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Abstract
Below 85 mL/min, an inverse linear correlation between the estimated glomular filtration rate (eGFR) and
cancer-specific mortality exists in stage I to II renal cell carcinoma. Conversely, above this breakpoint, as well
as in stage III to IV disease, regardless of eGFR, no significant relationship exists. These findings suggest an
oncologic role of eGFR in stage I to II renal cell carcinomas. Here, nephron-sparing approaches should be
preferred, unless extirpative surgery could equally warrant eGFR preservation.
Background: A recent multi-center study showed how estimated glomerular filtration rate (eGFR) and cancer-specific
mortality (CSM) are linearly and inversely related in organ-confined renal cell carcinoma (RCC) whenever the eGFR
decreases below specific thresholds. We addressed our previous work limitations related to heterogeneity and
missing data, and explored the relationship between eGFR and CSM also in locally advanced RCC. Materials and
Methods: All patients with RCC treated with either partial or radical nephrectomy from 1990 to 2018 at a single
institution and with complete data on renal function were included. eGFR was managed as a time-dependent variable.
The relationship between eGFR and CSM was analyzed using a Fine and Gray multivariable competing risks
framework. Subdistribution hazard ratios (SHRs) were calculated accounting for deaths from other causes. Results:
Multivariable competing risks analysis showed a “piecewise” relationship between eGFR and CSM, with an inverse
linear correlation for eGFR values below 85 mL/min. Below this breakpoint, a significant relationship existed between
eGFR and CSM in both clinical (SHR, 1.27; P < .001) and pathologic (SHR, 1.27; P ¼ .001) models in stage I to II RCC
subgroup. Conversely, no significance was recorded in this subgroup when considering eGFR values above 85 mL/
min. In the stage III to IV subgroup, no significant relationships were recorded, regardless of eGFR values. The
retrospective design with inherent biases in data collection represents a limitation. Conclusions: In patients under-
going surgery for stage I to II RCC, preservation of renal function over “safety limits” is protective from CSM.
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Introduction
Both European and North American guidelines recommend

partial nephrectomy (PN) as standard treatment for cT1 renal
cell carcinoma (RCC), when technically feasible.1,2 PN has been
shown to have equivalent oncologic outcomes relative to radical
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nephrectomy (RN),3,4 but better preservation of renal func-
tion.3,5 Indeed, it has been postulated that preserving a larger
amount of estimated glomerular filtration rate (eGFR)
may reduce nonecancer-related mortality, at least in subgroups
of patients.6-9
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Renal Function and Cancer-specific Mortality
Spurred by the evidence provided by a handful of large longi-
tudinal population studies,10-15 we recently promoted a multi-
institutional project to investigate a cutting-edge hypothesis: may
renal function be a determinant also of oncologic outcomes? Thus,
from the comprehensive analysis of 3500 clinically organ-confined
RCCs, an inverse relationship between eGFR and cancer-specific
mortality (CSM) was recorded below “safety limits” (ie, under
specific thresholds in eGFR).16 These findings provided an addi-
tional basis to further sponsor the adoption of nephron-sparing over
extirpative approaches. However, these previous results should be
cautiously interpreted17,18 because the interplay between renal
function, host, and cancer is complex and multifaceted such that
causal associations should not attempted through a retrospective
trial. Additionally, the multicenter source of data entailed a certain
degree of heterogeneity in surgical techniques, perioperative man-
agement, pathologic assessment, and follow-up schedules. Further-
more, no more than 3 serum creatinine measurements were
available for each patient, with a non-negligible rate of missing data.
Finally, the previous study only considered Tumor, Node, and
Metastasis (TNM) stage I or II tumors.

To address some of these limitations, the present study aimed at
re-challenging the hypothesis that eGFR and CSM may be related
in RCC. We re-tested this hypothesis in a single-institution data-
base, where multiple assessments of renal function and extended
follow-up were available.

Materials and Methods
Data Source and Study Population

Data of patients consecutively treated with either PN or RN
between 1990 and 2018 were abstracted from our institutional
perspectively maintained RCC database. Both clinical and patho-
logic stages were coded according to the 2017 TNM classification
and grouped according to the 2017 American Joint Commission on
Cancers (AJCC)/TNM classification1 as TNM I to II and TNM III
to IV stages. No restrictions according to stage were applied.

Elective PN was generally reserved to clinically organ-confined
masses, when deemed as technically resectable. During the study
period, the tumor size cutoff for PN was progressively raised from 2
to 3 cm to 7 cm, in accordance with current guidelines.1,2

The eGFR was evaluated by the Chronic Kidney Disease
Epidemiology collaboration (CKD-EPI) equation from serum
creatinine.19 Follow-up was performed at a dedicated outpatient
clinic and was tailored on risk classes, as previously reported.20

Serum creatinine was provided during each follow-up visit, half-
yearly in the first 2 years, and yearly afterwards for an indefinite
time. Incomplete information was supplemented by either phone
interview or registries’ consultation. Causes of death were reported
as either CSM (death related to RCC) or other cause mortality
(OCM, death owing to other causes).

Statistical Analysis
Median and interquartile range (IQR) and numbers and pro-

portions were used to summarize continuous and categorical vari-
ables, respectively. The relationship between eGFR and CSM was
analyzed in a competing risks framework,21 accounting for death
from other causes. Two multivariable Fine and Gray competing
risks models were fitted. The first model accounted for age, gender,
nical Genitourinary Cancer Month 2019
and clinical TNM stage. The second one accounted for age, gender,
pathologic TNM stage, and grade. In both models, eGFR was
incorporated as a time-dependent covariate22 by expanding data
from 1 record-per-patient to 1 record-per-time interval per patient.
The competing risks models-derived subdistribution hazard ratio
(SHR) is the ratio of the instantaneous risk at time t of having the
event of death for 2 groups and can be interpreted as hazard ratios of
the Cox model. Then, the results of these 2 models were compared
with those of a landmark analysis23 by setting 6 landmark time
points (0, 12, 24, 36, 48, and 60 months) and estimating a standard
Fine and Gray model for each one, using eGFR as a fixed-time
covariate. Additionally, 2 exploratory plots were drawn to visualize
the relationship between eGFR and CSM: a scatterplot with a
smoothed curve estimated by local regression (LOESS) and a set of
cumulative incidence functions (CIFs) for different intervals of
eGFR. Both graphs suggested to model the eGFR/CSM relationship
by a continuous piecewise linear function with 2 lines joined by a
knot (ie, a linear spline). The knot was estimated using the method
proposed by Muggeo.24 Finally, the final competing risks multi-
variable models were built taking into account the piecewise
relationship.

A P-value < .05 was considered statistically significant. Calcu-
lations were done with Stata 15 (StataCorp, College Station, TX)
and R (version 3.6.1; R Foundation for Statistical Computing,
Vienna, Austria).

Results
In this study, 1767 surgically treated patients with RCC were

included (Table 1). The majority (73.4%) of patients harbored
TNM I to II stage. Additionally, 1015 (57.4%) patients were
treated with RN and 752 (42.6%) with PN. At last available follow-
up, 1491 (84.3%) patients were alive, 131 (7.4%) died owing to
RCC, and 145 (8.2%) died owing to other causes. The median
follow-up for patients still alive was 64 months (interquartile range
[IQR], 23-124 months). Overall, 9529 eGFR measurements were
available, with a median of 5 measurements per patient. The median
baseline eGFR was 88 mL/min (IQR, 77-95 mL/min).

At univariable competing risks analysis, CSM and eGFR were
significantly related with a SHR of 0.83 (95% confidence interval
[CI], 0.70-0.90; P < .001). Exploratory graphs showed that the
relationship between eGFR and CSM was described by a contin-
uous piecewise linear function, with a knot calculated at the value of
eGFR approximately equal to 85 mL/min (Figure 1).

In both multivariable Fine and Gray competing risks models
(Table 2), a statistically significant inverse relationship between
eGFR and CSM was recorded in case of organ-confined tumors
and eGFR values below the breakpoint of 85 mL/min. Spe-
cifically, the SHR for every 10 mL/min of decrease in eGFR
was equal to 1.27 (95% CI, 1.12-1.43; P < .001) and 1.27
(95% CI, 1.11-1.45; P ¼ .001) for clinical and pathologic
TNM I to II stages, respectively. Conversely, no statistically
significant relationship between eGFR and CSM was recorded
in case of both clinical and pathologic noneorgan-confined
diseases. Finally, no statistically significant relationship between
eGFR and CSM was recorded when eGFR values above the
breakpoint of 85 mL/min were considered, independently from
the TNM stage.



Table 1 Baseline Demographic and Tumor Characteristics of
1767 Surgically Treated Patients With Renal Cell
Carcinoma

Feature Value, n (%)

Age, y

Median (IQR) 66.0 (55.5-72.1)

Gender

Male 1127 (63.8)

Cardiovascular disease

Present 779 (44.1)

Diabetes

Present 233 (13.2)

Charlson comorbidity index

0 971 (54.9)

1 300 (17.0)

�2 481 (28.1)

Symptoms at diagnosis

Absent 1188 (67.2)

Local 481 (27.2)

Systemic 83 (5.6)

Clinical TNM stage

I-II 1298 (73.4)

III-IV 459 (26.6)

Clinical tumor diameter, cm

Median (IQR) 4.2 (3.0-6.5)

Surgery type

Partial nephrectomy 752 (42.5)

Radical nephrectomy 1015 (57.5)

Ischemia (partial nephrectomy)

No 204 (35)

Warm 364 (62)

Cold 19 (3)

Clavien Dindo complications

None 902 (68)

Minor (I-II) 347 (26)

Major (III-IV) 78 (6)

Pathologic tumor diameter, cm

Median (IQR) 4.2 (3.0-6.0)

Pathologic TNM stage

I-II 1314 (74.3)

III-IV 451 (25.7)

Histologic subtype

Clear cell 1329 (75.2)

Papillary 253 (14.3)

Chromophobe 115 (6.5)

Collecting duct 19 (1.1)

Others 51 (2.9)

Fuhrman grade

G1-G2 885 (57.0)

G3-G4 665 (43.0)

Sarcomatoid de-differentiation

Present 40 (2.3)

Table 1 Continued

Feature Value, n (%)

Necrosis

Present 158 (8.9)

Positive surgical margins

Present 57 (3.2)

Creatinine at diagnosis, mg/dL

Median (IQR) 0.9 (0.8-1.1)

eGFR at diagnosis, mL/min/1.73m2

Median (IQR) 88.0 (80.0-95.0)

Abbreviations: eGFR ¼ estimated glomerular filtration rate; IQR ¼ interquartile range; TNM ¼
Tumor, Node, and Metastasis classification.
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Landmark analyses at different timepoints, from baseline to 60
months, virtually replicated the above-reported findings (Tables 3
and 4). Specifically, a statistically significant inverse relationship
between eGFR and CSM was confirmed in both clinical and
pathologic TNM I to II stages. Additionally, in the analysis with
eGFR at baseline, a statistically significant inverse relationship was
also recorded for both clinical (SHR, 1.28; 95% CI, 1.00-1.63; P ¼
.046) and pathologic (SHR, 1.23; 95% CI, 1.03-1.47; P ¼ .022)
TNM III to IV stages when eGFR values below the breakpoint of
85 mL/min were considered.

The inverse relationship between CSM and eGFR was further
investigated by drawing CIFs of subgroups defined by eGFR in-
tervals (Figure 2). The graph shows the existence of a nonlinear
relationship between the risk of CSM and eGFR. Below the safety
limit of 85 mL/min, gradually decreasing eGFR are associated with
gradually increasing CSM risks. Conversely, above the safety limit,
no significant association was evidenced, as shown by the almost
overlapping curves for eGFR intervals of 75 to 85 mL/min, 85 to
100 mL/min, and > 100 mL/min.

Discussion
In this study, we demonstrated that eGFR represented an inde-

pendent predictor of CSM in organ-confined RCC, ever after
adjustment for possible confounders and competitive causes of
death. The relationship between eGFR and CSM was modeled by a
“piecewise” linear function with a cutoff of 85 mL/min. Below this
limit, eGFR and CSM proportionally and inversely related in TNM
I to II stage RCC disease. Such results support the hypothesis that
renal function could be a determinant of CSM exclusively beyond a
certain degree of impairment, in agreement with other already
established detrimental effects of renal failure.6-9 Conversely, above
this breakpoint, eGFR and CSM were unrelated. These findings
suggest that once the reserve is exhausted, any further decline
proportionally increases the mortality.

These conclusions overlap with our previous multicenter study.
Nonetheless, in the current single-center study, we relied on a more
complete set of eGFR measurements, as well as more rigorous data
on clinical stage, pathologic assessment, perioperative management,
and follow-up schedule. Additionally, we also relied on stricter
landmark analyses that confirmed the association between eGFR
and CSM at baseline, as well as at multiple timepoints during the
follow-up. Moreover, it is also noteworthy that the magnitude of
Clinical Genitourinary Cancer Month 2019 - 3



Figure 1 Relationship Between eGFR and Cumulative Incidence Function, a Measure of Cancer-specific Mortality in Competing Risks
Framework, at 60 Months. The Smoothed Curve Was Estimated by Local Regression (LOESS) and Showed a Clear
Nonlinearity that Could be Approximated by a Continuous Piecewise Linear Function With 2 Regression Lines and 1 Knot.
The Value of the Estimated Knot Was Equal to 85 mL/min, as Determined by Different Methods

Abbreviation: eGFR ¼ estimated glomerular filtration rate.
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such association remained similar across timepoints. These data
suggest that both preoperative and postoperative residual renal
function impact on CSM and that this relationship remained stable
over time.

In addition to these confirmatory findings, the present study also
shows that the relationship between eGFR and CSM was instead
not significant in more advanced tumors (TNM III-IV stages).
Reasonably, in these cases, other adverse prognostic factors exerted a
stronger effect on CSM such that the effect of eGFR became
negligible. Nevertheless, landmark analyses showed that, in TNM
III to IV stages, the association between eGFR and CSM below the
breakpoint of 85 mL/min was significant at baseline. This result
observes that pre-existing conditions may be an independent
prognostic factor of CSM.

The hypothesis that the impairment of renal function may
impact on CSM has been poorly acknowledged. However, evi-
dences support that chronic kidney disease (CKD), even at an early
stage, may worsen the response against cancer. Indeed, a handful of
large longitudinal prospective population studies that enrolled
hundreds of thousands of subjects showed an inverse relationship
between eGFR and cancer incidence10,11,13,14 and
mortality11,15,25,26 for both RCC and other primaries. Additionally,
nical Genitourinary Cancer Month 2019
one single multi-institutional retrospective study reported that 200
patients with preoperative CKD compared with 600 matched
controls had worse cancer survival after RN.27

Our previous multi-institutional study revived the debate on this
issue, attracting attention from the scientific community.17,18 The
present investigation corroborates our previous findings and adds
new potential meaningful clinical findings. Of consequence, the
indication to PN should be strongly sponsored in those patients
actually or potentially in CKD � 2 stage, to maximize the chances
of preserving eGFR. Such an assumption is well-supported for
TNM I RCC and is already included in the European guidelines.1

However, our findings indicate that such a recommendation should
also be pursued in selected patients with TNM II stage RCC. On
the contrary, our results question the role of nephron-sparing sur-
gery for the more advanced stages. The only association in this
subgroup was found for baseline eGFR, suggesting that patients
with impaired baseline function are burdened by a negative prog-
nosis owing to pre-existing conditions not modifiable by surgery.
Accordingly, the few preliminary experiences showing the feasibility
of PN in such conditions4,28 should be critically revised.

The findings of the present study should be regarded as
hypothesis-generating, and causal associations should not be



Table 2 Multivariable Fine and Gray Extended Regression Model to Estimate the Relationship Between Cancer-specific Mortality and
eGFR Values in Both Clinical (Model 1) and Pathologic (Model 2) Settings

Feature SHRa 95% CI P Value

Model 1: clinical setting

Gender (female vs. male) 0.58 0.40-0.85 .005

Age (years)b 1.12 0.89-1.40 .3

cTNM stage (III-IV vs. I-II) 4.28 2.86-6.41 <.001

eGFR below breakpoint (85 mL/min)

Subgroup cTNM stage I-II 1.27 1.12-1.43 <.001

Subgroup cTNM stage III-IV 1.13 0.97-1.33 .1

eGFR above breakpoint (85 mL/min)

Whole sample 1.49 0.72-3.09 .3

Model 2: pathologic setting

Gender (female vs. male) 0.65 0.45-0.96 .03

Age (years)b 1.00 0.81-1.26 .9

Grading (high vs. low) 2.66 1.75-4.05 <.001

pTNM stage (III-IV vs. I-II) 3.96 2.58-6.07 <.001

eGFR below breakpoint (85 mL/min)

Subgroup pTNM stage I-II 1.27 1.11-1.45 .001

Subgroup pTNM stage III-IV 1.10 0.96-1.27 .2

eGFR above breakpoint (85 mL/min)

Whole sample 1.33 0.62-2.86 .4

In both models, eGFR was incorporated as a time-dependent covariate.
Abbreviations: CI ¼ confidence interval; cTNM ¼ clinical Tumor, Nodal, and Metastasis classification; eGFR ¼ estimated glomerular filtration rate; pTNM ¼ pathologic Tumor, Nodal, and Metastasis
classification SHR ¼ subdistribution hazard ratio.
aThe SHRs for eGFR were referred to eGFR measured in 10 mL/min units and presented as the inverse of SHR value, in order to describe the variation in CSM related to the reduction in eGFR. The
main effects of pTNM and cTNM were calculated at the value of 60 mL/min.
bAge was standardized.
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attempted. The reasons underpinning the association between
eGFR and CSM are not intuitive. However, the well-
established disorders of the adaptive immune system in pa-
tients with CKD cannot be underestimated. Indeed, progressive
loss of renal function is associated with an impaired cellular
immune system, which is known as uremia-associated immune
deficiency. Here, the immune system can be activated in a pro-
inflammatory direction, which is characterized by the presence
of increased oxidative stress and inflammatory cytokines.29 The
derived chronic inflammatory status may affect the cellular
immune system. Indeed, a quantitative and functional loss of
lymphoid cells occur, followed by impaired thymic function,
attrition of telomeres, and expanded memory T cell population.
This cascade of events ultimately leads to a premature immu-
nological aging,30 and therefore, to the induction of epigenetic
changes. Last but not least, patients with impaired renal
function also suffer from depressed physical and mental health
status that could further reduce their defenses against cancer.

Despite its strengths, the present study is not devoid of limita-
tions. First, the retrospective design contains inherent biases in data
collection, particularly concerning the proteinuria. Additionally, we
were not able to account for other several modifiable and non-
modifiable factors such as hypertension, diabetes, and medications
that may impact on eGFR. Second, the lack of information on
tumor complexity, beyond the diameter of the tumor, which could
be related to CSM. Third, the long time span of the study, which
impacted the surgical technique, shifted towards minimally invasive
approaches.

Conclusions
The relationship found between eGFR and CSM indicates that

renal function could exert an oncologic role in patients undergoing
surgery for TNM stage I to II RCC. In such conditions, whenever
feasible, nephron-sparing approaches should be preferred, unless
extirpative surgery could equally warrant the preservation of renal
function above specific limits.

Clinical Practice Points

� A recent multi-center study showed how eGFR and CSM are
linearly and inversely related in organ-confined RCC whenever
the eGFR decreases below specific thresholds.

� We confirmed an inverse linear correlation between eGFR and
CSM in stage I to II kidney cancer, below the breakpoint of
eGFR 85 mL/min.

� In the stage III to IV subgroup, no significant relationships were
recorded, regardless of eGFR values.
Clinical Genitourinary Cancer Month 2019 - 5



Table 3 Landmark Analysis at 0, 12, 24, 36, 48, and 60 Months With Multivariable Fine and Gray Extended Regression Model to Estimate the Relationship Between Cancer-specific
Mortality and eGFR in Clinical Setting (Model 1)

Feature

Baseline 12 Months 24 Months 36 Months 48 Months 60 Months

SHR
(95% CI) P SHR (95% CI) P SHR (95% CI) P SHR (95% CI) P SHR (95% CI) P SHR (95% CI) P

Model 1: clinical
setting

Gender (female vs. male) 0.66 (0.34-1.30) .2 0.64 (0.41-1.02) .06 0.66 (0.41-1.05) .08 0.64 (0.39-1-06) .09 0.67 (0.40-1.13) .1 0.71 (0.39-1.28) .2

Age (years) 1.67 (1.03-2.72) .04 1.28 (0.96-1.71) .09 1.43 (1.04-1.96) .03 1.29 (0.92-1.81) .1 1.32 (0.90-1.94) .1 1.25 (0.80-1.95) .3

cTNM (III-IV vs. I-II) 3.72 (2.02-6.86) <.001 4.07 (2.52-6.59) <.001 4.33 (2.60-7.22) <.001 3.98 (2.31-6.84) <.001 3.57 (1.92-6.61) <.001 3.48 (1.65-7.31) .001

eGFR below breakpoint
(85 mL/min)

cTNM I-II 1.33 (1.13-1.56) .001 1.24 (1.08-1.43) .003 1.33 (1.15-1.55) <.001 1.34 (1.14-1.58) <.001 1.43 (1.22-1.66) <.001 1.48 (1.22-1.80) <.001

cTNM III-IV 1.28 (1.00-1.63) .048 1.13 (0.93-1.37) .2 1.10 (0.89-1.35) .4 1.12 (0.90-1.39) .3 1.14 (0.90-1.45) .4 1.19 (0.85-1.67) .3

eGFR above breakpoint
(85 mL/min)

Whole sample 0.69 (0.35-1.37) .3 1.10 (0.61-1.99) .7 1.04 (0.53-2.04) .9 1.27 (0.48-3.35) .6 1.75 (0.44-6.98) .4 1.29 (0.36-4.64) .7

SHRs of eGFR were referred to eGFR measured in 10 mL/min units and presented as the inverse of SHR value, in order to describe the variation in CSM related to the reduction in eGFR. The main effects of pTNM and cTNM were calculated at the value of 60 mL/min.
eGFR was incorporated as a time-dependent covariate.
Abbreviations: CI ¼ confidence interval; cTNM ¼ clinical Tumor, Node, and Metastasis classification; eGFR ¼ estimated glomerular filtration rate; pTNM ¼ pathologic Tumor, Node, and Metastasis classification; SHR ¼ subdistribution hazard ratio.
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Table 4 Landmark Analysis at 0, 12, 24, 36, 48, and 60 Months With Multivariable Fine and Gray Extended Regression Model to Estimate the Relationship Between Cancer-specific
Mortality and eGFR in Pathologic Setting (Model 2)

Feature

Baseline 12 Months 24 Months 36 Months 48 Months 60 Months

SHR (95% CI) P SHR (95% CI) P SHR (95% CI) P SHR (95% CI) P SHR (95% CI) P SHR (95% CI) P

Model 2: pathologic setting

Gender (Female vs. male) 0.65 (0.34-1.26) .2 0.69 (0.44-1.58) .1 0.69 (0.44-1.09) .1 0.69 (0.42-1.15) .1 0.72 (0.43-1.21) .2 0.76 (0.41-1.39) .4

Age (years) 1.44 (0.92-2.25) .1 1.19 (0.90-1.58) .2 1.27 (0.94-1.73) .1 1.22 (0.86-1.73) .3 1.30 (0.89-1.89) .2 1.23 (0.80-1.89 .3

Grade (High vs. Low) 4.02 (1.86-8.68) <.001 2.63 (1.51-4.59) .001 2.24 (1.30-3.84) .003 2.24 (1.28-3.93) .005 2.15 (1.20-3.85) .01 2.31 (1.16-4.60) .02

cTNM (III-IV vs. I-II) 2.60 (1.33-5.08) .005 4.62 (2.72-7.87) <.001 3.70 (2.07-6.62) <.001 3.68 (2.02-6.72) <.001 3.48 (1.79-6.79) <.001 2.63 (1.16-5.98) .02

eGFR below breakpoint
(85 ml/min)

cTNM I-II 1.35 (1.10-1.65) .004 1.27 (1.06-1.52) .009 1.28 (1.07-1.54) .007 1.31 (1.07-1.60) .008 1.38 (1.13-1.67) .001 1.35 (1.09-1.68) .006

cTNM III-IV 1.23 (1.03-1.47) .02 1.06 (0.90-1.25) .5 1.16 (0.96-1.41) .1 1.11 (0.93-1.32) .2 1.17 (0.95-1.43) .1 1.37 (1.02-1.86) .04

eGFR above breakpoint (85
mL/min)

Whole sample 0.69 (0.36-1.33) .3 0.89 (0.47-1.67) .7 0.82 (0.42-1.61) .6 1.05 (0.41-2.67) .9 1.46 (0.39-5.52) .6 1.07 (0.26-4.43) .9

SHRs of eGFR were referred to eGFR measured in 10 mL/min units and presented as the inverse of SHR value, to describe the variation in CSM related to the reduction in eGFR. The main effects of pTNM and cTNM were calculated at the value of 60 mL/min.
eGFR was incorporated as a time-dependent covariate.
Abbreviations: CI ¼ confidence interval; cTNM ¼ clinical Tumor, Node, and Metastasis classification; eGFR ¼ estimated glomerular filtration rate; pTNM ¼ pathologic Tumor, Node, and Metastasis classification; SHR ¼ subdistribution hazard ratio.
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Figure 2 The Plot Shows 7 Cumulative Incidence Functions, According to 7 Intervals of Estimated Glomerular Filtration Rate. The
Curves Were Estimated by a Multivariable Fine and Gray Model, With Gender, Age, Pathologic Stage, Type of Surgery and
Grading as Adjustment Covariates

Abbreviation: CSM ¼ cancer-specific mortality.
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