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3. Timeline: Manuscript drafted by January 2023 (assuming TopMed methylation data is
available 9 months prior to that).

4. Rationale:

There is overwhelming evidence that the immune response plays a role in cancer development (1).
Many epidemiological studies have focused on the role of systemic inflammation on cancer risk
and progression. Elevated CRP levels (2-6), white blood cell count (7-9), neutrophil-to-
lymphocyte ratios (6, 10, 11), and serum levels of pro-inflammatory cytokines (12) have been
associated with higher risk of cancer or decreased cancer survival. Yet, due to the difficulty in
measuring immune cell subtypes in peripheral white blood cells (WBC) on a population level, few
studies have been able to examine the role of immune cell subtypes involved in the adaptive
response in cancer incidence. Given that cancer itself will cause changes in immune status,
retrospective analyses cannot address the etiological question of how the immune response may
impact risk of developing cancer. Prospective studies that have measured WBC counts, including
the ARIC study, have been limited to measuring innate cells (i.e., neutrophils, eosinophils,
monocytes and basophils) and all lymphocytes combined. However, there is increasing evidence
suggesting that immune cells such as T-regulatory cell (Tregs) play a key role in cancer
development (13). In addition, growing data support the hypothesis that naive CD8 T cells play a
key role in ageing and immunity and may also impact cancer development (14, 15). New studies
are needed to provide insight into the role of these immune cells in risk of developing cancer. To
address this gap, we propose to use DNA methylation to estimate 12 immune cell subsets using a
newly expanded reference-based deconvolution methodology (16) and examine how these
immune cell proportions relate to cancer risk and mortality in the ARIC study.

5. Main Hypothesis/Study Questions:

The main hypothesis is that the innate and adaptive immune response can impact risk and
mortality and that they do so in a similar manner across all cancer types. For major cancer types
(i.e., colorectal, breast, lung cancers) we propose that known risk factors, especially, race, age,
smoking, and obesity, may modulate these associations.

Using data from the Atherosclerosis Risk in Communities (ARIC) Study we propose to conduct
prospective analyses for these aims/hypotheses:

1) Total neutrophil counts and elevated neutrophil proportions are positively associated with
risk of total cancer and cancer mortality, especially within a 5-year period before cancer
diagnosis. Note: This analysis will be different from Proposal #1825 (which used directly
measured WBC differentials from 3 field centers) as it will include epigenetic predicted
neutrophil proportions (and estimate counts) and mutually adjust for adaptive immune
cells (CD8, CD4, B cells and NK cells). Racial differences will be evaluated for this aim.



2) Elevated T-regulatory cells (Tregs), counts and proportions, are positively associated
with risk of total cancer incidence and mortality. Analyses will be stratified on smoking
and obesity.

3) Elevated CD8 naive cells (as a ratio of total CD8 cells) are inversely associated risk of
total cancer incidence and mortality. Analyses will be stratified on smoking and obesity.

4) Neutrophil-to-lymphocyte ratio (NLR) is positively associated with risk of cancer
mortality.

While these are our main hypotheses, we will also examine associations of CD4 cells (naive and
memory), B cells (naive and memory), NK cells, and the innate immune cells derived from the
deconvolution of white blood cells with cancer incidence and mortality.

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).

Study design: Prospective cohort design.

Analytic population: All participants with DNA methylation data from Visit 3.
Exclusions: Individuals with prevalent cancer at Visit 3 will be excluded.

Exposure: DNA methylation data obtained with the Illumina MethylationEPIC arrays
(TOPMed) from Visit 3.

Outcomes: The outcomes will be: (1) total cancer incidence, (2) total cancer mortality, (3)
cancer-specific incidence for lung, breast, and colorectal cancers, and (4) smoking, obesity, and
hormone-associated cancer incidence. Follow-up time will be calculated from date of Visit 3 to
date of cancer diagnosis, date of death, or end of follow-up (December 31, 2015) for the
incidence analyses. For mortality analyses, censoring will be either date of death or end of
December 2018.

Other variables: Age, race, derived BMI at Visit 3, current smoking status and packyears
smoked by Visit; alcohol drinking at Visit 3 (never, former, or current drinker), diabetes status at
Visit 3 (diagnosed: MD diagnosis, medications; undiagnosed: fasting glucose >126 mg/dL at any
visit and/or glycated hemoglobin >6.5% at Visit 2; at risk for diabetes: fasting glucose of 100 to
<126 mg/dL at visit 4; if not fasting, prior visit concentration will carried forward); ever use of
hormone replacement therapy (women only; Visits 1 and 3); lifecourse SES calculated using data
from ancillary study at Visit 4 as done previously in ARIC (17); US Census tract data on
neighborhood income for the year 2000 (18). We will also include a pack-year variable estimated
from the DNA methylation markers (19).

Estimation of immune cell composition.

Peripheral blood leukocyte subtypes proportions, including myeloid lineage sub-types [neutrophils
(Neu), eosinophils (Eos), basophils (Bas), and monocytes (Mono)] and lymphoid lineage subtypes
[B lymphocytes naive (Bnv), B lymphocytes memory (Bmem), T helper lymphocytes naive




(CD4nv), T helper lymphocytes memory (CD4mem), T regulatory cells (Treg), T cytotoxic
lymphocytes naive (CD8nv), T cytotoxic lymphocytes memory (CD8mem), and natural killer
lymphocytes (NK)], will be estimated using a newly expanded reference-based deconvolution
library EPIC IDOL-Ext (16). The expanded reference library adds new immune cell types to the
current function estimateCellCounts2 (available in the FlowSorted.Blood.EPIC Bioconductor
package (20)), which is based on previously published reference-based cell mixture deconvolution
algorithm developed by our team (Kelsey & Koestler) (21). This library uses the IDOL
methodology (21) to optimize the currently available six-cell reference library in order to
deconvolve the proportions of 12 leukocyte subtypes in peripheral blood. This EPIC IDOL-Ext
library (Bioconductor package FlowSorted.BloodExtended.EPIC) was validated using flow
cytometry gold standard data and substantiated by including publicly available data from >100,000
samples (16). Up to 56 different immune cell ratios (e.g., Neutrophil-to-Lymphocyte ratio) can be
estimated using the new libraries.

Methylation-Derived Neutrophil Lymphocyte Ratio (mdNLR): We will use a DNA methylation-
derived NLR (mdNLR) index to predict the common clinical NLR parameter using a previously
described approach (22). This index is based on normal isolated leukocyte reference DNA
methylation libraries and established reference-based cell-mixture deconvolution algorithms (22,
23).

Estimation of immune cell counts: Using the Visit 2 total WBC count we will estimate immune
specific cell counts by multiplying the immune cell proportions (estimated from DNA
methylation) to the total WBC count. Given that these two measures were obtained at different
time points (Visits 2 and 3), the assumption will be that the WBC count do not change substantially
over time. To check this assumption, we will regress WBC counts from Visit 2 on WBC from Visit
1 - individuals with large residual values will be removed from the analysis. We will also remove
participants who started (or stopped) taking corticosteroids, or who changed smoking status,
between Visits 2 and 3. Only 3 field centers will be included in these analyses (those with cell
count data).

Data analysis:

All statistical analyses will be performed in R (version 3.5.1). We will use Cox proportional hazard
models to examine the association between DNA methylation-based immunity measures and
cancer risk and mortality. Immune cell proportions, counts and ratios will be included in models
as continuous variables. In addition, each regression model will be adjusted for age, sex, education
(<high school, high school, >high school), field center*race (black from suburban Minneapolis,
Forsyth County or Washington County; white from Forsyth County or Washington County; black
from Jackson), smoking (current, former, never; packyears smoked [continuous]), BMI
(continuous), diabetes status (diagnosed, undiagnosed, at risk for diabetes, none), alcohol drinking
(never, former, or current drinker), lifecourse SES, US Census tract data on neighborhood income,
batch effect, and a previously described methylation-predicted pack-years smoked (19). The
proportional hazards assumption was checked by conducting global tests of correlating the set of
scaled Schoenfeld residuals with time for each covariate.



Associations will be additional examined by strata of smoking status, median age, and race.
Interactions will be tested if associations differ substantially by strata. In addition, sensitivity
analyses will be conducted to evaluate if associations differ for cancer cases that were diagnosed
less than 5 years after baseline (i.e., blood draw) compared to those diagnosed more than 5 years
after baseline (to rule out reverse causation). Sensitivity analyses will also be conducted to examine
total cancers excluding non-solid cancers.

As a sensitivity analysis for analyses measuring immune cell counts, we will remove participants
who had highly inconsistent total counts between Visits 1 and 2.

Methodologic challenges:

The main goal of the proposed study is to examine the relationship between the immune
response and cancer incidence and mortality. We will use epigenetic markers of immune cell
types to estimate proportions of subsets of immune cells — these will be measured at Visit 3 and
may not necessarily reflect cell proportions over a long period of time. Other limitations include
a lack of detailed data on cancer screening; however, we do have information on frequency of
doctor’s visit, which we will adjust for in multivariate models.

Data needed for analysis:

Table 1: Summary of ARIC variables for proposed analysis

Variable Time of Collection Analytic Plan

Exposure of interest; Exclude
Total WBC count & WBC subtype ~ Visit 1 & Visit 2 participants whose WBC (total &
(neutrophil, lymphocyte, monocyte, subtype) counts change from Visit 1
eosinophil, basophiles) count to Visit 2 in sensitivity analyses (see

analytic plan for more details).

Overall and site-specific cancer Through 12/31/2015 Outcome 1
incidence
Overall and site-specific cancer- Through 12/31/2015 Outcome 2

specific mortality

Sex Visit 1 Covariate
Age Visit 3 Covariate
Education level Visit 1 Covariate
Socioeconomic status Visit 1 Covariate
Study center Visit 1 Covariate



BMI Visit 3 Covariate
Sensitivity analyses will be performed
Medication use: immunomodulating Visits 1-3 to account for corticosteroids,
medications, corticosteroids, NSAIDs, antibiotics and
NSAIDS/aspirin, antibiotics, antihistamine use. We will also adjust
antihistamines for NSAID use during follow-up by
treating NSAIDs use as a time-
varying covariate.
Cancer cases at baseline will be
Medical history: cardiovascular Visit 3 excluded; SenSlthlty analyses will
disease, cancer, asthma, diabetes also be performed excluding cases of
CVD, diabetes and asthma
Reproductive History: Menopausal Visit 3 Covariate — for breast cancer analyses
status, age at menopause, pregnancy,
exogenous hormone use
Alcohol use Visit 3 Covariate
Smoking (Never, Former, Current &  Visit 3 Covariate
pack-years)
Physical Activity Visit 3 Covariate
Screening Questions: Frequency of ~ Visit 3 Covariate
doctor visits
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