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Abstract

Background. Despite randomized data demonstrating better overall survival favoring radical nephrectomy, partial
nephrectomy continues to be the treatment of choice for low-stage renal cell carcinoma.

Methods: We utilized the National Cancer Database to identify patients younger than 50 years diagnosed with low-stage renal
cell carcinoma (cT1) treated with radical nephrectomy or partial nephrectomy (2004–2007). Inverse probability of treatment
weighting adjustment was performed for all preoperative factors to account for confounding factors. Kaplan-Meier curves
and Cox proportional hazards regression analyses were used to compare overall survival of patients in the two treatment
arms. Sensitivity analysis was performed to explore the interaction of type of surgery and clinical stage on overall survival.

Results: Among the 3009 patients (median age ¼ 44 years [interquartile range (IQR) ¼ 40–47 years]), 2454 patients (81.6%) were
treated with radical nephrectomy and 555 patients (18.4%) with partial nephrectomy. The median follow-up was
108.6 months (IQR ¼ 80.2–124.3 months) during which 297 patients (12.1%) in the radical nephrectomy arm and 58 patients
(10.5%) in the partial nephrectomy arm died. Following inverse probability of treatment weighting adjustment, there was no
difference in overall survival between patients treated with partial nephrectomy and radical nephrectomy (hazard ratio ¼
0.83, 95% confidence interval ¼ 0.63 to 1.10, P¼ .196). There were no statistically significant interactions between type of sur-
gery and clinical stage on treatment outcome.

Conclusions: There was no difference in long-term overall survival between radical and partial nephrectomy in young and
healthy patients. This patient cohort may have sufficient renal reserve over their lifetime, and preserving nephrons by partial
nephrectomy may be unnecessary.

The widespread use of routine imaging has resulted in the in-
creased detection of incidental renal tumors. Registry-based
studies report that early-stage localized T1 renal tumors ac-
count for most of this increase in renal cancer incidence (1).
This has led to higher utilization of partial nephrectomy, al-
though radical nephrectomy remains the most commonly

performed procedure for the excision of renal tumors (2). The
American Urology Association and National Comprehensive
Cancer Network support the use of partial nephrectomy in cT1
kidney tumors, although this is based on level 2 evidence from
Surveillance, Epidemiology, and End Results Program (SEER)-
Medicare data of predominantly comorbid older patients (3–6).
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The survival advantage for partial nephrectomy in observa-
tional studies, particularly those utilizing SEER-Medicare, has been
shown to be attributed to case selection bias involving unmeasured
confounders (7). The only randomized trial comparing radical to
partial nephrectomy was the European Organization for the
Research and Treatment of Cancer (EORTC) 30904 trial, where
patients treated with radical nephrectomy had a statistically signif-
icantly higher overall survival compared with partial nephrectomy
(8). Nevertheless, despite level one evidence suggesting a benefit
for radical nephrectomy in patients with no contraindication to
radical nephrectomy, this study is often disregarded and criticized
for its methodology, and partial nephrectomy continues to be per-
formed for small renal tumors today.

The decision to perform a partial nephrectomy over radical
nephrectomy has important implications. Partial nephrectomy
is complex surgery with a higher complication rate compared
with radical nephrectomy, and it is increasingly utilized particu-
larly in academic institutions (9,10). This has directly led to rec-
ommendations to promote centralization of care and the rapid
adoption of robotic renal surgery to attempt to improve out-
comes for renal surgery (11). Although it is accepted that robotic
radical nephrectomy has no benefit but is associated with lon-
ger operating time and higher hospital cost compared with lap-
aroscopic radical nephrectomy, proponents of robotic
technology argue that the higher cost of robotic partial nephrec-
tomy is offset by derived benefits such as the hypothetical ad-
vantage of reduced chronic kidney disease (CKD) risk (12–14).
Such policies are associated with higher cost with questionable
benefit and prevent the delivery of equitable care (15).

Given the inconsistency in determining whether partial ne-
phrectomy has a benefit over radical nephrectomy, we examined
this using the National Cancer Database (NCDB). The objective of
this study was to examine the long-term overall survival of young
patients treated with either radical or partial nephrectomy for his-
tologically confirmed renal cell carcinoma (RCC). Patients younger
than 50 years were selected because these patients generally are
healthier with minimal comorbidities and will introduce less case
selection bias in the context of retrospective data. We utilized a
propensity weighting approach to account for confounding factors,
which might have influenced case selection.

Patients and Methods

Data Source

This retrospective study utilized data from the NCDB, which
represents a nationwide oncology database across Commission
of Cancer (CoC)-accredited hospitals. Data pertaining to newly
diagnosed cancer patients and their treatment outcomes across
more than 1500 institutions in the United States and Puerto
Rico are captured by the NCDB. This includes data on patient
demographics and clinical characteristics, clinical and patho-
logical stage, cancer histology, treatment modality, and overall
survival. The NCDB represents a registry of more than 29 mil-
lion cancer cases, which represents over 86% of kidney cancer
cases in the United States and has been validated against the
SEER database, suggesting good consistency (16,17).

Patient Selection

Using the NCDB, we identified 465 126 patients diagnosed
with kidney cancer or renal pelvis cancer (International
Classification of Diseases of Oncology, 3rd edition code C64) be-
tween January 2004 and December 2015 (18). Two patient

cohorts were used in this study. Cohort 1 comprises all patients
treated with either radical or partial nephrectomy to assess
trends over the 12-year period.

In cohort 2, using the American Joint Committee on Cancer
7th edition classification, we restricted the patient cohort to cT1
N0 M0 RCC. RCC was defined as any of the following histology:
clear cell, sarcomatoid RCC, granular cell adenocarcinoma, pap-
illary RCC, or chromophobe RCC. To select for young patients,
patients 50 years and older were excluded from analysis. Only
patients with a cancer diagnosis before 2008 were selected to
achieve a longer follow-up. This excluded 462 117 patients, leav-
ing 3009 patients for analysis (Figure 1).

Variables of Interest

Surgical technique was determined using the NCDB variable
“RX_SUMM_SURG_PRIM_SITE” where code 40 represents partial
nephrectomy and code 50 represents radical nephrectomy.
Other variables of interest include age at diagnosis (continuous),
sex (male, female), race (black, white, other), Charlson comor-
bidity index (CCI) (0, 1, �2), year of diagnosis (2004, 2005, 2006,
2007), clinical stage (cT1a, cT1b), insurance status (private,
Medicaid, Medicare or other government [including TRICARE,
Military, VA, and Indian/ Public Health Service], uninsured), me-
dian household income within the ZIP code (�$37 999, $38 000–
$47 999, $48 000–$62 999, or� $63 000), and median proportion
of individuals within the ZIP code without a high school di-
ploma (�6.9%, 7%–-12.9%, 13%–-20.9%, or�21%), great circle dis-
tance (�5.1, 5.2–11.2, 11.3–27.2, �27.3 miles) (distance in miles
between a patient’s residence based on the ZIP code centroid or
city and the street address of the facility), urban/rural status
(metropolitan, urban county, rural county), treating institution
(academic, nonacademic), institution surgical volume (continu-
ous), and census geographical region (East, Central, West).

Statistical Analysis

To account for confounding factors that may influence patient
selection for treatment modality, we performed inverse proba-
bility of treatment weighting (IPTW)-adjusted analyses. Patient
cohorts were weighted for patient age, sex, CCI, clinical stage,
race, year of diagnosis, education, treating institution, insur-
ance, great circle distance, institution surgical volume, and ur-
ban/ rural status. Standardized differences plots were used to
evaluate covariate balance. A standardized difference of less
than 10% was considered well-balanced. Kaplan-Meier curves
were calculated to compare overall survival between patients
treated with radical nephrectomy vs partial nephrectomy.
Hazard ratios (HR) were estimated using an IPTW-adjusted Cox
proportional hazards regression model, and proportionality was
verified on the basis of Schoenfeld residuals (19). Additional
sensitivity analysis was performed to explore the interaction of
type of surgery and clinical stage on overall survival. Finally, a
post hoc power analysis was performed to compute the proba-
bility of the study to detect a minimum overall survival differ-
ence associated with treatment modality. Statistical analyses
were performed using Stata version 15.0 (StataCorp, TX).
Statistical significance was defined as two-sided P less than .05.
A waiver was obtained before commencement of the study by
the Brigham and Women’s Hospital Institutional review board
in accordance with institutional regulation when using deiden-
tified previously collected patient data.
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Results

Between 2004 and 2015, partial nephrectomy accounted for
19.8% to 22.3% of all nephrectomies performed that met inclu-
sion criteria (Figure 2). There was a small but statistically signifi-
cant increase in the partial nephrectomy cases performed over
the 12 years (odds ratio [OR] ¼ 1.01, 95% confidence interval [CI]
¼ 1.007 to 1.012, P< .001).

Following selection for patients comprising cohort 2, the me-
dian age of the 3009 patients was 44 years (interquartile range
[IQR] ¼ 40–47 years). A total of 2454 patients (81.6%) underwent
radical nephrectomy and the remaining 555 patients (18.4%)
underwent partial nephrectomy. Median follow-up was
108.6 months (IQR ¼ 80.2–124.3 months) during which 297
patients (12.1%) treated with radical nephrectomy and 58
patients (10.5%) treated with partial nephrectomy died. Table 1
reports the weighted and unweighted patient baseline

Figure 1. Inclusion and exclusion criteria used to determine study cohort. RCC ¼ renal cell carcinoma.

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Radical nephrectomy 14,441 14,883 15,306 15,767 15,722 15,122 14,592 14,403 14,583 14,905 15,673 16,123
Par�al nephrectomy 3,568 3,680 3,996 4,150 4,194 4,370 4,189 4,140 4,119 4,244 4,306 4,303
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Figure 2. Number of radical and partial nephrectomies performed according to year of cancer diagnosis.
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Table 1. Baseline patient characteristics for unweighted and weighted patient cohort*

Variables

Unweighted patient cohort Weighted patient cohort

All patients
(n¼ 3009)

Radical
nephrectomy

(n¼ 2454)

Partial
nephrectomy

(n¼ 555)
Standardized
differences, %

All
patients, %

Radical
nephrectomy, %

Partial
nephrectomy, %

Standardized
differences

Age at diagnosis,
mean (SE), y

42.6 (0.11) 42.7 (0.11) 42.5 (0.24) �3.3 42.6 (0.13) 42.6 (0.12) 42.6 (0.23) �0.4

Sex, No. (%)
Male 1836 (61.0) 1490 (60.7) 346 (62.3) 3.3 61.1 61.0 61.2 0.3
Female 1173 (39.0) 964 (39.3) 209 (37.7) �3.3 38.9 39.0 38.8 �0.3

Race, No. (%)
White 2446 (81.3) 2012 (82.0) 434 (78.2) �9.5 81.2 81.3 81.2 �0.2
Black 415 (13.8) 325 (13.2) 90 (16.2) 8.4 13.8 13.8 13.8 0.0
Other 98 (3.2) 79 (3.2) 19 (3.4) 1.1 3.4 3.3 3.5 1.5
Unknown 50 (1.7) 38 (1.6) 12 (2.2) 4.5 1.6 1.6 1.5 �1.4

CCI, No. (%)
0 2466 (81.9) 2007 (81.8) 459 (82.7) 2.4 81.6 81.9 81.2 �1.9
1 408 (13.6) 346 (14.1) 62 (11.2) �8.8 13.8 13.6 14.1 1.4
�2 94 (3.1) 76 (3.1) 18 (3.2) 0.8 3.3 3.2 3.4 1.4
Unknown 41 (1.4) 25 (1.0) 16 (2.9) 13.5 1.3 1.3 1.3 0.0

cT stage, No. (%)
cT1a 1274 (42.3) 1017 (41.4) 257 (46.3) 9.8 42.3 42.3 42.3 �0.1
cT1b 1076 (35.8) 895 (36.5) 181 (32.6) �8.1 36.0 35.8 36.1 0.7
cT1x 659 (21.9) 452 (22.1) 117 (21.1) �2.4 21.7 21.9 22.6 �0.7

Year of diagnosis
2004 703 (23.3) 567 (23.1) 135 (24.3) 2.9 23.3 23.4 23.3 �0.2
2005 712 (23.7) 582 (23.7) 130 (23.4) �0.7 23.5 23.6 23.3 �0.8
2006 743 (24.7) 612 (25.0) 131 (23.6) �3.1 24.6 24.7 24.6 �0.2
2007 852 (28.3) 693 (28.2) 159 (28.7) 0.9 28.6 28.3 28.9 1.2

Insurance status, No. (%)
Private 2247 (74.7) 1843 (74.1) 404 (72.8) �5.3 74.9 74.7 75.2 0.5
Medicare 256 (8.5) 197 (8.0) 59 (10.6) 9.0 8.3 8.5 8.1 �1.5
Medicaid/other
government

300 (10.0) 248 (10.1) 52 (9.4) �2.5 9.8 10.0 9.7 �1.5

Uninsured 157 (5.2) 129 (5.3) 28 (5.0) �0.1 5.3 5.2 5.3 3.1
Unknown 49 (1.6) 37 (1.5) 12 (2.2) 4.9 1.7 1.6 1.7 �1.0

Median income quartiles within ZIP code, No. (%)
�$37 999 579 (19.3) 466 (19.0) 113 (20.4) 3.4 19.9 19.1 20.7 4.2
$38 000–47 999 639 (21.2) 524 (21.3) 115 (20.7) �1.6 21.3 21.3 21.3 0.1
48 000–62 999 793 (26.4) 655 (26.7) 138 (24.9) �4.2 25.8 26.6 24.9 �4.1
�$63 000 952 (31.6) 768 (31.3) 184 (33.1) 4.0 31.5 31.5 31.6 0.2
Unknown 46 (1.5) 41 (1.7) 5 (0.9) �6.8 1.5 1.5 1.5 0.0

Quartiles of no high school degree, No. (%)
�21% 549 (18.3) 446 (18.2) 103 (18.6) 1.0 18.5 18.3 18.7 1.0
13–20.9% 799 (26.5) 653 (26.6) 146 (26.3) �0.7 26.8 26.6 27.0 1.0
7–12.9% 920 (30.6) 756 (30.8) 164 (29.5) �2.7 30.3 30.5 30.0 �1.2
�6.9% 695 (23.1) 558 (22.7) 137 (24.7) 4.6 22.9 23.1 22.8 �0.7
Unknown 46 (1.5) 41 (1.7) 5 (0.9) 6.8 1.5 1.5 1.5 0.0

Great circle distance, No. (%), miles
�5.1 772 (25.7) 630 (25.7) 142 (25.6) �0.2 25.8 25.7 25.9 0.4
5.2–11.2 747 (24.8) 604 (24.6) 143 (24.8) 2.7 24.8 24.8 24.7 �0.1
11.3–27.2 767 (25.5) 621 (25.3) 146 (26.3) 2.3 25.4 25.5 25.3 �0.3
�27.3 676 (22.5) 557 (22.7) 119 (21.4) �3.0 22.5 22.5 22.6 0.1
Unknown 47 (1.6) 42 (1.7) 5 (0.9) �7.1 1.5 1.6 1.5 �0.3

Urban/rural status of county, No. (%)
Metropolitan 2427 (80.7) 1972 (80.3) 455 (82.0) 4.2 80.7 80.6 80.8 0.4
Urban 421 (14.0) 348 (14.2) 73 (13.2) �3.0 13.8 14.0 13.7 �0.9
Rural 49 (1.6) 41 (1.7) 8 (1.4) �1.9 1.6 1.6 1.5 �1.0
Unknown 112 (3.7) 93 (3.8) 19 (3.4) �2.0 3.9 3.8 4.0 1.4

Treating hospital, No. (%)
Academic 829 (27.6) 684 (27.9) 145 (26.1) �3.9 27.4 27.5 27.3 �0.5
Nonacademic 1465 (48.7) 1197 (48.8) 268 (48.3) �1.0 49.0 48.7 49.3 1.1
Unknown 715 (23.8) 573 (23.3) 142 (25.6) 5.2 23.6 23.8 23.4 �0.8

Hospital surgical
volume, mean (SE)

58.0 (3.3) 58.7 (3.4) 54.9 (4.1) �7.9 57.8 (3.6) 57.5 (4.4) 58.0 (3.3) �1.0

(continued)
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characteristics stratified according to treatment arm.
Statistically significant difference in baseline characteristics
was observed as shown in the standardized difference of
unweighted comparisons. Patients treated with partial nephrec-
tomy were less comorbid (CCI 0 ¼ 82.7% vs 81.8%, P¼ .001).
There was no difference in other variables between patients
treated with radical or partial nephrectomy. Multivariable logis-
tic regression suggests that patients with clinical stage T1b can-
cers were as likely to have partial nephrectomy (P¼ .077).

An unweighted Kaplan Meier analysis of overall survival com-
paring radical and partial nephrectomy suggested no difference be-
tween the two treatment arms (HR ¼ 0.86, 95% CI ¼ 0.66 to 1.14,
P¼ .299) (Supplementary Figure 1, available online). Cox regression
analysis of the unweighted patient cohort confirmed there was no
difference in overall survival between the radical and partial ne-
phrectomy (HR ¼ 0.78, 95% CI ¼ 0.59 to 1.03, P¼ .075)
(Supplementary Table 1, available online). Following IPTW adjust-
ment, standardized differences were not statistically significant
and were less than 10%, suggesting baseline characteristics of both
patient cohorts were comparable. The distribution of propensity
scores between the two groups suggested they were well balanced
following IPTW adjustment. Following IPTW adjustment, no differ-
ence in overall survival between radical and partial nephrectomy
was observed (HR ¼ 0.83, 95% CI ¼ 0.63 to 1.10, P¼ .196) (Figure 3).
There were no statistically significant interactions between type of
surgery and clinical stage on treatment outcome (HR ¼ 1.28, 95% CI
¼ 0.96 to 1.70, P¼ .094). The additional sensitivity analysis including
patients younger than 65years (7756 radical nephrectomy vs 1602
partial nephrectomy) reaffirms our findings and no difference in
overall survival was observed (HR ¼ 0.95, 95% CI ¼ 0.84 to 1.09,
P¼ .476). The treatment outcomes were consistent even when all
patients with RCC between 2004 and 2015 (10 105 radical nephrec-
tomy vs 2262 partial nephrectomy) were included (HR ¼ 0.92, 95%
CI ¼ 0.77 to 1.10, P¼ .374). Post hoc power calculations revealed that
the current sample size is sufficient to detect a hazard ratio of 0.871
with an 80% power and 5% statistical significance.

Discussion

This retrospective cohort study comparing radical vs partial ne-
phrectomy did not find an overall survival benefit for partial ne-
phrectomy over radical nephrectomy with a median follow-up
of 108.6 months. We selected a young patient cohort, which is in
fact reflective of the increasing incidence of incidental renal
tumors and is subjected to less case selection bias and therefore
may not be accounted for in our IPTW approach.

An overwhelming number of observational studies as well
as systematic reviews and meta-analysis demonstrate that

partial nephrectomy has an overall survival advantage com-
pared with radical nephrectomy contrary to results of the
EORTC 30904 randomized trial (7,8,20,21). Some have even
reported a cancer-specific survival advantage favoring partial
nephrectomy (20,21). Biologically, it would be difficult to justify
that an organ-preserving surgical approach would result in a
better oncological outcome compared with complete excision of
the whole organ. Although these studies utilized statistical
methods that are similar to the current study to account for
case selection bias, their patient cohort comprised older and co-
morbid patients, which may not be fully accounted for
statistically. Hence, we excluded patients 50 years and older to
minimize bias. A recent study also using the NCDB reported sur-
vival benefit for partial nephrectomy compared with radical ne-
phrectomy in a similar patient cohort to the current study but
that used pathological T1a stage rather can clinical stage, which
is a confounding factor for case selection (22). Collectively, these
results suggest inaccurate conclusions and reinforce the fact
that case selection represents an inherent bias when comparing
these two patient cohorts. Indeed, randomized data from breast
cancer suggest that an organ-conserving approach achieves
equivocal long-term overall survival to a radical approach and
does not claim superiority (23).

Despite level one evidence suggesting that partial nephrec-
tomy has no survival advantage over radical nephrectomy,
clinicians, particularly high-volume surgeons in academic insti-
tutions, continue to promote and perform partial nephrectomy
on any technically feasible case. Indeed, the American
Urological Association guidelines recommend that “urologists
should prioritize partial nephrectomy for the management for
cT1a renal mass where intervention is required” based on retro-
spective data despite the uncertainty raised by the EORTC 30904
trial (3,8).

The biological rationale for partial nephrectomy over radical
nephrectomy for the treatment of small renal tumors is logical.
There is convincing evidence that CKD is associated with all-
cause mortality and particularly cardiovascular associated mor-
tality (24). In addition, patients who are elderly with preexisting
cardiovascular risk factors are at increased risk of death follow-
ing a diagnosis of CKD (20). Hence, preserving healthy nephrons
by excising only the cancerous region of the kidney, in theory,
should minimize any decline in estimated glomerular filtration
rate (eGFR) the patient is subjected to, preventing the risk of
CKD. In addition, partial nephrectomy still has a role in patients
with bilateral RCC or RCC in a solitary kidney (25).

However, the perceived disadvantage of radical nephrec-
tomy may be overexaggerated. Live donor nephrectomy
patients have normal life expectancy with well-preserved renal
function despite having only one kidney even after 25 years (26).

Table 1. (continued)

Variables

Unweighted patient cohort Weighted patient cohort

All patients
(n¼ 3009)

Radical
nephrectomy

(n¼ 2454)

Partial
nephrectomy

(n¼ 555)
Standardized
differences, %

All
patients, %

Radical
nephrectomy, %

Partial
nephrectomy, %

Standardized
differences

Census division of treatment facility, No. (%)
East 939 (31.2) 767 (31.3) 172 (31.0) �0.6 31.7 31.1 32.3 2.7
Central 1035 (34.4) 845 (34.4) 190 (34.2) �0.4 34.8 34.1 35.4 2.6
West 320 (10.6) 269 (10.9) 51 (9.2) �5.9 10.0 11.0 8.9 �7.2
Unknown 715 (23.8) 573 (23.4) 142 (25.6) 5.2 23.6 23.8 23.4 �0.8

*CCI ¼ Charlson comorbidity index; cT ¼ clinical T stage.

W. S. Tan et al. | 5 of 8

RETRACTED

Deleted Text: S
Deleted Text: -
Deleted Text: :
Deleted Text: p
Deleted Text: p
Deleted Text: U
Deleted Text: hazard ratio [H
Deleted Text: ]
Deleted Text: :
Deleted Text: :
Deleted Text: -
Deleted Text: &ndash;
Deleted Text: p
/article-lookup/doi/10.1093/jncics/pkz003#supplementary-data
Deleted Text: that 
Deleted Text: between 
Deleted Text: HR:
Deleted Text:  
Deleted Text: 95&percnt; CI:
Deleted Text:  
Deleted Text: -
Deleted Text: &ndash;
Deleted Text: p
/article-lookup/doi/10.1093/jncics/pkz003#supplementary-data
Deleted Text: <
Deleted Text: D
Deleted Text: ing
Deleted Text: HR:
Deleted Text:  
Deleted Text: 95&percnt; CI:
Deleted Text:  
Deleted Text: -
Deleted Text: &ndash;
Deleted Text: p
Deleted Text: HR:
Deleted Text:  
Deleted Text: 95&percnt; CI:
Deleted Text:  
Deleted Text: -
Deleted Text: &ndash;
Deleted Text: p
Deleted Text: A
Deleted Text: <
Deleted Text: HR:
Deleted Text:  
Deleted Text: 95&percnt; CI:
Deleted Text:  
Deleted Text: -
Deleted Text: &ndash;
Deleted Text: p
Deleted Text: -
Deleted Text: HR:
Deleted Text:  
Deleted Text: 95&percnt; CI:
Deleted Text:  
Deleted Text: -
Deleted Text: &ndash;
Deleted Text: p
Deleted Text: -
Deleted Text:  
Deleted Text: are 
Deleted Text: which 
Deleted Text: to 
Deleted Text:  
Deleted Text:  
Deleted Text: to 
Deleted Text: which 
Deleted Text: of 
Deleted Text: by 
Deleted Text: &ge;
Deleted Text: to 
Deleted Text: s
Deleted Text: where 
Deleted Text:  
Deleted Text: `
Deleted Text: required' 
Deleted Text: ,
Deleted Text: -
Deleted Text: ,
Deleted Text: only 


In addition, duration since donor nephrectomy was performed
was not a factor for the development of CKD grade 3 (eGFR
<60 mL/min/1.73 m2) (27). Decline in eGFR from surgical causes
is quite distinct from renal failure attributed to medical causes
such as hypertension, diabetes mellites and other cardiovascu-
lar causes (28,29). Data from patients treated with radical ne-
phrectomy suggest that a decline in eGFR post-nephrectomy
was associated with a lower overall survival only in patients
with preexisting CKD attributed to medical causes (28).

There is no doubt that partial nephrectomy is a technically
more challenging procedure compared with radical nephrec-
tomy. Some surgeons may be comfortable performing a laparo-
scopic radical nephrectomy for a cT1 RCC, which is arguably
less morbid than an open partial nephrectomy and may be nec-
essary due to technical reasons (30). Reported perioperative
complications such as major hemorrhage (3.1% vs 1.2%), urinary
fistula (4.4% vs 0%), and reoperation (4.4% vs 2.4%) rates were all
higher following partial nephrectomy compared with radical
nephrectomy even in expert hands (31). In a series of 1800 par-
tial nephrectomies, 24.4% of patients developed postoperative
complications and 5.6% of patients required a subsequent pro-
cedure following initial surgery, suggesting that complications
following partial nephrectomy are not insignificant (32). Hence,
the decision to subject patients to the risk of a more comorbid
procedure should only be warranted where there is a clear bene-
fit either in survival or perioperative recovery, which remains
unclear in the case of partial nephrectomy. Cost analysis also
suggests that inpatient cost relating to partial nephrectomy is
more expensive than radical nephrectomy ($12 178 vs $9040)
(33). In addition, where minimal invasive surgery is a concern,
partial nephrectomy is more likely to be performed using a ro-
botic approach, which is considerably more costly compared
with laparoscopic nephrectomy (12).

Efforts to minimize patient morbidity for partial nephrec-
tomy have led to the centralization of renal cancer services as
well as the rapid adoption of robotic technology (34). The argu-
ment for a robotic approach in the case of partial nephrectomy
may be justified by a shorter learning curve and technically eas-
ier procedure, although recent evidence suggests that where
radical nephrectomy is a concern, robotic-assisted surgery has
no advantage over laparoscopic nephrectomy but is associated
with higher cost (12). Although efforts to centralized complex

surgery should be applauded, the requirement to travel often
poses a challenge to patients of lower socioeconomic status,
widening existing disparities of care where disadvantaged
patients would end up being treated at noncentralized
units (15).

Our results differ from previous retrospective studies.
Patients in the SEER-Medicare study by Tan et al. were older and
more comorbid (CCI�1 ¼ 42.2%) compared with the current
study (5). However, patients in the current study (CCI �1 ¼
18.1%) had comparable comorbidities to the study by Van
Poppel et al. (World Health Organization performance score �1
¼ 14.6%) (8). We hypothesized that partial nephrectomy may
have a role in patients with considerable medical comorbidities,
particularly patients with diabetes mellites, cardiovascular dis-
ease, hypertension, and smoking history (35). As discussed pre-
viously, patients with medically induced CKD may be at future
risk of renal failure, and preserving as much renal parenchyma
as possible may reduce the risk of CKD-related mortality (24,36).
However, the conundrum then poses the question of whether
these patients with multiple comorbidities should be subjected
to a more complex procedure with a higher complication rate or
if they would be better served by a quicker, simpler operation
such as a radical nephrectomy.

Limitations in this study should be acknowledged. Data de-
rived from the NCDB are retrospective in nature and may be
subject to case selection bias as with other registry-based studies.
To attempt to adjust for this, we performed propensity score ad-
justment to negate the effect of confounding factors, although we
acknowledge that comorbidity can be underestimated in NCDB
(37). In fact, any bias in case selection would favor partial ne-
phrectomy where such patients would be physiologically fitter
with a longer life expectancy. We also do not have data on ische-
mia time, which may influence the physiological function of
remaining renal nephrons (38). In addition, before 2010, NCDB did
not capture surgical approach (open, laparoscopic, robotic) as
well as conversions from partial nephrectomy to radical nephrec-
tomy. However, we believe that these factors do not influence
long-term overall survival, which was our primary endpoint of
the study. NCDB also captures overall survival and not cancer-
specific survival; hence, we report a long patient follow-up and
oncological related deaths over 5 years would be rare and deaths
following 5 years are most likely attributed to noncancer causes.
Finally, although we report a long median follow-up of
109 months, these patients would have an estimated life expec-
tancy of another 15 years and we are unable to determine if with
longer follow-up there will be a change on overall survival be-
tween the two treatment arms.

Our study did not find a long-term overall survival difference
between partial and radical nephrectomy. Young and healthy
patients may have sufficient renal reserve over their lifetime,
and preserving nephrons by partial nephrectomy may be un-
necessary. Hence, the risk of complications following partial ne-
phrectomy should be balanced against the fact that not all
patients will derive a benefit from a nephron-sparing approach.

Notes
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SRL, JN, ASK, SC, Q-DT); Division of Surgery & Interventional

Figure 3. Weighted (HR ¼ 0.83, 95% CI ¼ 0.63 to 1.10, P¼ .196) Kaplan Meier analy-

sis of overall survival for patients treated with radical and partial nephrectomy.
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