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Patrick G. Pilié and Eric Jonasch∗
University of Texas, MD Anderson Cancer Center, Houston, TX, USA

Abstract.
Background: Approximately 16% of patients with renal cell carcinomas (RCC) present with stage IV disease at time of
diagnosis. Treatment options for metastatic clear cell RCC, the most common histologic subtype, have proliferated over the
past decade and include a combination of surgery and systemic therapy. The selection of systemic agent and best timing of
systemic therapy in relation to nephrectomy is an area of active research.
Objective: To evaluate the evidence for perioperative systemic therapy, including presurgical and postsurgical, for metastatic
RCC.
Methods: A systematic literature search using PubMed and MEDLINE databases was performed in January 2017 for articles
related to perioperative systemic therapy in metastatic RCC using key word search terms. The authors screened the search
results and identified selected publications by predetermined inclusion criteria and consensus. Expert opinion was obtained
to assess for publications missed by search.
Results: Early phase clinical trials of antiangiogenic tyrosine kinase inhibitors prior to cytoreductive nephrectomy in select
patients show that these systemic agents are safe and effective in the presurgical setting. There are no randomized data
evaluating pre- or post-surgical systemic therapy in metastatic RCC.
Conclusions: Retrospective and early-phase prospective studies on the use and timing of systemic therapy in relation to
cytoreductive nephrectomy in metastatic RCC show that standard of care antiangiogenic agents are safe and effective in the
perioperative setting, though randomized data are still lacking. Pre-surgical immune checkpoint therapy for metastatic RCC
has strong biologic rationale and holds promise. Sequential tumor sampling in neoadjuvant and presurgical trials is necessary
to determine biomarkers of response and resistance.
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INTRODUCTION
Cancers of the kidney and renal pelvis account
for approximately 3.5% of all new cancer cases in
the United States and are responsible for 3.9 deaths
per 100,000 individuals per year. Most arise in the
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kidney, and are commonly described as renal cell carcinoma (RCC). The majority (65%) of RCCs present
as localized (stage I) disease, and approximately 16%
are diagnosed as de novo metastatic disease (stage
IV). The prognosis of RCC is highly dependent on
the stage at diagnosis with 92% of individuals with
localized disease alive at 5 years, while only 11.7%
of individuals with metastatic disease survive 5 years
[1, 2]. In addition, the histological subtype of RCC
impacts prognosis and treatment with clear cell RCC
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(ccRCC) being the most common subtype, accounting for over 70% of all RCC [3]. The most common
genetic event in ccRCC carcinogenesis is loss of the
von Hippel Lindau (VHL) gene, a key tumor suppressor on chromosome 3p25 with one of its main
functions being to downregulate hypoxia inducible
factor 1 alpha (HIF1␣) and 2 alpha (HIF2␣) via VHL
ubiquitinating HIF leading to proteasomal degradation [4]. HIF1␣ and HIF2␣ are crucial pro-angiogenic
transcription factors with multiple downstream
angiogenic and metabolic targets including vascular endothelial growth factor (VEGF), platelet
derived growth factor (PDGF), fibroblast growth factor (FGF), and GLUT1, factors which aid in renal
cell carcinogenesis initiation and progression [4, 5].
Thus the standard of care treatment options for firstline therapy in metastatic ccRCC target dysregulated
angiogenesis and metabolism, though currently we
lack synthetic lethal systemic treatment strategies for
RCC [3].
As is the case with many cancer subtypes, the treatment of localized RCC is primarily surgical; and,
there are currently no standard perioperative neoadjuvant or adjuvant systemic treatment approaches
for localized RCC [3, 6]. However, unlike most
other cancer subtypes, surgery in the form of radical
or partial nephrectomy is also part of a multidisciplinary treatment approach for metastatic RCC
in select patients with good performance status.
Nephrectomy has demonstrated a survival benefit
in prospective trials and retrospective reviews of
patients with metastatic RCC in both the earlier
immune therapy era, as well as the current tyrosine
kinase inhibitor (TKI) era [7–9]. However, studies
have consistently shown that nephrectomy provides
little to no benefit for individuals with poor prognosis and/or poor performance status [7–10]. In the
metastatic setting, systemic therapy in the form of
an anti-angiogenic tyrosine kinase inhibitor is typically initiated following nephrectomy with the choice
and timing of systemic therapy in relation to surgery
being somewhat case dependent, and remains an area
of active research [11]. Retrospective studies have
shown benefit to nephrectomy and targeted therapy
versus targeted therapy alone [10]. While the safety
and efficacy of presurgical targeted anti-angiogenic
therapy has been evaluated in retrospective and Phase
I/II studies, we currently lack any Phase III randomized trial data to support or refute its use as a standard
of care. Large randomized trials comparing cytoreductive nephrectomy with tyrosine kinase inhibitors
(both presurgical and postsurgical) versus tyrosine

kinase inhibitors alone are ongoing [NCT00930033
(CARMENA)] or have been closed prematurely
[NCT01099423 (SURTIME)], and current guidelines
recommend cytoreductive nephrectomy for patients
with good performance status and low burden of
metastatic disease [3, 12]. In this systematic review,
we will evaluate and summarize published literature
and data on the use of presurgical and postsurgical
systemic therapy in the setting of metastatic RCC.
METHODS
We performed a search of Medline and PubMed
from inception through 01/2017 under the direction
of a medical librarian for prospective clinical trials as well as retrospective studies and retrospective
reviews related to perioperative systemic therapy in
metastatic RCC. The search was restricted to Englishlanguage articles only. Key search terms included
kidney cancer, renal cell carcinoma, metastatic,
presurgical, adjuvant, neoadjuvant, perioperative,
systemic therapy, immune therapy, tyrosine kinase
inhibitors, nephrectomy, metastasectomy, safety, efficacy, randomized control trial. Input from clinical
experts in RCC was also obtained to assess for any
publications or studies missed by the search.
RESULTS
Initial search yielded over approximately 740
articles for evaluation. We then filtered for randomized control trials, retrospective studies, systematic
reviews/meta-analyses specifically related to presurgical and/or perioperative therapy in metastatic renal
cell carcinoma and also included input from experts
in the field [13–25].
PRESURGICAL THERAPY IN
METASTATIC RCC
Presurgical therapy in the metastatic RCC setting can serve to identify those patients who are
not actively progressing or decompensating, to better
select those individuals for nephrectomy. In addition, a presurgical systemic therapy approach as
outlined in Fig. 1 can give insight into the biology
of a patient’s tumor that can aid in future systemic
treatment planning and allow for earlier systemic
therapy than waiting until post-surgery. Molecular
profiling of tumor tissue obtained prior to initiation
of presurgical systemic therapy and then again at
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Fig. 1. Schematic of early-phase clinical trial for presurgical systemic antiangiogenic therapy in metastatic RCC. Sequential tissue acquisition
pre and post systemic therapy allows for identification of biologic drivers of cancer progression as well as predictive and prognostic biomarker
development.

time of surgery can help identify predictive biomarkers of sensitivity and resistance, as well as detect
molecular changes associated with clinical outcomes
[23, 24]. However, a pre-surgical treatment strategy
necessitates interruption of systemic therapy in the
perioperative period, which may increase likelihood
of tumor progression. In addition, prior studies have
shown that pre-surgical antiangiogenic therapy may
lead to an increase in post-surgical complications due
delayed wound healing, though other studies show
no evidence of excessive post-surgical morbidity or
mortality [16, 26–28].
An early pilot study of pre-surgical interferonalpha based immunotherapy in patients with
metastatic ccRCC and a primary tumor in situ
showed that those patients who did not progress on
immunotherapy and were able to undergo nephrectomy had better overall survival 11.5 months versus
3 months) than those who progressed while on
immunotherapy. In addition, there was no increased
surgical morbidity in patients who received presurgical immunotherapy. This pilot study highlights how
pre-surgical therapy can better select patients for
nephrectomy and that individuals with progressive
disease are considerably less likely to benefit from
nephrectomy [21].
Following the introduction of anti-angiogenic and
targeted therapy agents for RCC, a phase II study of
presurgical bevacizumab in treatment-naı̈ve patients
with metastatic ccRCC was performed to test if 1)
presurgical bevacizumab was safe and if 2) presurgical anti-angiogenic therapy could select patients
who would benefit from cytoreductive nephrectomy
[15]. This single-arm pilot study had primary endpoints of time to disease progression and safety. The

study included 23 patients who received bevacizumab
plus erlotinib and 27 patients who received bevacizumab alone, with 82% of the study population
having intermediate-risk features by Memorial Sloan
Kettering Cancer Center (MSKCC) criteria. Median
progression free survival (PFS) was 11 months, which
met predetermined outcome measures for improvement in PFS attributable to bevacizumab. The 50
patients included had an overall response rate (ORR)
of 12% and median overall survival (OS) of 25.4
months. Ultimately, 84% of the study population
underwent nephrectomy with no intraoperative complications attributable to the study drug(s); however,
20.9% of those individuals who underwent nephrectomy had delayed wound healing at post-operative
week 4. Thus this study showed that outcomes
of patients treated pre-surgically with bevacizumab
were similar to outcomes in groups treated postsurgically, but also suggests that at least this particular
agent contributes to delayed wound healing when
compared to retrospective historical controls. Since
single-agent bevacizumab is not considered a first line
option for metastatic ccRCC and is rarely used even
in second line setting in current clinical practice, this
study provides general guidance on the use of antiangiogenic therapy in the presurgical setting but does
not directly reflect current treatment of RCC.
A prospective pilot study of sorafenib, a multitargeted TKI, was performed in a preoperative
population with stage II or higher renal masses,
including 17 patients with localized disease and 13
with metastatic disease, which also included nonclear cell histologies [25]. 28/30 of these patients
were evaluable for response to sorafenib prior to
surgery with 2/28 having a partial response (PR) and
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26/28 with stable disease (SD). Interestingly thirty
patients were able to proceed with nephrectomy,
and there were no surgical complications related to
sorafenib administration.
Sunitinib is a multiple receptor TKI that is widely
used in the setting of metastatic RCC. In a randomized phase III trial of sunitinib versus interferon-alfa
for metastatic RCC, patients had a median OS of
greater than 2 years in the sunitinib group with a
median PFS of 11 months [29]. Two prospective
single-arm phase II studies of presurgical sunitinib
prior to planned nephrectomy have been published
with a variable number of cycles given prior to
surgery [16, 30]. These studies of pre-surgical sunitinib included a combined total of 66 patients with
metastatic ccRCC that were treatment naı̈ve, with
32% having MSKCC poor risk disease. The majority of the cohort (73%) achieved clinical benefit. The
median PFS for the intermediate-risk patients was
8 months in the combined cohort, with the poorrisk patients having a PFS of 6.0 months. The OS
for the combined cohort was 15.2 months, with the
intermediate-risk group having a significantly longer
OS than the poor-risk group (26.0 months vs 9.0
months) which is consistent with prior studies with
other treatment modalities. Seventy-one percent of
the cohort went on to nephrectomy; and, patients in
these studies were off systemic therapy perioperatively for approximately 29 days, with a significant
minority of assessable patients (36%) progressing
during or shortly after this required treatment break.
In addition 13% of individuals undergoing nephrectomy had complication of delayed wound healing.
Not surprisingly, progression in the primary tumor
in situ or in metastatic sites at the time of planned
surgery portended for shorter OS.
A recent single-arm, phase II study of pazopaniba tyrosine kinase inhibitor which is a standard of
care option in first line treatment of metastatic
RCC- in the presurgical setting prior to cytoreductive nephrectomy has shown a favorable safety and
efficacy profile [20]. In this study, 104 patients with
metastatic ccRCC that were treatment naı̈ve received
pazopanib 800 mg daily prior to undergoing cytoreductive nephrectomy (CN), with the study’s primary
end point being clinical or radiographic response
prior to surgery. One hundred patients were included
in the final analysis with 84% of the study population achieving a clinical benefit defined as tumor size
reduction or stable disease prior to nephrectomy with
a 14.4% median reduction in the size of the primary
kidney tumor. The majority of the study population

(71%) achieved only stable disease, thus pazopanib
did not facilitate for better surgical outcomes in this
patient population as a whole. In addition patients
with poor risk disease as defined by MSKCC criteria did not benefit from nephrectomy and had very
poor outcomes with an OS of 5.7 months. Ultimately,
63% of the study population underwent nephrectomy with a surgical complication rate of 22%, with
the most common complications being bleeding and
delayed wound healing. The PFS and OS for the study
population were 7.1 months and 22.7 months, respectively, which are similar to studies of pazopanib in
the metastatic ccRCC setting following nephrectomy
[31, 32].
Each of these presurgical studies not only provided clinical information on patient outcomes in
the metastatic ccRCC setting (Table 1), but also
allowed for tissue based molecular analyses to elucidate underlying mechanisms of drug sensitivity and
resistance, as well as providing a more complete
picture of the biology driving tumor growth and progression. A retrospective analysis of RNA microarray
and reverse phase protein array profiling of 37 tumors
from patients treated in the presurgical bevacizumab
plus or minus erlotinib study [15] showed worse OS
and PFS in those patients with upregulation of the
phosphoinositide 3-kinase (PI3K) pathway and cellcycle related pathways [23].
A subsequent retrospective analysis of tissue
obtained from 41 untreated primary RCCs, 42
bevacizumab treated RCCs, and 39 sunitinibtreated RCCs showed that the tumors from patients
pretreated with antiangiogenic therapy had increased
infiltration of CD4+ and CD8+ T lymphocytes [24].
Those tumors from pretreated patients showed higher
infiltration of CD4+ FOXP3+ regulatory T cells
and higher expression of programmed death-ligand
1 (PD-L1), and both of these immunosuppressive
features were correlated with T-cell infiltration and
worse patient survival [24].
The effect of presurgical TKI therapy on ten predetermined biomarkers was assessed in sequential
tissue pooled from patients who were pretreated with
VEGF TKIs from three phase II studies, including a
matched untreated renal biopsy specimen and subsequent treated primary [33]. This study showed TKI
treatment resulted in a reduction in vessel density;
reduction in phospho-S6K, PD-L1, and FOXP3; and,
an increased expression of cytoplasmic FGF-2 and
MET receptor in vessels- this highlights the heterogeneous, dynamic molecular changes occurring with
TKI therapy [33]. In another tissue-based molecular
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Table 1
General characteristics and outcomes of presurgical systemic therapy studies in mRCC
Study Type

Presurgical Systemic
Therapy

Patientsa
(n)

Best
Response

Completed
Surgery (%)

Overall Survival
(months)

Phase I/II

Sunitinib

16

11 (69)

11.5

Jonasch et al. [15]

Phase II

Bevacizumab
+/– Erlotinib

50

42 (84)

25.4

Cowey et al. [25]

Phase I/II

Sorafenib

30 (100)

N/Ae

Powles et al. [16]

Phase II

Sunitinib

30
17 Local
13 Metastatic
66

47 (71)

15.2

Powles et al. [20]

Phase II

Pazopanib

104

CRb 0/16
PRc 2/16
SDd 9/16
CR 1/50
PR 5/50
SD 29/50
CR 0/30
PR 2/30
SD 26/30
CR 0/66
PR 13/66
SD 35/66
CR 0/100
PR 13/100
SD 71/100

63 (61)

22.7

Bex et al. [17]

a studies

included patients with metastatic disease only unless otherwise specified; b CR = complete response; c PR = partial response;
disease; e N/A = not available.

d SD = stable

profiling study of sequential tumor samples from primary tumors obtained from patients with metastatic
ccRCC pretreated with sunitinib versus untreated
control samples, the investigators assessed for intratumoral heterogeneity as defined by morphologic and
molecular (including DNA, mRNA, and protein) variance within a single tumor [22]. This study found that
morphologic intratumoral grade heterogeneity was
present to a higher degree in sunitinib-treated versus untreated samples and that driver-mutation gene
signatures and protein expression were increasingly
variable in treated samples.
The phase II trial of pazopanib in the presurgical
setting in metastatic RCC assessed antibody-based
biomarkers of PD-L1, C-MET, HIF1␣, VEGFR2,
and VHL in sequential tissue specimens from pre
and post-pazopanib treatment [20]. They found in
comparison of pre and post pazopanib specimens a
statistically significant decrease in CD8 expression
and reduction in expression of VHL and C-MET with
increased PD-L1 expression. No biomarkers in this
study were associated with response to therapy.
Thus these pilot and early-phase studies indicate
that the approach of pre-surgical targeted therapy
is generally safe, can provide disease control albeit
predominantly in intermediate-risk cases, and can
select patients with poor-risk or actively progressing disease that will not benefit from nephrectomy.
In addition molecular studies on tissue from
patients that receive presurgical systemic therapy
can give insight into underlying biology, resistance
mechanisms, as well as predictive and prognostic
biomarkers.

Immune checkpoint therapy is currently standard
of care in the second line setting for metastatic
ccRCC [3] following the phase III study showing nivolumab, an anti-programmed cell death 1
(PD-1) receptor antibody, had an OS benefit compared to everolimus in metastatic ccRCC in second
line setting [34]. While prior combinations of antiangiogenic agents and cytokine-based therapies did
not show benefit and/or were too toxic, the relatively
favorable side effects profile of modern immune
checkpoint therapies have led to multiple ongoing
trials involving the combination of these immune
directed agents with anti-angiogenics [35]. Preclinical studies have shown a signal for increased efficacy
of modern immunotherapy in the neoadjuvant setting
compared to adjuvant setting due to increased, sustained activation of T cell antitumor activity with an
effector/memory phenotype [36]. The mechanisms
by which an intact tumor may serve to prime an antitumor immune response in the setting of neoadjuvant
or presurgical therapy are numerous, but a general
schematic is that the generation of neoantigens from
dying tumor cells can lead to an quantitative expansion of targeted tumor-specific T cells as well as a
sustained qualitative improvement in immune memory even after the tumor is resected. In this setting,
the intact tumor is necessary to expand the anti-tumor
T cell army, as well as to train these T cells to systemically surveil the body for tumor cells even after the
primary tumor or metastasis is removed [36]. Thus,
early phase clinical studies are underway to evaluate
the safety and efficacy of anti- PD-1 receptor antibody
in the presurgical setting both as single-agent ther-
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apy [37] and in combination with anti-VEGF therapy
or with ipilimumab, an anti-CTLA4 antibody [38].
A phase I study of nivolumab in the perioperative
setting for patients with metastatic RCC for which
nephrectomy is planned is ongoing (ADAPTer), with
plans to recruit nineteen patients and requires sequential tissue specimens pre- and post-nivolumab therapy
[37]. In addition, studies are ongoing to combine
radiation with immune therapy in presurgical and
metastatic settings with the idea that radiation can
further drive neoantigen production and take advantage of potential abscopal effects of local radiation
to lead to immune-mediated regression of distant
disease [39, 40]. With a strong preclinical rationale
combined with the potential for long-term sustained
responses following surgery and predictive immunerelated biomarkers, presurgical immunotherapy both
alone and in combination with other therapies in
metastatic RCC is very promising.

POSTSURGICAL THERAPY IN
METASTATIC RCC
The current guidelines for metastatic RCC recommend cytoreductive nephrectomy in patients with
good performance status and low-volume metastatic
disease, which is based on the prospectively confirmed survival benefit of nephrectomy in the era
of systemic therapy with interferon alfa [7]. Multiple trials of first-line and subsequent line targeted
inhibitors have been performed for metastatic clear
cell and non-clear cell histologies, with a significant
number of patients in those studies having undergone
prior cytoreductive nephrectomy at time of initiation
of systemic therapy [29, 31, 41–44]. However, there
are no randomized trials completed and reported to
date that specifically address perioperative or postsurgical systemic therapy in the setting of nephrectomy
versus systemic therapy alone. Multiple randomized control trials of TKIs, including sunitinib and
pazopanib, alone versus TKI following nephrectomy
are ongoing (CARMENA and TARIBO) [45, 46].
In addition, multiple prospective and retrospective
studies suggest that patients with isolated surgically
resectable metastatic disease obtain clinical benefit
from metastasectomy, even in the era of targeted therapy, though randomized data are lacking [19, 47–49].
Thus in current practice, almost all patients seeking
treatment for metastatic RCC will receive systemic
therapy at some point in their treatment course, and
those with good performance status and who are

amenable to surgery would be advised to undergo
upfront nephrectomy, and possibly metastasectomy
in appropriately selected cases.

CONCLUSIONS
Metastatic RCC requires a multidisciplinary,
team-based treatment approach that incorporates surgical resection and systemic therapy. Cytoreductive
nephrectomy in patients with metastatic RCC has
been shown to prolong survival in selected patients
with good prognosis and performance status; however, large randomized control trial data are still
lacking in this space. This review highlights important retrospective and early-phase prospective studies
on the use and timing of systemic therapy, including
targeted anti-angiogenic agents and immune therapy,
prior to cytoreductive nephrectomy. Published data
thus far support the efficacy and safety of a presurgical systemic therapy approach using standard of
care TKIs including sunitinib or pazopanib, though
randomized data are still lacking. Given the rapid
proliferation of effective immune checkpoint therapy
options for metastatic RCC, the community’s increasing familiarity with their use and management of their
side effects in the second-line setting, and the strong
biologic rationale, it is likely that immune checkpoint
therapy will move to the front-line and presurgical settings for metastatic RCC in the near future.
The molecular alterations and potential biomarkers
for selecting those patients who would benefit most
from nephrectomy and specific systemic therapies are
evolving but still not well understood, which highlights the necessity and benefit to sequential tumor
sampling in neoadjuvant and presurgical clinical trials. Data from current ongoing perioperative trials
with TKIs together with immune checkpoint blocking agents will better inform these questions of best
choice and timing of systemic treatment in metastatic
RCC.
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