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3. Timeline: Analyses and manuscript preparation will be performed over the next 6 months.

4. Rationale:

Chronic kidney disease (CKD), usually defined as reduced estimated glomerular filtration rate
(eGFR) or elevated albuminuria, is a major and growing global public health problem.! The
prevalence of CKD continues to rise? and contributes to adverse outcomes such as cardiovascular
disease’ 4, infections,’ metabolic and endocrine disorders,®’ frailty,® and cognitive impairment.’

Recently, cancer has been attracting attention as another potential complication of CKD.!*"?
However, previous studies have demonstrated conflicting results. Since those studies used
different definitions of CKD (reduced kidney function'®!® vs. albuminuria'®!'” and only one
study accounting for both!?) and cancer (mortality!! * 161319 ys_incidence including non-fatal



cases!? 121517 and overall cancer

common conclusions.

Therefore, we aim to quantify the associations of both eGFR and albuminuria with cancer
incidence and mortality in the Atherosclerosis Risk in Communities (ARIC) Study. The ARIC
Study will uniquely allow us to assess the state-of-the-art measures of eGFR (based on the CKD-
EPI equation using serum creatinine and cystatin C*°2!) and albuminuria (urine albumin-to-
creatinine ratio [ACR]).

1418 ys. site-specific cancer!'%13 117 19) 'it is hard to derive

5. Main Hypothesis/Study Questions:

1. eGFR and ACR will be associated with overall cancer and some site-specific cancers,
independently of each other and other cancer risk factors.

2. The association will be more robust for ACR compared to eGFR.

3. The association will be stronger for cancer mortality than for cancer incidence, since
CKD can influence treatment decision and response.

6. Design and analysis (study design, inclusion/exclusion, outcome and other variables of
interest with specific reference to the time of their collection, summary of data analysis,
and any anticipated methodologic limitations or challenges if present).

Inclusions:
e All ARIC participants with serum creatinine, urinary albumin, creatinine and other
necessary covariates at visit 4 will be included in the analyses.

Exclusions:
e Individuals diagnosed with cancer prior to baseline (visit 4)
¢ Ethnicity other than black and white

Exposures:

e CKD-EPI Cystatin C + creatinine equation for eGFR as primary equation since this is
the best available equation.

135 x min(Scr/k, 1)* x max(Scr/x, 1)%6%! x min(Seys/0.8, 1)°375 x max(Scys/0.8, 1)
0-711 x 0.995%2¢ x 0.969 [if female] x 1.08 [if black]
(x is 0.7 for female and 0.9 for male; a is -0.248 for female and -0.207 for male)

e (CKD-EPI creatinine-based eGFR as secondary equation since creatinine-based eGFR
is widely used in clinical practice
141 x min (Ser /x, 1)* x max(Ser /x, 1)712% x 099342 x 1.018 [if female] x 1.159 [if
black] (k is 0.7 for female and 0.9 for male; a is -0.329 for female and -0.411 for male)

e ACR as a measure of albuminuria as recommended in the Kidney Disease Improving
Global Outcomes (KDIGO) CKD guidelines®?

e (Covariates of interest: socio-demographic characteristics (age, race, gender,
education), alcohol intake, smoking status, body mass index, family history of cancer,
history of cardiovascular disease (coronary heart disease, stroke or heart failure),
hypertension (systolic blood pressure >140mmHg, diastolic blood pressure
>90mmHg, reported history of hypertension, or use of antihypertensive medication),



use of anti-hypertensive medications, diabetes (fasting blood glucose >126mg/dl,
non-fasting glucose >200mg/dl, reported history of diabetes, or use of diabetes
medication), use of anti-diabetes medications, lipid parameters (Total cholesterol,
HDL cholesterol, LDL cholesterol, and triglyceride), C-reactive protein (CRP), and
statin use.

Outcomes:

e Cancer incidence (first primary invasive)
e Cancer mortality
e System-specific cancer

o
o
o
o

Digestive system: stomach, colon and rectum, liver, pancreas

Respiratory system: lung, laryngeal

Genitourinary: breast, endometrial (women), prostate (men), bladder, kidney
Hematopoietic: multiple myeloma, leukemia

e Site-specific with at least 50 cases (based on preliminary evaluation the following
sites should have >50 incident cases [* with >50 mortality cases])

(0}

O O0OO0OO0OO0OO0OO0OOo0OOo
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Statistical Analysis:

1. According to the KDIGO guideline?? and previous literature?*, eGFR will be categorized
as <30, 30-44, 45-59, 60-89, and >90 ml/min/1.73m?, and ACR will be categorized <10,
10-29, 30-299, and >300 mg/g.

2. We will summarize baseline characteristics by categories of eGFR and ACR as well as
the status of incident cancer.

3. Subsequently, we will quantify the association of eGFR and ACR with cancer risk
(incidence and mortality, separately) using Cox proportional hazards models. Those
models will adjust for covariates listed above as well as each of CKD measures (ACR
will be accounted for in the analysis for eGFR and vice versa). We will also assess risk of
developing cancer according to cross-categories of eGFR and ACR using Cox
proportional hazard model.

4. We will conduct a few sensitivity analyses.

a. To compare the contributions of eGFR and ACR to cancer risk in subgroups, we
will perform subgroup analysis according to age, gender, race, smoking status,
and clinical conditions (diabetes, hypertension, and history of cardiovascular
disease).



b. In sub-analysis, we will repeat the analysis for total cancer the excludes prostate
cancer since kidney function may affect PSA concentration which is an important
tool for detection of prostate cancer.?* %

c. We will do competing risk analyses using Fine and Gray’s method to determine
effect estimates in the presence of a competing risk.

5. We will repeat the analysis using creatinine-based eGFR.
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