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BACKGROUND: Studies examining the association of chronic kidney disease (CKD) with cancer risk have demonstrated conflicting
results.

METHODS: This was an individual participant data meta-analysis including 54 international cohorts contributing to the CKD
Prognosis Consortium. Included cohorts had data on albuminuria [urine albumin-to-creatinine ratio (ACR)], estimated glomerular
filtration rate (eGFR), overall and site-specific cancer incidence, and established risk factors for cancer. Included participants were
aged 18 years or older, without previous cancer or kidney failure.

RESULTS: Among 1,319,308 individuals, the incidence rate of overall cancer was 17.3 per 1000 person-years. Higher ACR was
positively associated with cancer risk [adjusted hazard ratio 1.08 (95% Cl 1.06-1.10) per 8-fold increase in ACR]. No association
of eGFR with overall cancer risk was seen. For site-specific cancers, lower eGFR was associated with urological cancer and multiple
myeloma, whereas higher ACR was associated with many cancer types (kidney, head/neck, colorectal, liver, pancreas, bile duct,
stomach, larynx, lung, hemolymphatic, leukaemia, and multiple myeloma). Results were similar in a 1-year landmark analysis.
DISCUSSION: Albuminuria, but not necessarily eGFR, was independently associated with the subsequent risk of cancer. Our results

warrant an investigation into mechanisms that explain the link between albuminuria and cancer.
British Journal of Cancer (2025) 133:1535-1543; https://doi.org/10.1038/541416-025-03140-z

INTRODUCTION

Among people with chronic kidney disease (CKD), cancer has
been shown to be one of the leading causes of death [1, 2]. Across
global populations, survival after a diagnosis of cancer has
consistently been shown to be lower among people with CKD
[2-19]. However, it is not clear whether non-dialysis CKD is
associated with an increased cancer incidence: a finding that may
warrant exploration into tailored screening and diagnostic path-
ways for cancer among people with CKD.

Data on the two most commonly measured kidney measures,
estimated glomerular filtration rate (eGFR; a marker of kidney
filtration) and albuminuria (as a marker of glomerular damage),
often demonstrate different results for each component. Many
studies show associations between eGFR and cancer types where
reverse causality might exist, such as kidney and urothelial cancer
[2-4, 6, 8, 14, 17, 19], but a null association of low eGFR with
overall cancer risk [5, 12, 13, 15, 16]. In contrast, most studies

investigating albuminuria showed a modest association of
albuminuria with cancer risk, independent of eGFR and diabetes
[5-7,9, 10, 16, 18]. Particularly, albuminuria has been consistently
associated with lung cancer, in addition to kidney-related cancer
[5, 6,9, 10, 16]. Most previous studies included only one of eGFR or
albuminuria [2-4, 8, 11, 14, 15], and few have evaluated the
association with eGFR based on creatinine and cystatin C.

Therefore, we quantified the independent associations of
albuminuria and eGFR with the incidence of overall cancer, and
among selected site-specific cancers, using data from eligible cohorts
in the Chronic Kidney Disease Prognosis Consortium (CKD-PC).

METHODS

Study design and data source

The CKD-PC is an international consortium established to provide evidence
that can improve the prevention and management of CKD. It currently

A full list of author affiliations appears at the end of the paper.

Received: 26 February 2025 Revised: 18 June 2025 Accepted: 21 July 2025

Published online: 6 September 2025


http://crossmark.crossref.org/dialog/?doi=10.1038/s41416-025-03140-z&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41416-025-03140-z&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41416-025-03140-z&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41416-025-03140-z&domain=pdf
http://orcid.org/0000-0002-7547-3764
http://orcid.org/0000-0002-7547-3764
http://orcid.org/0000-0002-7547-3764
http://orcid.org/0000-0002-7547-3764
http://orcid.org/0000-0002-7547-3764
http://orcid.org/0000-0001-9100-1575
http://orcid.org/0000-0001-9100-1575
http://orcid.org/0000-0001-9100-1575
http://orcid.org/0000-0001-9100-1575
http://orcid.org/0000-0001-9100-1575
http://orcid.org/0000-0002-6129-1572
http://orcid.org/0000-0002-6129-1572
http://orcid.org/0000-0002-6129-1572
http://orcid.org/0000-0002-6129-1572
http://orcid.org/0000-0002-6129-1572
http://orcid.org/0000-0003-4763-2024
http://orcid.org/0000-0003-4763-2024
http://orcid.org/0000-0003-4763-2024
http://orcid.org/0000-0003-4763-2024
http://orcid.org/0000-0003-4763-2024
http://orcid.org/0000-0003-4993-0666
http://orcid.org/0000-0003-4993-0666
http://orcid.org/0000-0003-4993-0666
http://orcid.org/0000-0003-4993-0666
http://orcid.org/0000-0003-4993-0666
http://orcid.org/0000-0002-8204-911X
http://orcid.org/0000-0002-8204-911X
http://orcid.org/0000-0002-8204-911X
http://orcid.org/0000-0002-8204-911X
http://orcid.org/0000-0002-8204-911X
http://orcid.org/0000-0001-7855-4669
http://orcid.org/0000-0001-7855-4669
http://orcid.org/0000-0001-7855-4669
http://orcid.org/0000-0001-7855-4669
http://orcid.org/0000-0001-7855-4669
http://orcid.org/0000-0002-4042-4719
http://orcid.org/0000-0002-4042-4719
http://orcid.org/0000-0002-4042-4719
http://orcid.org/0000-0002-4042-4719
http://orcid.org/0000-0002-4042-4719
http://orcid.org/0000-0002-7541-5310
http://orcid.org/0000-0002-7541-5310
http://orcid.org/0000-0002-7541-5310
http://orcid.org/0000-0002-7541-5310
http://orcid.org/0000-0002-7541-5310
http://orcid.org/0000-0001-7896-2558
http://orcid.org/0000-0001-7896-2558
http://orcid.org/0000-0001-7896-2558
http://orcid.org/0000-0001-7896-2558
http://orcid.org/0000-0001-7896-2558
http://orcid.org/0000-0001-9800-5296
http://orcid.org/0000-0001-9800-5296
http://orcid.org/0000-0001-9800-5296
http://orcid.org/0000-0001-9800-5296
http://orcid.org/0000-0001-9800-5296
http://orcid.org/0000-0001-6331-0178
http://orcid.org/0000-0001-6331-0178
http://orcid.org/0000-0001-6331-0178
http://orcid.org/0000-0001-6331-0178
http://orcid.org/0000-0001-6331-0178
https://doi.org/10.1038/s41416-025-03140-z
www.nature.com/bjc

Y. Mok et al.

1536

consists of more than 110 prospective cohorts, including >30 million
participants from over 40 countries with data for eGFR, albuminuria,
phenotypes, and clinical outcomes. The current study included the 54
cohorts that had data on serum creatinine, albuminuria, incident cancer
risk, and established risk factors for cancer (i.e., body mass index [BMI] and
smoking). Within these cohorts, the study population was restricted to
participants aged 18 years or older without a history of cancer or end-stage
kidney disease requiring maintenance kidney replacement therapy. This
study was approved for use of de-identified or limited data by the
institutional review board at New York University.

Kidney measures

Albuminuria was estimated using the urine albumin-to-creatinine ratio
(ACR) or the urine protein creatinine ratio (PCR), available in 50 cohorts.
Both spot and 24-hour collections were accepted, and the protein-to-
creatinine values were converted to the urine ACR using a previously
published conversion equation [20]. We also used semi-quantitative
dipstick proteinuria as a secondary albuminuria measure, available in 37
cohorts. In research cohorts, ACR and eGFR were assessed at the same time
point. In real-world cohorts, we set the baseline as the first eGFR
measurement after one year in the health system and ACR, PCR, and
dipstick were the nearest values prior to baseline and within 3 years.

For the estimation of kidney function, we assessed the association
between eGFR and cancer using two equations and biomarkers. Creatinine
is the most used biomarker of kidney function in clinical practice. Cystatin
C is less commonly available, but in combination with creatinine, improves
the accuracy of kidney function estimation compared to creatinine alone
[21]. Therefore, in the primary analysis, we used eGFR using the Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI) creatinine-based
equation (eGFRcr) [22]. As a secondary analysis, we analysed eGFR using
the CKD-EPI cystatin C and creatinine equation (eGFRcr-cys) in the 8
cohorts with available cystatin C.

Outcomes

The outcomes of interest were overall and site-specific cancer incidence.
Some cohorts performed expert adjudication for cancer, some were
linked to the cancer registry, and some identified outcomes based on
coding alone using the International Classification of Diseases codes
(Appendix 1). Cohorts with fewer than 50 events for cancer outcomes
were excluded from the meta-analysis.

Covariates

History of cardiovascular disease (CVD) was defined as previous myocardial
infarction, bypass grafting, percutaneous coronary intervention, heart
failure, or stroke. Hypertension was defined as systolic blood pressure/
diastolic blood pressure >140/290 mmHg or use of antihypertensive
medication. Diabetes was defined as fasting/non-fasting glucose >7.0/
=211.1 mmol/L, use of glucose-lowering drugs, or self-reported physician
diagnosis of diabetes. Smoking status was categorized as current, former
or never smoking. Total cholesterol and body mass index (BMI) were
defined as the nearest outpatient values to baseline and within 3 years.

Statistical analysis

Three study populations were used. For the primary analysis, only
participants with ACR or converted protein-creatinine values were included
(“ACR population”; 50 cohorts; N = 1,319,308). For the secondary analysis,
we included participants with dipstick values (“dipstick population”; 37
cohorts; 3,532,279; participants with both ACR or PCR and dipstick
measures available were included in both the ACR population and dipstick
populations). In the third analysis, we included participants with measures
of creatinine, cystatin, and ACR or converted protein-creatinine values
(“eGFRcr-cys population”; 8 cohorts; N = 453,628). Baseline characteristics
were summarized within cohorts and then overall.

In sensitivity analyses within the Optum Labs Data Warehouse (OLDW), a
longitudinal, real-world data asset with de-identified administrative claims
and electronic health record (EHR) data, we observed only modest
attenuation of associations of ACR and eGFR with cancer risk between
unadjusted, age-sex adjusted, and fully-adjusted models. Therefore, in the
ACR population (50 participating cohorts), we first quantified the
association of albuminuria and eGFRcr with overall cancer risk after
adjusting for each other and potential confounders (age, sex, BMI,
hypertension, diabetes, total cholesterol, use of aspirin or glucocorti-
coids/other immunosuppressant, history of CVD, and smoking status

[never vs. former vs. current]) using Cox proportional hazards models
censored at death or last encounter. In the categorical analyses, individuals
were classified by ACR (<10, 10-29, 30-299, and =300 mg/g) and eGFRcr
(<15, 15-29, 30-44, 45-59, 60-89, 90-104, and =105 mL/min/1.73m?)
categories. For continuous analyses, we modelled eGFRcr and log-
transformed ACR using linear splines with knots at ACR 10, 30, and
300 mg/g and eGFRcr 30, 45, 60, 75, 90, and 105 mL/min/1 .73m?. We also
quantified the risk of overall cancer by cross-categories of ACR and eGFRcr.

We conducted several sensitivity analyses. First, models were run by
stratum for demographic and clinical subgroups: age (<65 years versus =65
years), sex (female vs. male), smoking status (never vs. former vs. current),
BMI category (<25 vs. 25-29 vs. 30+ kg/m?), diabetes, hypertension, aspirin
use, history of CVD and eGFRcr (<60 vs. 60+ mL/min/1.73m?). For this
analysis, we modelled kidney measures as continuous (per 8-fold
increment in ACR and per 15 mL/min/1.73m? decrement in eGFRcr with
a knot at 60 mL/min/1.73m?). Second, using the dipstick population, we
estimated the associations with cancer for dipstick proteinuria levels
(negative, trace, and positive [1+, 2+, and 3+]) using the same covariates as
described and modelling eGFRcr as in the categorical analyses. Third, we
included 8 cohorts with the data on eGFRcr-cys and quantified the
association of eGFRcr-cys with cancer risk. Fourth, we repeated analyses
starting follow-up 1 year after baseline (i.e., one year of lag time) to reduce
the possibility of reverse causation. Fifth, we adjusted for multiple testing
for site-specific cancers using the Bonferroni correction. Sixth, we repeated
the primary analysis according to the primary population type in the
contributing cohort: high CKD, high CVD, research, and EHR cohorts.

Statistics were first obtained within each cohort and then pooled by an
inverse-variance weighted random-effects model. All analyses were
conducted using Stata MP version 18 (StataCorp). Statistical significance
was determined by a 2-sided P < 0.05.

RESULTS

Study population characteristics

There were 50 cohorts, including 1,319,308 individuals, with data
available for eGFRcr and ACR or protein-to-creatinine ratio and
included in the analyses (Table 1 and Table S1). Among these
individuals, the mean age was 57 years, 47% were female, the mean
BMI was 30 kg/m?, 44% had diabetes (reflecting cohorts selected for
ACR assessment), the median ACR was 11 mg/g, and the mean
eGFRcr was 88 mL/min/1.73 m There were 37 cohorts with dipstick
proteinuria including 3,532,279 individuals, and the mean age was
47 years, 60% were female, the mean BMI was 29 kg/m?, 9% had
diabetes, 81.3% had negative dipstick protein, 9.2% had trace, 6.1%
14, 2.5% 2+, and 0.9% 3+, and the mean eGFRcr was 94 mL/min/
1.73 m? (Table 1 and Table S2). There were 8 cohorts with cystatin C
available, including 453,628 individuals, and the mean age was 57
years, 53% were female, the mean BMI was 28 kg/m?, 6% had
diabetes, the median ACR was 6 mg/g, and mean eGFRcr-cys was
94 mL/min/1.73 m? (Table 1 and Table S3).

The incidence rate of overall cancer was 17 events per 1000
person-years (15 and 19 events per 1000 person-years for females
and males, respectively) (Table 2). The incidence rates per 1000
person-years of site-specific cancer were lowest at 0.05 for
gallbladder cancer and highest at 4.9 and 4.2 for sex-specific
cancers, prostate cancer, and breast cancer, respectively.

Overall cancer risk according to albuminuria and eGFR

In the categorical analysis of ACR, compared with the reference
category of <10 mg/g, the higher categories were each associated
with a higher risk of overall cancer (adjusted hazard ratio (HR), 1.10
[95% CI 1.07-1.12], 1.16 [1.12-1.20] and 1.26 [1.22-1.30] in
10-29 mg/g, 30-299 mg/g and =300 mg/g, respectively) (Table 3).
In contrast, lower eGFRcr was not associated with the risk of
overall cancer. The continuous analyses showed a robust dose-
response relationship between ACR and cancer risk (Fig. 1). eGFRcr
<45 mL/min/1.73 m? appeared to reflect an increased risk of
cancer compared to eGFR at 80 mL/min/1.73 m?, but confidence
intervals crossed the null. The patterns of risk associations were
generally similar across demographic and clinical subgroups

British Journal of Cancer (2025) 133:1535-1543
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Table 1. Participants characteristics for the three study populations.

ACR population
No of cohorts 50
No of individuals 1,319,308
Age, y (SD) 57.1 (12.3)
Women 625,329 (47.4)
Body mass index, kg/m2 (SD) 304 (7.8)
Total cholesterol, mmol/L (SD) 5.0 (1.0)

Diabetes 574,422 (43.5)
704,126 (53.4)
130,353 (10.1)

29,861 (2.4)

Hypertension

Aspirin use

Glucocorticoid/other immunosuppressant use
Smoking status

Never 914,097 (69.3)
Former 285,922 (21.7)
Current 119,289 (9.0)

History of CVD
eGFRcr, mL/min/1.73 m? (SD)
eGFRcr-cys, mL/min/1.73 m? (SD)
ACR, mg/g [IQI]

Dipstick proteinuria

188,481 (14.3)
88.0 (19.8)

11.0 [6.0-13.0]

Negative
Trace

+1

+2

+3

Dipstick population eGFRcr-cys population

37 8

3,532,279 453,628

46.5 (16.2) 56.5 (8.2)
2,107,094 (59.7) 240,112 (52.9)
28.6 (6.6) 27.5 (4.8)

4.8 (0.9) 5.7 (1.1)

28,714 (6.3)
131,694 (29.0)
66,480 (14.9)
3435 (0.8)

334,670 (9.5)
971,546 (27.5)
63,752 (2.1)
123,549 (4.0)

2,961,556 (83.8)
298,812 (8.5)
271,912 (7.7)

246,242 (54.3)
157,214 (34.7)
50,172 (11.1)

242,135 (6.9) 29,173 (6.4)

94.3 (21.2) 93.7 (13.2)

= 94.0 (14.6)
6.0 [6.0-6.0]

2,872,898 (81.3)
326,360 (9.2)
214,900 (6.1)
87,306 (2.5)
30,817 (0.9)

Numbers provided are n (%) except where indicated. SD standard deviation, /Ql inter-quartile interval. Columns are not mutually exclusive: an individual could
hypothetically be included in all three if they had a measure of ACR, a measure of dipstick protein, and an eGFRcr-cys.

(Fig. S1). Between cohort types, results were largely consistent for
ACR but showed more variation for eGFRcr (Fig. S2).

Higher dipstick proteinuria was associated with overall cancer
risk in a dose-dependent manner. Even trace proteinuria demon-
strated a significant increase in cancer risk (adjusted HR 1.11 [95%
Cl 1.07-1.15]) (Table S4). Similar to the results with eGFRcr, there
was no significant association between eGFRcr-cys and overall
cancer (Fig. S3). Associations for ACR and eGFRcr were consistent
when beginning follow-up after 1 year from baseline (Fig. S4).

Site-specific cancer risk according to albuminuria and eGFR
Higher ACR demonstrated significant associations with kidney,
head and neck, colorectal, liver, pancreas, bile duct, larynx, lung,
leukaemia, melanoma, ureter, urological, and hemolymphatic
cancers, and multiple myeloma (Fig. 2a). Statistical significance
was retained for all but bile duct, colon, melanoma, and ureter
cancer after correction for multiple testing. In the dipstick
proteinuria analysis, we observed similar associations (Fig. S5).
Lower eGFRcr (per 15 mL/min/1.73m? decrease) was associated
with a higher risk of kidney cancer, urological cancer and multiple
myeloma (Fig. 2). The results were generally consistent when
beginning follow-up after 1 year from baseline (Fig. S4).

DISCUSSION

This international collaborative meta-analysis in >1.3 million
individuals without cancer at baseline showed that higher ACR
was independently associated with the risk of overall cancer,
whereas the association was not evident with lower eGFR (neither
eGFRcr nor eGFRcr-cys). We observed an increased risk even
within the normal to mildly increased ACR (i.e., <30mg/q),

British Journal of Cancer (2025) 133:1535-1543

regardless of eGFR levels. The associations were largely consistent
across demographic and clinical subgroups and when dipstick
proteinuria was used as a measure of albuminuria. For site-specific
cancers, lower eGFRcr showed a significant association with
urological cancer and multiple myeloma, whereas higher ACR was
related to broader types of cancer (e.g., head/neck, colorectal,
liver, pancreas, bile duct, stomach, larynx, lung, hemolymphatic,
leukaemia), in addition to kidney-related cancers.

Our study has some unique aspects, including a large sample
size enabled through meta-analysis of individual-level data from
international cohorts, simultaneous evaluation of different kidney
measures, and assessment of the association with overall as well
as site-specific cancers with detailed subgroup analyses. The
incidence rate of overall cancer was around four times higher than
in the general U.S. population (17.3 versus 4.4 per 1000 person-
years) [23], likely reflecting selection of higher-risk populations
with measurements of albuminuria. Despite these advantages, the
association of cancer risk with eGFRcr was generally null, which is
in line with several previous studies [5, 16]. Moreover, we found
that even eGFRcr-cys, a more accurate estimate of GFR, was not
associated with cancer risk. These results align well with a recent
Mendelian Randomization study, which showed that genetically
predicted eGFR was not associated with cancer risk [24]. Taken
together, the aetiological contributions of reduced kidney
function to overall cancer risk are likely limited.

In contrast, our study showed a strong association of higher
ACR with cancer risk, which is in line with several previous
epidemiological studies [5-7, 9, 10, 16, 18]. Though the mechan-
isms of association are uncertain, there are various potential
explanations. First, individuals with albuminuria may serve as an
indicator of increased susceptibility to cancer development.
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Table 3.
eGFRcr, mL/min/1.73 m? ACR, mg/g

<10 (N=715,603)

>105 (N =278,638) 0.91 (0.83-0.99) 1.07 (0.97-1.18)
90-104 (N =431,923) REF 1.09 (1.05-1.13)
60-89 (N — 456,786) 0.99 (0.95-1.03) 1.06 (1.01-1.12)
45-59 (N = 85,790) 1.07 (1.00-1.13) 1.07 (0.98-1.17)
30-44 (N = 41,856) 1.05 (0.94-1.17) 1.06 (0.97-1.15)
<30 (N=22,803) 1.21 (1.03-1.41) 1.25 (1.08-1.44)
Combined® REF 1.10 (1.07-1.12)

10-29 (N = 326,886)

Adjusted hazard ratios of the association of eGFRcr and albuminuria with overall cancer risk in the ACR population.

Combined®
30-299 (N = 214,727) =300 (N =60,580)
1.08 (0.98-1.19) 1.30 (1.16-1.45) 0.93 (0.88-0.99)
1.18 (1.13-1.24) 1.28 (1.17-1.39) REF
1.14 (1.08-1.20) 1.20 (1.10-1.31) 0.98 (0.94-1.01)
1.18 (1.09-1.28) 1.32 (1.19-1.45) 1.01 (0.96-1.07)

1.17 (1.07-1.28)
1.21 (1.11-1.33)
1.16 (1.12-1.20)

1.31 (1.21-1.42)
1.33 (1.20-1.49)
1.26 (1.22-1.30)

(

(
0.97 (0.92-1.04)
1.00 (0.91-1.10)

HR adjusted for age, sex, body mass index, hypertension, diabetes, total cholesterol, use of aspirin or glucocorticoids, history of cardiovascular disease, current

and former smoking.

*The marginal estimates for eGFR categories are adjusted for log-transformed ACR without an interaction term.
PThe marginal estimates for ACR categories are adjusted for eGFRcr as a continuous variable with a knot at 60 ml/min/1.73 m2.

a
1.4
S 45|
S 12
[Ye)
22
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©
z
©
N
©
I
08 1 T T T T T
1 8 64 512 4096
ACR (mglg)
Fig. 1

1¥\
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eGFRCr (ml/min/1.73 m?)

100 120

Adjusted hazard ratios of overall cancer using linear spline models in the ACR population. a Hazard ratios for overall cancer and ACR

were adjusted for age, sex, body mass index, hypertension, diabetes, total cholesterol, use of aspirin or glucocorticoids, history of cardiovascular
disease, current and former smoking, and eGFR. b Hazard ratios for overall cancer and eGFR were adjusted for age, sex, body mass index,
hypertension, diabetes, total cholesterol, use of aspirin or glucocorticoids, history of cardiovascular disease, current and former smoking, and ACR.

Beyond use as a marker of kidney damage, albuminuria has been
implicated as both a cause and consequence of endothelial
dysfunction and inflammation [25], and is seen more commonly
among people with cardiometabolic disease, including diabetes,
hypertension, and obesity. Further shared mechanisms exist that
may exacerbate this relationship. For example, lifestyle factors,
including a diet high in ultra-processed foods and reduced
physical activity, are important risk factors that contribute to the
development of metabolic diseases that can mutually exacerbate
CKD progression and cancer risk [26]. Patients with CKD tend to
have immunodeficiency [27], which can increase the risk of
developing cancer [28]. The use of specific medications in the
treatment of glomerular diseases (e.g., cyclophosphamide) can
increase the risk of cancer, particularly bladder cancer [29]. Thus,
albuminuria may serve as a marker of general ill health, with risk
factors for and propensity to malignancy. Second, it is plausible
that there are causal pathways between kidney dysfunction,
including albuminuria, and cancer incidence. In one example, the
kidney dysfunction and damage that predates kidney-related
cancer incidence have been shown to be involved in cancer
development pathways. Kidney damage and repair mechanisms
that occur during acute kidney injury and CKD have been shown
to trigger DNA damage and clonal proliferation of mutated cells,
which was observed to drive tumorigenesis [30, 31]. Using
Mendelian randomization studies, causal relationships have been
demonstrated between albuminuria and cardiovascular disease
(with a feed-forward mechanism mediated by blood pressure) [32]
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and mental disorders (through an yet unknown mechanism) [33].
Although a recent Mendelian Randomization study did not find an
association between genetically-predicted albuminuria and cancer
incidence, the genetic instrument explained small variation in
ACR, and thus its adequacy in this context was uncertain [24].
Though further research is required to establish whether
albuminuria is on the causal pathway, our robust dose-response
results support the value of investigating the mechanisms behind
the susceptibility of individuals with albuminuria to cancer
development across a broad range of site-specific cancers.

When focusing on site-specific cancers, both kidney measures
were consistently associated with the risk of urological cancer, and
are in  keeping with findings from previous studies
[2-6, 8, 9, 14, 19]. In addition, our study showed a strong
association of both eGFRcr and ACR with multiple myeloma, which
is consistent with previous studies [5, 6]. The association seen
between multiple myeloma, where immunoglobulin light chain in
urine may worsen kidney function, suggests the possibility of
reverse causality. However, when we began follow-up after 1 year
from baseline, the association with baseline eGFR and multiple
myeloma incidence remained significant.

Of note, lung cancer has consistently shown a robust
association with albuminuria in studies, including ours
[5, 6, 9, 10, 16]. The mechanisms regarding the relationship
between albuminuria and lung cancer are not fully understood,
and it is unclear what relevance albuminuria may have alongside
other important risk markers for lung cancer, including smoking.
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Hazard ratio

Hazard ratio

Outcome a (95% Cl) b  (95%Cl)

Overall cancer . 1.08 (1.06, 1.10) > 1.01 (0.98, 1.04)
Bileduct 1.13 (1.04, 1.22) E— 0.95 (0.71, 1.27)
Bladder - 1.30 (1.22, 1.38) -+ 0.95 (0.89, 1.01)
Brain 3 1.01 (0.98, 1.03) —_ 1.01 (0.84, 1.21)
Cervical - 1.04 (0.97, 1.10) —_— 1.02 (0.74, 1.39)
Colon - 1.05 (1.02, 1.08) - 1.06 (0.99, 1.14)
Colorectal - 1.06 (1.04, 1.08) o= 1.04 (0.98, 1.10)
Gallbladder L 1.26 (0.96, 1.64) <1 0.70 (0.34, 1.43)
Head neck - 1.12 (1.06, 1.19) —_— 0.97 (0.78, 1.19)
Haemolymphatic - 1.15 (1.10, 1.19) -+ 1.00 (0.92, 1.07)
Kidney - 1.22 (1.17,1.27) - 1.23 (1.14, 1.34)
Larynx — 1.23 (1.08, 1.40) S — 1.02 (0.77, 1.35)
Leukaemia - 1.15 (1.09, 1.20) —t 0.93 (0.83, 1.04)
Liver -~ 1.23 (1.15, 1.31) —— 1.00 (0.89, 1.13)
Lung - 1.20 (1.14, 1.26) -+ 0.99 (0.92, 1.06)
Melanoma 0.98 (0.97, 1.00) -+ 0.96 (0.91, 1.00)
Multiple myeloma —— 1.42 (1.29, 1.56) —— 1.21 (1.12,1.32)
Pancreas . 1.08 (1.05, 1.11) —— 1.01 (0.89, 1.13)
Rectum -> 1.08 (1.04,1.12) —_— 1.02 (0.84, 1.23)
Stomach 0.99 (0.96, 1.02) —— 1.13 (0.99, 1.29)
Thyroid o= 1.07 (1.00, 1.14) —— 1.03 (0.89, 1.19)
Ureter —— 1.20 (1.01, 1.42) _—t 1.10 (0.75, 1.62)
Urological - 1.29 (1.23, 1.35) -~ 1.08 (1.02, 1.14)

T T T T
0.5 1 2 0.5 1 2

Fig.2 Adjusted hazard ratios of site-specific cancers in the ACR population. a Hazard ratios per 8-fold increase in ACR adjusted for age, sex,
body mass index, hypertension, diabetes, total cholesterol, use of aspirin or glucocorticoids, history of cardiovascular disease, current and
former smoking, and eGFR. b Hazard ratio per 15 ml/min/1.73 m? decrease in eGFR creatinine in eGFR<60 ml/min/1.73 m? adjusted for age,
sex, body mass index, hypertension, diabetes, total cholesterol, use of aspirin or glucocorticoids, history of cardiovascular disease, current and

former smoking, and ACR.

For example, the incidence rate of lung cancer was around 3 times
higher in the National Lung Screening Trial (@ population of
current or former heavy smokers ages 55 to 74) than in our ACR
population [34]. However, there are multiple shared mechanisms
that likely contribute. Inflammation plays a role in the develop-
ment of cancer [35]. Vascular endothelial growth factor mediates
angiogenesis, leads to albuminuria [36] and is overexpressed in
patients with lung cancer [37]. Air pollutants and other toxic
chemicals can cause both kidney disease and various cancers,
including lung cancer [38]. Since our study is not designed to
address mechanisms, further investigations are warranted to
explore potential mechanisms behind the albuminuria-lung
cancer relationship and whether albuminuria has any utility as a
risk marker of cancer in selected populations.

Our study has clinical implications. Our findings suggest that CKD
measures, particularly albuminuria, may be useful in identifying
individuals at risk of cancer. Also, the robust association of
albuminuria with lung cancer suggests exploration into whether
the presence of albuminuria should indicate additional high-risk
features that identify individuals at high risk of varied site-specific
cancers. Since albuminuria assessment is recommended in several
clinical conditions (e.g., diabetes, hypertension, and reduced eGFR)
[39, 40], this measure is readily available in various clinical scenarios.
However, additional studies would need to assess the effectiveness
and cost-effectiveness of the use of albuminuria as a qualification
metric for cancer screening, including the potential for unintended
harm. In the meantime, healthcare providers should maintain a high
index of suspicion in persons with albuminuria when presenting
with symptoms or signs of cancer.

Although our study is the most comprehensive study to
investigate the prospective association of CKD with cancer risk,
we should acknowledge some important limitations. First, we

describe associations between albuminuria, eGFR, and cancer
incidence, but there remains substantial potential for measured
and unmeasured confounding, as is true in all observational
studies. Second, we do not have adequately granular data to
present an analysis of the relationship between eGFR and
albuminuria by cause of kidney disease. This may be of relevance
where albuminuria and cancer are more likely to co-exist, such as
in individuals with glomerulonephritis who are receiving immu-
nosuppressive therapy. Third, the methods used to evaluate
creatinine, albuminuria, and other covariates varied across cohorts
despite our efforts to standardize definitions. However, this
variation is unlikely to cause bias favouring kidney disease
measures. Similarly, the ascertainment of cancer diagnoses was
not necessarily consistent across cohort studies. Fourth, we do not
have access to data concerning the genetic predisposition to
cancer for individuals included in this study.

In conclusion, our results showed that albuminuria, but not
necessarily eGFR (neither eGFRcr nor eGFRcr-cys), was robustly
associated with the risk of overall cancer. Also, albuminuria was
associated with a broad set of site-specific cancers, including a
robust association with lung cancer. Our results warrant considera-
tion of the mechanisms that explain the link between albuminuria
and cancer risk across a broad range of site-specific cancers and the
possible utility of albuminuria as a biomarker of future cancer risk.

DATA AVAILABILITY

Under agreement with the participating cohorts, CKD-PC cannot share individual
data with third parties. Inquiries regarding specific analyses should be made to
ckdpc@nyulangone.org. Investigators may approach the original cohorts regarding
their own policies for data sharing (e.g., https://aric.cscc.unc.edu/aric9/researchers/
Obtain_Submit_Data for the Atherosclerosis Risk in Communities Study).
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