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Abstract
Recent advances in the treatment of metastatic renal cell carcinoma expose a gap in the treatment of less
advanced, localized disease. Tyrosine kinase inhibitors, which revolutionized the treatment of metastatic disease,
have not provided a similar survival benefit in the adjuvant setting and currently only sunitinib is approved by the
Food and Drug Administration for adjuvant treatment in patients with high-risk of recurrence based on S-TRAC
disease-free survival data. The advent of immune checkpoint inhibitors has offered a fresh hope in the field of
adjuvant treatment after encouraging results are seen with combination of immune checkpoint inhibitors as well as
with targeted therapy in the metastatic setting. Several studies are investigating these combinations in the adjuvant
setting, and it is hoped that they will bring about a better outcome for a largely unmet need in kidney cancer
treatment.
Keywords: Localized renal cell carcinoma, adjuvant, immunotherapy, tyrosine kinase inhibitors, prognosis, clinical
trials, predictive model, risk stratification

INTRODUCTION
Localized renal cell carcinoma (RCC) even if treated radically, with surgery, has a high recurrence rate of
30% to metastatic disease, which carries a poor prognosis. There is an unmet need for adjuvant systemic
therapies which can effectively delay recurrence, or increase the cure rate, and, unsurprisingly, this is a
highly active area of clinical trial work. Unfortunately, the silver-bullet has not yet arrived, with vascular
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endothelial growth factor receptor (VEGFR) tyrosine kinase inhibitors (TKIs) convincingly failing to
provide benefit, across no fewer than six large phase 2-3 trials. One important caveat is sunitinib, which has
been approved by the US Food and Drug Administration (FDA) in the adjuvant setting post-nephrectomy
in those with high risk of recurrence based on the Sunitinib as Adjuvant Treatment for High-risk Renal Cell
Carcinoma Following Nephrectomy (S-TRAC) study, a trial which is discussed below. Thus, the results of
several phase 3 trials involving immune-checkpoint inhibitors (ICIs) are eagerly awaited. It is likely that
differential tumor biology between metastatic disease and localized disease has a significant role to play in
the failure of TKIs. There are several validated clinical models which are prognostic for recurrence to
metastatic disease after surgery or overall survival. These stratify patients into risk groups which are used for
patient selection into clinical trials, and they are discussed in the next section. In all the trials, we discuss
below, the disease-free survival (DFS) has been chosen as a primary endpoint due to long durations of
follow-up required to accumulate events with overall survival (OS) as an endpoint, although it is
contentious as to whether DFS represents a good surrogate marker for OS in the adjuvant setting.

RISK STRATIFICATION AND PROGNOSTIC MODELS
There are several validated risk stratification and prognostic models for use in localized RCC, designed for
the postoperative setting. The SSIGN (Stage, Size, Grade, and Necrosis) score was developed in 2002 using a
cohort of 1801 patients with localized clear-cell RCC (ccRCC) treated with radical nephrectomy from 1970
to 1988. It found TNM stage, size, nuclear grade, and tumor necrosis to significantly correlate with cancer
specific survival[1]. This model retained its prognostic ability when evaluated against more recent patients
(1999-2010) undergoing both radical and partial nephrectomy[2].
The UCLA Integrated Staging System (UISS) was developed in 2001 and validated on a smaller set of
patients, 661, who had nephrectomies between 1989 and 1999 where the TNM stage, Fuhrman’s grade, and
Eastern Cooperative Oncology Group (ECOG) performance status was found to be prognostic for survival.
The model stratifies patients into 5 survival groups designated UISS I-V[3]. Around the time the UISS model
was developed, the Memorial Sloan Kettering Cancer Center postoperative nomogram was also developed
and validated against 601 RCC patients treated with nephrectomy, to predict 5-year recurrence after
surgery. Symptoms, histology, tumor size, and pathological stage are combined to create a score out of 180
which is prognostic for recurrence at five years[4].
Later, the Leibovich score, developed in 2003, was validated against 1671 patients with ccRCC undergoing
nephrectomy between 1970 and 2000 to predict progression to metastatic RCC (mRCC). Tumor stage,
tumor size, regional lymph node status, nuclear grade, and histologic tumor necrosis were all determined as
being prognostic, and a scoring algorithm was developed based on these factors[5].

ADJUVANT TREATMENTS - PAST, PRESENT, AND FUTURE
Interferon-alpha

In the 1990s and 2000s, interferon-alpha was evaluated in the adjuvant setting after promising results in the
mRCC setting in the 1980s. However, two trials failed to show benefit. In 2001, Pizzocaro et al.[6] published
results of a randomized trial of 247 patients with Robson stage II and III RCC comparing adjuvant
recombinant interferon-alpha 2b with observation post-radical nephrectomy. The trial showed the resulting
5-year OS probability was 0.665 for treated patients vs. 0.660 for controls, while the event-free survival (EFS)
probability was 0.671 for treated patients vs. 0.567 for controls. These differences were not statistically
significant, with a 2P value of 0.861 for OS and a 2P value of 0.107 for EFS. Interestingly, interferon-alpha
was found to have a harmful effect in 97 pN0 patients but a beneficial effect in a small subset of 13 cases of
pN2/pN3 patients compared with 13 controls. This finding might be useful as a hypothesis that there was an
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interaction between pathologic node status and treatment response, but the finding could not be relied
upon to change clinical practice due to the small sample size[6].
In 2003, Messing et al.[7] published the results of a phase 3 trial evaluating interferon-alpha in the setting of
resectable RCC. The study involved 283 patients with pT3-4a and/or node positive disease randomly
assigned to interferon-alpha-NL or observation after radical nephrectomy and lymphadenectomy. At a
median follow-up of 10.4 years, the median OS was 5.1 years in the treated group vs. 7.4 years in the
observation group (P = 0.9) and median relapse-free survival (RFS) was 2.2 years in the cohort receiving
interferon-alpha vs. 3.0 years in the group only under observation (P = 0.33)[7].
Interleukin-2

After the aforementioned trials, low-dose interleukin-2 plus interferon-alpha was evaluated by
Passalacqua et al.[8] in a randomized, phase 3 trial in which 310 patients were randomized to receive
interleukin-2 plus interferon-alpha or observation after primary surgery for RCC, with 303 patients
evaluable in the intention-to-treat analyses. At a median follow-up of 54 months, the hazard ratios (HRs)
were 1.07 for OS [95% confidence interval (CI): 0.64-1.79, P = 0.79] and 0.84 for RFS (95%CI: 0.54-1.31, P =
0.44). However, despite this overall lack of benefit, an unplanned sub-group analysis found that the
treatment arm patients with ≥ 2 of the factors age ≤ 60 years, pN0, tumor grade 1-2, and pT3a stage had an
improved RFS with a HR of 0.44 (95%CI: 0.24-0.82, P ≤ 0.01), while patients with < 2 of these factors had a
significantly poorer OS (HR = 2.27, 95%CI: 1.03-5.03, P = 0.037), suggesting that patient stratification could
uncover patients most likely to benefit from adjuvant treatment[8].
Girentuximab

Girentuximab is a monoclonal antibody which binds to carbonic anhydrase-IX (CA-IX), a transmembrane
glycoprotein expressed on the surface of most RCC cells, and it triggers antibody-dependent cell-mediated
cytotoxicity, in a process thought to be mediated by natural killer cells and other immune effector cells. The
phase 3 randomized ARISER trial evaluated girentuximab in the setting of ccRCC with high risk of
recurrence after nephrectomy. In total, 864 patients were randomized to receive girentuximab or placebo,
but the study unfortunately found no statistically significant difference in DFS (HR = 0.97, 95%CI: 0.791.18) or OS (HR = 0.99, 95%CI: 0.74-1.32) between the cohorts[9].
Tyrosine kinase inhibitors

The arrival of TKIs targeting VEGFRs in the 2000s changed the treatment paradigm for mRCC. Since then,
there has been interest in whether this benefit would translate to the adjuvant setting, based on the
knowledge that metastatic disease is highly vascularized and that biallelic inactivation of the VHL gene, a
tumor suppressor gene, appears to be an initiating event in sporadic ccRCCs which subsequently drives
VEGFA gene over-expression and thus angiogenesis[10]. Several cohort studies have shown that VHL gene
inactivation is present in the majority of sporadic ccRCCs, which supports the rationale of targeting VEGFA
and VEGFR in RCC. With the relative success of VEGFR TKI therapy in the metastatic setting, it was hoped
that this strategy could be replicated in the adjuvant setting[11].
Unfortunately, after five large randomized controlled trials, VEGFR TKIs have not been shown to improve
survival outcomes in the adjuvant setting. Indeed, a recent meta-analysis of four of these trials showed no
improvement in DFS for patients receiving VEGFR TKIs after curative intent nephrectomy, although a
slight improvement in DFS was observed in higher-risk patients, opening the possibility that improved
patient stratification may uncover those who are likely to benefit more from adjuvant treatment[12]. Table 1
shows the key inclusion criteria of different adjuvant VEGFR TKI trials.
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Table 1. Key features of adjuvant VEGFR TKI trials

ASSURE (n = 1943)

S-TRAC (n = 615)

PROTECT (n = 1538)

ATLAS (n = 724)

SORCE (n = 1711)

Comparator Arms

Sunitinib: Sorafenib: Placebo

Sunitinib: Placebo

Pazopanib: Placebo

Axitinib: Placebo

Sorafenib: Placebo

Histology

ccRCC or non-ccRCC

preponderant ccRCC

ccRCC or predominant ccRCC

Preponderant, defined as > ccRCC or non-ccRCC
50%, ccRCC

Key inclusion criteria

AJCC 6th ed.:
- pT1b, G3-4, N0 (or pNX, clinical N0);
- pT2, G any, N0 (or pNX, clinical N0);
- pT3, G any, N0 (or pNX, clinical N0);
- pT4, G any, N0 (or pNX, clinical N0);
- T any, G any, N+ (fully resected)

High risk per modified
UISS criteria:
- pT2, N0 (grades 3-4);
- pT3-4, N0;
- pTx, N1

AJCC TNM staging v. 2010,
and Fuhrman nuclear grading:
- pT2, G3 or G4, N0;
- pT3, G any, N0;
- pT4, G any, N0;
- pT any, G any, N1

AJCC TNM staging v.
2010:
- pT2, pN0 or pNx;
- pT3, pN0 or pNx;
- pT4, pN0 or pNx;
- Any pT, pN1

RV microvascular invasion any grade/stage (provided
M0)
Removal of all positive LNs;

No macroscopic residual
or metastatic disease

Intermediate- or high-risk disease,
i.e., Leibovich score 3 to 11

No macroscopic residual
or metastatic disease

Microscopic disease (R1)
are acceptable

Negative margins, but positive RV margins eligible unless
invasion of RV wall at the margin (provided no other
margins +)
Treatment duration

54 weeks

1 year

1 year

1-3 years

1 year or 3 years

Treatment discontinuation 44 (sunitinib) vs. 45 (sorafenib) vs. 11 (placebo)
due to TRAEs (%)

28.1 (sunitinib) vs. 5.6
(placebo)

35 (pazopanib 600mg) vs. 5
(placebo 600mg);
39 (pazopanib 800mg) vs. 6
(placebo 800mg)

23 (axitinib) vs. 11
(placebo)

30 (1-year sorafenib) vs. 34 (3-year
sorafenib) vs. 4 (placebo)

Grade 3-4 TRAEs (%)

60.5 (sunitinib) vs. 19.4
(placebo)

66 (pazopanib) vs. 21
(placebo)

61 (axitinib) vs. 30
(placebo)

58.6 (1-year sorafenib) vs. 63.9 (3year sorafenib) vs. 29.2 (placebo)

63 (sunitinib) vs. 72% (sorafenib) vs. 25% (placebo)

TRAEs: Treatment-related adverse events; LNs: lymph nodes; RV: renal vein.

A significant problem encountered in the recent VEGFR TKI trials is the toxicity of treatment, which has led to both dose reductions and discontinuation of
treatment (often despite dose reductions). This brought to the fore that in the adjuvant setting what a patient will tolerate as an adverse effect on their quality
of life resulting from treatment is often less than what a patient will accept in the metastatic setting where the perceived benefit of treatment is much greater.
Moreover, the harm to benefit ratio in the adjuvant setting might favor stopping treatment or dose reducing on clinical grounds at a lower toxicity threshold
than in the metastatic setting. It is also worth noting that, when sunitinib, pazopanib, and axitinib were evaluated in metastatic trials, the overall and Grade 3
or above adverse event (AE) rates were much lower than when the same drugs were used in adjuvant trials, which partly explains the significantly lower
treatment discontinuation rates due to AEs in these metastatic trials[13-16].
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The ASSURE trial, which was the first VEGFR inhibitor trial to report, evaluated sunitinib and sorafenib in
the setting of high-grade, T1b or greater, completely resected non-mRCC. The study randomized 1943
patients to sunitinib, sorafenib, or placebo. There was no survival benefit seen with either agent, but a
significant treatment discontinuation rate occurred despite dose reductions as a result of toxicity[17]. Median
DFS was 5.8 years for sunitinib with a HR of 1.02 (97.5%CI: 0.85-1.23, P = 0.8038) and 6.6 years for placebo.
Sorafenib also failed to show benefit with a median DFS of 6.1 years (HR = 0.97, 97.5%CI: 0.80-1.17, P =
0.7184). The treatment discontinuation rate due to AEs was 44% for patients who received sunitinib, and
this was a common theme across all VEGFR TKI adjuvant trials, which had higher rates of treatment
discontinuation due to treatment-related AEs, in terms of both frequency and severity, than when the same
drugs were investigated in the metastatic setting[13-16].
The S-TRAC randomized phase 3 trial evaluated sunitinib in the setting of locoregional, high-risk ccRCC
after nephrectomy. It enrolled 615 patients who were randomized to receive either sunitinib or placebo.
Median DFS was 6.8 years (95%CI: 5.8 to not reached) in the sunitinib cohort vs. 5.6 years (95%CI: 3.8-6.6)
in the placebo cohort (HR = 0.76, 95%CI: 0.59-0.98, P = 0.03), demonstrating DFS benefit. However, it is
notable that the DFS benefit came at the expense of toxicity with 34.5% of patients in the sunitinib group
requiring dose reductions due to AEs vs. 2% of patients receiving placebo. Similarly, dose reductions
occurred more frequently in the sunitinib group at 34.3% vs. 2%, as did treatment stoppage at 28.1% vs.
5.6%, respectively. The sunitinib group also had a higher frequency of Grade 3 or 4 AEs at 48.4% for Grade 3
and 12.1% for Grade 4 vs. 15.8% and 3.6% in the placebo cohort, respectively[18]. Although the trial failed to
demonstrate an OS benefit, based on the DFS data, sunitinib was FDA approved in November 2017 for
adjuvant treatment in high-risk adult patients.
The PROTECT randomized phase 3 trial evaluated pazopanib in the setting of high-risk, locally advanced
RCC after nephrectomy. It enrolled 1538 patients who were randomized to receive pazopanib or placebo for
one year. The initial starting dose of 800 mg pazopanib had to be reduced to 600 mg because of a high
treatment discontinuation rate, echoing the problems encountered in the ASSURE trial. Once again, in a
TKI trial, DFS analysis showed no benefit of pazopanib over placebo. Treatment discontinuations as a result
of AEs were 35% and 39% in the pazopanib 600 and 800 mg groups in comparison with 5% and 6% for the
placebo 600 and 800 mg groups, respectively[19].
The ATLAS randomized phase 3 trial evaluated axitinib in the setting of locoregional RCC at risk of
recurrence after nephrectomy. The study enrolled 724 patients who were randomized to receive axitinib or
placebo. The trial did not meet its primary endpoint of DFS, and there were more Grade 3 or 4 AEs in the
axitinib group vs. placebo, 61% vs. 30%, respectively. With axitinib vs. placebo, the AEs led to dose
reductions in 56% vs. 8% of patients, dose interruptions in 51% vs. 22%, and permanent treatment
discontinuation in 23% vs. 11%, respectively. However, in the highest-risk sub-group, a 36% reduction in
risk of DFS events was observed per investigator (HR = 0.641, 95%CI: 0.468-0.879, P = 0.0051), once again
highlighting the importance of patient stratification[20].
The SORCE phase 3 trial enrolled 1711 post-nephrectomy RCC patients with intermediate to high risk of
recurrence who were randomly assigned to receive three years of placebo, one year of sorafenib followed by
two years of placebo, or three years of sorafenib. No differences in DFS in all groups or subgroups were
found. Moreover, despite treatment adaptations, over half the patients stopped their treatment by 12
months, with 24% of patients who received sorafenib reporting Grade 3 hand-foot skin reactions. In
addition, the restricted mean survival time was 6.81 years for three years of sorafenib vs. 6.82 years for
placebo (95%CI: 0.49-0.48 years, P = 0.99)[21]. As the latest of all the VEGFR TKI trials to report, SORCE
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presented a final signal that perhaps a different approach to tackling the problem of recurrence after surgery
is needed.
Immune checkpoint inhibitors

ICIs either alone or in combination with TKIs have been shown to be efficacious in the mRCC setting with
tolerable side-effect profiles. There is great interest, with studies ongoing, in whether this benefit will
translate to the adjuvant setting, especially given the prior failure of TKIs to demonstrate benefit. Indeed,
the biological rationale for enhancing the immune tumor response through programmed cell death protein
1 (PD-1)/programmed death ligand 1 (PDL-1) blockade may represent a more efficacious approach than
antiangiogenic blockade, particularly in clearing circulating tumor cells or micrometastases. Anti-PD-1/PDL1 ICIs work by disrupting the expressed tumor surface PD-L1 neoantigen inhibitory response when it
binds to PD-1 T-cells that leads to immune tolerance. Another target for ICIs is cytotoxic T-lymphocyteassociated protein 4 (CTLA-4), which plays an important role in the regulation of immune activation and
tolerance as it binds to cytotoxic lymphocytes that ligate with B-7 expressed on antigen-presenting cells and
inhibits T-cell proliferation. This combination of anti-PD-1 and anti-CTLA-4 ICIs demonstrated significant
and maintained antitumor efficacy in melanoma and mRCC patients even after their discontinuation[22,23]. A
recent systematic review and meta-analysis, involving 1644 patients across eight studies involving RCC,
demonstrated that tumor PD-L1 expression significantly correlated with OS (HR = 1.98, 95%CI: 1.22-3.22, Z
= 2.77, P = 0.006) and DFS (HR = 3.70, 95%CI: 2.07-6.62, Z = 4.40, P = 0.0001)[23], suggesting that PD-L1 and
PD-1 may be fruitful targets in the adjuvant setting[24].
One of the several ongoing studies is KEYNOTE-564, a randomized phase 3 trial, evaluating
pembrolizumab vs. placebo for 17 cycles (or one year) of treatment in the setting of intermediate- to highrisk ccRCC or stage M1 with no evidence of disease (M1 NED), no prior systemic treatment for advanced
RCC, and disease free after complete or partial nephrectomy (and metastectomy in M1 NED). Patients with
M1 disease with a single metastasis that can be completely resected ≤ 1 year from nephrectomy were also
included, and enrolment has completed with 994 patients. At first interim analysis, the primary endpoint of
DFS was met with a HR of 0.68 (95%CI: 0.53-0.87). The estimated DFS rate at 24 months was 77.3% with
pembrolizumab vs. 68.1% with placebo. In addition, this DFS benefit was seen across all subgroups. Median
OS was not reached for both trial cohorts and the P-value did not cross the statistical hypothesis testing
boundary. The AE profile of pembrolizumab was in line with expectations, with no new safety signals. Allcause AEs of Grades 3-5 occurred in 32.4% and 17.7% of patients receiving pembrolizumab and placebo,
respectively, while Grades 3-5 TRAEs rates were 18.9% and 1.2% in the same respective groups, with no
deaths reported in either trial arm[25].
IMmotion010 is an ongoing randomized phase 3 trial evaluating atezolizumab, a PD-L1 inhibitor, vs.
placebo, with treatment three times weekly for 16 cycles or one year, in the setting of high-risk ccRCC or
sarcomatoid (T2 grade 4, T3a grade 3-4, T3b/c any grade, T4 any grade, or TxN+ any grade) after
nephrectomy or complete resection of limited metachronous/synchronous metastasis, and tumor specimens
evaluable for PD-L1. The primary endpoint is independent review-assessed DFS. The study also stratifies
disease stage (T2/T3a vs. T3b/c/T4/N+ vs. metastasectomy) and PD-L1 status on tumor-infiltrating immune
cells (IC; PD-L1 IC expression < 1% vs. ≥ 1%). Secondary endpoints include OS, investigator-assessed DFS,
independent review-assessed and investigator-assessed DFS in patients with ≥ 1% PD-L1 IC, disease-specific
survival, distant metastasis-free survival, and 3-year rates of independent review-assessed and investigatorassessed DFS. The planned analysis will occur when at least 65% of patients in the two arms have died and
the study has planned to enroll 664 patients[26].
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Another ongoing ICI-adjuvant trial is the Checkmate-914 phase 3 trial evaluating nivolumab (an anti-PD-1
monoclonal antibody) alone or in combination with ipilimumab (an anti-CTLA4 monoclonal antibody) vs.
placebo for 24 weeks in the setting of high-risk predominantly ccRCC with pT2a (grade 3 or 4),
pT2b/pT3/pT4 (any grade), N0, or any T (any grade) N1 after radical or partial nephrectomy with negative
surgical margins > 4 weeks and ≤ 12 weeks before randomization and no clinical/radiological evidence of
macroscopic residual disease or distant metastases post-nephrectomy and tumor tissue obtained ≤ 3 months
pre-enrollment. The primary endpoint is DFS and some of the key secondary endpoints are OS and DFS for
nivolumab with ipilimumab vs. nivolumab and safety. The planned enrolment is 1600 patients[27].
A further trial involving ICIs is RAMPART, which is a randomized, multi-arm and multi-stage phase 3 trial
evaluating durvalumab (an anti-PD-L1 monoclonal antibody), durvalumab plus tremelimumab (an anti
CTLA-4 monoclonal antibody), and active monitoring in the setting of intermediate- to high-risk RCC
post-nephrectomy. The primary endpoints are DFS and OS, and the two of the key secondary endpoints are
metastasis-free survival and RCC-specific survival time. The planned enrolment is 1750 patients[28].
With a novel trial design, PROSPER is a randomized unblinded phase 3 trial evaluating nivolumab in the
setting of perioperative stage T2 or greater or node positive M0 RCC of any histology. It is hypothesized
that nephrectomy may remove immune effector cells and cytokines from the tumor site, which may result
in a decreased immune response, and hence the trial participants will be randomized to receive two doses of
neoadjuvant nivolumab pre-nephrectomy with subsequent (adjuvant) nivolumab for 9 months or standard
nephrectomy with subsequent observation. The target enrolment is 766 patients, and the primary endpoint
is RFS[29].
Mammalian target of rapamycin inhibitors

Another type of agent that is being investigated in the adjuvant RCC setting is the mammalian target of
rapamycin inhibitor. The EVEREST randomized phase 3 trial is evaluating everolimus in the post radical or
partial nephrectomy setting, and it is estimated to complete enrolment by the end of 2021. The primary
endpoint is RFS, and a key secondary endpoint is OS[30].

CONCLUSION
The landscape of adjuvant treatment in RCC is likely to change in the next few years, as ICI trials report
results, despite the initial disappointment with TKIs. The advent of ICIs and newer generation TKIs has led
to a rapid change in the treatment landscape of mRCC, with ICI combinations or ICI-and-TKI
combinations being used more widely after clinical trials have demonstrated their superior efficacy to
sunitinib. This has renewed hope that some of the current adjuvant trials will yield positive results and
become incorporated into the management of non-mRCC patients.
Nevertheless, we are yet to develop a better prognostic tool beyond pathological staging to help select those
who are more likely to benefit from adjuvant treatment. In a study by George et al.[32], 10 SNPs (single
nucleotide polymorphisms) in genes associated with RCC tumorigenesis and 3 SNPs (genotype for VEGFR1, VEGFR-2, and endothelial nitric oxide synthase) were found to be associated with statistically significant
DFS improvement favoring sunitinib over placebo. In an analysis of sunitinib and placebo groups
combined, they also found a significantly longer OS when there was no CCDC26 rs60315789 insertion as
compared to the heterozygous genotype, pointing to its potential as a post-surgical prognostic
biomarker[31,32]. Similarly, in the ARISER trial, those with higher CA-IX expression were shown to have an
improved DFS that approached statistical significance. Furthermore, as has been demonstrated in other
solid tumors, those with high PD-L1 expression are more likely to benefit more from ICI treatment[9].
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There is the potential for adverse effects with any therapy; hence, to avoid unnecessary harm, it is crucial to
carefully select patients who are most likely to derive benefit from a given treatment. In fact, we have
learned from previous adjuvant trials involving VEGFR TKIs that the TRAEs were significant and
impacting on the quality of life of the participants, and, more often than not, they resulted in dose
reductions, thus diminishing the ability of patients to remain on treatment. Therefore, it is hoped that
future studies will help develop predictive biomarkers which can be used in conjunction with pathological
staging and risk prognostication to guide patient selection, allowing adjuvant treatment to only be given to
those who will most likely benefit from it.
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