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ABSTRACT
Historically, immediate cytoreductive nephrectomy (CN) was considered the standard of care in patients 
with metastatic renal cell carcinoma (mRCC) who were fit enough to undergo surgery. Recently, 2 random-
ized controlled trials, SURTIME and CARMENA, have questioned the role of immediate CN and initiated 
an ongoing debate on the proper indications and timing of CN. Although some patients still benefit from 
immediate CN, other patients require immediate systemic treatment, and some of them might benefit from 
deferred CN in the absence of disease progression. This study provides an overview of the history of CN, 
an in-depth analysis of SURTIME and CARMENA, and highlights the current indications for performing 
immediate or deferred CN.
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Introduction

Renal cell carcinoma is the sixth most common 
cancer in the western world with a male to female 
ratio of 3:2.[1] Approximately, 15% of kidney can-
cers are metastatic at diagnosis. The 5-year sur-
vival drops from 93% to 12% when the cancer has 
spread to distant parts of the body instead of being 
confined to the kidney.[2] For several decades, re-
moval of the primary tumor, called cytoreductive 
nephrectomy (CN), was the cornerstone in newly 
diagnosed metastatic RCC (mRCC) treatment. 
Recently, 2 randomized controlled trials (RCTs), 
CARMENA and SURTIME, however, found no 
benefit of immediate CN in patients with meta-
static renal cell carcinoma (mRCC).[3,4] This study 
looks back at the emergence of CN and why it 
was popularized; we perform an in-depth analysis 
of both RCTs, and discuss the current place and 
indications for performing a CN.

History of cytoreductive nephrecto-
my in metastatic renal cell carcinoma

Surgical treatment of mRCC was first estab-
lished in an era where effective medical ther-

apies were yet to be discovered, and surgery 
served a merely palliative purpose.[5] Because 
of the poor susceptibility of mRCC to standard 
chemotherapy and conventional radiation, sys-
temic therapy for mRCC developed greatly 
over the past decades.[6] 

In 1992, the cytokines interleukin 2 and in-
terferon a-2b were introduced for mRCC, but 
only a few patients had a survival rate exceed-
ing 2 years. CN was popularized after several 
case reports noted a regression of metastatic 
disease following CN.[7] 

The goal of CN in this “cytokine era” was 
threefold. First, the symptoms caused by the 
local tumor could be alleviated. These includ-
ed local symptoms, such as pain or hematuria, 
and possibly distant paraneoplastic symptoms, 
including hypertension, hypercalcemia, and 
hematopoietic disturbances. Second, immuno-
suppressive effects could be relieved through 
resection of the primary tumor and reduction 
of the overall tumor load. This may explain the 
abscopal effect where distant metastases shrink 
after resection of the primary tumor. This may 
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also increase the efficacy of systemic therapy. Third, CN was 
associated with increased survival rates in 2 RCTs that were re-
ported in 2001 using an identical study protocol.[8] The larger 
study, SWOG 8949, noted a median overall survival (OS) of 
11.1 months in the patient group who received combined CN and 
interferon a-2b versus 8.1 months in the subgroup who received 
interferon a-2b alone.[9] The second study, EORTC 30947, dem-
onstrated a significant OS benefit following CN and interferon 
a-2b compared with interferon a-2b alone (17 vs. 7 months).[10]

 
Since 2005, several vascular endothelial growth factor receptor-tar-
geted therapies (VEGFR-TT) have emerged, demonstrating superi-
ority to the previous cytokine therapy and thereby quickly replacing 
them as the standard of care for systemic therapy in mRCC.[11,12] 
mRCC can be stratified into good, intermediate, and poor prognosis 
groups according to the Memorial Sloan Kettering Cancer Centre 
(MSKCC or Motzer) criteria[13] and, later, the international mRCC 
database consortium (IMDC) criteria.[14] The IMDC criteria include 
6 factors: time between diagnosis and start of systemic therapy <1 
year, decreased hemoglobin, elevated leukocyte count, elevated 
platelet count, Karnofsky performance status <80%, and hyper-
calcemia. Prognosis is determined by the number of risk factors: 
0 factors = good prognosis, 1–2 factors = intermediate prognosis, 
and 3–6 factors = poor prognosis.[14] The VEGFR-TT resulted in an 
increased OS from less than 1 year[11] to more than 2 years for pa-
tients with intermediate prognosis receiving plural lines of targeted 
therapy.[15] CN was at this point, based on the RCTs from 2001, still 
offered by default. The OS benefit attributed to the targeted therapy 
had been established in study populations where 75%–100% of the 
patients had received prior nephrectomy.[16] As some patients were 
unable to receive targeted therapy after CN owing to postoperative 
complications or rapid disease progression, the role and timing of 
CN in the targeted therapy era was questioned. 

Several retrospective studies have analyzed the effect of CN in pa-
tients with mRCC. The largest analysis at the time was performed 
by the IMDC in 2014 and included 1,658 patients with synchro-
nous mRCC.[17] This study demonstrated that CN provided an OS 

benefit in patients treated with targeted therapy, even after adjust-
ing for prognostic factors (hazard ratio [HR] 0.60; 95% confi-
dence interval [CI] 0.52–0.69; p<0.001), and 2 conclusions were 
drawn. First, patients estimated to survive less than 12 months did 
not receive sufficient benefit from CN. Second, patients with 4 or 
more IMDC criteria did not derive benefit from CN. However, 
IMDC risk factors were not designed as preoperative risk factors, 
but rather as factors to classify patients at the start of systemic 
therapy in retrospective series where most patients had already 
undergone nephrectomy. This is important, for example, anemia 
in the Heng criteria is a marker of bone marrow invasion; whereas 
in a pre-surgical setting, it can be caused by hematuria. Whether 
this factor is prognostic pre-surgery is ill-studied. Other investi-
gators have tried to design preoperative risk models to identify 
which patients benefit from CN. The most frequently used model 
is from the MD Anderson Cancer Center (MDACC) and includes 
7 risk factors: increased serum lactate dehydrogenase, decreased 
albumin, symptoms caused by a metastatic site, liver metastasis, 
retroperitoneal adenopathy, supradiaphragmatic adenopathy, and 
clinical stage ≥T3. Presence of ≥4 factors is associated with poor 
OS following CN.[18] These results emphasize that careful patient 
selection is essential in determining if a patient will benefit from 
CN. The main limitation of these studies is their retrospective de-
sign with inherent selection bias: patients with good prognosis are 
usually treated with CN+VEGFR-TT, whereas patients with poor 
prognosis are usually treated with VEGFR-TT alone.[17] To over-
come these limitations, RCTs were necessary. 

Cytoreductive nephrectomy and targeted therapy: 
CARMENA and SURTIME

To further investigate the controversy surrounding CN in the 
VEGFR-TT era, 2 RCTs were initiated in 2010, namely SUR-
TIME and CARMENA.[3,4] 

The SURTIME trial was a randomized trial investigating the 
sequence of CN and VEGFR-TT. A comparison was made be-
tween 3 cycles of sunitinib prior to performing CN and imme-
diate CN followed by sunitinib.[3] The objective was to inves-
tigate whether neo-adjuvant sunitinib improves outcome. The 
originally planned target of 458 patients was not reached; and 
after 5.7 years, the enrollment was closed with only 99 patients 
included. All patients had less than 4 MDACC risk factors.[18] 
Because of insufficient accrual, the primary endpoint of pro-
gression-free survival was changed to 28-week progression-free 
rate. It was concluded that this endpoint did not improve when 
patients began sunitinib therapy before planned CN (42% versus 
43%, p=0.61). In the immediate CN group, 46/50 (92%) patients 
received CN as planned, and 40 (80%) patients received sub-
sequent sunitinib, and 6 patients had rapid disease progression 
and deterioration of performance. In the deferred CN group, 
48/49 (98%) patients received sunitinib and 34 (69%) patients 
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• Cytoreductive nephrectomy (CN) is no longer the standard of 
care for all patients with metastatic renal cell carcinoma, but 
some subgroups may benefit.

• Symptomatic patients can be offered CN for symptom relief. 

• Patients who do not require systemic therapy with few metas-
tases can be offered CN and metastasis-directed therapy to all 
metastatic sites if possible.

• Patients starting systemic therapy can be considered for de-
ferred CN in case of partial or near complete response.

• Better clinical, genetic, or molecular risk stratification is need-
ed to identify optimal candidates and timing for CN.

Main Points:



received deferred CN. Systemic progression prior to deferred 
CN was a contraindication per protocol to perform CN. OS, 
which was a secondary endpoint, was significantly better in the 
intention-to-treat analysis for the deferred CN group (median 
OS 32.4 months) compared with the immediate CN group (15.0 
months, p=0.03). Delaying systemic therapy by performing CN 
first may be a risk for those patients who need early control of 
their progressive metastatic cancer. The results in SURTIME, 
although exploratory, suggest that a deferred CN approach, in 
which CN is only offered if the disease does not progress after 
initial VEGFR-TT, is superior to immediate CN. Upfront suni-
tinib may identify patients with inherent resistance to systemic 
therapy who are then spared from CN and its morbidity. The 
most important limitation of this study was the fact that it was 
underpowered for its primary endpoint owing to poor accrual. 
This was partially because of very stringent inclusion criteria 
based on surgical risk factors rather than the World Health Orga-
nization performance status,[19] as is the case with the CARME-
NA trial. This led to the inclusion of predominantly patients with 
MSKCC intermediate risk in SURTIME, whereas CARMENA 
included a high percentage of patients with poor risk. A further 
limitation and difference with CARMENA is that OS was only 
a secondary endpoint.

The second trial, CARMENA, is a phase III non-inferiority RCT 
investigating the benefit of immediate CN followed by sunitinib 
in patients with mRCC versus sunitinib alone.[4] After a planned 
interim analysis at a median 50.9 months of follow-up and 326 
patient deaths, OS following sunitinib only proved to be non-in-
ferior than CN+sunitinib (median OS 18.4 versus 13.9 months, 
respectively). The 95% CI of the HR (0.71 to 1.10) was entirely 
below 1.20, which was set as the threshold for non-inferiority. 
These results contrast with those of previous retrospective stud-
ies that demonstrated that CN+VEGFR-TT resulted in superior 
OS compared with VEGFR-TT alone.[20] This can be explained 
by selection bias; in the retrospective series, mostly patients 
with good performance and patients with intermediate risk or 
≤3 IMDC risk factors received CN. However, 41.4% of patients 
in CARMENA were patients with poor-risk IMDC.[21] CARME-
NA accrued slowly but did manage to enroll 450 patients over 
9 years. However, only 0.7 patients were included per site per 
year. Patients who were good candidates for CN were unlikely 
to be included in this study, but were offered standard immedi-
ate CN instead, so that they would not have a 50% chance of 
being entered in the sunitinib-only arm and being deprived of 
CN. Therefore, the study population in CARMENA might not 
be representative for all patients with primary mRCC, and this 
explains the relatively high percentage of patients with poor-risk 
MSKCC being included.[22] Large retrospective databases have 
demonstrated that patients with poor risk do not benefit from 
CN.[17] Nevertheless, the outcome of the CARMENA trial is sig-
nificant and of clinical importance. 

SURTIME and CARMENA have complementing conclusions 
stating that immediate CN should not be performed in patients 
with mRCC who require systemic treatment. However, some 
subgroups may still benefit from immediate or deferred CN.

Current indications for cytoreductive nephrectomy

When combining data from retrospective series and the CAR-
MENA and SURTIME trials, it is clear that there is still a place 
for CN in mRCC treatment. Treatment plans should be discussed 
at multidisciplinary tumor boards on the basis of a patient’s per-
formance status, symptoms, metastatic load, IMDC risk group, 
and risk of surgical complications.[23]

In patients with symptoms (for example, hematuria, pain, a large 
tumor thrombus, uncontrolled hypertension, or paraneoplastic 
symptoms), CN is still recommended for symptom relief. We 
also know from retrospective data that patients with >3 IMDC 
risk factors do not benefit from CN.[17] Similarly, CARMENA 
sub-analyses showed that patients with only 1 IMDC risk factor 
(interval between diagnosis and treatment <1 year) who were ran-
domized to CN+sunitinib did no significantly better than patients 
who were randomized to sunitinib alone (median OS 30.5 versus 
25.2 months, p=0.232).[21] This subgroup of patients was highly 
underrepresented in CARMENA to detect statistical significance. 
This indicates that there is a subpopulation of patients with few 
IMDC risk factors who may benefit from CN. Patients with 2 
IMDC risk factors, however, had significantly poor OS follow-
ing CN+sunitinib compared with sunitinib alone (median OS 16.6 
versus 31.2 months, HR 0.61, p=0.015).[21] Interestingly, this sur-
vival difference is almost identical to SURTIME (median OS 15.0 
versus 32.4 months), which had a similar inclusion with the ma-
jority being patients with intermediate-risk MSKCC with 2 risk 
factors.[3] Unfortunately, we do not know how many patients in 
this subgroup of CARMENA underwent a deferred nephrectomy.

In addition, some patients may benefit from deferred CN after 
initial systemic therapy. A total of 40 (18%) patients in the suni-
tinib only arm of CARMENA underwent a nephrectomy after 
a median of 11 months, 33 of them owing to near complete 
response at metastatic sites. Sub-analysis of this group demon-
strated a better median OS of 48.5 months compared with 15.7 
months (p<0.01),[21] and overall, 31.4% of the patients with sec-
ondary nephrectomy restarted sunitinib. Patients in the deferred 
CN arm of SURTIME, where 69% did not progress on sunitinib 
and received deferred CN, demonstrated superior OS (median 
32.4 months) than patients receiving immediate CN.[3] Similar-
ly, Bhindi et al. [24] retrospectively analyzed 1,541 patients from 
the IMDC cohort treated between 2006 and 2018, of which 85 
(5.5%) received sunitinib followed by deferred CN. Indications 
for performing CN were unknown. Median OS in this group was 
46 months, compared with 10 and 19 months for patients receiv-
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ing sunitinib alone and CN followed by sunitinib, respectively 
(p<0.001). Therefore, patients starting sunitinib and demonstrat-
ing response or stable disease could possibly benefit from de-
ferred CN. Response to sunitinib could be used as a “litmus test” 
to select patients in whom to perform CN and perhaps give them 
the possibility to stop sunitinib. However, patients who progress 
early on sunitinib might harbor more aggressive biology and are 
destined to do poorly. These patients may not benefit from CN.

Furthermore, patients with only limited metastatic burden 
(oligometastatic) were poorly represented in the CARMENA 
cohort.[4] Patients with 1–3 metastases demonstrate superior OS 
following CN than patients with >3 metastases.[25] Moreover, 
patients in whom all metastatic lesions were treated with me-
tastasis-directed therapy (MDT) (either surgery or radiotherapy) 
demonstrated better progression-free OS than patients who had 
incomplete metastatic treatment.[26] Most of these patients do not 
require systemic therapy, and immediate CN, along with MDT, 
if complete control could be achieved, should be preferred.

In all other patients, namely those presenting with mRCC with multi-
ple metastatic sites that cannot be fully controlled by MDT, who have 
2 or more IMDC risk factors and no local tumor-related symptoms, 
or who have poor performance status, systemic therapy should be 
started according to current guidelines (VEGFR-TT, immuno-onco-
logical therapy [IO], or a combination). In case of partial or near to 
complete response at the metastatic sites, deferred CN may be of-
fered. A simplified flowchart of this is presented in Figure 1.

Future perspectives

Several clinical questions still remain regarding the efficacy of 
CN. We still have no randomized controlled data on the effec-
tiveness of CN in patients with limited disease. However, given 
the good long-term outcomes following CN in retrospective se-
ries[17,25] and the poor recruitment of such patients in CARME-
NA,[4] it is unlikely that this issue will be addressed in an RCT.

Despite CARMENA and SURTIME providing new insights into 
the VEGFR-TT era, we have now entered the IO era and guide-
lines propose IO or a combination of IO and a tyrosine kinase 
inhibitor as the first-line treatment of mRCC.[27] We do not know 
if the conclusions concerning CN presented above still apply 
in the IO era. Observational data from a cohort of 437 patients 
with mRCC from the IMDC consortium still show an OS ben-
efit for patients treated with CN+IO than with IO alone (median 
53.6 months versus 21.4 months, p<0.0001).[28] However, a ret-
rospective series on CN had an inherent selection bias as only a 
subset of patients were referred for CN. Therefore, several RCTs 
are underway to elucidate the role of deferred CN in the IO era. 
NORDIC SUN (NCT03977571) will accrue 400 patients with 
intermediate and poor-risk mRCC who will be treated with 4 cy-
cles of nivolumab-ipilimumab. Patients who have ≤3 IMDC risk 
factors and are deemed eligible for CN will be randomized 1:1 
to either maintenance nivolumab or deferred CN followed by 
maintenance nivolumab. The South-Western Oncology Group is 
currently developing the PROBE trial (NCT04510597) that will 
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Primary clear-cell mRCC

No symptoms of
local tumor

Symptoms of
local tumor

Immediate CN

Not requiring
systemic therapy

Immediate CNSystemic therapy

Deferred CN
if no progression Systemic therapy Surveillance

Further 
treatment 

according to 
metastatic extent 

and IMDC risk 
group

2 IMDC factors 1 IMDC factor

Systemic therapy

≥ 3 IMDC factors

Good performance status

Systemic therapy

Poor performance status

Requiring
systemic therapy

Immediate CN
+ MDT if all

lesions resectable

Figure 1. Proposed flowchart for treatment of clear-cell metastatic renal cell carcinoma based on International mRCC Database 
Consortium risk factors



have a similar setup with IO-based regimens and 1:1 randomiza-
tion to deferred CN and continued IO or IO only in patients who 
have stable disease or response to IO.

Most literature focuses on clear-cell mRCC. We do not know 
if our treatment regimens are also applicable for non-clear-cell 
mRCC, and trials in these subgroups are necessary.

The outcome of patients with mRCC is very heterogeneous. 
Therefore, risk stratification models can be used, such as the 
MDACC or IMDC models, which are based on clinical param-
eters.[14] The IMDC model was constructed at the beginning of 
the VEGFR-TT era. We do not know if it is still applicable in 
the IO era, although differential outcome in the Checkmate 214 
trial between patients with good prognosis (no benefit in OS) and 
those with intermediate and poor risk (significant benefit in OS 
with nivolumab-ipilimumab compared with sunitinib) is encour-
aging that the IMDC risk grouping is still valuable.[29] A recent 
retrospective series compared 10 clinical risk models (including 
MDACC and IMDC) for patients undergoing CN from 2005 to 
2017 and found that no model performed well enough to dis-
criminate OS.[30] Good contemporary risk stratification models 
are needed for patients undergoing upfront or deferred CN in the 
VEGFR-TT and IO era. Genomic and molecular biomarkers are 
of interest because they may not only be prognostic but also pre-
dictive of treatment response. For instance, several studies have 
already shown PD-L1 expression to be associated with better out-
come in patients with mRCC treated with IO.[31] A genomic or 
molecular profile might also predict who may benefit from CN.[32]

Conclusion

The CARMENA and SURTIME trials caused a paradigm shift in 
mRCC treatment as upfront CN is no longer recommended in pa-
tients who require systemic therapy and have >1 IMDC risk factor. 
However, there is still a role for upfront CN in symptomatic patients, 
in patients with oligometastasis who do not require immediate sys-
temic therapy or in whom complete resection of all metastatic sites is 
possible, or those with only 1 IMDC risk factor. In patients respond-
ing to systemic therapy, deferred CN might also improve survival 
and offer the possibility to stop systemic treatment. Further trials are 
ongoing to elucidate the role of deferred CN in the current IO era.
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