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Abstract.
BACKGROUND: Immune checkpoint inhibitors (ICPIs) are widely used in treating metastatic renal cell carcinoma (RCC).
Cytoreductive nephrectomy (CN) forms part of multimodality treatment in advanced disease, however there is no prospective
evidence for its use in the ICPI era. Trials of neoadjuvant ICPIs in RCC are underway; understanding the anticipated effect
of ICPIs on the primary tumour may help clinical decision making in both localised and advanced settings.
METHODS: A systematic search (PubMed, Web of Science, clinicaltrials.gov) of English literature from 2012 to 2022 was
performed according to PRISMA guidelines. 2,398 records were identified, 54 were included in the analysis.
RESULTS: In the metastatic setting, response in the primary tumour (≥30% reduction in size) is seen in 33–56% of patients
treated with dual ICPI or ICPI + VEGFR-TKI. Pathological complete response rates were 14% for patients undergoing CN
after a period of ICPI therapy. In the neoadjuvant setting there is a single published trial of VEGFR-TKI + ICPI, 30% of
patients had a ≥ 30% reduction in size of the primary. This appears superior to single agent ICPI. Grade 3 adverse event rates
are comparable to the metastatic setting.
CONCLUSIONS: A period of ICPI combination therapy followed by nephrectomy may be considered for selected patients
as a strategy to manage metastatic disease. In the neoadjuvant setting, it is not clear whether ICPI + VEGFR-TKI is superior
to VEGFR-TKI alone. There is minimal data on whether either CN after ICPI in metastatic patients, or neoadjuvant ICPI
therapy for localised disease, improves long term survival.
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INTRODUCTION

Immunotherapy is now firmly established in the
treatment of renal cell cancer (RCC). Phase 3 clinical
trial data supports its use in dual immune checkpoint
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inhibitor (ICPI) combinations [1] or in combina-
tion with small molecule vascular endothelial growth
factor receptor tyrosine kinase inhibitors (VEGFR-
TKIs) [2–5]. It is approved for both first line and
subsequent lines of treatment in the metastatic set-
ting [1, 2, 6, 7], and as adjuvant therapy following
curative surgery [8, 9].

The clinical benefit of removing the primary
tumour for patients with metastatic disease, termed
cytoreductive nephrectomy (CN), remains uncertain.
In the era of cytokine-based treatment, trial data
showed that adding CN to interferon alpha therapy
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improved survival, and this was considered standard
of care [10]. Additionally, there may be palliative ben-
efit in removing the primary to reduce pain, bleeding,
or paraneoplastic phenomena such as hypercalcaemia
[11]. Following the success of VEGFR-TKIs for
treatment of metastatic RCC, the CARMENA and
SURTIME trials examined whether the addition of
CN to sunitinib improved outcomes, however the
results indicated that up-front CN confers no benefit
for these patients, and this is no longer considered
standard of care for patients needing systemic treat-
ment [12, 13].

The treatment landscape for RCC has moved on
considerably since the results of CARMENA and
SURTIME with the advent of ICPIs [1, 2, 7] and
second generation VEGFR TKIs [14–16]. This has
revived the questions surrounding the role of CN:
do patients treated with immunotherapy benefit from
CN, and if so, in what sequence should it be per-
formed relative to starting ICPI treatment? Recent
ASCO guidelines suggest that CN may be offered
to selected patients based on International Metastatic
RCC Database Consortium (IMDC) risk scoring and
clinician assessment [17]. ESMO guidelines also
recommend CN for good performance status (PS)
patients who do not need immediate systemic ther-
apy [18]. There is retrospective data indicating a
benefit for CN in patients not needing immediate
TKI therapy, a group not included in CARMENA
[19]. However, practice varies considerably between
centres and countries and these recommendations
are based on evidence from VEGFR-TKI treated
patients. Phase III trials of CN with immunotherapy
are underway, however they require large numbers
of patients and are some time from reporting results.
At present, a proportion of patients are pragmatically
managed with up-front or delayed CN in combination
with immunotherapy.

For clinicians assessing patients for suitability for
CN in the era of ICPI therapy, a key considera-
tion is the anticipated effect of ICPI on the primary
tumour. This is particularly relevant in clinical situ-
ations when patients may be suitable for a ‘delayed
CN’, after a period of ICPI therapy. Examples are
where immediate control of metastatic disease is
needed, so up-front surgery would be detrimental to
the patient, and where the primary tumour is initially
inoperable but may be down-staged by ICPI. In the
absence of prospective trial data for management of
these cases, useful information might be gained from
existing publications regarding the effect of ICPI on
primary renal tumours.

The question of the effect of ICPI on the pri-
mary tumour is becoming increasingly relevant to
patients without metastatic disease. Promising data
have been reported in for Pembrolizumab in reduc-
ing the risk of recurrence for high-risk patients
[8, 9]. This has led to change in practice with
international approval of Pembrolizumab monother-
apy in the adjuvant setting. However, Immotion
010 (Atezolizumab), Checkmate 914 (Ipilimumab
+ Nivolumab) and PROSPER (neoadjuvant and
adjuvant Nivolumab) have all recently reported neg-
ative results, which makes the utility of adjuvant
ICPI less certain [20–22]. The RAMPART Trial
(adjuvant Durvalumab + Tremelimumab) is still
ongoing [23].

Neoadjuvant treatments (systemic therapy given
before surgery to potentially operable patients) may
offer advantages over adjuvant therapy: in addi-
tion to long term survival benefits there may be
improvements in surgical outcomes and perioperative
morbidity [24]. Demonstrating an overall survival
benefit can be challenging due to the numbers
needed for recruitment or the influence of treat-
ment on progression, so neoadjuvant trials often
use surrogate end points such as primary tumour
response [25–27]. A potential downside to the neoad-
juvant approach is treatment related toxicity that
may complicate the surgical management. Based on
initial results, combination neoadjuvant treatment
with VEGFR-TKI and ICPI appears safe and effec-
tive [27], but full results are pending, and many
other trials are active in this area. In the mean-
time, understanding the anticipated effects of ICPI
on the primary tumour from existing data may
aid clinical decision making and neoadjuvant trial
designs.

We performed a systematic literature review to
assess the current evidence relating to the effect of
immunotherapy on the primary tumour in these clin-
ical settings.

Aims of the review:

(1) Assess the activity of immunotherapy on the
primary tumour for patients with metastatic
disease.

(2) Assess the activity of immunotherapy on the
primary tumour for patients receiving treat-
ment in the neoadjuvant setting

(3) Review toxicities of treatment in the pre-
operative setting

(4) Summarise relevant active clinical trials in the
pre-operative setting
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METHODS

A systematic literature review was conducted. The
review process is summarised in a PRISMA diagram
(Fig. 1) [28].

The National Library of Medicine (PubMed) and
Web of Science databases were searched for the fol-
lowing terms:

(“kidney cancer” OR “renal cell carcinoma” OR
“renal cell cancer”) AND (metastatic OR advanced)
AND (immunotherapy)

(“kidney cancer” OR “renal cell carcinoma” OR
“renal cell cancer”) AND (neoadjuvant OR periop-
erative) AND (immunotherapy)

The criteria for including studies were interven-
tional clinical studies of adult patients with kidney

cancer, reporting data on the effects of immunother-
apy on the primary tumour. Both clear cell RCC
(ccRCC) and non-clear cell RCC (non-ccRCC) were
included.

A date range of January 2012 – May 2022 was
used for screening. The rationale for the start date of
the window was that the key phase 1 trials showing
clinical effect of PD-1 and PD-L1 directed therapies
were published in 2012 [29, 30], thus defining the era
of combination immunotherapy, and also to screen at
least the last 10 years’ worth of publications. Both
full articles and published abstracts were included in
the screen.

Records were first screened to remove duplicates.
This list was then screened to identify primary clin-
ical studies of immunotherapy in adult renal cancer

Fig. 1. PRISMA flow diagram illustrating the systematic review process. From: Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann
TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ 2021;372:n71. doi:
10.1136/bmj.n71.
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for further review. Reasons for excluding records at
the screening stage included: review articles/opinion
pieces, educational presentations, pre-clinical stud-
ies, studies not relating to RCC, paediatric studies,
and observational studies not reporting the effect of
immunotherapy. Non-English language reports were
also not included.

The remaining studies were then reviewed in depth
for data on the primary tumour, with those that did not
report adequate data on the primary tumour excluded
at this stage. 18 records could not be accessed for in
depth review.

For eligible studies, data on number of evalu-
able participants, IMDC risk, intervention, primary
tumour response by radiological and pathological
assessment, systemic tumour radiological response,
time on treatment before surgery, and grade 3+
adverse event rate were collected.

Additionally, we screened the clinical tri-
als.gov database for active interventional trials in
adult patients in the pre-operative setting. (search
terms: “Kidney cancer AND Immunotherapy”, (128
records) “Kidney cancer AND Neoadjuvant” (31
records); filters applied: Recruiting, Not yet recruit-
ing, Active, Not recruiting, Enrolling by invitation,
Unknown status, Interventional Studies, Adult, Older
Adult). Both metastatic and neoadjuvant trials were
included. The main reasons for excluding trials were
as follows: Non-interventional studies, trials not
assessing immunotherapy, and trials not assessing
effects on the primary. For these protocols we col-
lected the intervention and primary outcome measure.

Studies were grouped into completed studies with
palliative treatment intent, completed studies neoad-
juvant treatment intent, and ongoing clinical studies
for the analysis.

RESULTS

Studies identified by systematic review process

The review process and outputs are summarised
in a PRISMA diagram (Fig. 1) [28]. 2236 dis-
crete records were identified following removal of
duplicates. An additional 9 publications were iden-
tified from citations within papers during the review
process. From these studies, 335 primary research
publications on adult renal cancer were identified.
Of these, 38 studies reported sufficient data on
effects on the primary tumour to be included in the
review. Our search of the clinical trials.gov database
identified 152 discrete records, from which we iden-

tified 15 relevant trials. A further trial was also
identified from the literature search and included
in the review. In total, 54 reports or trial reg-
istrations were identified, relating to 52 distinct
studies which were included in the synthesis of
evidence.

Effect of immunotherapy on the primary in the
metastatic setting

We identified 14 studies that have addressed the
effect of immunotherapy on the primary tumour
in patients with metastatic RCC, where treatment
was given with palliative intent [31–44]. The stud-
ies included a variety of treatment combinations:
single agent immunotherapy [2], dual immunother-
apy [6], and immunotherapy in combination with
VEGFR-TKIs [2]. Five of the studies reported data
from pooled groups without specific data on each
treatment combination. Data were available for both
clear cell RCC (ccRCC) and non-clear cell RCC
(non-ccRCC) subtypes. The trials included mainly
IMDC poor risk (range 26–69%) and intermediate
risk (range 31–64%) patients, with fewer favourable
risk patients (range 0–10%). These studies are sum-
marised in Table S1.

Radiological Response Assessments
Nine studies reported data on radiological response

in the primary tumour [32, 33, 36, 39–44]. All
defined a partial response in the primary tumour
(PR-primary) as ≥ 30% reduction in size from base-
line. Seven used RECIST version 1.1 to assess this,
one used the maximal tumour dimension [36], and
one used a volumetric method [40]; we felt that the
methods were broadly comparable. The results are
summarised in Fig. 2.

One study provided specific data on the use of
single agent nivolumab in four patients (one first
line, three second line or greater), one of whom
had a response in the primary tumour (25% PR-
primary rate) [35]. A further study reported the use
of single agent nivolumab in the second line set-
ting, with a 6% PR-primary rate, compared to 10%
systemic objective response rate (ORR) [41]. Five
studies reported specific data for the combination
of Ipilimumab and Nivolumab, with 33.3–53% PR-
primary rate [32, 36, 39, 42, 44]. The ORR for
systemic disease was approximately 50% with this
combination. One smaller study reported data for
both clear cell and non-clear cell RCC, which had
similar PR-primary rates [36]. Where reported, the
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Fig. 2. Response rates are summarised in the primary tumour and metastatic disease. Numbers of patients and % clear cell RCC subtype are
indicated, where the data was available.

Fig. 3. Pathological response rates are summarised for patients who underwent nephrectomy after a period of ICPI treatment. The number
of patients who were on treatment but did not undergo surgery are included where the data was available. Numbers of patients in the study
and % clear cell RCC subtype are also indicated where available.

median time to response in the primary ranged from
2.8 – 4.8 months [32, 39, 42]. Data specific to
IO-TKI combinations were reported by two stud-
ies, with PR-primary rates of 34.5% and 56% in
the first line setting [40, 43]. The median time to
response was reported by one study as 4.4 months

[43]. A final study reported a mixed group of patients
treated with ICPI or ICPI + VEGFR-TKI in the
first- or second-line setting, PR-primary rates were
accordingly lower (17.7%) [33]. Several studies com-
mented on the good correlation between primary and
secondary tumour responses [32, 41, 43], however
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this was not universal, with some patients exhibit-
ing differing response in the primary and metastatic
sites [33].

Pathological response assessment
Eight studies reported histopathological results for

patients that had CN after a period of ICPI ther-
apy [31, 34–39, 44]. These results are summarised in
Fig. 3. The duration of preoperative ICPI therapy var-
ied, with medians quoted between 3 and 13 months.
Four studies provided specific data for Ipilimumab
+ Nivolumab: the pathological complete response
(pCR) rates ranged from 0.0 – 50% [35, 36, 38, 39].
Three of the studies reported data for both patients
that did and did not undergo CN, showing that a rela-
tively small proportion of patients who start ICPI go
on to have CN (16–26%) [36, 38, 39].

The remaining five studies only selected patients
that had surgery [31, 34, 35, 37, 44]. These included
a mix of treatments in the first- and second-line set-
tings, pCR rates ranged from 8.3 – 18.2%. If we pool
all the patients who had surgery across studies, 21 of
149 (14.1%) had a pCR.

Two studies commented on downstaging of the cT
(clinical tumour) stage compared to pT (pathological
tumour) stage at nephrectomy [35, 37], though this is
difficult to interpret as this downstaging was also seen
in patients that had up-front CN without systemic
therapy. During our review we also identified 18 case
reports (Table S2) which comment on downstaging
of the primary tumour with immunotherapy [45–62].
Of these, 14 commented on evidence of treatment
effect, either the presence of pathological complete
responses, or the infiltration of immune cells into the
residual tumour bed indicating activation of an anti-
tumour immune response.

Adverse event rates
For combination Ipilimumab + Nivolumab ther-

apy CTCAE grade 3+ adverse event (AE) rates were
31–59% [32, 38, 39, 42]. Two studies of mixed treat-
ment groups reported grade 3+ AE rates of 27.3%
and 23.8% [31, 34].

Effect of immunotherapy on the primary tumour
in the neoadjuvant setting

Four neoadjuvant studies were identified by our
literature search (Table 1). Two studies assessed the
use of neoadjuvant nivolumab given every 2 weeks,
for either six or eight weeks [25, 26]. No radi-
ological PR-primary was seen in either of these

studies. There was limited pathological evidence of
tumour immune response and regression in the post
operative specimens: Carlo et al. provided specific
data on complete pathological response, which was
not seen in any patients, though 10 of 14 patients
showed at least 5% tumour regression. Gorin et al.
commented on the presence of ‘immune patholog-
ical response’ which was only seen in one patient,
and also assessed for changes in tumour infiltrating
lymphocytes (TILs) after treatment, though no sig-
nificant differences were found. Carlo et al reported
grade 3+ immunotherapy related AE rates of 11.1%,
two patients needed to stop nivolumab early (due
to arthralgia and transaminitis). Two patients had
Clavien-Dindo Grade 3b surgical complications.
Gorin et al. reported grade 3+ AEs in two patients
(11.8%), one of which was attributed to nivolumab
(lymphopenia). There were no Clavien-Dindo grade
3 or above complications. All patients completed
surgery without delay in both studies.

Regarding neoadjuvant ICPI + VEGFR-TKI com-
binations, results of the NeoAvAx study were
presented at GU ASCO in early 2022 [27]. This
was a phase II neoadjuvant study assessing the effect
of 12 weeks of pre-operative Axitinib + Avelumab.
40 patients were enrolled. PR-primary was seen in
the in 30% of patients. Grade 3 systemic treat-
ment related AEs occurred in a small number of
patients; the pattern was similar to those expected
for Axitinib + Avelumab in the metastatic set-
ting (one grade 3 occurrence each of: hypertension,
infusion reaction, fatigue, nausea, hand-foot syn-
drome, raised liver function tests) [2]. All patients
had surgery, though one operation was delayed due
to drug toxicity (immunotherapy related hypothy-
roidism). Five patients had Clavien-Dindo grade 3 or
greater surgical complications. Of particular interest,
the investigators had access to pre-treatment biop-
sies which were compared to the resection specimens.
Significant increases were seen in CD8+ T cell infil-
tration and PD-L1 staining after treatment which may
reflect an increase in immune activation against the
tumour.

Zhang et al. reported a series of patients treated in
the neoadjuvant setting with Cytokine Induced Killer
Cells: ex-vivo generated cells stimulated by mature
dendritic cells which can be used for adoptive cell
therapy (referred to as DC-CIK cells) [63]. Treatment
was given in combination with VEGFR-TKIs, result-
ing in PR-primary rates of 18.6% by RECIST criteria,
and 61.5% when a volumetric assessment method
was used. 31 % of patients experienced grade 3+
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Table 1
Neoadjuvant studies

Title Study Type Patients Risk Scoring Treatment Primary tumour Primary tumour Grade 3+ AEs
radiological

response
pathologic

response

Efficacy, safety, and
biomarker analysis of
neoadjuvant
avelumab/axitinib in
patients (pts) with
localized renal cell
carcinoma (RCC) who
are at high risk of
relapse after
nephrectomy
(NeoAvAx). Bex et al.
Journal of Clinical
Oncology 2022

Single arm phase
II

40 (100% ccRCC) High risk non
metastatic
patients
(cT1b-4c, N0-1,
M0, Grades 3-4)

Axitinib +
Avelumab, 12
weeks

30% PR
(RECIST)

Upregulation of
PD-L1 and CD8
infiltration when
pre vst post
treatment
samples were
compared. pCR
not stated.

Hypertension
(2.5%) Infusion
reaction (2.5%)
Fatigue (2.5%)
Nausea (2.5%)
Hand-foot
syndrome
(2.5%) Raised
LFTs (2.5%)

Phase II Study of
Neoadjuvant
Nivolumab in Patients
with Locally Advanced
Clear Cell Renal Cell
Carcinoma Undergoing
Nephrectomy. Carlo et
al. European Urology
2022

Single arm phase
II

18 (100% ccRCC) 12 year
probability of
metastases
of ≥ 20%

Nivolumab, 8
weeks

0% PR, 100% SD
(RECIST)

0% pCR. At least
5% tumour
regression was
seen in 10/14
cases, there
were no
significant
changes in TILs.

11.1%

Neoadjuvant Nivolumab
in Patients with
High-risk
Nonmetastatic Renal
Cell Carcinoma. Gorin
et al. European Urology
Oncology 2022

Single arm phase
II

15 (100% ccRCC) High risk non
metastatic
patients
(T2a-T4 Nany
M0 or Tany N1
M0)

Nivolumab, 6
weeks

0% PR 100% SD
(RECIST)

One patient
described to
have ‘irPR’:
evidence of
regression with
immune
infiltrate. pCR
rate not stated.

11.8%

Neoadjuvant combination
of pazopanib or axitinib
and programmed cell
death
protein-1-activated
dendritic
cell-cytokine-induced
killer cells
immunotherapy may
facilitate surgery in
patients with renal cell
carcinoma. Zhang et al.
Translational
Andrology and Urology
2021

Retrospective case
series

16 (87.5%
ccRCC)

Both locally
advanced and
metastatic
patients
included

Pazopanib +
PD-1/CD-CIK
cells (9)
Axitinib +
PD-1/CD-CIK
cells (7)

18.6% PR by
RECIST
(61.54% PR by
volumetric
assessment)

Not specified. Six
patients
declined
surgery.

55.6% (Pazopanib
+ PD-1/CD-CIK
cells) 0%
(Axitinib +
PD-1/CD-CIK
cells)
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Table 2
Active trials

Trial Name Phase Pre-surgical intervention Primary Outcome Measures

Comparing the Outcome of
Immunotherapy-Based Drug
Combination Therapy With or Without
Surgery to Remove the Kidney in
Metastatic Kidney Cancer, the PROBE
Trial (PROBE) NCT04510597

III 12 weeks initial immunotherapy
(Nivolumab, Pembrolizumab +
Axitinib or Avelumab + Axitinib)
followed by randomisation to CN or
continuation of systemic treatment

Overal survival

Deferred Cytoreductive Nephrectomy in
Synchronous Metastatic Renal Cell
Carcinoma: The NORDIC-SUN-Trial
(NORDIC-SUN) NCT03977571

III Surgery after induction therapy with
IO/IO or a TKI/IO-combination,
followed by maintenance therapy with
nivolumab or a
TKI/IO-combination.Vs. Induction
therapy wih IO/IO or a
TKI/IO-combination, followed by
maintenance therapy with nivolumab
or a TKI/IO-combination.

Overal survival

Neoadjuvant Study With Combination
Immuno-oncology for Primary Clear
Cell Renal Cell Cancer (NESCIO)
NCT05148546

II 2 cycles of nivolumab 360 mg every 3
weeks (arm A) 2 cycles of ipilimumab
1 mg/kg + nivolumab 3 mg/kg every 3
weeks (arm B) 2 cycles of relatlimab
360 mg + nivolumab 360 mg every 3
weeks (arm C)

Pathological response rate (complete or
partial)

Pembrolizumab With or Without
Axitinib for Treatment of Locally
Advanced or Metastatic Clear Cell
Kidney Cancer in Patients Undergoing
Surgery NCT04370509

II 3 cycles of pembrolizumab every 3
weeks followed by surgery. 1-2 years
adjuvant pembrolizumab depending on
resection status (Cohort A) 3 cycles of
pembrolizumab + axitinib every 3
weeks followed by surgery. 1-2 years
adjuvant pembrolizumab + axitinib
depending on resection status (Cohort
B)

Proportion of patients with ≥ 2 fold
increase in number of TILs

NeoAdjuvant Pembrolizumab and
STEreotactic Radiotherapy Prior to
Nephrectomy for Renal Cell
Carcinoma (NAPSTER)
NCT05024318

II Stereotactic Ablative Radiotherapy
(SABR) 42 Gy in 3 fractions, followed
by surgery within 9–12 weeks Or:
SABR followed by surgery as above
plus 3 cycles neoadjuvant
pembrolizumab every 3 weeks

mPR rate (<10% residual tumour) CD8+
Tissue resident memory cell counts
TCF-1+ TIL counts

WIRE - Novel Treatments in Renal Cell
Cancer (WIRE) NCT03741426

II Arm 1: Cediranib (mininum 2 weeks),
Arm 2: Olaparib (mininum 2 weeks)
Arm 3: Olaparib + Cediranib
(mininum 2 weeks), Arm 4:
Durvalumab (maximum 4 weeks),
Arm 5: Olaparib (minimum 2 weeks) +
Durvalumab (maximum 4 weeks)

Cediranib arms and olaparib single agent
arm: 30% ktrans change pre-treatment
vs post treatment DCE-MRI
Durvalumab arms: 30% change in
CD8 T cell density

Toripalimab Combined With Axitinib as
Neoadjuvant Therapy for
Advanced/Metastatic Non-clear Cell
Renal Cell Carcinoma NCT04385654

II 6 weeks of toripalimab plus axitinib mPR rate (<10% residual tumour) pCR
rate (0% residual tumour) pNR rate
(>90% residual tumour)

CYTO Reductive Surgery in Kidney
Cancer Plus Immunotherapy and
Targeted Kinase Inhibition (Cyto-KIK)
NCT04322955

II 3 months cabozantanib + nivolumab % patients with CR

Lenvatinib and Pembrolizumab Before
Surgery for the Treatment of Locally
Advanced Non-Metastatic Kidney
Cancer NCT04393350

II 4 cycles lenvantinib + pembrolizumab
every 3 weeks

Objective response rate

Neoadjuvant Lenvatinib and
Pembrolizumab for IVC Tumor
Thrombus NCT05319015

II 4 cycles of lenvatinib and
pembrolizumab every 3 weeks prior to
surgery, followed by up to 13 cycles
adjuvant pembrolizumab

Disease control rate Local and metastatic
progression rate 90 day post operative
complications

(Continued)
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Table 2
(Continued)

Trial Name Phase Pre-surgical intervention Primary Outcome Measures

Pembrolizumab and Axitinib as
Neoadjuvant Therapy for Locally
Advanced Non-metastatic Clear Cell
Renal Cell Carcinoma (PANDORA)
NCT04995016

II 4 cycles pembrolizumab and axitinib
every 3 weeks

mPR rate (<10% residual tumour)

Toripalimab Combined With Axitinib as
Neoadjuvant Therapy in Patients With
Non-metastatic Locally Advanced
Nonmetastatic Clear Cell Renal Cell
Carcinoma NCT04118855

II 4 cycles of toripalimab and axitinib every
3 weeks

Objective response rate

A Study on the Safety and Effectiveness
of Tislelizumab Combined With
Axitinib for Neoadjuvant Treatment of
ccRCC NCT05172440

II 4 cycles of tiselizumab and axitinib every
3 weeks

Objective response rate

Neoadjuvant Sitravatinib in Combination
With Nivolumab in Patients With
Clear Cell Renal Cell Carcinoma
NCT03680521

II Sitravatinib for 2 weeks, then in
combination with nivolumab every 2
weeks, for 6–8 weeks.

Objective response rate

Nivolumab With or Without
Bevacizumab or Ipilimumab Before
Surgery in Treating Patients With
Metastatic Kidney Cancer That Can Be
Removed by Surgery NCT02210117

I 3 cycles of nivolumab every 2 weeks
(arm A) 3 cycles of nivolumab +
bevacizumab every 2 weeks (arm B) 2
cycles of nivolumab + ipilimumab
every 3 weeks (arm C)

Incidence of therapy related G3+ AEs

A Study of Combination Spartalizumab
and Canakinumab in Patients With
Localized Clear Cell Renal Cell
Carcinoma (SPARC-1) NCT04028245

I 2 cycles of canakinumab and
spartalizumab every 4 weeks

% patients that proceed to radical
nephrectomy

AEs related to treatment. 10/16 patients underwent
surgery, with the remainder declining an operation,
there was one Clavien-Dindo grade 4 complication.
No data was provided on pathological response.

Ongoing pre-operative immunotherapy studies

We identified 16 active studies investigating the
role of pre-operative immunotherapy in RCC. These
are summarised in Table 2. There are two phase III
trials actively addressing the role of CN in patients
treated with immunotherapy in the metastatic set-
ting. The PROBE trial (NCT04510597) involves an
induction phase of 9–12 weeks of therapy with FDA
approved immunotherapy combinations. Response is
assessed at this point, and patients who are benefiting
from treatment are randomised to either have CN and
then restart ICPI; or continue ICPI directly. The tar-
get enrolment is 364 patients. The primary outcome
is OS in the intention to treat (ITT) population, and
secondary outcomes include response in the primary
tumour. In the NORDIC-SUN trial (NCT03977571),
patients receive three months of pre-operative Ipil-
imumab + Nivolumab or an ICPI+ VEGFR-TKI
combination therapy. Patients with fewer than three
IMDC risk factors and a resectable tumour may be

randomised to CN at this point. Patients that are not
operable or have ≥ 3 IMDC risk factors (defined as
‘high risk’ for the purposes of the trial) continue
systemic treatment for a further three months and
are re-assessed at this point, at which time if they
are operable they undergo randomisation. The trial
is aiming to recruit 400 patients, primary outcome
is OS, with secondary outcomes including primary
tumour response, immune infiltration, and transla-
tional genetic and microbiome assessments. These
trials should hopefully provide critical evidence in
answering the question of benefit of CN in the com-
bination IO era.

We found fourteen ongoing trials investigating the
role of neoadjuvant therapy for patients with localised
disease (Table 2). It is notable that all but one of
these trials involve some form of combination ther-
apy, generally with a VEGFR-TKI. This is in keeping
with the observations in the palliative and neoadju-
vant studies summarised above that higher response
rates are seen with dual treatments. Between 6 and 12
weeks of therapy are used, with most trials using 12
weeks therapy prior to surgery. There is variation in
the primary outcomes, though most use an immedi-
ate measure of tumour response: six studies specify
radiological objective response rates and four use a
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pathological response assessment of the nephrectomy
specimen. Three use changes in tumour infiltrating
lymphocytes as a biological assessment of response,
which may correlate with the degree of immune
activation achieved. Two of the studies include the
use of adjuvant pembrolizumab in the protocol
[8, 9].

DISCUSSION

Cytoreductive Nephrectomy for Patients with
Metastatic Disease

In the metastatic setting, data from post-hoc anal-
yses of phase II and III trials, and retrospective
case series, provides support for the use of up-front
immunotherapy in patients with ccRCC to reduce the
size of the primary tumour prior to CN. The best
first-line data is available for the combination of Ipil-
imumab and Nivolumab, with PR-primary reported
in one third to one half of patients, with median time
to response from 2.8–4.4 months [32, 36, 39, 42,
44]. One study also provided direct support for this
combination in non-ccRCC [36]. Similar PR-primary
response rates were seen with ICPI + VEGFR-TKI
combination treatment [40, 43]. There was no data
specific to the use of single agent ICPI in the first line
setting, but it is inferred from the data on mixed treat-
ment groups that response rates are lower [40, 44].
This reflects the existing trial data for systemic treat-
ments, where higher quality data is available for first
line combinations than single agent treatments [1, 7].
Several studies commented that whilst the response
in the primary and metastases were generally similar,
differing responses did occur [32, 33, 41, 43]. This
may be due to different subclones, molecular pro-
files or microenvironments found in metastatic sites,
resulting in divergent treatment sensitivity [64–66].
Lower PR-primary rates were seen with second line
ICPI, in the range of 10% [41]. Combination treat-
ment comes at the cost of increased side effects,
though for patients with metastatic disease the clin-
ical decision on dual versus single agent therapy is
based on factors other than the plan for nephrectomy,
such as fitness, IMDC risk score and co-morbidities
[17, 18]. The adverse event rates observed were com-
parable to those seen in larger phase III trials of these
agents [1, 2].

Considering pathological measures of response,
we estimated the pCR rate as 14% for patients with
metastatic disease who underwent nephrectomy after
a period of ICPI treatment. The range seen was wide,

from 0–50% [31, 34–39, 44]. This figure includes
both dual and single agent therapy with ICPI or in
combination with VEGFR-TKIs. It is important to
note that good response to initial ICPI treatment was
a factor in selecting patients for nephrectomy [39], so
the pCR is likely an overestimate of the true rate. The
duration of preoperative treatment was also variable,
with median times on treatment ranging from 3 to 13
months.

A key unanswered question which is outside the
scope of our review is whether CN improves out-
comes in the long term for patients with metastatic
disease. This will be addressed by the results of the
PROBE and NORDIC-SUN trials. Both studies how-
ever are investigating at delayed CN, whereas looking
at existing practice data, many CN surgeries are done
immediately [35], before systemic treatment. It is also
not clear how current risk scoring systems, such as
IMDC, factor into decision making regarding either
immediate or deferred CN. NORDIC-SUN does con-
sider IMDC risk, but at different thresholds to those
used in selection of systemic treatments and in the
ASCO guidelines for CN with VEGFR-TKI ther-
apy [17]. The optimal duration of treatment is not
known; in the current trials reviewed the range is wide
(typically three to 12 months) and led by individual
patient factors. The design of NORDIC-SUN may
address this to an extent. A final concern is that given
the rapid progress in development of immunother-
apies, the standard of care may have moved on by
the time these trials report, as has now happened for
CARMENA and SURTIME [12, 13].

The observation of pCRs in the primary after ICPI
treatment also raises interesting questions about the
biological rationale for CN in the metastatic setting. A
high proportion of patients had residual disease, and
so may benefit from removal of these malignant cells.
However, one could speculate that in the patients with
pCR, the ICPI treatment may actually have achieved
long term control of the disease, and so CN was not
needed. The ‘ideal’ delayed CN patient may there-
fore be one who has radiological CR following ICPI
in their metastatic disease, but a residual primary
tumour on imaging. CN may benefit these patients by
directly achieving long term disease control, or as an
opportunity to stop systemic therapy and provide the
patient with a duration of time off treatment. Look-
ing at future technologies, patients may be assigned
to initial systemic ICPI or VEGFR-TKI by molec-
ular profiling, as has been done in the BIONIKK
trial [67]. Following a period of systemic treatment,
patients with complete ‘molecular response’ could
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then be identified (for example through circulating
nucleic acids) to inform the decision on further sur-
gical treatment [68].

Neoadjuvant ICPI treatment

We identified three prospective trials that have
reported data in the neoadjuvant setting. Poor
response rates were seen in two trials with neoad-
juvant nivolumab [25, 26]. Combined axitinib and
avelumab treatment resulted in a PR-primary rate of
30% [27]. Taken together with the observations on
PR-primary in the metastatic setting, if the inten-
tion of treatment is downstaging within a clinical
meaningful timeframe, combination treatment with
IO-VEGFR-TKI seems to be the best option, how-
ever this is based on only one trial and so the results
of further prospective studies are awaited It is note-
worthy that most ongoing studies use combination
treatment (Table 2).

Something that must be considered however is
the potential to use single agent VEGFR-TKI. Sev-
eral studies have assessed this (summarised in Table
S3): Wood et al. used 8 weeks of pazopanib treat-
ment, response rates were 38% [69]. All patients
went to surgery. Karam et al assessed 12 weeks of
axitinib, 45.8% had a partial response by RECIST
[70]. One patient required early surgery. The NAX-
IVA trial assessed 8 weeks of axitinib for patients with
venous tumour thrombus (VTT): PR-primary rates
were 16.7%, and response rates in the VTT were 35%
[71]. Four patients did not undergo surgery, although
they comprised a very high-risk patient group. These
studies suggest that comparable PR-primary rates can
be achieved with single agent TKI.

Toxicity is another factor to consider when com-
paring ICPI + VEGFR-TKI to VEGFR-TKI alone in
the neoadjuvant setting. NeoAvAx has not reported
the overall grade 3 toxicity rate, though from data
presented at GU ASCO in 2022 it can be estimated
that grade 3 AEs occurred in no more than 15% of
patients [27]. This is lower than that for single agent
axitinib in comparable patients (40–52%) [70, 71],
but this comes from a small number of phase II stud-
ies. Looking at toxicity rates in the Javelin Renal
101 trial, approximately 70% of patients experienced
grade 3+ toxicity in both the axitinib + avelumab and
sunitinib arms [2], but the duration of treatment was
longer. It is therefore difficult to comment on whether
adding ICPI to VEGFR-TKI increases the grade 3+
toxicity rate in the neoadjuvant setting. A further
question is whether there is a qualitative difference

in the toxicity experienced. Although the grade 3+
rates are high in the neoadjuvant VEGFR-TKI trials,
the predominant toxicities are hypertension, mucosi-
tis, hand-foot syndrome and fatigue, all of which are
manageable with supportive therapy and reversible
on withdrawal of the drug [70, 71]. Immunother-
apy can cause autoimmune phenomena (‘Immune
related adverse effects’, IRAEs) which are more
unpredictable, can cause significant morbidity, may
require systemic steroids or immunosuppressants,
and in some cases are irreversible [72, 73]. The
neoadjuvant immunotherapy trials reported some
instances of IRAEs: grade 2 hypothyroidism which
delayed surgery, grade three arthralgia, transamini-
tis and lymphopenia and a grade 3 post-operative
immunotherapy induced colitis [25–27]. Whilst all
patients in these trials went to surgery, a concern is
that with wider use, more IRAEs will occur, as are
seen in the metastatic treatment setting, which might
delay or preclude surgery.

Future pre-operative studies

Most of the ongoing neoadjuvant trials use either
primary tumour dimension or a pathological assess-
ment, including TIL density, to assess primary
treatment outcomes. Imaging based assessments,
such as MRI, can also be used to assess functional
response [74]. However, it is not yet clear how
these correspond to long term outcomes such as
survival benefit. Given the apparent similarity of effi-
cacy with single agent TKI and combination ICPI
plus VEGFR-TKI based on primary tumour response
alone, the long-term survival data will be key in
deciding whether this approach is worthwhile when
balanced against potential increases in toxicity.

One future approach may be to risk stratify patients
for neoadjuvant therapy. Those with high-risk dis-
ease, venous tumour thrombus, or those that are
initially inoperable are the main groups we foresee
benefiting from neoadjuvant approaches. These defi-
nitions would need formalising; at present trials have
used tumour size, nodal status and grade to assess
risk (Table 1) [25–27]. A pre-operative biopsy would
seem to be a requirement, as we would not want to
inadvertently expose patients with less common his-
tological types or benign lesions to several months of
oncological treatment. A biopsy would also provide
the opportunity for molecular risk scoring, for exam-
ple identifying patients with VEGFR-TKI sensitive
disease who only need single agent therapy or predict-
ing treatment resistant patients who should proceed
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Fig. 4. A patient with a new renal mass is referred to the multidisciplinary team MDT. Patients with a suspected low risk RCC proceed
straight to surgery. Patients assessed to have high risk disease undergo a biopsy. They are then assigned to neoadjuvant treatment taking into
account histological information and molecular subtype. They may also take part in a clinical trial of neoadjuvant treatment. The postoperative
findings are reviewed at the MDT, and patients continue on adjuvant treatment where appropriate.

directly to surgery [65, 67]. The duration of treatment
should also be considered: most trials use 6–12 weeks
of neoadjuvant therapy, which has basis in practice
in advanced disease: for example, the median time to
response with axitinib + avelumab in the metastatic
setting was approximately 11 weeks [2]. Neoadju-
vant trials generally include a mid-point assessment,
which can be used as an ‘exit route’ for patients with
progressive disease who need to go to surgery. We
have summarised a proposed pathway for neoadju-
vant treatment in Fig. 4 illustrating the factors that
need to be considered and that might be investigated
in future studies.

A further complication is the adjuvant
immunotherapy trial data [8, 9, 20–22]. These
trials have had mixed success, however results
for pembrolizumab are positive and have changed
practice. Interpreting the ongoing neoadjuvant trials
may be challenging with adjuvant immunotherapy
as standard of care, and only two of the trials include
this in their designs. From a biological perspective,
it is not clear if the presence of the primary tumour
helps or hinders the generation of the immune
response after ICPI treatment: the bulk of the tumour
may provide a greater supply of antigens against
which a response can be generated but may also be
accompanied by immune-suppressive cells recruited
to the tumour microenvironment which blunt the
immune response [75–77]. Translational research
efforts in parallel to these active trials will hopefully
provide more information on the effects of the
microenvironment of treatment sequencing.

Summary

We have conducted a comprehensive literature
review on the effects of ICPI on primary renal
tumours, identifying numerous studies addressing

this question. Most trials defined their primary
tumour response in similar ways (≥30% reduction in
tumour size from baseline), and so a valid comparison
could be made between these trials. We identified a
small number of neoadjuvant trials that have reported
data, and ongoing neoadjuvant trials that will provide
further information.

A key limitation is that despite the large number
of immunotherapy trials we identified in our search,
only a small number report the treatment effect on the
primary tumour. There are likely to be large numbers
of archived scans from these trials which could be
analysed to provide more robust data on this question.
Much of the evidence we identified comes from single
arm phase II trials and retrospective studies, some of
which had low numbers of patients. Only two phase
III studies were included, and these were both post-
hoc subgroup analyses. Concerning toxicity in the
neoadjuvant setting, although most patients under-
went surgery, a relatively small number of patients
have been assessed across the reported trials, and so
further IRAEs complicating surgery may yet emerge.
The toxicity data quoted have a wide variation, and
so rates must still be inferred from the metastatic set-
ting, in which the treatments are given for a longer
period in less fit patients.

The role of pre-operative immunotherapy for
RCC patients remains an open question in both the
metastatic and neoadjuvant setting. In the metastatic
setting, there is evidence that first line combination
treatment results in clinically meaningful reduc-
tions in the primary tumour, which may facilitate
cytoreductive nephrectomy. Whether this procedure
benefits patients in terms of survival outcome is unan-
swered in the ICPI era but may be addressed by active
trials.

Early data from the neoadjuvant setting favours
the use of VEGFR-TKIs alone or in combination
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with ICPIs. Results from single agent neoadjuvant
ICPI studies have been disappointing. Toxicity is a
key consideration, although from initial data neoad-
juvant approaches appear to be safe and do not
compromise patients’ chances of having surgery. A
personalised medicine approach may be needed in
selecting patients for neoadjuvant therapy, based on
tumour risk assessment, co-morbidities, and molecu-
lar profiling. Long term survival data and the results of
ongoing neoadjuvant trials will be key in determining
whether neoadjuvant treatment is widely adopted.
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Oudard S, et al. Primary Renal Tumour Response in Patients
Treated with Nivolumab for Metastatic Renal Cell Carci-
noma: Results from the GETUG-AFU 26 NIVOREN Trial.
Eur Urol. 2021;80(3).

www.asco.org/genitourinary-cancer-guidelines


J.O. Jones et al. / Immunotherapy for Primary Renal Tumours 235

[42] Albiges L, Tannir NM, Burotto M, McDermott D, Plimack
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