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Purpose: The optimal sequence of cytoreductive nephrectomy and targeted ther-
apy of metastatic renal cell carcinoma is unclear. We compared overall survival
between patients with metastatic renal cell carcinoma treated with initial cytore-
ductive nephrectomy with or without subsequent targeted therapy vs initial tar-
geted therapy with or without subsequent cytoreductive nephrectomy.

Materials and Methods: We evaluated the records of cases in the National
Cancer Database diagnosed with metastatic renal cell carcinoma between 2006
and 2013 who were treated with cytoreductive nephrectomy and/or targeted
therapy. Receipt of targeted therapy after initial cytoreductive nephrectomy and
cytoreductive nephrectomy after initial targeted therapy were evaluated on
competing risks analyses. To account for treatment selection bias, inverse
probability of treatment weighting was performed based on the propensity to
receive initial cytoreductive nephrectomy or initial targeted therapy. Overall
survival was compared between the groups by Kaplan-Meier analysis and Cox
proportional hazards regression.

Results: Of the 15,068 patients included in study 6,731 underwent initial cytore-
ductive nephrectomy and 8,337 received initial targeted therapy. Six months after
initial cytoreductive nephrectomy 48.0% of patients received targeted therapy, of
whom 15.3% died after initial cytoreductive nephrectomy prior to targeted therapy.
Six months after initial targeted therapy 4.7% of patients underwent cytoreductive
nephrectomy, of whom 44.9% died after initial targeted therapy prior to cytore-
ductive nephrectomy. Initial cytoreductive nephrectomy (OR 2.02, 95% CI
1.69e2.43, p <0.001) and cytoreductive nephrectomy after initial targeted therapy
(HR 2.6, 95% CI 1.69e4.01, p<0.001) were more likely to be performed at academic
vs community institutions. On inverse probability of treatment weighting analysis
initial cytoreductive nephrectomy was associated with improved overall survival
compared to initial targeted therapy (median 16.5 vs 9.2 months, HR 0.61, 95% CI
0.59e0.64, p <0.001).

Conclusions: Given the greater likelihood of receiving multimodal therapy and
the associated overall survival benefit, these data support cytoreductive ne-
phrectomy as the initial approach to metastatic renal cell carcinoma in appro-
priate surgical candidates. Continued efforts are warranted to establish the
optimal multimodal approach in these patients.
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TARGETED therapy and CN have established roles in
first line management of mRCC.1 Prospective ran-
domized trials have demonstrated an OS benefit to
CN among patients with mRCC treated with inter-
feron-a.2 Meanwhile, OS and/or progression-free
survival benefits have been demonstrated in ran-
domized trials in patients with mRCC treated with
various systemic agents.3 While level 1 evidence is
lacking for CN in the TT era, contemporary obser-
vational data continue to support a role for CN in
mRCC.4e6

Nevertheless, the optimal combination or sequence
of CN and TT remains to be defined. While 1 study
compared the sequence of CN and TT among patients
who received the 2 therapies,4 in clinical practice not
all patients who undergo initial CN will receive sub-
sequent TT and not all who receive initial TT will
undergo subsequent CN. Indeed, in retrospective se-
ries approximately a third of patients did not receive
TT after initial CN7e12 and only approximately 40%
received TT in a timely manner, previously defined as
within 60 days of CN.8e10 In single arm trials 30%
to 40% of patients initially treated with a tyrosine
kinase inhibitor prior to planned CN did not subse-
quently undergo surgery.13,14

To identify the optimal initial therapeutic
approach to mRCC our primary study objective was
to compare OS between patients treated with initial
CN with or without subsequent TT vs initial TT with
or without subsequent CN. Our secondary objective
was to compare the probability of receiving multi-
modal therapy (ie CN plus TT) within 6 months of an
initial CN vs initial TT approach.
METHODS

Patients
The NCDB is a national clinical oncology database spon-
sored by the American Cancer Society� and the American
College of Surgeons. Its data are sourced from the hospital
registries of more than 1,500 CoC (Commission on Can-
cer) accredited facilities and it captures more than 70% of
newly diagnosed cancer cases in the United States.15

We identified patients in the NCDB who were
diagnosed with kidney cancer between 2006 and 2013
(ICD-O-3 C64.9, histology code 8000-8980) which was
metastatic at diagnosis. Study exclusions were another
prior cancer history, nonRCC or unknown histology
(supplementary table 1, http://jurology.com/), missing
vital status or followup, a renal ablative procedure,
inability to determine CN status, missing time to surgery
in patients who underwent CN, missing time to TT in
those who received TT and no treatment (CN or TT)
within 3 months of diagnosis (supplementary fig. 1, http://
jurology.com/).

Exposures and Outcomes
Treatment with CN and TT was identified in the NCDB as
others have done previously (supplementary Appendix 1,
http://jurology.com/).4,16 The sequence of these treatments
was based on variables documenting the number of days
from diagnosis to surgery and chemotherapy.

The primary study outcome was OS measured from the
date of diagnosis. Secondary outcomes included receipt of
TT after initial CN and CN after initial TT with death
prior to the second treatment considered a competing risk.
Factors associated with initial CN vs initial TT, TT after
initial CN and CN after initial TT were also evaluated.

Statistical Analysis
Cohort characteristics were compared between groups
using the Wilcoxon rank sum test and the chi-square test.
Factors associated with receipt of initial CN vs initial TT
were assessed using multivariable logistic regression.

The probability of receiving TT after initial CN and CN
after initial TT was evaluated using cumulative incidence
curves with death prior to second therapies considered a
competing risk. Time was measured from the start of the
first therapy. Patients who underwent metastatectomy
were excluded from the analysis of TT after initial CN,
given the possibility that they had no residual disease and
TT may not have been warranted. Factors associated with
TT after initial CN and CN after initial TT were evaluated
in separate multivariable Cox regression models to ac-
count for censoring due to death and varying followups in
patients with complete sociodemographic variable data.
Receipt of TT was considered timely if it was administered
within 2 months (60 days) of initial CN, consistent with
previous studies.8e10 OS was compared between the
initial CN and initial TT groups using Kaplan-Meier
analysis and Cox regression models with censoring at
end of the study period or due to loss to followup.

To account for differences in baseline characteristics
which may have influenced the initial treatment selection
we performed IPTW based on the propensity to receive
initial CN vs initial TT, which was in turn estimated by
logistic regression. Supplementary Appendix 2 (http://
jurology.com/) shows included variables. The covariate
balance was assessed by standardized differences. Subset
analyses of clear cell and nonclear cell RCC were per-
formed with separate propensity score calculations in
each instance.

We also performed an exploratory analysis stratifying
patients who received initial TT by whether they under-
went subsequent CN. Immortal time bias was addressed in
a Cox model which operationalized receipt of subsequent
CN as a time varying covariate17 and using 3 and 6-month
landmark analyses (Kaplan-Meier and Cox regression
analyses).18

Various sensitivity analyses were also performed
(supplementary Appendix 3, http://jurology.com/). Finally,
given that observational studies cannot account for un-
measured confounders, we additionally performed a
sensitivity analysis without assumptions to evaluate the
potential impact of unmeasured confounders on the study
conclusion (supplementary Appendix 3, http://jurology.
com/).19,20 Associations corrected for hypothetical de-
grees of unmeasured confounders were tabulated as we
and others have done previously.19e21

Analyses were done with SAS�, version 9.4. All hy-
pothesis tests were 2-sided with p <0.05 considered
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statistically significant. All models accounted for clus-
tering by treatment facility using a marginal modeling
approach.
RESULTS
The cohort included 15,068 patients with mRCC, of
whom 6,731 (44.7%) underwent initial CN and 8,337
(55.3%) underwent initial TT (supplementary fig. 1,
http://jurology.com/). Patients who underwent
initial CN were younger, more likely to have private
insurance, be treated at academic facilities and have
clinical T2 and T3 primary tumors, and less likely to
have cN1 disease (supplementary table 2, http://
jurology.com/). On IPTW analysis the baseline
cohort characteristics were balanced (standardized
difference less than 0.1, supplementary table 2,
http://jurology.com/). Median followup in survivors
was 31 months (IQR 19e50).

In the initial CN group the probability of timely
subsequent TT, defined as within 60 days,8e10 was
35.1%. By 3 months after initial CN 43.3% of pa-
tients had received subsequent TT and 10.3% had
died while 6 months after initial CN 48.0% of pa-
tients initially treated with CN had received TT and
15.3% had died. In contrast, 3 months after initial
TT only 3.1% of patients had undergone subsequent
CN and 26.5% had died while 6 months after initial
TT 4.7% patients had undergone CN after TT and
44.9% had died (supplementary fig. 2, http://
jurology.com/). Supplementary Appendix 4 and
supplementary table 3 (http://jurology.com/) show
factors associated with selection of the treatment
approach. Supplementary figure 3 (http://jurology.
com/) shows trends in the performance of initial
CN, initial TT and multimodal therapy with time.

On IPTW analysis initial CN was associated with
significantly improved OS compared to initial TT
(median OS 16.5 vs 9.2 months, HR 0.61, 95% CI
0.59e0.64, p <0.001, fig. 1, a). This association
remained significant in the clear cell and nonclear
cell RCC subsets (fig. 1, b and c).

To understand whether the less frequent use of
multimodal therapy would explain the observed OS
difference between initial CN and initial TT we
stratified patients who received initial TT by whether
they received subsequent CN. Patients who under-
went CN after initial TT had improved OS on the 3
and 6-month conditional landmark Kaplan-Meier
analyses compared to those who received TT alone
(fig. 2). Furthermore, on time varying covariate
analysis CN after initial TT was associated with
improved OS compared to the reference group which
received TT alone (HR 0.53, 95% CI 0.46e0.60,
p <0.001), and on the 3 and 6-month conditional
landmark analyses (HR 0.46, 95% CI 0.41e0.52 and
HR 0.52, 95% CI 0.46e0.59, respectively, each
p <0.001, see table). In fact, the magnitude of the
associatedOS benefit was comparable to that of initial
CN compared to the TT reference group (see table).

Sensitivity analyses yielded results similar to those
of the primary analysis (supplementary Appendix 5
and supplementary table 4, http://jurology.com/).
Supplementary table 5 (http://jurology.com/) shows
the magnitude of unmeasured confounding that
would be required to explain the significant associa-
tion observed between initial CN vs initial TT and OS.
For example, initial CN would need to carry a 2.5-fold
increased risk of harboring an unmeasured set of
confounders. In turn this set of confounders would
need to be associated with a 50% reduction in the risk
of death to render our observed association between
initial CN and OS nonstatistically significant. This
analysis suggested that the significant association
between initial CN and OS is unlikely to be explained
by unmeasured confounding.
DISCUSSION
While TT and CN have established roles in
contemporary management of mRCC, the optimal
initial treatment approach in this setting has not
been determined. In our study we found that initial
CN was associated with improved OS, which
appeared to be in large part due to the greater
likelihood of receiving multimodal therapy. Notably,
each initial strategy was associated with delays in
receipt or nonreceipt of second therapies, suggesting
that additional work is needed to maximize the de-
livery of multimodal therapy to these patients.

These data are particularly important because
SURTIME, a trial evaluating the sequencing of CN
and TT, recently closed prematurely due to poor
accrual.22 This trial did not reveal a difference be-
tween groups in its primary end point, which was
progression-free survival at 28 weeks (supplementary
Appendix 6, http://jurology.com/). Two small obser-
vational studies likewise demonstrated no difference
in survival outcomes between initial TT and initial
CN approaches.7,12 Conversely in another study
using the NCDB post-TT CN was associated with
improved OS compared to CN before TT.4 However,
this finding should be interpreted in the context of
the underlying assumption of that analysis that all
patients were treated with CN plus TT since our data
suggest that many patients do not receive multimodal
therapy. Moreover, the group that underwent CN
after TT in that series likely had a sufficiently favor-
able response to TT to proceed to CN4 so that they
represent a select group enriched with TT respon-
sive RCC.

Our results are consistent with a recent SEER
(Surveillance, Epidemiology and End Results)-
Medicare study which showed a survival benefit to
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Figure 1. Overall survival in patients with mRCC according to IPTW Kaplan-Meier curves of initial cytoreductive nephrectomy vs initial

targeted therapy. a, entire mRCC cohort. b, clear cell RCC subset. c, nonclear cell RCC subset.
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CN followed by TT vs initial TT with or without CN in
a cohort of 537 elderly patients.23 However, patients
in that study who did not receive TT after initial CN
were excluded from analysis, introducing potential
bias which may have confounded those results. The
current analyses were without such SEER-Medicare
age or insurance coverage restrictions.

Using a large national data set we noted that
35.1% of patients received subsequent TT within 60
days of initial CN while the remaining patients
treated with initial CN received TT in delayed
fashion. Of these patients 48.0% received TT by 6
months and 36.7% had not received TT at all within
6 months. In fact, 15.3% of the patients died within
6 months without receiving subsequent TT.

Not all patients may require TT after initial CN
since active surveillance can be used for low volume
metastatic disease.24,25 However, it is unclear
whether surveillance is a sufficiently common cur-
rent practice in the United States to have accounted
for the limited administration of TT after initial CN.
Moreover, in prior retrospective series the proba-
bility of receiving systemic therapy within 6 months
of CN was reported to be 39% to 46%8,9 while 58% to
74% of patients in these studies eventually went on
to systemic therapy.8e12 Cited reasons for delaying
and/or not receiving TT included postoperative
complications and disease progression.8,10 Although
none of these studies accounted for the competing
risk of death before TT, our findings are generally
compatible with such data with the caveat that
overall administration of post-CN TT was slightly
higher at select referral centers compared to our
broader nationwide data set.



Exploratory analysis of initial cytoreductive nephrectomy vs
initial targeted therapy by whether subsequent cytoreductive
nephrectomy was performed and accounting for immortal
time bias in initial targeted therapy group stratified by whether
subsequent cytoreductive nephrectomy was done

Analytical Approach HR (95% CI)*

Initial cytoreductive nephrectomy vs targeted therapy alone:
Cytoreductive nephrectomy after initial

targeted therapy as time varying covariate
0.59 (0.56e0.62)

3-Mo landmark analysis 0.55 (0.52e0.58)
6-Mo landmark analysis 0.55 (0.52e0.59)

Targeted therapy then cytoreductive nephrectomy
vs targeted therapy alone:

Cytoreductive nephrectomy after initial
targeted therapy as time varying covariate

0.53 (0.46e0.60)

3-Mo landmark analysis 0.46 (0.41e0.52)
6-Mo landmark analysis 0.52 (0.46e0.59)

Compared to initial targeted therapy alone initial cytoreductive nephrectomy was
associated with improved overall survival, which was expected since approxi-
mately 95% of initial targeted therapy group received initial targeted therapy
alone while patients with initial targeted therapy followed by cytoreductive ne-
phrectomy also had improved overall survival compared to initial targeted therapy
alone at magnitude similar to initial cytoreductive nephrectomy and overall sur-
vival association, although direct comparison was not possible.
*Referent was targeted therapy alone (all p <0.001).
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The importance of careful patient selection in
deciding initial treatment of mRCC cannot be over-
stated. CN has not been shown to benefit patients
with poor risk disease or poor performance status5,26

and in such patients a strategy of TT alone may be
most appropriate. At the same time the rationale for
initial TT in mRCC cases includes assessing the bio-
logical responsiveness of the cancer to systemic
treatment and using the treatment response to assist
with case selection for subsequent CN, which is the
described litmus test. Our data highlight the impor-
tance of intending to perform multimodal therapy
when using such an initial TT strategy.

While patients who underwent CN after initial
TT had outcomes similar to those of patients treated
with initial CN in our study, less than 5% under-
went CN within 6 months of initial TT. Macleod
et al similarly noted that only 8% of patients were
treated with CN after TT.23 By comparison in single
arm trials of patients who received TT prior to
planned CN 60% to 70% actually proceeded to
CN.13,14 The low use of CN after initial TT as noted
in our study must further be understood in light of
the poor reported outcomes in patients treated with
TT only in our study and in others, in which median
survival for TT alone was approximately 10
months.5,27

Strengths of our study include generalizability and
statistical power based on a large national data set.
Moreover, we used various methodologies, including
IPTW and sensitivity analyses, to account for factors
impacting the treatment selection. At the same time
we recognize some limitations.
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Figure 2. Kaplan-Meier curves show conditional landmark analyses

followed by cytoreductive nephrectomy vs targeted therapy alone. P

in analysis. a, at 3 months. b, at 6 months.
1) Since patients were not randomly allocated to
treatments in all observational studies, we could
not rule out unmeasured differences between
groups. We addressed this point on sensitivity
analyses and found that a large amount of un-
measured confounding would be needed to
explain our main finding, which argues for the
robustness of our findings.

2) We were unable to stratify patients by prognostic
risk groups5,28,29 since these data are not avail-
able in the NCDB.
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3) We could not identify patients with limited met-
astatic disease amenable to complete surgical
resection or surveillance. In such patients it may
not be necessary to administer TT after initial
CN. To address this we performed sensitivity
analysis excluding those who underwent metas-
tatectomy to confirm that our results were not
altered in this setting.

4) Although we were able to account for comorbidity,
NCDB does not have data on performance status,
which may be a confounder. Patients with poor
performance status may not benefit from CN.5,26

5) As NCDB aims to capture initial treatment, we
cannot rule out incomplete capture of CN after
initial TT and TT after initial CN. However, the
rates of these second treatments in our study were
generally consistent with those in the existing
literature documenting practice patterns. Further-
more, given that our primary research question
pertained to the initial treatment approach, any
subsequent treatments were part of the total effect
that we measured. Thus, for our primary analysis
this was not an immediate concern.
CONCLUSIONS
Patients who underwent initial CN were more likely
to receive subsequent TT than those undergoing
initial TT were to receive subsequent CN. This led
to an associated OS benefit for initial CN. These
data support CN as the initial treatment approach
to mRCC in appropriate surgical candidates. With
notable practice pattern and regional variations in
this national data set many patients in each group
experienced a delay in receiving or did not receive
the second therapy. Continued efforts are needed to
establish the optimal multimodal approach in pa-
tients with mRCC.
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EDITORIAL COMMENT

The benefits of cytoreductive nephrectomy have been One limitation in using the NCDB is that per-

established based on the results of 2 prospective,
randomized controlled trials that were done during
the cytokine era (reference 2 in article).1 It is impor-
tant to remember that most of the phase III trials
which led to the approval of vascular endothelial
growth factor receptor-tyrosine kinase inhibitors
required initial CN prior to enrollment. Today initial
CN continues to remain the recommended treatment
in patients with mRCC in whom systemic therapy is
anticipated (reference 1 in article). Having said that,
the optimal sequence of CN and TT continues to
remain a challenge. Bhindi et al report that after
initial TT only 3.1% of patients underwent subse-
quent CN and 26.5% had died within 3 months. In
contrast, 43.4% of patients who underwent initial CN
received subsequent TT and 10.3% had died.
formance status is not available and we would not
know what fraction of the patients did not undergo
CN due to poor performance status. However, the
findings of Bhindi et al suggest that a subset of
patients in this era is still subject to care dispar-
ities and, indeed, represent suboptimal care.
Therefore, in parallel with efforts to make sys-
temic therapies more effective and safer we need to
understand potential barriers and ensure that
patients are receiving treatments that are sup-
ported by the highest level of evidence.2
Reza Mehrazin
Department of Urology

The Mount Sinai Hospital

New York, New York
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