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Abstract. The Southwest Oncology Group (SWOG)1931 trial, also known as PROBE (ClinicalTrials.gov Identifier:
NCT04510597) is a phase III study evaluating the role of cytoreductive nephrectomy (CN) in metastatic renal cell can-
cer (RCC). Kidney cancer presenting with synchronous metastases has demonstrated shorter survival outcome compared to
the patients relapsing with metastases after nephrectomy. Previously, CN has been associated with survival improvement
when interferon-based systemic therapy was used. In the setting of antivascular therapy sunitinib, a prospective randomized
clinical trial demonstrated no benefit of CN. Immune checkpoint-based combination therapy has now become the standard-
of-care in the frontline setting for RCC. The role of nephrectomy or primary resection has not been evaluated in the setting
of immune checkpoint-based systemic therapy. The sequence and optimal timing of nephrectomy is also not established. The
PROBE study design attempts to answer the question whether CN has an impact on overall survival outcomes in RCC within
the context of immune checkpoint-based combination regimens. The study requires starting with systemic therapy; any one
of the FDA approved immunotherapy-based regimens at the time the study was activated are permitted. The disease status and
response are evaluated at 9–12 weeks of therapy and then consented patients are randomized 1:1 to receive CN or to continue
systemic therapy. The patients who have rapid disease progression are considered ineligible for randomization as they need
a switch in systemic therapy. Both groups should continue systemic therapy as long as they are tolerating the treatment and
continuing to derive clinical benefit. Quality-of-life, tumor genomic testing, microbiome, radiomics and circulating tumor
DNA assessments as predictive biomarkers are planned as study correlatives.

The study hypothesis is that CN will improve OS in synchronous metastatic RCC when surgery is performed after starting
systemic immune checkpoint-based combination therapy. A potential mechanism leading to improved survival is the broader
antigen spread and higher neoantigen load enabled by the primary tumor enhancing the efficacy of the immune therapy. CN
after initial systemic therapy would help select the patient subset most likely to benefit and will potentially enable eradication
of immune resistant clones within the primary tumor.
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Cancer Center, SPC5948, 1500 E. Medical Ctr Dr. Ann Arbor,
MI 48109, USA. Tel.: +1 734 936 7813; Fax: +1 734 647 9480;
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INTRODUCTION

Synchronous metastatic renal cell carcinoma
(RCC) is a subset comprising 30–40% of the patients
diagnosed with advanced disease. Within advanced
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RCC, this subset is expected to have worse outcomes
and is least studied in clinical trials. Traditionally,
all therapeutic clinical trials in advanced RCC have
included patients post nephrectomy and the initial
trials of sunitinib even required nephrectomy as an
eligibility criterion. It is important to evaluate the
role of immune checkpoint inhibition therapy and of
cytoreductive nephrectomy (CN) in RCC presenting
with synchronous metastases.

Previous phase III trials demonstrated that cytore-
ductive removal of the primary tumor can improve
overall survival in advanced kidney cancer. The role
of CN has been evaluated in the settings of inter-
feron therapy and sunitinib therapy. However, no
such assessment is available in the setting of con-
temporary immune checkpoint inhibitor (ICI) based
regimens. Therefore, as ICI combinations become
the mainstay of therapy in kidney cancer, the role
of surgical intervention needs to be reassessed. There
is evidence from two randomized multicenter phase
III trials that CN extends overall survival (OS) for
patients with metastatic RCC (mRCC) treated with
cytokine-based immunotherapy [1–3]. However, the
more recently reported CARMENA Trial showed that
for patients treated with sunitinib monotherapy, OS
in the non-nephrectomy group was not inferior to the
group that was first treated with CN [4]. Although
there were several key differences between these tri-
als, it is possible that cytoreduction is beneficial in
patients treated with immune-based therapies but not
in patients receiving only targeted therapies where
the mechanism of action involves anti-angiogenesis.
This proposal evaluates the role of CN in the setting
of contemporary ICI-based therapy.

Advanced renal cancer has multiple therapy opt-
ions and new regimens are attaining standard therapy
status rapidly with improved efficacy. As the front-
line therapies develop with incremental advances,
it has become important to focus on the subgroups
that are not gaining optimal benefit and have worse
clinical outcomes. Of those, patients presenting with
synchronous renal mass and metastases are a dom-
inant group. This subset of advanced renal cancer
has shorter OS even with utilization of contem-
porary ICI-based therapies. In Checkmate-214, the
median survival of the group presenting with syn-
chronous metastases was 24 months as compared to
48 months for all patients on the study [5]. [Table 1]
The dilemma of whether to perform cytoreductive
nephrectomy in cases presenting with synchronous
metastases has emerged. The immune mechanism of
systemic therapy is expected to have a distinct impact

on metastases with enhancement of response initially
with the primary tumor in place and subsequent erad-
ication of resistant clones with surgical resection.

CYTOREDUCTIVE NEPHRECTOMY IN
SYNCHRONOUS METASTATIC RCC

Most of the early clinical trials of novel agents ex-
cluded patients who did not have a prior nephrec-
tomy. This is the best selection mechanism to enroll
patients likely to have the best outcome with systemic
therapy. Four prospective randomized trials have
been reported primarily addressing the role of CN
in metastatic RCC. SWOG 8949 was a study that
randomized synchronous metastatic RCC patients to
upfront nephrectomy followed by interferon versus
systemic therapy alone [1]. The study showed a sta-
tistically significant improvement in overall survival
in the CN arm. Similar results were reported in an
EORTC trial [2]. The response to interferon therapy
remained 3% in both arms. The possible mechanism
was postulated that CN helped eradicate some of the
resistant clones of disease and enabled improved out-
comes to systemic therapy. The anti-vascular therapy
sunitinib was proven to be superior to interferon in
advanced RCC and was FDA approved in 2006 [6].
The CARMENA trial [4] was conducted with the
objective of evaluating the role of CN in conjunc-
tion with sunitinib therapy [Table 2]. Interestingly, the
study showed that with improved efficacy of systemic
therapy (sunitinib), the initial CN no longer had a
relevant impact on outcomes. Subset analysis of inter-
mediate and poor risk groups revealed that CN did not
benefit either group. With the advent of VEGF-TKI
therapy which has improved efficacy over interferon,
the incremental benefit of CN was not clinically rele-
vant. In addition, CN had the potential for complica-
tions such as bleeding, renal dysfunction and other
anesthesia related and operative morbidities. Perhaps
the largest drawback to upfront nephrectomy in the
setting of effective systemic therapy, was that about
20% of the patients were unable to receive systemic
therapy due to clinical deterioration after nephrec-
tomy.

The CARMENA trial results led ASCO to declare
the Advance of the Year as “Refinement of Surgi-
cal Treatment of Kidney Cancer: Surgical resection
has traditionally been the primary treatment of many
solid tumors, including RCC. Results from two ran-
domized controlled trials [4, 7] provided evidence for
targeted therapy-based approaches that might elimi-
nate the need for surgery in this type of cancer.”
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Table 1
Nephrectomy Status in Phase III Trials of FDA Approved Immune Checkpoint

Based Combination Regimens in Advanced RCC

Study Type and Arm All Patients (ITT) Nephrectomy Status
ORR/med PFS/med OS

Checkmate –214 [11] 1096 patients No Nephrectomy 84 (19.7%)
Ipi + nivo 42.1%/11.2 mths/ 48 mths ORR 34%/median OS :26 months
Sunitinib 26.3%/8.3 mths/26 mths No Nephrectomy 103 (24.4%)

ORR 14.5%/ median OS:14 months
Keynote 426 [9] 861 patients No Nephrectomy 146 (16.9%)
Axi + pembro 59.3%/15.1 mths/45.7 mths 75/432 (17.3%)
Sunitinib 35.7%/11.1 mths/40.1 mths 71/429 (16.5%)
Javelin-101 [10] 886 patients Nephrectomy
Axi + Avelumab 55.2%/13.8 mths/OS NR Yes 485 (86.7%) HR 0.63
Sunitinib 25.5%/8.4 mths/OS NR 95% CI 0.48–0.82

No OS benefit No 75 (13.3%) HR = 0.63
95% CI 0.31–1.29

Checkmate 9ER [8] 651 patients Nephrectomy
Cabo + nivo 55.7%/16.6 mths/NR Yes 455(70%) HR 0.46

95%CI 0.35–0.60
Sunitinib 27.1%/8.3 months/NR No (30%) HR = 0.63

HR = 0.6 for OS 95%CI 0.43–0.92
P = 0.001

CLEAR trial [12] 1069 patients No nephrectomy 272 patients (25.4%)
Len + Pembro 71% /23.9 mths/NR 97 /355 (26.1%)
Len + Eve 53.5%/14.9 mths/NR 97/357 (27%)
Sunitinib 36.1%/ 9.2 mths/NR 82/357 (22.9%)

Len + pembro vs sunitinib
HR = 0.66 for OS
P = 0.005

Table 2
Retrospective and Prospective Data in Synchronous Metastatic RCC

Study Type Arms /Response rates OS
Sample Size

S8949 Prospective Interferon /4% Median 8.1 months
250 CN + interferon/3% Median 12.5 months

P = 0.006
EORTC Prospective Interferon Median 7 months

85 CN + interferon Median 17 months
HR = 0.54
95% CI 0.31–0.94

CARMENA [4] Prospective Sunitinib Median 18.4 months
450 CN + sunitinib Median 13.9 months

HR = 0.89
95% CI 0.71–1.10

SURTIME [7] Prospective Initial nephrectomy Median 15 months
99 Deferred Nephrectomy Median 32.4 months

HR = 0.57, p = 0.03
95% CI 0.34–0.95

IMDC [13] Retrospective Targeted therapy (676) Median 9.5 months
1658 patients CN + Targeted therapy (982) Median 20.6 months

P < 0.0001
ReNIS [14] Retrospective Targeted therapy (272) Median 14.2 months

750 CN + Targeted therapy (458) Median 27.2 months
HR = 0.6, P < 0.001
95%CI 0.52–0.69

SEER [15] Retrospective No CN (63%) Median 3.0 months
21052 CN performed (37%) Median 18.0 months

HR = 0.31
95% CI 0.30–0.33
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The SURTIME trial [7] explored the question of
optimal timing of nephrectomy. The study random-
ized RCC cases with synchronous metastasis to initial
CN followed by sunitinib versus CN following 12
weeks of sunitinib therapy. The results reported no
difference in outcomes for the primary endpoint of 28
week progression free survival (PFS); however, OS
almost doubled in the deferred CN arm [Median of 15
months vs 32.4 months p = 0.03, hazard ratio = 0.57]
and about 20% of the patients in the immediate
nephrectomy arm did not receive sunitinib therapy.

The arrival of ICI based regimens boosted the
efficacy of systemic therapy in kidney cancer even
further. Five distinct regimens have demonstrated
improved PFS and response rates and four of these
have demonstrated OS benefit in comparison with
sunitinib as the control arm. The proportion of pat-
ients who did not have nephrectomy in these studies
is low. Checkmate 9ER [8] enrolled the high-
est proportion of patients without nephrectomy at
about 30%. Keynote 426 [9] and Javelin-101 [10]
enrolled 17% and 13% non-nephrectomy patients,
respectively. About 22% of patients enrolled on
Checkmate-214 [11] and 20% on the CLEAR trial
[12] did not undergo nephrectomy.

Retrospective trials [Table 2] have endorsed the
advantage of debulking nephrectomy despite the

presence of metastatic disease, in context of either
cytokine or VEGF TKI based therapies [13–15].
Patient selection-bias was a large factor in the ret-
rospective data series and prospective clinical trials
have revealed the lack of benefit from initial CN
in metastatic disease treated with sunitinib therapy.
However, the role of CN in the setting of ICI reg-
imens remains to be determined. Preclinical data
indicates that the approach of initial I-O based therapy
followed by CN is likely to impart clinical bene-
fit. S1931/PROBE trial is attempting to answer this
question and is evaluating whether CN has a role in
management of metastatic RCC within the setting
of contemporary immune based combination therapy
[Fig. 1].

IMMUNE BASED COMBINATION
THERAPIES IN ADVANCED RCC

Checkpoint inhibitors comprise a class of imm-
unotherapy that is FDA approved for a broad range
of malignancies, including RCC. The study Check-
mate 214 established superior efficacy of ipilimumab
(ipi) plus nivolumab (nivo) over sunitinib, demon-
strating OS benefit for patients with previously
untreated metastatic renal cancer [11]. This regimen

Fig. 1. S1931/probe trial study schema.
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(nivolumab, 3 mg per kilogram of body weight, plus
ipilimumab, 1 mg per kilogram of body weight every
3 weeks for four doses followed by nivolumab, 3 mg
per kilogram, every 2 weeks) is now approved by
the FDA for intermediate and poor risk mRCC. In
this study 24% of the patients did not have CN
and subgroup analysis revealed that the hazard ratio
of benefit for ipilimumab + nivolumab (I + N) over
sunitinib was maintained regardless of nephrectomy
status.

In CheckMate 214, 1096 patients with newly diag-
nosed metastatic RCC were randomly assigned to
receive I + N or sunitinib. Co-primary end points
were OS, objective response rate, and PFS among
patients with intermediate or poor prognostic risk as
defined by International Metastatic Renal Cell Car-
cinoma Database Consortium (IMDC); 425 and 422
had intermediate and poor risk, respectively. The 18-
month OS was 75% with I + N versus 60% with
sunitinib (P < 0.001). The median OS was 48 months
with I + N and it was 26.0 months with sunitinib
(hazard ratio for death, 0.63; 99.8% CI were 0.44 –
0.89). The objective response rates were 42% versus
27% (P < 0.001) with complete response rates of 9%
versus 1%, respectively. The median PFS was 11.6
months and 8.4 months, respectively (hazard ratio
for disease progression or death, 0.82; p = 0.03). The
drugs were well tolerated in both treatment groups.
Adverse events occurred in 509 of 547 patients (93%)
in the I + N group and 521 of 535 patients (97%) in the
sunitinib group. Grade 3 or 4 events occurred in 250
patients (46%) and 335 patients (63%), respectively.
Treatment-related adverse events leading to discon-
tinuation occurred in 22% and 12% of the patient
groups, respectively. Based on these results, the FDA
has approved ipilimumab and nivolumab for interme-
diate or poor risk metastatic RCC.

In Checkmate 214 about 24% of the patients had
their primary tumor in place and in this subgroup
the HR favoring I + N was 0.63 (0.42–0.94). SEER
data analysis reveals that majority (63%) of mRCC
patients do not undergo CN as their initial manage-
ment, however the non-nephrectomy patients are a
minority (< 30%) in therapeutic clinical trials [15].
Therefore, the PROBE trial will provide an opportu-
nity to characterize treatment outcomes in a patient
population that has been underrepresented in prior
RCC trials.

Combination of VEGF-TKI axitinib and immune
checkpoint inhibitor therapy has demonstrated ben-
efit in front line therapy of advanced RCC and has
received FDA approval. Keynote 426 [9] established

superior efficacy of pembrolizumab plus axitinib
over sunitinib for patients with previously untreated
metastatic clear cell RCC and led to FDA approval
of the combination regimen. Keynote 426 random-
ized 861 patients to receive 200 mg pembrolizumab
IV every 3 weeks and 5mg axitinib orally twice daily
or standard dose of sunitinib. In the group receiving
pembrolizumab and axitinib, the objective response
rate was 59.5%, the median PFS was 15.1 months,
and 12 month-survival rate was 89.9%. In the con-
trol group, the objective response rate was 35.7%
(p < 0.001), median PFS was 11.1 months (hazard
ratio 0.69; p < 0.001), and 12 month-survival rate was
78.3% (hazard ratio 0.53; p < 0.0001). The benefit
of pembrolizumab plus axitinib was observed across
intermediate and poor risk groups and regardless
of programmed death ligand 1 (PD-L1) expression.
Grade 3 or higher adverse events of any cause
occurred in 75.8% of patients in the study group and
70.6% of patients in the control group.

Javelin 101 [10] established superior efficacy of
avelumab plus axitinib over sunitinib for patients with
previously untreated metastatic clear cell RCC and
led to FDA approval of the combination regimen.
This study randomized 886 patients in all IMDC risk
groups to receive avelumab (10mg per kg of body
weight) IV every 2 weeks and 5mg axitinib orally
twice daily or standard dose of sunitinib. The pri-
mary endpoints for the study were PFS and OS among
patients with PD-L1-positive tumors. Among patients
with PD-L1-positive tumors, the median PFS and
overall response rate were 13.8 months and 55.2%
in the combination treatment group and 7.2 months
(hazard ratio 0.61; p < 0.001) and 25.5% (odds ratio
for RR 3.73; 95% CI, 2.53 to 5.37) in the control
group. In the overall population, the median PFS and
overall response rate were 13.8 months and 51.4% in
the experimental group and 8.4 months (hazard ratio
0.69; p < 0.001) and 25.7% (odds ratio for RR 3.10;
95% CI, 2.30 to 4.15) in the control group. No OS
benefit was established. Grade 3 or higher adverse
events of any cause occurred in 71.2% of patients in
the study group and 71.5% of patients in the control
group.

Checkmate 9ER [8] established the superiority
of the combination of cabozantinib and nivolumab
over sunitinib. Each of the three main endpoints
routinely considered in oncology, for therapy deci-
sions were improved. In addition the patient reported
quality of life was also improved with the combi-
nation in comparison to sunitinib. The median PFS
was 16.6 months and response rate was 55.7% with
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cabozantinib and nivolumab as compared to 8.3
months and 27.1% with sunitinib respectively. Severe
adverse events were noted in 75.3% of the patients
treated with cabozantinib and nivolumab and in
70.6% of patients treated with sunitinib.

The CLEAR trial [12] randomized patients with
metastatic untreated renal cancer to lenvatinib +
pembrolizumab combination or lenvatinib and ever-
olimus, each of which was compared to sunitinib.
The lenvatinib and everolimus combination did not
demonstrate a statistically significant benefit over
sunitinib. However lenvatinib and pembrolizumab
showed a median PFS of 23.9 months and response
rate of 71% as compared to median of 9.2 months and
36.1% with sunitinib. OS benefit favoring Lenvatinib
and pembrolizumab was noted with hazard ratio of
0.66, p = 0.005. 82.4% of patients on Lenvatinib and
pembrolizumab had adverse reactions reported.

RATIONALE FOR CYTOREDUCTIVE
NEPHRECTOMY IN ADVANCED RCC

Several lines of evidence suggest that delayed CN
after immunotherapy may be beneficial compared
to immunotherapy alone and may provide the ideal
combination of immune system priming as well as
cytoreduction. The SurTime trial [7] was a random-
ized study comparing immediate versus delayed CN
in patients with newly diagnosed mRCC treated with
sunitinib. While not the primary endpoint, OS was
significantly longer (p = 0.03) in patients undergo-
ing delayed nephrectomy. A rational argument can be
made that starting checkpoint-based immunotherapy
prior to CN can generate a stronger immune response
than upfront CN followed by immunotherapy. It is
increasingly clear that immune responses develop
against neoantigens resulting from patient-specific
(i.e. private) mutations found in the tumor [16–19].
In a breast cancer animal model trial neoadjuvant
immunotherapy produced a broader array of immune
response as compared to the use of same therapy
after resection of the primary tumor [17]. Check-
point inhibitors work by “releasing” the immune
response against mutations. In renal cancer it was
demonstrated that surgical resection decreases PD-
L1 expression on tumor [19]. Consistent with this
proposed mechanism, it has been reported that a
greater mutational load contributed by the primary
tumor predicts a stronger response to checkpoint
inhibitors. Initial cytoreduction has the effect of surgi-
cally reducing the mutational load and decreasing the

diversity of private mutations. Clonal evolution leads
to tumor heterogeneity. The prevailing thought is that
the most effective therapies will target the ubiquitous
mutations in the “trunk” of the clonal evolutionary
tree; however, initial cytoreduction tends to remove
the largest source of ubiquitous mutations just prior
to checkpoint inhibition, and prior to the greatest
immune stimulation. After the immune stimulation
has occurred, CN can remove a source of potential
metastasis and immune suppression.

SAFETY OF CN POST ICI THERAPY

Performing surgery following checkpoint-based
immunotherapy is expected to be safe. There is no
mechanistic reason to be concerned about the safety
of performing surgery in this setting. The SurTime
trial (immediate versus delayed CN plus sunitinib)
showed that CN following sunitinib therapy does not
result in increased surgical complications and actu-
ally improves survival [7]. PROSPER (ECOG8143)
is a phase III randomized trial of perioperative
nivolumab versus observation for patients at high
risk for recurrence following curative nephrectomy.
Patients in the nivolumab arm received preopera-
tive nivolumab and the study has completed accrual
without any major safety concerns [20]. A phase
II study of preoperative nivolumab for 3 doses was
reported with no increased adverse events or compli-
cations noted [21]. Neoadjuvant axitinib was reported
to show no increase in operative complications dur-
ing nephrectomy [22]. A prospective pilot trial of
presurgical ipilimumab designed to address safety
did not uncover any concerns and the European Urol-
ogy position paper has deemed nephrectomy after ICI
therapy a safe procedure [23].

CONCLUSIONS

The role of cytoreductive nephrectomy for meta-
static RCC is unclear in the era of immune-based
therapies. There is evidence to suggest that start-
ing with systemic therapy may help identify patients
most likely to benefit from nephrectomy. The
S1931/PROBE study is designed to evaluate the role
of nephrectomy in impacting overall survival in
patients who are treated with an immunotherapy-
based combination. The study addresses an important
question within the context of contemporary manage-
ment of synchronous metastatic kidney cancer.
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