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OBSERVATIONAL STUDY

Renal Function and All-Cause Mortality Risk Among
Cancer Patients

Yan Yang, MD, Hui-yan Li, MD, PhD, Qian Zhou, MS, Zhen-wei Peng, MD, PhD, Xin An, MD,
Wei Li, MD, Li-ping Xiong, MD, Xue-qing Yu, MD, PhD, Wen-qi Jiang, MD, and Hai-ping Mao, MD, PhD

Abstract: Renal dysfunction predicts all-cause mortality in general
population. However, the prevalence of renal insufficiency and its
relationship with mortality in cancer patients are unclear.

We retrospectively studied 9465 patients with newly diagnosed
cancer from January 2010 to December 2010. Renal insufficiency
was defined as an estimated glomerular filtration rate (eGFR) <60
mL/min/1.73 m? using the Chronic Kidney Disease Epidemiology
Collaboration equation. The hazard ratio (HR) of all-cause mortality
associated with baseline eGFR was assessed by Cox regression.

Three thousand sixty-nine patients (32.4%) exhibited eGFR <90
mL/min/1.73 m? and 3% had abnormal serum creatinine levels at the
time of diagnosis. Over a median follow-up of 40.5 months, 2705
patients (28.6%) died. Compared with the reference group (eGFR > 60
mL/min/1.73 m?), an elevated all-cause mortality was observed among
patients with eGFR < 60 mL/min/1.73 m? stratified by cancer stage in
the entire cohort, the corresponding hazard ratios were 1.87 (95% CI,
1.41-2.47) and 1.28 (95% CI, 1.01—1.62) for stage I to Il and stage IV,
respectively. However, this relationship was not observed after multi-
variate adjustment. Subgroup analysis found that eGFR < 60 mL/min/
1.73 m? independently predicted death among patients with hematologic
(adjusted HR 2.93, 95% CI [1.36—-6.31]) and gynecological cancer
(adjusted HR 2.82, 95% CI [1.19—6.70]), but not in those with other
cancer. Five hundred fifty-seven patients (6%) had proteinuria. When
controlled for potential confounding factors, proteinuria was a risk
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factor for all-cause mortality among patients in the entire cohort,
regardless of cancer stage and eGFR values. When patients were
categorized by specific cancer type, the risk of all-cause death was
only significant in patients with digestive system cancer (adjusted HR,
1.85 [1.48-2.32]).

The prevalence of renal dysfunction was common in patients with
newly diagnosed cancer. Patients with eGFR < 60 mL/min/1.73 m? or
proteinuria were associated with increased risk for all-cause mortality,
this relation depended on cancer site.

(Medicine 95(20):e3728)

Abbreviations: AJCC = American Joint Committee on Cancer,
BIRMA = the Belgian Renal Insufficiency and Anticancer
Medications, BMI = body mass index, CKD-EPI = Chronic
Kidney Disease Epidemiology Collaboration, CVD =
cardiovascular disease, DM = diabetes mellitus, eGFR =
estimated glomerular filtration rate, IRMA = the renal
insufficiency and anticancer medications, MDRD = the
modification of diet in renal disease, PRO = proteinuria, RI =
renal insufficiency, TNM = tumor-node-metastasis, UICC = Union
for International Cancer Control.

INTRODUCTION

Worldwide, it is estimated that there will be 26.4 million

new cancer cases and 17.0 million cancer-related deaths
by 2030."% Although advances have been made in therapy, 5-
year survival rates have improved among patients without
comorbidity, but not those with comorbidity.** Thus, coex-
istence of chronic disease or comorbid conditions become the
major determinants of outcome in cancer patients.”®

Several previous studies have demonstrated that renal
dysfunction occur frequently in patients with cancer.”~'? The
renal insufficiency and anticancer medications (IRMA) study
showed that 52.9% exhibited an estimated glomerular filtration
rate (éGFR) <90 mL/min/1.73 m?, calculated according to the
Modification of Diet in Renal Disease (MDRD) formula.
Recently, a prospective population-based cohort study reported
that 73.3% subjects had eGFR <75 mL/min/1.73 m?, on the
basis of the Chronic Kidney Disease Epidemiology Collabor-
ation equation (CKD-EPI). However, limited data are available
regarding the prevalence of renal impairment among cancer
patients in China.

Few studies to date have investigated the impact of reduced
renal function on survival among cancer patients.'®'>~'® Never-
theless, the results are inconsistent. Some studies provided
supportive information of inverse association with different
cutoff value of the eGFR,'*'*"!5 whereas others suggested
there was no relationship.'®'” Notably, cancer per se may have
a strong influence on mortality rather than a reduced kidney
function, previous studies suggested that the association of
eGFR and mortality varied by type of cancer.''® Thus, the
heterogeneous findings may be due to differences in patient’s
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age, tumor type and stage, control for renal function status,
anticancer treatment modality, and relatively small sample
size 11:20-24

In this study, we examined the renal function status at the
time of diagnosis without any anticancer treatment and explored
the association of renal dysfunction with all-cause mortality

among cancer patients.

METHODS

Patients

This study was approved by the institutional review boards
of the First Affiliated Hospital and Cancer Center of Sun Yat-
sen University. All participants provided their written informed
consent before inclusion.

A total of 10,465 cancer patients in Cancer Center of Sun
Yat-sen University between January 1, 2010 and December 31,
2010 were retrieved from computerized hospital database.
Patients older than 18 years with newly diagnosed, untreated
cancer were enrolled. Patients were excluded if they had no
kidney function data (n = 1000).

Patients were categorized according to either baseline
eGFR, the presence of proteinuria, or cancer type to examine
the association between eGFR and mortality.

Demographic and Clinical Data

All data were obtained at the time of diagnosis, including
age, gender, body mass index, history of hypertension, diabetes
mellitus (DM), cardiovascular disease (CVD), smoking (we
only considered ever smoking, regardless of smoking amount,
frequency, and duration), blood pressure, type of tumor, and
laboratory parameters. All biochemical and hematological tests
were measured in the biochemical laboratory of Cancer center
of Sun Yat-sen University.

Renal function was evaluated by eGFR with the CKD-EPI
equation, which has been indicated to be more accurate than the
MDRD formula in various populations including Asian, as pre-
viously described.”>~*” In our study, RI was defined as eGFR < 60
mL/min/1.73 m® The presence of proteinuria was defined as
albumin 1+ or greater. Cancer stage was based on the Union for
International Cancer Control/American Joint Committee on Can-
cer TNM (tumor-node-metastasis) classification system.

Outcomes

Our primary outcomes were all-cause mortality. Survival
was defined as the time from enrollment to all-cause death or
administrative censoring (i.e., loss to follow-up or end of the
study period) at March 31, 2015.

Statistical Analyses

Continuous data were expressed as mean =+ standard devi-
ation or median (interquartile range, IQR), and categorical
variables were expressed as percentages. Baseline character-
istics among 3 eGFR groups were compared using ANOVA,
Kruskal-Wallis rank sum test, or Chi-square test as appropriate.
Multiple comparisons were performed using 7 test or Wilcoxon
rank sum test with P value adjusted by Bonferroni method.
Univariable and multivariable logistic regression models were
used to assess the association of independent variables with
eGRF < 60 mL/min/1.73 m? and odds ratios (ORs) and 95%
confidence intervals (Cls) were derived. Those covariates with a
P < 0.2 in univariable analysis were included in the multivari-
able logistic regression model using enter method. To evaluate
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the relationship between eGFR levels and mortality, a log-rank
test and the Kaplan-Meier curve method were used. Univariable
and Multivariable Cox proportional hazards regression analyses
were performed to investigate the association of baseline eGFR
and proteinuria with all-cause mortality. Patients with an eGFR
level of 60 mL/min/1.73 m* or more were regarded as the
reference group. The relationship between eGFR level or
proteinuria and risk of all-cause mortality was calculated in a
multivariable Cox regression model adjusted for potential
confounding factors.

Given that the effect of renal function on prognosis may be
varied due to different tumor types, we performed subgroup
analyses to evaluate the relationship of eGFR levels or protei-
nuria and all-cause mortality in the common types of cancer in
our study. Hazard ratios (HRs) and 95% Cls were derived from
COX models. A P <0.05 was considered statistically signifi-
cant. All statistical analyses were performed using the SPSS
software, version 13.0 (SPSS Inc, Chicago, IL).

RESULTS

Baseline Characteristics of Study Cohort

Table 1 showed the baseline demographic and clinical
characteristics of the entire cohort and stratified by eGFR levels.
Of the 9465 patients, the mean age was 52.35+ 13.12 years,
58.6% male, with a predominance of digestive system cancer,
head and neck cancer, and lung cancer across all eGFR levels.
Five hundred fifty-seven patients (6%) had proteinuria. The
mean baseline eGFR was 96.18 mL/min/1.73 m?. Participants
who had eGFR of 90 or above, 60 to 89, and 45 to 59 mL/min/
1.73 m? were 67.6%, 29.2%, and 2.2% of all participants,
respectively. In contrast, 3% had abnormal serum creatinine
levels. Compared with patients with eGFR of 60 mL/min/1.73
m? or more, those with lower eGFR were much older, had more
coexisted diseases such as hypertension, CVD, and DM, pre-
sence of proteinuria, higher systolic pressure, lower levels of
hemoglobin and serum albumin, and higher levels of serum
triglyceride, blood glucose, and uric acid.

Vazriables Related With eGFR <60 mL/min/1.73
m

As shown in Table 2, univariate logistic analysis showed
that older age, male gender, presence of CVD, hypertension,
or DM, proteinuria, hypoalbuminemia, anemia, blood glu-
cose, serum triglyceride, and uric acid were associated with
eGFR <60 mL/min/1.73 m? Multivariable logistic model
revealed that age (OR, 2.60; 95% CI, 2.24-3.02, per 10-
year increase), history of hypertension (OR, 1.53; 95% CI,
1.11-2.11) and CVD (OR, 1.97; 95% CI, 1.04-3.73), pro-
teinuria (OR, 3.92; 95% CI, 2.65-5.80), hypoalbuminemia
(OR, 2.20; 95% CI, 1.40-3.45), anemia (OR, 2.00; 95% CI,
1.48-2.69), and uric acid (OR, 1.01; 95% CI, 1.01-1.01, per
1 wmol/L higher) were independently related to eGFR < 60
mL/min/1.73 m>.

Renal Function and All-Cause Mortality

During a median follow-up of 40.5 months (IQR: 14.3,
51.4), 2705 patients (28.6%) died. As shown in Table 3, the
overall crude mortality rate was 101.44 deaths per 1000 person-
years (PYs). There was a significant increase in all-cause
mortality with decreasing values of eGFR (P for trend <
0.001). Patients with an eGFR < 60 mL/min/1.73 m?> showed
the highest mortality (188.4 deaths per 1000 PYs), whereas
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TABLE 1. Baseline Data of Patients Stratified by eGFR (mL/min/1.73 m?)

(250-377.4)

(248.5-374.5)

(320.3-459.9)

(349.75-538.45)

Total Subjects >60 45-59 <45
Variables n=9465 n=9158 n=211 n=96 P
Demographic data
Age, y 52.35+13.12 51.87+12.90 66.19+11.62 67.35+11.29 <0.001
Male, n (%) 5545 (58.6) 5316 (58.0) 159 (75.4) 16 (72.9) <0.001
BMI, Kg/m? 22.234+3.19 22.224+3.19 22.454+3.18 22.63+3.19 0.291
Hypertension, n (%) 1116 (11.8) 1010 (11.0) 64 (30.3) 43 (43.8) <0.001
CVD, n (%) 114 (1.2) 95 (1.0) 13 (6.2) 6(6.2) <0.001
DM, n (%) 379 (4.0) 349 (3.8) 17 (8.1) 13 (13.5) <0.001
Smoking, n (%) 2386 (25.2) 2306 (25.2) 50 (23.7) 30 (31.2) 0.347
Cancer type, n (%)
Digestive system 3031 (32.0) 2912 (31.8) 82 (38.9) 37 (38.5) 0.036
Breast 758 (8.0) 749 (8.2) 7 (3.3) 2 (2.1) 0.005
Head and neck 2197 (23.2) 2158 (23.6) 31 (14.7) 8 (8.3) <0.001
Lung 1379 (14.6) 1323 (14.4) 36 (17.1) 20 (20.8) 0.123
Urinary tract 283 (3.0) 245 (2.7) 19 (9.0) 19 (19.8) <0.001
Hematologic malignancy 476 (5.0) 456 (5.0) 16 (7.6) 4 (4.2) 0.219
Gynecological cancer 933 (9.9) 917 (10.0) 11 (5.2) 5(.2) 0.021
*Others, % 408 (4.3) 398 (4.3) 9(4.3) 1(1.0) 0.293
TNM stage, n (%)
Stage 1 1699 (19.8) 1663 (20) 24 (12.4) 12 (13) 0.008
Stage 11 2147 (25) 2086 (25.1) 39 (20.2) 22 (23.9) 0.286
Stage 111 2271 (26.5) 2220 (26.8) 35 (18.1) 16 (17.4) 0.004
Stage IV 2466 (28.7) 2329 (28.1) 95 (49.2) 42 (45.7) <0.001
Clinical data
SBP, mm Hg 124.28 +18.64 123.92 +18.47 134.26 +20.70 137.24+19.22 <0.001
DBP, mm Hg 74.294+10.91 74.24 +£10.84 75.13£12.26 77.19+£13.96 0.017
¢GFR, mL/min/1.73 m?) 97.63 98.28 54.96 37.23 <0.001
(85.98-107.97) (87.41-108.32) (51.19-57.93) (29.67-41.32)
Urea nitrogen. mmol/L 4.7 3.8-5.7) 4.68 (3.8-5.6) 6.6 (5.4-8.3) 9.18 (7.70-12.9) <0.001
Serum creatinine, mg/dL 0.8 (0.66—0.93) 0.79 (0.66—0.92) 1.29 (1.18-1.40) 1.79 (1.61-2.12) <0.001
Cystatin C, ng/L 0.87 (0.75-1.01) 0.86 (0.74-1.0) 1.34 (1.16—1.59) 1.86 (1.6-2.27) <0.001
PRO, n (%) 557 (6.0) 502 (5.6) 22 (11.1) 33 (35.9) <0.001
Hemoglobin, g/L 130.32+19.21 130.56 +19.10 125.76 +20.64 117.78 £21.19 <0.001
Serum albumin, g/L 42.6 (39.5-45.1) 42.7 (39.6-45.2) 41.2 (37.63-43.6) 40.6 (37.55-42.7) <0.001
Total cholesterol, mmol/L 5.16£1.13 5.16+1.13 5.17£1.27 528+1.29 0.620
Triglyceride, mmol/L 1.50£0.98 1.49£0.97 1.73£1.13 1.77+1.11 <0.001
Blood glucose, mmol/L 5.33 (4.9-5.88) 5.33 (4.9-5.88) 5.51 (4.92-6.05) 5.46 (4.97-6.22) 0.013
Uric acid, pmol/L 312.55 3103 386.4 450.45 <0.001

Values expressed as mean + SD, medians (interquartile ranges) or number (percent). BMI = body mass index, CVD = cardiovascular disease,

DBP = diastolic blood pressure, DM = diabetes mellitus, eGFR = glomerular filtration rate, PRO = proteinuria, SBP = systolic blood pressure.

Others: skin tumor, brain tumor, bone and soft tissue cancer.

those with eGFR levels of at least 60 mL/min/1.73 m? revealed
the lowest mortality (99.64 deaths per 1000 PY's). Similar trends
were observed in certain site-specific cancers, with the excep-
tion of digestive system, breast and lung cancers. To evaluate
patient survival and mortality risk, eGFR was divided into 2
groups based upon the cutoff value of at least 60 mL/min/1.73
m?. Because of relatively few cancer patients with stage I, II,
and III, patients were categorized into 1 group for analysis.
Figure 1 displayed the Kaplan-Meier survival curves for all-
cause mortality stratified by eGFR and cancer stage categories
during 5 years of follow-up. Patients with eGFR < 60 mL/min/
1.73 m? were likely to have worse overall rates of survival than
those with eGFR at least 60 mL/min/1.73 m? regardless of
cancer stage I to III (Figure 1A) and IV (Figure 1B) in the entire
cohort. The HRs for all-cause mortality associated with eGFR

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

were presented in Table 4, with eGFR of at least 60 mL/min/
1.73 m? as the reference. In unadjusted model, eGFR levels <60
mL/min/1.73 m? was associated with increased risk of all-cause
mortality stratified by cancer stage in the entire cohort, the
corresponding hazard ratios were 1.87 (95% CI, 1.41-2.47) and
1.28 (95% CI, 1.01-1.62) for stage I to III and stage IV,
respectively. However, this relationship was not observed after
controlling for age, sex, history of hypertension, CVD, DM, or
smoking, and proteinuria.

Association of Renal Function With Mortality by
Primary Cancer

We further investigate whether the risk of reduced renal
function-related mortality varies by primary site of cancer.
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TABLE 2. Odds Ratios for Prevalence of eGFR < 60 mL/min/1.73 m?

Univariate Multivariate

Variables OR (95% CI) P OR (95% CI) P

Sex (male/female) 2.12 (1.64-2.75) <0.001 1.26 (0.9-1.77) 0.171
Age (per 10-y increase) 2.84 (2.54-3.18) <0.001 2.60 (2.24-3.02) <0.001
BMI, Kg/m> 1.03 (0.99-1.07) 0.131 0.99 (0.94-1.03) 0.604
Hypertension 4.25 (3.33-5.43) <0.001 1.53 (1.11-2.11) 0.009
CVD 6.29 (3.79-10.44) <0.001 1.97 (1.04-3.73) 0.036
DM 2.73 (1.85-4.04) <0.001 1.07 (0.64-1.78) 0.793
Smoking 1.05 (0.81-1.36) 0.727 — —

SBP, mm Hg 1.03 (1.02-1.03) <0.001 1.01 (1.00-1.01) 0.230
DBP, mm Hg 1.01 (1.00-1.02) 0.016 1.00 (0.99-1.02) 0.691
PRO 3.92 (2.89-5.33) <0.001 3.92 (2.65-5.80) <0.001
Anemia 1.75 (1.39-2.21) <0.001 2.00 (1.48-2.69) <0.001
Hypoalbuminemia 2.07 (1.50-2.86) <0.001 2.20 (1.40-3.45) 0.001
Total cholesterol, mmol/L 1.04 (0.94-1.15) 0.511 — —

Triglyceride, mmol/L 1.19 (1.09-1.29) <0.001 1.10 (0.98-1.23) 0.108
Blood glucose, mmol/L 1.09 (1.02-1.16) 0.008 1.03 (0.93-1.13) 0.597
Uric acid, pmol/L 1.01 (1.01-1.01) <0.001 1.01 (1.01-1.01) <0.001

BMI =body mass index, CI=confidence interval, CVD = cardiovascular disease, DBP = diastolic blood pressure, DM = diabetes mellitus,

eGFR = glomerular filtration rate, OR = odds ratios, PRO = proteinuria, SBP = systolic blood pressure.

TABLE 3. The Cumulative Incidence Death Rates in the Subgroups Classified by Cancer Type

Cancer Total Subjects eGFR > 60 mL/min eGFR < 60 mL/min P
All patients

No. of patients 9465 9158 307

No. of deaths 2705 2574 131

Events (per 1000 PYs) 101.44 99.64 188.4 <0.001
Digestive system

No. of patients 3031 2912 119

No. of deaths 1307 1246 61

Events (per 1000 PYs) 188.85 186.92 239.23 0.087
Breast

No. of patients 758 749 9

No. of deaths 49 47 2

Events (per 1000 PYs) 16.76 16.26 59.04 0.059
Head and Neck

No. of patients 2197 2158 39

No. of deaths 329 319 10

Events (per 1000 PYs) 43.35 42.70 84.66 0.029
Lung

No. of patients 1379 1323 56

No. of deaths 667 637 30

Events (per 1000 PYs) 228.99 226.87 285.9 0.256
Urinary tract

No. of patients 283 245 38

No. of deaths 49 39 10

Events (per 1000 PYs) 53.12 46.83 111.66 0.016
Hematologic malignancy

No. of patients 476 456 20

No. of deaths 100 90 10

Events (per 1000 PYs) 66.91 61.04 290.35 <0.001
Gynecological cancer

No. of patients 933 917 18

No. of deaths 124 116 8

Events (per 1000 PYs) 38.06 36.03 204.34 <0.001

PYs=patient-years.
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FIGURE 1. Kaplan-Meier survival curves for all-cause mortality
stratified by eGFR at least 60 or <60 mL/min/1.73 m? among
patients with cancer stage | to Ill (A) and stage IV (B). eGFR=
estimated glomerular filtration rate.

Given that relative small sample size and low event rate among
patients with eGFR < 45 mL/min/1.73 m? (Table 1), eGFR was
categorized into 2 groups: at least 60 and <60 mL/min/1.73 m?.
As shown in Table 4, compared with eGFR at least 60 mL/min/
1.73 m?, eGFR < 60 mL/min/1.73 m> was associated with an
increased risk of all-cause mortality among patients who
diagnosed with hematologic malignancy and gynecological
cancer (adjusted HR [AHR],2.93[1.36—6.31] and 2.82 [1.19—
6.70], respectively) after additional adjustments for cancer

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

stage, but no significant link between eGFR and other
cancer types.

Association of Proteinuria With Mortality

Proteinuria is a marker for progression of chronic kidney
disease. We thus evaluated the relationship between proteinuria
and all-cause mortality in cancer patients. The HRs for all-cause
mortality associated with proteinuria were presented in Table 5.
Proteinuria was not associated with an increased risk of all-
cause mortality in stage I to III cancer patients (AHR 1.26, 95%
CI[0.99-1.59]), as shown in Kaplan-Meier survival curves, the
overall survival rate was similar between patients with and
without proteinuria (Figure 2A). However, in stage [V patients,
proteinuria was a risk factor for mortality, with adjusted hazard
ratios of 1.50 (1.17-1.92), in multivariate adjusted Cox pro-
portional hazards models (Figure 2B). When patients were
categorized by specific cancer type, the risk of all-cause death
was only significant in subjects with digestive system cancer
(AHR, 1.85(1.48-2.32)] after additional adjustments for cancer
stage. In contrast, this relationship was not significant for
patients with other cancer types. The mortality risk for patients
with proteinuria was significantly higher than the risk for those
without proteinuria, with adjusted hazard ratios of 1.32 (1.10—
1.59) and 1.67 (1.05-2.66) for eGFR at least 60 mL/min/1.73
m? and <60 mL/min/1.73 m? respectively, regardless of
eGFR values.

DISCUSSION

In the present study, we demonstrated that 32.4% of
patients with newly diagnosed cancer exhibited renal insuffi-
ciency. Renal function was inversely related to all-cause
mortality. Compared with eGFR at least 60 mL/min/1.73 m?,
eGFR < 60 mL/min/1.73 m* was an independent predictor of
elevated death. This relationship between renal dysfunction and
all-cause mortality risk depended on cancer site. After adjust-
ment for confounders, eGFR < 60 mL/min/1.73 m? was associ-
ated with increased mortality risk among patients with
hematologic malignancy and gynecological cancer. In addition,
proteinuria was a risk factor for mortality among patients with
digestive system cancer.

Previous studies showed that renal insufficiency is a
frequent comorbidity in cancer patients, des%)ite normal serum
creatinine levels in most patients.”'**73! IRMA study, a
French national observation of 4684 cancer patients, reported
that 7.2% of patients had elevated serum creatinine, whereas
57.4% and 52.9% exhibited an eGFR <90 mL/min/1.73 m?
based on the Cockcroft-Gault formula and the MDRD formula,
respectively. The Belgian Renal Insufficiency and Anticancer
Medications (BIRMA) study from 7 participating centers
showed that 64% had a reduced GFR when estimating the
GFR with the MDRD formula. Further, according to CKD-
EPI equation, a study from Australian found that 73.3% subjects
had eGFR <75 mL/min/1.73 m’. In the present study, we
observed that 3% patients had abnormal serum creatinine levels.
The prevalence of eGFR < 90 mL/min/1.73 m* among cancer
patients at the time of diagnosis was 32.4% on basis of CKD-
EPI equation, which was lower than that in the IRMA and
BIRMA studies.”?® This apparent discrepancy might be
explained by the different populations studied, including age,
cancer type, other comorbid status, and influence of treat-
ment.''*°~** Because we enrolled incident rather than prevalent
patients and eGFR was obtained at the time of diagnosis, the
impact of anticancer treatment on renal function could rule out.
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TABLE 4. Adjusted HRs of All-Cause Mortality for Participants With eGFR < 60 mL/min compared with eGFR > 60 mL/min

Unadjusted Model

Adjusted Model

Variable HR (95% CI) P HR (95% CI) P
Entire cohort
Stage I-IIT" 1.87 (1.41-2.47) <0.001 1.14 (0.85-1.53) 0.370
Stage IV" 1.28 (1.01-1.62) 0.044 0.93 (0.71-1.21) 0.590
Different cancer type
Digestive system' 1.25 (0.97-1.62) 0.087 0.97 (0.74—1.28) 0.825
Breast* 3.58 (0.87-14.73) 0.078 2.24 (0.50-10.12) 0.234
Head and Neck' 1.99 (1.06-3.73) 0.032 0.67 (0.29-1.53) 0.337
Lung' 1.24 (0.86—1.78) 0.257 1.10 (0.75-1.62) 0.615
Urinary tract! 2.29 (1.14-4.60) 0.019 2.11 (0.80-5.54) 0.130
Hematologic malignancy' 4.26 (2.12-8.20) <0.001 2.93 (1.36-6.31) 0.006
Gynecological cancer* 5.39 (2.63—11.03) <0.001 2.82 (1.19-6.70) 0.019

AHR = adjusted hazard ratio, CI = confidence interval, CVD = cardiovascular disease, DM = diabetes mellitus, eGFR = glomerular filtration rate,

HR = hazard ratio.

*Adjusted for age, sex, smoking, hypertension, DM, CVD, and proteinuria.

TAdjusted for age, sex, smoking, hypertension, DM, CVD, cancer stage.

*Adjusted for age, hypertension, DM, CVD, cancer stage.

In addition, we assessed eGFR using CKD-EPI equation, which
has been shown to be more accurately cate_gorized the risk for
mortality than did the MDRD formula.>>

Despite a high prevalence of renal dysfunction in cancer
patients, its effect on mortality risk is less well investigated. A
larger retrospective analysis of 8223 patients with different
malignancies showed that lower eGFR was an independent risk
factor for death. Compared with subjects with eGFR at least 60
mL/min/1.73 m?, those with eGFR 30 to 59 and <30 mL/min/
1.73 m? conferred 1.12- and 1.75-fold greater mortality risk,
respectively.'> However, they did not demonstrate the distri-
bution of patients by eGFR intervals and examine the impact of
cancer stage on mortality. A previous study of 3379 patients
with colorectal cancer by Kim et al*? found that renal

insufficiency defined as an eGFR < 60 mL/min/1.73 m* was
not significantly associated with mortality both in eargy stage
and advanced stage colorectal cancer. Another study'’ inves-
tigating various forms of cancer, no significant difference was
observed in mortality risk across eGFR levels, compared with
eGFR of >90 mL/min/1.73 m?. Our results were somewhat
consistent with those previous study that eGFR < 60 mL/min/
1.73 m? was not a risk factor for all-cause mortality among the
patients in the entire cohort stratified by cancer stage (I/I/III
and IV). These inconsistent results may be due to the sample
size in the various eGFR levels, threshold value of eGFR, cancer
stage, and follow-up periods.

Previous studies suggested that the influence of eGFR on
mortality may vary by the type of cancer.'®'®3® A prospective

TABLE 5. AHRs of All-Cause Mortality for Participants With Proteinuria Compared With Non-Proteinuria

Unadjusted Model

Adjusted Model

Variable HR (95% CI) P HR (95% CI) P
Entire cohort
Stage I-III" 1.10 (0.87-1.38) 0.426 1.26 (0.99-1.59) 0.051
Stage TV” 1.54 (1.21-1.96) <0.001 1.50 (1.17-1.92) 0.001
Different cancer type
Digestive system' 1.84 (1.49-2.27) <0.001 1.85 (1.48-2.32) <0.001
Breast! 0.79 (0.11-5.71) 0.813 0.98 (0.13-7.24) 0.988
Head & Neck' 0.78 (0.41-1.45) 0.427 0.88 (0.42-1.87) 0.739
Lung' 0.96 (0.63—1.46) 0.85 1.14 (0.74-1.75) 0.552
Urinary tract! 1.68 (0.9-3.12) 0.102 1.44 (0.73-2.87) 0.296
Hematologic malignamcyT 1.57 (.73-3.38) 0.254 1.05 (0.61-1.80) 0.872
Gynecological cancer* 1.01 (0.60—1.71) 0.965 1.58 (0.68-3.62) 0.285

AHR = adjusted hazard ratio, CI = confidence interval, CVD = cardiovascular disease, DM = diabetes mellitus, eGFR = glomerular filtration rate,

HR = hazard ratio, PRO = proteinuria.

*Adjusted for age, sex, smoking, hypertension, DM, CVD, and eGFR categories.

TAdjusted for age, sex, smoking, hypertension, DM, CVD, cancer stage.

iAdjusted for age, hypertension, DM, CVD, cancer stage.
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FIGURE 2. Kaplan-Meier survival curves for all-cause mortality
according to proteinuria in patients with cancer stage | to Ill (A)
and stage IV (B).

population-based cohort study by Samuel et al showed
¢GFR < 60 mL/min/1.73 m? was a significant risk factor for
death from cancer. This eGFR-related mortality was affected by
primary site of cancer, with the greatest risk for breast and
urinary tract cancer deaths. By contrast, a case-matched, retro-
spective study of patients with breast cancer suggested that
¢GFR < 60 mL/min/1.73 m?> appeared to have no significant
impact on patient survival.'® Meanwhile, a retrospective cohort
study of patients with colorectal cancer after surgical resection
suggested that those with eGFR <15 mL/min/1.73 m? had a

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

poorer overall survival.'> Similar result was also observed in
patients with gastric cancer after gastrectomy.'* In agreement
with previous studies, our data revealed that eGFR < 60 mL/
min/1.73 m® was associated with higher risk for all-cause
mortality among patients with hematologic malignancy and
gynecological cancer than that of eGFR >60 mL/min/1.73
m?, whereas no obvious relationship between renal function
and death was observed for other cancers. Despite association of
reduced renal function, specific cancer site, and mortality,
patients were not stratified by the severity of primary cancer
to determine the shape of the renal function-mortality relation-
ship. Moreover, cancer per se may have a stronig influence on
mortality rather than a reduced kidney function.”*=3° There-
fore, the mechanisms underlying the impact of renal function on
mortality among patients with different primary cancer are
complex and remain to be elucidated.

Proteinuria is a critical marker of renal disease, but its
effect on mortality in cancer patients is unclear. A previous
study found that cumulative incidence rates for death from
cancer increased among patients with proteinuria.'® Another
retrospective analysis with colorectal cancer showed that pro-
teinuria was an important risk factor for mortality in early-stage
cancer patients, but not in advanced-stage patients®?. Similar
with previous study, we found that proteinuria was a risk factor
for all-cause mortality in stage [V cancer patients in the entire
cohort after controlled confounder, but not in patients with stage
I to III. Further, proteinuria showed an increased risk of all-
cause mortality among patients with digestive system cancer
after adjustments stage, compared with those without protei-
nuria. These results suggest that assessing and monitoring
proteinuria in cancer patients are crucial because of its potential
effect on survival.

Our study had several limitations. First, we only used single
measurement of renal function at the time of diagnoses, we were
unable to determine the association of eGFR change over time
with mortality. Second, the number of populations with eGFR
<45 mL/min/1.73 m? was relatively small, which may limit the
power of the analysis. Third, the treatment modalities were not
considered in our study; they may also affect clinical outcomes.
Finally, a retrospective observational study cannot completely
exclude the possibility of unmeasured confounders.

In conclusion, renal insufficiency is frequent in patients
with cancer at the time of diagnosis. Both eGFR < 60 mL/min/
1.73m? and proteinuria are associated with increased risk for
all-cause mortality, which depend on cancer site. Thus, pre-
vention, diagnosis, and management of renal insufficiency may
prepare patients for further oncologic therapy and reduce
mortality among cancer patients. Nevertheless, these findings
need to be confirmed in large and prospective studies.
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