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INTRODUCTION

Renal cell carcinoma (RCC) detection rates have 
increased over the past two decades as incidental renal 
masses are picked‑up on the cross‑sectional imaging 
performed for other symptoms.[1,2] While the number 
of patients with localized RCC has been increasing, 
the incidence of advanced or metastatic RCC (mRCC 
has remained stable.[1,2] In the 1980s and early 1990s, 
cytokine therapy (i.e., interleukin‑2 [IL‑2] and 
interferon‑α [IFN‑α]) was heavily explored for the 
treatment of mRCC, spurred on by the excitement of 
remarkable durable responses in a select group of patients.
[3] However, even prior to the wide spread use of systemic 
therapy, the spontaneous regression of metastases, in 
a small percentage of patients undergoing debulking 
nephrectomy, had been documented.[4,5] Subsequently, 
in a landmark trial, Flanigan et al. demonstrated that 

cytoreductive nephrectomy (CN) with cytokine therapy had 
a tangible survival advantage over cytokine therapy alone.[6]

The theory of debulking nephrectomy revolves around 
optimizing the immune response for systemic therapy, 
alleviating the local symptoms, and reducing the effects of 
paraneoplastic syndromes (i.e., hypercalcemia).[7] Despite 
hope in cytokine therapy and CN to improve survival, the 
mortality rate did not appreciably reduce until the advent of 
targeted therapy (TT) and the approval of sunitib in 2006.[2,6,8,9] 
Most of the patients in these original trials evaluating targeted 
therapies had already undergone CN, making its role in the 
improved survival over targeted agents alone unknown.[9‑11] In 
addition, the CN‑associated complications andpostoperative 
disease progression have become the major concerns in the 
patients who undergo upfront nephrectomy and thus receive 
delayed systemic treatment or are unable to receive it.[12‑15]
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ABSTRACT
The management of metastatic renal cell carcinoma (mRCC) continues to be a therapeutic challenge; however, the options 
for systemic therapy in this setting have exploded over the past 20 years. From the advent of toxic cytokine therapy to 
the subsequent discovery of targeted therapy (TT) and immune checkpoint inhibitors, the landscape of viable treatment 
options continues to progress. With the arrival of cytokine therapy, two randomized trials demonstrated a survival 
benefit for upfront cytoreductive nephrectomy (CN) plus interferon therapy and this approach became the standard 
for surgical candidates. However, it was difficult to establish the role and the timing of CN with the subsequent advent 
of TT, just a few years later. More recently, two randomized phase III studies completed in the TT era questioned the 
use of CN and brought to light the role of risk stratification while selecting patients for CN. Careful identification of 
the mRCC patients who are likely to have a rapid progression of the disease is essential, as these patients need prompt 
systemic therapy. With the continued advancement of systemic therapy using the immune checkpoint inhibitors as a 
first line therapy, the role of CN will continue to evolve.
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Disease biology and proper patient selection have gained 
increasing attention, as the treatment must balance the 
morbidity of the surgery with a potential of therapeutic 
advantage. Two studies have been conducted to answer the 
role of CN in the TT era: the CARMENA and the SURTIME 
trials.[16,17] These trials questioned the timing of CN and 
highlighted the importance of patient selection. Here, we 
critically review the potentially therapeutic role of CN 
in mRCC patient, exploring the current literature and its 
limitations.

THE IMMUNE HYPOTHESIS OF CYTOREDUCTIVE 
NEPHRECTOMY

Before the approval and widespread use of IL‑2 in the 1990s, 
CN was known to be associated with spontaneous regression 
of metastases in a small percentage of the patients.[4,5] These 
rare, but well‑documented events, established RCC as a 
possible immunogenic tumor. This tumor environment 
activates a pro‑inflammatory process and accumulates 
lymphocytes, natural killer cells (NK cells), and dendritic 
cells within the tumor, with subsequent deactivation of 
the T‑cell immunity and, thus, promoting the metastatic 
process.[18‑24] In the early cytokine era, administering IL‑2 
while the primary RCC had not been resected, showed a 
limited response, but this immunosuppressive state could 
be reversed by CN.[25] Fujikawa et al. measured the serum 
C‑reactive protein (CRP) levels from 55 mRCC patients 
before and after CN.[25] Disease‑specific survival rates 
among the patients who had normal serum CRP levels 
was not different whether they had CN or not. In contrast, 
the survival benefits were significantly observed in the 
patients with elevated serum CRP level preoperatively 
and who underwent CN as compared to the ones who did 
not (P = 0.005). Patients whose serum CRP level returned 
to normal after CN demonstrated a better survival than 
the ones’ in which it remained elevated (P = 0.003). The 
immunogenic characteristics of microenvironments have 
been confirmed in pulmonary and skeletal metastases.[26,27]

CYTOREDUCTIVE NEPHRECTOMY IN THE 
CYTOKINE THERAPY ERA

The immune hypothesis of CN and t cytokine therapy came 
into clinical practice together, but the best therapeutic 
approach was not immediately clear.[28‑30] In 1996, Franklin 
et al. showed that mRCC patients who underwent CN 
followed by IL‑2‑based immunotherapy had a 34% response 
rate and a 43% 2‑year survival rate.[28] On this foundation, 
trials utilizing upfront nephrectomy followed by systemic 
immunotherapy revealed improved patient survival versus 
systemic immunotherapy alone.

In 2001, two landmark trials were published from the 
Southwest Oncology Group (SWOG) 8949 and the 
European Organization for the Research and Treatment of 

Cancer (EORTC) 30947 in which patients were randomized 
to IFN‑α alone or CN followed by IFN‑α.[6,31] These trials had 
the same criteria for recruitment, which included operable 
primary tumors and a good performance status (PS). EORTC 
30947 included 85 eligible patients, 42 in CN plus IFN‑α and 
43 in IFN‑α‑alone arms.[31] There was no difference in the 
radiographic response rate of metastatic disease between 
the groups (19% in CN plus IFN‑α vs. 12% in IFN‑α alone, 
P = 0.38). However, patients in CN plus IFN‑α cohort had 
a significantly longer median overall survival (OS) (17 vs. 
7 months, P = 0.03). SWOG 8949 included 241 eligible 
patients, 120 in CN plus IFN‑α and 121 in IFN‑α‑alone 
groups.[6] Of the 120 patients, 98 underwent CN. Again, 
the response rates were similar for both the cohorts, but 
there was a 3‑month survival advantage for the CN plus 
IFN‑α cohort (11.1 vs. 8.1 months, P = 0.05). In addition, 
CN plus IFN‑α provided maximal survival benefit in the 
patients with lung only metastasis, measurable disease, 
and/or PS of 0. In 2004, Flanigan et al. performed a combined 
analysis of EORTC 30947 and SWOG 8949 trials, which 
demonstrated that the median survival favored the CN plus 
IFN‑α group (13.6 vs. 7.8 months, P = 0.002).[32]

A follow‑up study exploring the effectiveness of IL‑2‑based 
regimens by Pantuck et al. used the same SWOG criteria 
and retrospectively compared IL‑2 alone and CN followed 
by IL‑2.[33] The median survival was 16.7 months, 5 months 
longer than the SWOG 8949 study. These raised the 
questions to the field, which adjuvant agents would be 
effective to enhance the survival benefits among mRCC 
patients undergoing upfront nephrectomy. Prior to TT, 
the systemic cytokine therapy of choice relied on the 
institutional preference and practice patterns.

CYTOREDUCTIVE NEPHRECTOMY IN THE 
VASCULAR ENDOTHELIAL GROWTH FACTOR 
TARGETED THERAPY ERA

The paradigm of treatment shifted with the approval of 
sunitinib in 2006, which is a TT inhibiting vascular endothelial 
growth factor (VEGF) pathway. RCC had the ability to 
secrete growth factors such as VEGF, platelet‑derived 
growth factors, and fibroblast growth factors to nurture 
itself and its metastases.[34‑40] Inhibiting these pathways with 
targeted agents such as sunitinib, sorafenib, and temsirolimus 
demonstrated better outcomes in response rate and survival, 
quickly changing the management of mRCC.[9‑11,41] With the 
simultaneous increase in TT use, CN has decreased in the 
recent years.[42] However, very few cases have documented 
complete responses with TT alone and approximately 90% 
of the patients in the initial TT trials had undergone a prior 
nephrectomy.[9‑11,43]

Early studies supporting CN in the TT era were retrospective 
analyses of the practice patterns. Choueiri et al. reviewed 
mRCC patients treated with sunitinib, sorafenib, or 
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bevacizumab (2004–2008) from eight cancer centers in 
the US and Canada.[44] A total of 331 TT‑naïve mRCC 
patients were included; 201 patients underwent CN, 
which demonstrated an improved median OS compared 
to systemic TT alone (19.8 vs. 9.4 months, P < 0.01). 
Patients in the CN cohort were significantly younger and 
had Karnofsky Performance Score (KPS) ≥80, >1 site of 
metastasis, and normal corrected serum calcium levels. 
Further subgroup analyses based on the MSKCC risk factors 
and the KPS revealed that the majority of the patients 
in the favorable risk group underwent CN (22 of 23). 
In addition, CN demonstrated a survival benefits among 
the intermediate‑risk group patients (hazard ratio [HR]: 
0.46; 95% confidence interval [CI]: 0.27–0.78), but only 
a marginal benefit among the patients in the poor‑risk 
group (HR: 0.67; 95% CI: 0.44–1.01). Analysis based on the 
KPS (≥80% versus <80%) demonstrated a survival advantage 
among the CN cohort in the good KPS cohort (23.9 versus 
14.5 months, P < 0.01). The median OS in the poor KPS 
cohort was 10 and 6 months in the patients with and 
without CN, respectively (P = 0.08). Abern et al. included 
the patients diagnosed with mRCC (2005–2009) from the 
Surveillance, Epidemiology, and End Results.[45] Of the 
7143 patients, 2629 (37%) underwent CN and correlated 
with an improved OS (HR: 0.40; 95% CI: 0.37–0.43) on the 
multivariate analysis.

International Metastatic RCC Database Consortium (IMDC) 
developed a model to predict OS in mRCC patients treated 
with TT.[46] A total of 645 patients with TT‑naïve mRCC 
were included. Four of five predictors in the MSKCC model 
remained predictors of survival: low hemoglobin (Hgb), 
high corrected calcium (Ca), KPS <80%, and time to 
initiate treatment <1 year. In addition, high neutrophil and 
platelet counts were noted predictors for poor survival. The 
patients were classified based on the number of risk factors: 
favorable (0), intermediate (1–2), and poor (3–6). The 2‑year 
survival rates were 75%, 53%, and 7% for the favorable‑, 
intermediate‑, and the poor‑risk groups, respectively. On 
the univariate analysis, the presence of nephrectomy was 
associated with prolonged survival. However, when added 
to the modeling, there was no significant value to CN. The 
authors hypothesized that 82.5% of patients underwent 
CN and the homogenous nature of the cohort made the 
evaluation difficult.

Later, Heng et al. evaluated a cohort of patients, who 
received VEGF or mTOR inhibitors, from 20 international 
centers.[47] With a median follow‑up of 39 months, the OS 
was significantly improved for the patients undergoing 
CN (median OS: 20.6 vs. 9.6 months; P < 0.001). In 
addition, CN was associated with a longer progression‑free 
survival (PFS; 7.6 vs. 4.5 months, P < 0.001). When adjusted 
for IMDC risk factors, CN still offered an OS and PFS 
benefit. When stratifying the patients by the estimated 
survival, they observed that the OS benefit from CN 

increased with increasing favorable factors. Other studies 
have substantiated these findings.[48] Overall, retrospective 
data supports the continued use of CN in properly selected 
patients in the TT era.

RANDOMIZED TRIALS DURING THE TARGETED 
THERAPY ERA

While the retrospective evidence suggests that the 
disease‑modifying effect of CN continues in the 
TT population, results are now available from the 
randomized Clinical Trial to Assess the Importance of 
Nephrectomy (CARMENA).[17] This landmark, randomized 
trial enrolled 450 patients comparing the patients who 
received CN followed by sunitinib with those who received 
sunitinib alone. Patients were randomly assigned (1:1) to 
either of the treatment protocols (2009–2017) at 79 centers 
in France and at other centers in Europe. All patients had 
an Eastern Cooperative Oncology Group (ECOG) PS of 0 
or 1 and were stratified based on the MSKCC model. Only 
the intermediate‑ and poor‑risk patients were included. The 
poor‑risk patients comprised 44.4% and 41.5% in the CN 
plus sunitinib and the sunitinib alone group, respectively. 
All patients had an operable kidney tumor and were eligible 
for sunitinib. A planned noninferiority trial, it demonstrated 
a similar OS for the intermediate and the poor risk clear cell 
mRCC patients receiving sunitinib alone (median OS: 18.4 
months; 95% CI: 14.7–23.0 months) as compared to upfront 
CN followed by sunitinib (median OS: 13.9 months; 95% 
CI: 11.8–18.3 months). The median follow‑up was 50.9 
months. Sixteen patients (7%) in the CN plus sunitinib 
cohort did not undergo CN, while 38 patients (17%) in 
the sunitinib‑alone cohort underwent CN. It should be 
noted that the trial accrued slowly and had an incomplete 
enrollment (planned for 576 patients) over 8 years, with 
each center averagely enrolling <1 patient per year. This 
reflects a real difficulty in recruitment and a potential 
selection bias. Patients who seemed to have benefits from 
the surgery might be convinced to undergo CN before the 
randomization. Regarding the noninferiority design, as 
noted in the retrospective studies during the TT era, patients 
with poor MSKCC risk factors were unlikely to derive a 
benefit from CN.[45‑48] In addition, the patients in the CN 
plus sunitinib cohort were questionable CN candidates with 
a high metastatic burden. Further, the generalizability of 
CARMENA was complicated by a considerably shorter OS 
than would have been predicted based on the previously 
reported, but similar, cohorts.[49,50]

A systematic review from Massari et al. included 15 
retrospective studies and the CARMENA trial comparing 
CN plus TT versus TT alone.[51] The results favored CN 
cohort with a pooled HR of 0.48 (95% CI: 0.42–0.56). 
There was no survival benefit among patients with brain 
metastasis, poor PS, and poor risk stratification. Although 
there was a high heterogeneity in this meta‑analysis, the 
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results emphasized on the substantial role of proper patient 
selection and limited benefit expected in the patients with 
poor PS and high disease burden.

DEFERRED CYTOREDUCTIVE NEPHRECTOMY

Instead of enhancing the immunological response, TT 
works at the primary tumors and may facilitate surgical 
extirpation.[52] Systemic treatment can act as a litmus test 
and may aid in the selection of patients who are most 
likely to benefit from CN. Exploring this concept, Bex et al. 
published the results of the Immediate Surgery or Surgery 
After Sunitinib in Treating Patients with Metastatic Kidney 
Cancer trial (SURTIME) in 2018, a randomized phase III 
trial, investigating if presurgical sunitinib before planned 
CN could provide PFS benefits.[16] Only 99 patients with 
clear cell mRCC were randomized within 5.7 years (goal 
sample size was 458). Patients in the deferred CN cohort 
received 3 cycles of sunitinib followed by CN. Inclusion 
criteria included good PS, absence of central nervous system 
involvement, and a life expectancy >3 months. In addition, 
the patients had to have 3 or fewer of the following risk 
factors: decreased albumin, metastases‑related symptoms, 
retroperitoneal or supradiaphragmatic lymphadenopathy, 
organ dysfunction, or stage cT3–cT4 disease. Culp et al. 
had previously pointed out these poor prognostic factors 
for the patients undergoing CN.[53] Interestingly, these same 
exclusions were not a part of the CARMENA trial, which 
included a significantly less healthy population.

The SURTIME trial unfortunately required early 
closure secondary to poor accrual. Subsequently, the 
primary endpoint was adjusted to the intention‑to‑treat 
progression‑free rate (PFR) as an alternative to the 
prespecified PFS. With a median follow‑up of 3.3 years, the 
28‑week PFR was comparable between the immediate CN 
and the deferred CN groups (42% and 43%; HR: 0.88; 95% 
CI: 0.56–1.37; P = 0.569). However, the OS was significantly 
improved in the deferred CN cohort (32.4 vs. 15.0 months, 
HR: 0.57; 95% CI: 0.34–0.95; P = 0.032). However, these 
survival benefits need to be interpreted with caution, as a 

detailed review of the patient groups demonstrated that a 
total of 18 (18%) of 99 patients did not receive the assigned 
treatment. The authors concluded that deferred CN was not 
associated with an improved 28‑week PFR and proposed 
that a trial of sunitinib prior to CN would help identify 
patients at risk for rapid disease progression and unlikely 
to benefit from CN.

PATIENT SELECTION FOR CYTOREDUCTIVE 
NEPHRECTOMY

Current clinical practice guidelines are variable in 
providing a framework by which to assess a patient’s 
suitability for CN. The National Comprehensive Cancer 
Network (NCCN) guidelines offer only a category 2A 
recommendation that CN may be performed in “select 
patients with surgically resectable primary disease.”[54] 
Furthermore, those considered for CN prior to the systemic 
therapy should have excellent PS (ECOG PS <2) and no 
brain metastasis. Recently updated European guidelines 
for the utilization of CN offer additional granularity in 
their recommendations, specifically recommending against 
CN in the MSKCC poor‑risk patients.[55] Furthermore, the 
authors generally support the consideration of delayed a 
CN in the intermediate‑risk patients who require systemic 
therapy and the performance of immediate CN in those 
good‑risk patients who do not require systemic therapy. 
The challenge in patient selection for CN is predicting 
which patients can tolerate a major surgical procedure 
with the goal of prolonging survival, while simultaneously 
minimizing the risk of interrupting or precluding the 
systemic therapy. Historically, many clinicians have utilized 
the MSKCC risk criteria to determine which patients are 
the candidates for CN [Table 1].[56] The authors of the 
CARMENA trial utilize the MSKCC criteria to risk stratify 
their trial comparing sunitinib alone or after nephrectomy 
in mRCC.[17] These criteria, however, were never intended 
to determine a patient’s suitability for surgery; rather, they 
assess a patient’s prognosis and response to the systemic 
therapy. In fact, 65% of the original MSKCC cohort had 
a prior nephrectomy which was not performed for the 

Table 1: Risk stratification models for metastatic renal cell carcinoma
MSKCC IMDC risk factor MDACC
Risk factor Classification Risk factor Classification Risk factor Classification

KPS <80% Good (0) KPS <80% Good (0) Systemic symptoms at diagnosis Low (0-1)
LDH >1.5 × ULN 31% OS at 3 years Neutrophil > ULN 75% OS at 2 years Neutrophil/Lymphocyte ratio >3 58.9 month median OS
Hemoglobin < LLN Intermediate (1-2) Hemoglobin < LLN Intermediate (1-2) Hemoglobin < LLN Intermediate (2-3)
Corrected calcium 
>10 mg/dL

7% OS at 3 years Calcium > ULN 53% OS at 2 years Albumin < LLN 30.6 month median OS

Absence of 
nephrectomy

Poor (>2) Time from diagnosis 
to treatment <1 year

Poor (>2) LDH > ULN High (>3)

0% OS at 3 years Platelet > ULN 8.8 month 
median OS

cT4 disease 19.2 month median 
OSRetroperitoneal adenopathy

Supradiaphragmatic adenopathy
Bone metastasis

IMDC=International metastatic renal cell database consortium, KPS=Karnofsky performance status, LDH=Lactate dehydrogenase, LLN=Lower limit 
of normal, MDACC=MD Anderson Cancer Center, MSKCC=Memorial Sloan Kettering Cancer Center, OS=Overall survival, ULN=Upper limit of normal
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purpose of cytoreduction.[56] There have been several 
notable efforts to objectively risk stratify the mRCC patients 
being considered for CN. Prognostic factors for mRCC 
initially published by the IMDC were subsequently utilized 
to determine the OS benefit of the CN compared with no CN 
in mRCC patients treated with targeted therapies and found 
that patients with four or more IMDC criteria may not 
benefit from CN [Table 1].[46,47] The IMDC adverse criteria 
include Hgb < lower limit of normal (LLN), corrected 
Ca > upper limit of normal (ULN), KPS <80%, time from 
diagnosis to treatment of < one year, neutrophils > ULN, 
and platelets > ULN. In an incremental benefit analysis, 
the authors found that the longer a patient is estimated to 
survive, the more likely it is that the CN would provide an 
additional OS benefit. After adjusting for prognostic factors, 
those who lived <12 months did not benefit from CN (HR: 
0.97 [95% CI: 0.81–1.17], P = 0.76), which corresponded 
to the patients with ≥4 IMDC risk criteria.

An early effort at our institution to identify the patients 
unlikely to benefit from CN yielded objective preoperative 
risk factors that were associated with decreased OS 
following the CN on a multivariate analysis.[53] A total of 
566 mRCC patients who underwent CN (2002–2007) were 
retrospectively reviewed for OS and a separate cohort of 
mRCC patients receiving systemic therapy alone were 
evaluated to establish a minimum OS in which CN would 
be likely to benefit. Patients undergoing CN who died 
within 8.5 months of the diagnosis were found unlikely to 
benefit from CN. Ultimately, seven preoperative risk factors 
were identified: serum albumin < LLN, serum LDH > ULN, 
≥clinical T3, symptoms caused by metastatic disease, liver 
metastases, and radiographic evidence of retroperitoneal 
or supradiaphragmatic lymphadenopathy (>1 cm). Patients 
who had ≥4 risk factors did not benefit from CN. A recent 
update intended to focus on the patients treated in the 
TT era (n = 608, 2005–2017) further identified systemic 
symptoms at diagnosis (HR: 1.27 [95% CI: 1.03–1.57], 
P = 0.02), serum Hgb < LLN (HR: 1.27 [95% CI: 1.01–1.58], 
P = 0.037), bone metastasis (HR: 1.38 [95% CI: 1.1–1.72], 
P = 0.005), and neutrophil/lymphocyte ratio ≥4 (HR: 
1.49 [95% CI: 1.17–1.9], P = 0.001) as the preoperative risk 
factors associated with decreased OS on the multi‑variable 
analysis [Table 1].[57] Only liver metastasis, symptoms due 
to metastatic disease, and clinical stage T3 disease were no 
longer associated with a decreased OS.

The European practice guidelines noted above were updated 
in response to the publication of the CARMENA and 
SURTIME trials and reflect the practice at our institution for 
most of the patients, especially the intermediate or poor risk 
groups, undergoing systemic therapy prior to consideration 
of CN. It is our view that these important RCTs are practice 
confirming and with the judicious patient selection using 
the objective criteria, CN still plays a pivotal role in the 
management of mRCC. An initial period, or “litmus test,” 

of systemic therapy will serve to select patients in whom 
the CN will be likely provide a benefit.

FUTURE DIRECTION OF CYTOREDUCTIVE 
NEPHRECTOMY

As of April 2020, clinical guidelines from the European 
Society of Medical Oncology, the European Association 
of Urology, and the NCCN continue to incorporate CN in 
selected patients, which includes good PS and reasonable 
metastatic tumor burden.[54,58,59] All guidelines note that 
poor‑risk patients should not undergo upfront CN, but 
favorable and intermediate‑risk patients should not 
abandon CN as a therapeutic approach. In addition to 
the concerns surrounding the poor‑risk patients enrolled 
in CARMENA, most of these patients should receive 
nivolumab + ipilimumab, axitinib + pembrolizumab, or 
cabozantinib as the first‑line therapy and not sunitinib.[50,51,60]

Immune checkpoint inhibitors (ICI) have been a revolution in 
the treatment of mRCC. These agents augment the antitumor 
immune response by altering the interaction between the 
immune cells and the antigen‑presenting cells, including the 
tumor cells themselves. With the medical therapy already 
changing drastically from TT to ICI +/‑TT, the role of CN 
continues to require reevaluation. One perioperative trial 
is evaluating the effect of ICI on immunologic response in 
the tumor tissue assessed by CN (Clinicaltrial.gov identifier: 
NCT02210117), and the initial results have demonstrated 
that CN is safe and potentially beneficial to the patients 
with mRCC.[61] Obviously, these combinations warrant 
larger phase 3 trials.

As seen in both the CARMENA and the SURTIME trials, 
timely patient accrual has been a debilitating challenge for 
the trials evaluating CN. Without a significant culture shift, 
this challenge will remain for any trial that includes CN 
and ICI +/‑TT. Incomplete enrollment will render future 
studies, like these two, underpowered. In addition, if there 
is protracted time between the trials conception, enrollment, 
and analysis, the therapeutic management of mRCC may 
have evolved again. These are well known concerns within 
the genitourinary oncology community and will require 
significant coordination to be overcome. Future trials may 
want to consider incorporating a design with randomization 
to both the systemic therapy agent and CN. Thus, the study 
agent could be independently evaluated over the standard 
of care option as well as the potential effect of CN without 
increasing the overall sample size.

CONCLUSION

Spontaneous regression of the metastases may occur after 
CN for mRCC, even in the absence of systemic therapy. 
With the addition of cytokine therapy (i.e., IFN‑α and 
IL‑2) following upfront CN in the 1990s, CN was associated 
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with an improved survival and became the standard of 
care for surgical candidates. The recent CARMENA and 
SURTIME trials have eliminated a reflexive upfront CN 
before systemic therapy in the TT era. However, there still 
are many indications for upfront CN using risk stratification 
and proper patient selection and we continue to recommend 
CN when feasible for properly selected patients with mRCC. 
Patients with poor‑risk disease require a more careful 
evaluation, should usually initiate systemic therapy, and 
if stable or responding to the therapy, consolidative CN 
should be considered. It is unlikely that a single treatment 
approach will benefit all mRCC patients. Regardless, with 
the continued collection of data on consolidative CN and 
the evolution of frontline therapeutic options, the role of 
CN will inevitably evolve.

REFERENCES

1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019. CA Cancer J Clin 
2019;69:7‑34.

2. Saad AM, Gad MM, Al‑Husseini MJ, Ruhban IA, Sonbol MB, Ho TH. 
Trends in renal‑cell carcinoma incidence and mortality in the United 
States in the last 2 decades: A SEER‑based study. Clin Genitourin Cancer 
2019;17:46‑57.

3. Rosenberg SA, Yang JC, Topalian SL, Schwartzentruber DJ, Weber JS, 
Parkinson DR, et al. Treatment of 283 consecutive patients with 
metastatic melanoma or renal cell cancer using high‑dose bolus 
interleukin 2. JAMA 1994;271:907‑13.

4. Marcus SG, Choyke PL, Reiter R, Jaffe GS, Alexander RB, Linehan WM, 
et al. Regression of metastatic renal cell carcinoma after cytoreductive 
nephrectomy. J Urol 1993;150:463‑6.

5. Garfield DH, Kennedy BJ. Regression of metastatic renal cell carcinoma 
following nephrectomy. Cancer 1972;30:190‑6.

6. Flanigan RC, Salmon SE, Blumenstein BA, Bearman SI, Roy V, 
McGrath PC, et al. Nephrectomy followed by interferon alfa‑2b 
compared with interferon alfa‑2b alone for metastatic renal‑cell cancer. 
N Engl J Med 2001;345:1655‑9.

7. Walther MM, Patel B, Choyke PL, Lubensky IA, Vocke CD, Harris C, et al. 
Hypercalcemia in patients with metastatic renal cell carcinoma: Effect 
of nephrectomy and metabolic evaluation. J Urol 1997;158:733‑9.

8. Choueiri TK, Motzer RJ. Systemic therapy for metastatic renal‑cell 
carcinoma. N Engl J Med 2017;376:354‑66.

9. Motzer RJ, Hutson TE, Tomczak P, Michaelson MD, Bukowski RM, 
Rixe O, et al. Sunitinib versus interferon alfa in metastatic renal‑cell 
carcinoma. N Engl J Med 2007;356:115‑24.

10. Hudes G, Carducci M, Tomczak P, Dutcher J, Figlin R, Kapoor A, 
et al. Temsirolimus, interferon alfa, or both for advanced renal‑cell 
carcinoma. N Engl J Med 2007;356:2271‑81.

11. Escudier B, Eisen T, Stadler WM, Szczylik C, Oudard S, Siebels M, et al. 
Sorafenib in advanced clear‑cell renal‑cell carcinoma. N Engl J Med 
2007;356:125‑34.

12. Bennett RT, Lerner SE, Taub HC, Dutcher JP, Fleischmann J. Cytoreductive 
surgery for stage IV renal cell carcinoma. J Urol 1995;154:32‑4.

13. Gershman B, Moreira DM, Boorjian SA, Lohse CM, Cheville JC, 
Costello BA, et al. Comprehensive characterization of the perioperative 
morbidity of cytoreductive nephrectomy. Eur Urol 2016;69:84‑91.

14. Silberstein JL, Adamy A, Maschino AC, Ehdaie B, Garg T, Favaretto RL, 
et al. Systematic classification and prediction of complications after 
nephrectomy in patients with metastatic renal cell carcinoma (RCC). 
BJU Int 2012;110:1276‑82.

15. Jackson BL, Fowler S, Williams ST; British Association of Urological 

Surgeons (BAUS) – Section of Oncology. Perioperative outcomes 
of cytoreductive nephrectomy in the UK in 2012. BJU Int 
2015;116:905‑10.

16. Bex A, Mulders P, Jewett M, Wagstaff J, van Thienen JV, Blank CU, et al. 
Comparison of immediate vs. deferred cytoreductive nephrectomy in 
patients with synchronous metastatic renal cell carcinoma receiving 
sunitinib: The SURTIME randomized clinical trial. JAMA Oncol 
2018;5:164‑170.

17. Méjean A, Ravaud A, Thezenas S, Colas S, Beauval JB, Bensalah K, et al. 
Sunitinib alone or after nephrectomy in metastatic renal‑cell carcinoma. 
N Engl J Med 2018;379:417‑27.

18. Alexander JP, Kudoh S, Melsop KA, Hamilton TA, Edinger MG, Tubbs RR, 
et al. T‑cells infiltrating renal cell carcinoma display a poor proliferative 
response even though they can produce interleukin 2 and express 
interleukin 2 receptors. Cancer Res 1993;53:1380‑7.

19. Kowalczyk D, Skorupski W, Kwias Z, Nowak J. Flow cytometric analysis 
of tumour‑infiltrating lymphocytes in patients with renal cell carcinoma. 
Br J Urol 1997;80:543‑7.

20. Lahn M, Fisch P, Köhler G, Kunzmann R, Hentrich I, Jesuiter H, et al. 
Pro‑inflammatory and T cell inhibitory cytokines are secreted at high 
levels in tumor cell cultures of human renal cell carcinoma. Eur Urol 
1999;35:70‑80.

21. Rayman P, Wesa AK, Richmond AL, Das T, Biswas K, Raval G, et al. Effect 
of renal cell carcinomas on the development of type 1 T‑cell responses. 
Clin Cancer Res 2004;10:6360S‑6S.

22. Schleypen JS, Von Geldern M, Weiss EH, Kotzias N, Rohrmann K, 
Schendel DJ, et al. Renal cell carcinoma‑infiltrating natural killer cells 
express differential repertoires of activating and inhibitory receptors 
and are inhibited by specific HLA class I allotypes. Int J Cancer 
2003;106:905‑12.

23. Verra N, de Jong D, Bex A, Batchelor D, Dellemijn T, Sein J, et al. 
Infiltration of activated dendritic cells and T cells in renal cell carcinoma 
following combined cytokine immunotherapy. Eur Urol 2005;48:527‑33.

24. Onishi T, Ohishi Y, Goto H, Tomita M, Abe K. An assessment of the 
immunological status of patients with renal cell carcinoma based on 
the relative abundance of T‑helper 1‑ and ‑2 cytokine‑producing CD4+ 
cells in peripheral blood. BJU Int 2001;87:755‑9.

25. Fujikawa K, Matsui Y, Oka H, Fukuzawa S, Takeuchi H. Serum C‑reactive 
protein level and the impact of cytoreductive surgery in patients with 
metastatic renal cell carcinoma. J Urol 1999;162:1934‑7.

26. Remark R, Alifano M, Cremer I, Lupo A, Dieu‑Nosjean MC, Riquet M, 
et al. Characteristics and clinical impacts of the immune environments 
in colorectal and renal cell carcinoma lung metastases: Influence of 
tumor origin. Clin Cancer Res 2013;19:4079‑91.

27. Perut F, Cenni E, Unger RE, Kirkpatrick CJ, Giunti A, Baldini N. 
Immunogenic properties of renal cell carcinoma and the pathogenesis 
of osteolytic bone metastases. Int J Oncol 2009;34:1387‑93.

28. Franklin JR, Figlin R, Rauch J, Gitlitz B, Belldegrun A. Cytoreductive 
surgery in the management of metastatic renal cell carcinoma: The 
UCLA experience. Semin Urol Oncol 1996;14:230‑6.

29. Guinan P, Stuhldreher D, Frank W, Rubenstein M. Report of 337 patients 
with renal cell carcinoma emphasizing 110 with stage IV disease and 
review of the literature. J Surg Oncol 1997;64:295‑8.

30. Robertson CN, Linehan WM, Pass HI, Gomella LG, Haas GP, Berman A, 
et al. Preparative cytoreductive surgery in patients with metastatic 
renal cell carcinoma treated with adoptive immunotherapy with 
interleukin‑2 or interleukin‑2 plus lymphokine activated killer cells. 
J Urol 1990;144:614‑7.

31. Mickisch GH, Garin A, van Poppel H, de Prijck L, Sylvester R, 
European Organisation for Research and Treatment of Cancer (EORTC) 
Genitourinary Group. Radical nephrectomy plus interferon‑alfa‑based 
immunotherapy compared with interferon alfa alone in metastatic 
renal‑cell carcinoma: A randomised trial. Lancet 2001;358:966‑70.

32. Flanigan RC, Mickisch G, Sylvester R, Tangen C, Van Poppel H, 



Umbreit, et al.: Cytoreductive nephrectomy

Indian Journal of Urology, Volume 37, Issue 1, January-March 2021 19

Crawford ED. Cytoreductive nephrectomy in patients with metastatic 
renal cancer: A combined analysis. J Urol 2004;171:1071‑6.

33. Pantuck AJ, Belldegrun AS, Figlin RA. Nephrectomy and interleukin‑2 
for metastatic renal‑cell carcinoma. N Engl J Med 2001;345:1711‑2.

34. Dosquet C, Coudert MC, Lepage E, Cabane J, Richard F. Are angiogenic 
factors, cytokines, and soluble adhesion molecules prognostic factors 
in patients with renal cell carcinoma? Clin Cancer Res 1997;3:2451‑8.

35. Edgren M, Lennernäs B, Larsson A, Nilsson S. Serum concentrations of 
VEGF and b‑FGF in renal cell, prostate and urinary bladder carcinomas. 
Anticancer Res 1999;19:869‑73.

36. Feldman AL, Alexander HR Jr., Yang JC, Linehan WM, Eyler RA, Miller MS, 
et al. Prospective analysis of circulating endostatin levels in patients 
with renal cell carcinoma. Cancer 2002;95:1637‑43.

37. Guðbrandsdottir G, Hjelle KM, Frugård J, Bostad L, Aarstad HJ, 
Beisland C. Preoperative high levels of serum vascular endothelial 
growth factor are a prognostic marker for poor outcome after surgical 
treatment of renal cell carcinoma. Scand J Urol 2015;49:388‑94.

38. Jacobsen J, Rasmuson T, Grankvist K, Ljungberg B. Vascular endothelial 
growth factor as prognostic factor in renal cell carcinoma. J Urol 
2000;163:343‑7.

39. Sato K, Tsuchiya N, Sasaki R, Shimoda N, Satoh S, Ogawa O, et al. 
Increased serum levels of vascular endothelial growth factor in patients 
with renal cell carcinoma. Jpn J Cancer Res 1999;90:874‑9.

40. Tran TA, Leong HS, Pavia‑Jimenez A, Fedyshyn S, Yang J, Kucejova B, 
et al. Fibroblast growth factor receptor‑dependent and ‑independent 
paracrine signaling by sunitinib‑resistant renal cell carcinoma. Mol Cell 
Biol 2016;36:1836‑55.

41. Yang JC, Haworth L, Sherry RM, Hwu P, Schwartzentruber DJ, 
Topalian SL, et al. A randomized trial of bevacizumab, an anti‑vascular 
endothelial growth factor antibody, for metastatic renal cancer. N Engl 
J Med 2003;349:427‑34.

42. Psutka SP, Kim SP, Gross CP, Van Houten H, Thompson RH, Abouassaly R, 
et al. The impact of targeted therapy on management of metastatic 
renal cell carcinoma: Trends in systemic therapy and cytoreductive 
nephrectomy utilization. Urology 2015;85:442‑50.

43. Shah AY, Karam JA, Lim ZD, Ng CS, Tannir NM. Clinical and 
pathological complete remission in a patient with metastatic renal 
cell carcinoma (mRCC) treated with sunitinib: Is mRCC curable with 
targeted therapy? Urol Case Rep 2015;3:18‑20.

44. Choueiri TK, Xie W, Kollmannsberger C, North S, Knox JJ, Lampard JG, 
et al. The impact of cytoreductive nephrectomy on survival of patients 
with metastatic renal cell carcinoma receiving vascular endothelial 
growth factor targeted therapy. J Urol 2011;185:60‑6.

45. Abern MR, Scosyrev E, Tsivian M, Messing EM, Polascik TJ, Dudek AZ. 
Survival of patients undergoing cytoreductive surgery for metastatic 
renal cell carcinoma in the targeted‑therapy era. Anticancer Res 
2014;34:2405‑11.

46. Heng DY, Xie W, Regan MM, Warren MA, Golshayan AR, Sahi C, et al. 
Prognostic factors for overall survival in patients with metastatic 
renal cell carcinoma treated with vascular endothelial growth 
factor‑targeted agents: Results from a large, multicenter study. J Clin 
Oncol 2009;27:5794‑9.

47. Heng DY, Wells JC, Rini BI, Beuselinck B, Lee JL, Knox JJ, et al. 
Cytoreductive nephrectomy in patients with synchronous metastases 
from renal cell carcinoma: Results from the International Metastatic 
Renal Cell Carcinoma Database Consortium. Eur Urol 2014;66:704‑10.

48. Mathieu R, Pignot G, Ingles A, Crepel M, Bigot P, Bernhard JC, et al. 

Nephrectomy improves overall survival in patients with metastatic 
renal cell carcinoma in cases of favorable MSKCC or ECOG prognostic 
features. Urol Oncol 2015;33:339.e9‑15.

49. Choueiri TK, Halabi S, Sanford BL, Hahn O, Michaelson MD, Walsh MK, 
et al. Cabozantinib versus sunitinib as initial targeted therapy for 
patients with metastatic renal cell carcinoma of poor or intermediate 
risk: The alliance A031203 CABOSUN trial. J Clin Oncol 2017;35:591‑7.

50. Motzer RJ, Rini BI, McDermott DF, Arén Frontera O, Hammers HJ, 
Carducci MA, et al. Nivolumab plus ipilimumab versus sunitinib in 
first‑line treatment for advanced renal cell carcinoma: Extended 
follow‑up of efficacy and safety results from a randomised, controlled, 
phase 3 trial. Lancet Oncol 2019;20:1370‑85.

51. Massari F, Di Nunno V, Gatto L, Santoni M, Schiavina R, Cosmai L, et al. 
Should CARMENA really change our attitude towards cytoreductive 
nephrectomy in metastatic renal cell carcinoma? A systematic review 
and meta‑analysis evaluating cytoreductive nephrectomy in the era of 
targeted therapy. Target Oncol 2018;13:705‑14.

52. Bex A, van der Veldt AA, Blank C, van den Eertwegh AJ, Boven E, 
Horenblas S, et al. Neoadjuvant sunitinib for surgically complex 
advanced renal cell cancer of doubtful resectability: Initial experience 
with downsizing to reconsider cytoreductive surgery. World J Urol 
2009;27:533‑9.

53. Culp SH, Tannir NM, Abel EJ, Margulis V, Tamboli P, Matin SF, et al. 
Can we better select patients with metastatic renal cell carcinoma for 
cytoreductive nephrectomy? Cancer 2010;116:3378‑88.

54. Motzer RJ, Jonasch E, Michaelson MD, Nandagopal L, Gore JL, George S, 
et al. NCCN guidelines insights: Kidney cancer, version 2.2020. J Natl 
Compr Canc Netw 2019;17:1278‑85.

55. Bex A, Albiges L, Ljungberg B, Bensalah K, Dabestani S, Giles RH, et al. 
Updated European Association of Urology guidelines for cytoreductive 
nephrectomy in patients with synchronous metastatic clear‑cell renal 
cell carcinoma. Eur Urol 2018;74:805‑9.

56. Motzer RJ, Mazumdar M, Bacik J, Berg W, Amsterdam A, Ferrara J. 
Survival and prognostic stratification of 670 patients with advanced 
renal cell carcinoma. J Clin Oncol 1999;17:2530‑40.

57. McIntosh AG, Umbreit EC,  et al. Optimizing patient selection for 
cytoreductive nephrectomy. Cancer 2020. pii: 32515845. 

58. Escudier B, Porta C, Schmidinger M, Rioux‑Leclercq N, Bex A, Khoo V, 
et al. Renal cell carcinoma: ESMO Clinical Practice Guidelines for 
diagnosis, treatment and follow‑up†. Ann Oncol 2019;30:706‑20.

59. Ljungberg B, Albiges L, Abu‑Ghanem Y, Bensalah K, Dabestani S, 
Fernández‑Pello S, et al. European Association of Urology guidelines 
on renal cell carcinoma: The 2019 update. Eur Urol 2019;75:799‑810.

60. Rini BI, Plimack ER, Stus V, Gafanov R, Hawkins R, Nosov D, et al. 
Pembrolizumab plus axitinib versus sunitinib for advanced renal‑cell 
carcinoma. N Engl J Med 2019;380:1116‑27.

61. Gao J, Karam JA, Tannir NM, Slack R, Ahrar K, Rao P, et al. A pilot randomized 
study evaluating nivolumab (nivo) or nivo+bevacizumab (bev) 
or nivo+ipilimumab (ipi) in patients with metastatic renal cell 
carcinoma (MRCC) eligible for cytoreductive nephrectomy (CN), 
metastasectomy (MS) or post‑treatment biopsy (Bx). J Clin Oncol 
2018;36:4520.

How to cite this article: Umbreit EC, McIntosh AG,  Suk‑Ouichai C, Karam JA, 
Wood CG. The current role of cytoreductive nephrectomy for metastatic renal 
cell carcinoma. Indian J Urol 2021;37:13‑9.




