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Abstract

Introduction: We evaluated the trajectory of estimated glomerular
filtration rate (eGFR) after kidney surgery in patients with kidney
cancer and chronic kidney disease (CKD).

Methods: We identified 1204 consecutive patients in our institu-
tional database with preoperative CKD undergoing partial or radical
nephrectomy from 1998-2016. Postoperative eGFR was tracked,
with patients censored when receiving dialysis or kidney transplant-
ation. A multivariable mixed-effects models assessed associations
between preoperative baseline patient and tumor characteristics,
and longitudinal eGFR. The Kaplan-Meier method and multivari-
able Cox regression were used to estimate overall survival, cancer-
specific survival, and cumulative incidence of dialysis.

Results: Preoperatively, 892 (74.1%), 271 (22.5%), and 41 (3.4%)
patients had CKD stage 3a, 3b, and 4/5, respectively. There were
55 patients dialyzed and 355 deaths (99 from kidney cancer).
Median followup was 8.1 years, with 25 781 postoperative eGFR
measurements. Factors associated with decreasing eGFR pos-
toperatively included radical nephrectomy, male gender, older age,
increased body mass index (BMI), and cardiovascular risk factors.
We observed a significant interaction effect between time from
surgery and preoperative CKD stage: the eGFR of stage 3a patients
improved, while stage =3b declined (p<0.001). The two- year and
five-year cumulative incidence of dialysis was 1.8% (1.1-2.6%)
and 3.1% (2.2-4.2%), respectively. The cumulative incidence of
dialysis, with death as a competing event, significantly differed by
preoperative CKD stage.

Conclusions: Preoperative CKD stage =3b is independently associ-
ated with a higher risk of declining renal function, dialysis, and
mortality. With careful selection, patients with preoperative CKD
withstand kidney surgery with low rates of dialysis.

Introduction

Surgery is a key component in the management of kidney
cancer, however, it poses a risk of perioperative complica-
tions, including compromising renal function." To mitigate
this, partial nephrectomy, when amenable, is recommended,
as it reduces the likelihood of developing chronic kidney
disease (CKD) and cardiovascular morbidity and mortality.*
Population studies show that patients with concomitant kid-
ney cancer and CKD have an increased risk of end-stage
renal disease (ESRD) and cardiovascular events.>® Dialysis
dependence increases mortality and reduces overall quality
of life.”8 Therefore, operating on patients with pre-existing
CKD balances the benefits of surgical intervention against
the risk of further harming renal function.

We have previously validated factors predicting the resto-
ration of baseline estimated glomerular filtration rate (eGFR)
after radical nephrectomy.”'® Patients with preoperative CKD
(eGFR <60 mL/min/1.73m?) were more likely than those with
normal renal function (eGFR >60 mL/min/1.73m?) to return
to 95% of baseline eGFR within two years. For patients with
preoperative CKD, eGFR recovery was associated with nor-
motension and larger tumor size. However, we did not assess
whether this recovery was transient or sustained, prevented
long-term dialysis, or improved survival.

Contemporary management of fragile patients involves
multidisciplinary consideration of both surgical and non-
surgical management strategies."" In patients with concurrent
CKD and kidney cancer, the decision to operate requires a
careful assessment of both preoperatively appreciable tumor
factors, including size, vascular extension, and clinical stag-
ing, and the patient’s fitness for surgery, including age, renal
function, comorbidities, tobacco use, and body mass index
(BMI). Herein, we aim to characterize the long-term renal
function trajectory of patients with pre-existing CKD man-
aged with surgery.
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Patient selection

After obtaining institutional review board approval, we que-
ried our prospectively maintained kidney surgery database
for patients with CKD who underwent a partial or radical
nephrectomy from 1998-2016. We considered a patient to
have CKD if their preoperative eGFR closest to surgery, calcu-
lated with the CKD-EPI equation, was <60 mL/min/1.73m?2."2

Patients rendered anephric after kidney tumor surgery
(n=6), on preoperative dialysis (n=4), without an eGFR within
six weeks of surgery (n=4), or with incomplete baseline infor-
mation (n=5) were excluded, leaving a final study cohort
of 1204 patients. To reduce bias from multiple procedures,
patients receiving staged or repeat kidney tumor operations
were followed from the time of their last procedure.

Cohort variables

Patient and disease characteristics were summarized with
the median and interquartile range (IQR) for continuous
variables and the frequency and percentage for binary and
categorical variables. Patient and disease characteristics at
baseline were compared across preoperative CKD stages
using the Wilcoxon rank-sum test for continuous variables
and the Chi-squared or Fisher’s exact test, as appropriate,
for binary and categorical variables. Cardiovascular risk fac-
tors, including diabetes, hypertension, and coronary artery
disease, were recorded by the perioperative physician under-
taking the preoperative patient physical evaluation. These
factors were considered separately when describing patient
characteristics and were combined into a single variable,
reflecting any cardiovascular risk factor in modelling to
account for the common co-occurrence of these conditions.

Tumor stage is closely correlated to tumor size and, unlike
size, accurate staging requires the pathological specimen.
As we were assessing variables measurable preoperatively,
tumor size and the presence of metastases were selected to
evaluate tumor factors.

Postoperative statistical analysis

Our primary analysis was of postoperative longitudinal eGFR
trajectories. First, we examined postoperative longitudinal
trajectories of eGFR visually by plotting a smooth curve from
a generalized additive model, grouping patients according
to preoperative CKD stage. Univariable and multivariable
mixed effects models were used to assess the association
between preoperative patient and disease characteristics
with longitudinal eGFR values. The mixed effects models
incorporated a random intercept and slope for each patient,
to allow for variation in both baseline eGFR and eGFR tra-

jectory over time. The interaction effect between time from
surgery and preoperative CKD stage with respect to eGFR
over time was tested using a likelihood ratio test, and visu-
ally examined by plotting the predicted eGFR over time
according to CKD stage for patients with baseline values of
all other covariates. Patients initiating dialysis, either per-
manent or temporary, or receiving a kidney transplantation
were censored at the time of their intervention. Dialyzed
patients were further investigated to determine their base-
line characteristics, whether preoperative vascular access
for dialysis was prepared, the indication for dialysis, and
whether a kidney transplant ensued.

Our secondary analysis was of survival outcomes for this
population. Overall survival (OS) and cancer-specific sur-
vival (CSS) were defined as time from surgery to death from
any cause or death from kidney cancer, respectively, and
those still alive were censored at their last followup date.
The Kaplan-Meier method estimated OS and CSS and the
log-rank test was used to compare across preoperative CKD
stages. Multivariable Cox regression was used to examine
associations with OS and CSS. Time to dialysis was estimat-
ed using cumulative incidence, with death without dialysis
treated as a competing event, and Gray’s test was used to
compare across preoperative CKD stages. A multivariable
competing risks regression was used to test for associations
with dialysis. Factors included in multivariable analysis were
determined a priori based on clinical interest.

A p<0.05 was considered statistically significant. All sta-
tistical analyses were conducted using R version 3.5.1 (R
Core Development Team, Vienna, Austria).

Results

There were 1204 patients included in our study cohort.
The median age was 68 years (IQR 64-75) and 37% were
women. The median time from measurement of preoperative
eGFR to kidney surgery was 8 days (IQR 5-13). At baseline,
892 (74%) patients had stage 3a CKD, 271 (23%) had stage
3b, and 41 (3.4%) had stage 4 or 5 (4/5) CKD. Patients with
more severe CKD were older (median age 71 stage 3b and
4/5 vs. 67 stage 3a) and more frequently had hypertension
(88% stage 4/5 vs. 79% stage 3b vs. 70% stage 3a) and
coronary artery disease (29% stage 4/5 vs. 24% stage 3b vs.
17% stage 3a). Tumor characteristics were similar across all
groups (Table 1) with predominantly malignant pathology
(Supplementary Table 1).

Patients in all CKD groups more frequently had partial
(61%) rather than radical (39%) nephrectomy. There were
25 781 postoperative eGFR measurements, with a median of
15 measurements per patient (IQR 9-25). During the study
period, 55 patients required dialysis and 355 patients died,
99 (28%) of which were deaths due to kidney cancer. The
median eGFR followup time among those alive without
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Table 1. Preoperative patient characteristics by CKD stage

Variable G3a G3b G4/G5 p
n=892 (74%) n=271 (23%) n=41 (3.4%)
Female sex 328 (37%) 109 (40%) 12 (29%) 0.3
White race 827 (93%) 251 (93%) 36 (88%) 0.5
Age at surgery (years) 67 (60, 73) 71 (65, 77) 71 (64, 75) <0.001
BMI 29.1 (26.0, 32.5) 28.4 (25.5, 32.4) 29.4 (25.7, 32.5) 0.4
Unknown BMI 75 25 4

Ever smoker 430 (48%) 145 (54%) 25 (61%) 0.11
Preoperative metastases 73 (8.2%) 21 (7.7%) 1(2.4%) 0.5
Preoperative diabetes 147 (16%) 52 (19%) 9 (22%) 0.4
Preoperative hypertension 623 (70%) 214 (79%) 36 (88%) 0.001
Preoperative coronary artery 152 (17%) 65 (24%) 12 (29%) 0.009
disease

Radical nephrectomy 350 (39%) 113 (42%) 12 (29%) 0.3
Tumor size (cm) 3.8(2.5,6.2) 4.2 (2.5, 7.0) 4.5(3.2,7.0) 0.11

BMI: body mass index. CKD: chronic kidney disease.

dialysis was 8.1 years (IQR 4.6, 10). The raw eGFR mea-
surements for each patient are plotted over time in Fig. 1A,
with patients grouped by preoperative CKD stage and the
generalized additive model smooth overlaid within each
stage. The stage 3b and stage 4/5 CKD lines cross after seven
years, likely due to sparse data in the latter years.

For the primary analysis of postoperative eGFR trajectory,
in multivariable mixed-effects regression models incorporat-
ing a random intercept and slope, as well as a fixed effect
for time from kidney surgery, factors associated with increas-
ing eGFR postoperatively included partial nephrectomy,
female gender, younger age, lower BMI, and the absence
of any cardiovascular risk factors (Table 2). Furthermore,
we identified a significant interaction effect between time
from kidney surgery and preoperative CKD stage (interaction
p<0.001). To demonstrate this interaction effect, we plotted a
model predicting eGFR according to time from surgery for a
patient with baseline levels of all other covariates separately
for each preoperative CKD stage (Fig. 1B). This theoretical
model illustrated that patients with stage 3b or stages 4/5
disease at baseline had decreased eGFR over time, whereas
patients with stage 3a disease at baseline had an increased
eGFR with time from surgery.

Dialysis was initiated in 55 patients, with a two-year
and five-year cumulative incidence of dialysis of 1.8%
(95% confidence interval [CI] 1.1-2.6%) and 3.1% (95%
Cl 2.2-4.2%), respectively. The cumulative incidence of
dialysis, with death as a competing event, significantly dif-
fered according to preoperative CKD stage (Fig. 2). Patients
receiving a partial nephrectomy had a lower cumulative
incidence of dialysis, although this difference did not
quite reach conventional levels for statistical significance
(p=0.05). The individual sequelae for dialysis varied, includ-
ing three patients ultimately undergoing kidney transplanta-
tion. Preoperative CKD stage was significantly associated

with OS, but not CSS (Fig. 3), such that those with stage 3b
and 4/5 disease had a lower OS probability than those with
stage 3a. On multivariable analysis, tumor factors, including
size and preoperative metastasis, were significantly associ-
ated with OS and CSS but not dialysis (Table 3). Consistent
with other studies, female gender and increased BMI were
associated with improved CSS. Increased age was associated

Table 2. Multivariable mixed effects model for factors
associated with eGFR over time

Variable Estimate Standard p
error
Years from procedure 0.580 0.105 <0.001
Gender (female) 453 0.643 <0.001
Age -0.293 0.034 <0.001
Race (non-White) -1.53 1.16 0.2
BMI -0.199 0.059 <0.001
Smoking history -0.266 0.615 0.7
Preoperative metastases 1.94 1.16 0.09
Any cardiovascular risk factors -2.41 0.762 0.002
Radical nephrectomy -9.96 0.776 <0.001
Tumor size 0.187 0.113 0.1
Preoperative CKD stage <0.001
G3a Ref
G3b -11.2 0.776
G4/G5 -25.9 1.77
Years from procedure x <0.001
preoperative CKD
Years from procedure x Ref
preoperative CKD G3a
Years from procedure x -1.11 0.225
preoperative CKD G3b
Years from procedure x -1.20 0.563

preoperative CKD G4/G5

BMI: body mass index; CKD: chronic kidney disease; eGFR: estimated glomerular filtration
rate.
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Table 3. Multivariable associations with outcome

Dialysis HR Dialysis CSS HR CSS OS HR (o133
(95% Cl) p (95% Cl) p (95% Cl) p
Gender (female) 0.77 (0.38, 1.59) 0.5 0.60 (0.37, 0.96) 0.03 0.85 (0.66, 1.08) 0.2
Age 0.97 (0.94, 1.00) 0.02 1.00 (0.98, 1.03) 0.8 1.04 (1.02, 1.05) <0.001
Race (non-White) 1.18 (0.39, 3.56) 0.8 0.59 (0.25, 1.39) 0.2 0.94 (0.61, 1.44) 0.8
BMI 1.01 (0.97, 1.06) 0.6 0.94 (0.90, 0.98) 0.005 0.99 (0.97, 1.01) 0.3
Smoking history 1.51(0.77, 2.96) 0.2 0.71 (0.46, 1.10) 0.13 1.07 (0.85, 1.34) 0.6
Preoperative metastases 1.71 (0.54, 5.38) 0.4 7.44 (4.75, 11.7) <0.001 4.02 (2.99, 5.41) <0.001
Any cardiovascular risk factors 1.78 (0.69, 4.60) 0.2 0.81 (0.51, 1.30) 0.4 0.92 (0.70, 1.20) 0.5
Radical nephrectomy 1.88 (0.96, 3.70) 0.07 2.51(1.36, 4.63) 0.003 1.33 (1.01, 1.76) 0.04
Tumor size 0.97 (0.87, 1.08) 0.5 1.13 (1.07, 1.19) <0.001 1.08 (1.04, 1.11) <0.001
Preoperative CKD stage <0.001 0.6 <0.001
G3a Ref Ref Ref
G3b 3.23 (1.52, 6.86) 1.18 (0.73, 1.91) 0.5 1.55 (1.22, 1.99)
G4/G5 16.6 (6.76, 40.8) 1.57 (0.55, 4.43) 0.4 1.94 (1.17, 3.23)

BMI: body mass index; CKD: chronic kidney disease; Cl: confidence interval; CSS: cancer-specific survival; HR: hazard ratio; OS: overall survival.

with reduced OS and, interestingly, a reduced incidence of
dialysis, likely due to the fact that older patients are dying of
their comorbidities before they require dialysis for survival,
as evidenced by the increased hazard of the competing risk
of death with increasing age (hazard ratio 1.04, 95% Cl
1.02-1.06, p<0.001).

Discussion

surgery in patients with preoperative CKD, after adjusting for
other covariates, we found a divergence in the postopera-
tive eGFR trajectory between patients with stage 3a CKD
and those with stage 3b or worse CKD. The patients with
stage 3a CKD increased their eGFR over time, above their
baseline level, whereas the eGFR of patients with stage 3b
or worse CKD declined after kidney surgery. This preopera-

tive distinction within the CKD population has not been
described before.

Other factors associated with a reduced eGFR over time
included increased BMI and the presence of cardiovascu-
lar diseases, including hypertension, diabetes, and coronary
artery disease. An elevated BMI is a potentially modifiable
risk factor, while diabetes and hypertension are also man-
ageable chronic diseases. Although we have not tested the
impact of managing these comorbidities on eGFR trajectory,
our research reinforces the importance of screening for these
medical conditions, as they help predict the trajectory of
renal function after surgery. Non-modifiable risk factors for
reduced eGFR over time included male gender and older
age. These risk factors are also seen in kidney transplant
donors who develop ESRD."* Female gender was protective
of eGFR in our cohort and previous studies.’™' A study
comparing survival of patients with ESRD from a trauma
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Fig. 1. (A) Longitudinal estimated glomerular filtration rate (eGFR) over time with smooth based on general additive model. (B) Interaction between years since
surgery and preoperative chronic kidney disease (CKD) stage from the multivariable mixed effects model, for a patient with baseline levels of all other covariates.
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nephrectomy, oncological nephrectomy, or diabetes found
that diabetics had greater non-cancer mortality."” This rein-
forces the vulnerability of patients with concomitant medical
comorbidities, CKD, and kidney cancer.

A radical nephrectomy was associated with a reduced
eGFR over time, as well as worse CSS and OS. While this
may be influenced by tumor stage, we adjusted for tumor
size and the presence of metastases to mitigate this. Given
all patients had residual nephrons after surgery, the reduced
eGFR following radical nephrectomy may reflect a greater
reduction in renal volume. Increased tumor size was sig-

nificantly associated with a reduced eGFR over time on
univariable analysis (p<0.001), but the direction of this
effect reversed on multivariable analysis whereby increased
tumor size was associated with an increased eGFR over time
(p=0.101). Other studies also observed that resecting larger
tumors is associated with an improved eGFR postopera-
tively.'®'® This phenomenon may be explained by enlarging
tumors gradually destructing healthy kidney prior to surgery,
leading to compensatory upregulation of the contralateral
kidney to maintain homeostasis. This effect is likely to be
less pronounced in smaller tumors. Importantly, the bidi-
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Fig. 3. Plots of (A) cancer-free survival; and (B) overall survival according to preoperative chronic kidney disease

(CKD) stage.
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rectional difference in eGFR trajectory between stage 3a
CKD and stage 3b-5 CKD was observed after both radical
nephrectomy and partial nephrectomy. As patients with CKD
are vulnerable to worsening eGFR and all-cause mortality,
performing a partial nephrectomy, if it is technically feasible,
should be considered when protecting renal function is a
key concern.

Preoperative CKD stage was significantly associated with
the risk of dialysis. A previous study also reported that an
increasing preoperative eGFR and partial nephrectomy
protected against dialysis.'” Another study described partial
nephrectomy in 84 patients with solitary kidneys, reporting
an increased risk of dialysis with lower preoperative eGFR.
In the study, only patients with preoperative CKD developed
ESRD, with a five-year ESRD-free survival rate of 97%.'®
In our cohort, most patients requiring dialysis commenced
during outpatient followup, including patients that subse-
quently underwent a kidney transplant. Partial nephrectomy
was marginal for reducing the cumulative incidence of dialy-
sis (p=0.05). Notably, only stage 3a and 3b patients were
weaned off inpatient dialysis. Almost all patients requiring
inpatient dialysis received a preoperative dialysis catheter
or arteriovenous fistula. Overall, the five-year cumulative
dialysis incidence was 3.1%. This study has limitations, as
it is single-institutional and retrospective. Generalizability
is limited by institutional variations in patient selection, the
management of comorbidities, and policies regarding dialy-
sis and transplantation. Reassuringly, significant variables
in our cohort, other than CKD stage, are consistent with a
similar longitudinal study in mostly healthy kidneys looking
at predictors of eGFR post-partial and radical nephrectomy.™
The strengths of this data are the large sample size, long-term
detailed followup, and depth of patient-level information,
with detailed insight into medical comorbidities, repeat pro-
cedures, and the status of residual kidney tissue. Important
preoperative considerations not studied here that can also
provide insight include RENAL nephrometry scores and
split renal function tests. Population-based trials screen for
events representative of ESRD,'*** however, they tend not to
incorporate the longitudinal tracking of eGFR trends. These
advantages have enabled this study to carefully determine
the long-term postoperative patterns and drivers of eGFR
changes and dialysis rates therein.

Conclusions

When considering patients with CKD for kidney surgery,
our research indicates that preoperative CKD at stage 3b or
worse is associated with a higher risk of further reduction in
eGFR, the need for dialysis, and increased all-cause mortal-
ity for both partial and radical nephrectomy. Nonetheless,
among a large cohort of patients with preoperative CKD,

carefully selected patients can be managed through surgery
with a low rate of eventual dialysis.

Future research to improve outcomes should focus on
early interventions that optimize renal function and treat
modifiable comorbidities, for both surgical and non-surgical
management strategies.
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