search for an effective adjuvant RCC therapy, there are 
currently no adjuvant treatments proven to improve 

outcomes and no treatments are recommended for routine 
use outside of clinical trials. Although TKIs have shown 
clinical benefit in metastatic RCC, these findings have 
failed to translate to the adjuvant setting, with phase III 
trials of TKIs in this context yielding conflicting and 
disappointing results. However, there is hope that ICIs 
may address this unmet need based on their promising 
results in metastatic disease, and several phase III trials 
addressing adjuvant ICIs are currently ongoing. While the 
results of these studies are eagerly awaited, it will not be 
possible to draw meaningful conclusions for several years.

Future work should focus on developing improved meth-
ods of risk stratification and using them consistently in all 
forthcoming trials. Developing an improved understanding 
of molecular biomarkers will inform patient stratification to 
different risk groups, will enable us to match patients to 
personalised treatments based on tumour-specific features 
and may also help predict which patients are most vulnerable 
to serious treatment-related AEs. In parallel, it will be impor-
tant to continue to invest in development of further novel 
targeted treatment strategies if we are to identify an effective 
adjuvant therapy for RCC patients and improve survival.
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