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Abstract

Background: Low levels of adiponectin (ADIPOQ; HGNC ID; HGNC:13633), an adipokine, are associated with obesity,
adiposity, excess energy balance, and increased risk of colorectal neoplasia. Given the reported association of increased
body mass index (BMI) and low-level physical activity with KRAS-mutated colorectal tumor, we hypothesized that low-level
plasma adiponectin might be associated with increased risk of KRAS-mutant colorectal carcinoma but not with risk of KRAS
wild-type carcinoma.

Methods: We conducted molecular pathological epidemiology research using a nested case-control study design (307
incident rectal and colon cancer case patients and 593 matched control individuals) within prospective cohort studies,
the Nurses’ Health Study (152 case patients and 297 control individuals, with blood collection in 1989-1990) and the
Health Professionals Follow-up Study (155 case patients and 296 control individuals, with blood collection in 1993-1995).
Multivariable conditional logistic regression models and two-sided likelihood ratio tests were used to assess etiologic
heterogeneity of the associations.

Results: The association of low-level plasma adiponectin with colorectal cancer risk statistically significantly differed by
KRAS mutation status (P, ..,.geneity = -004). Low levels of plasma adiponectin were associated with KRAS-mutant colorectal

cancer (for the lowest vs highest tertile: multivariable odds ratio [OR] = 2.83, 95% confidence interval [CI] = 1.50 to 5.34,
P, ..4 = .002) but not with KRAS wild-type cancer (for the lowest vs highest tertile: multivariable OR = 0.83, 95% CI = 0.49
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to 1.43, P

trend

= .48). In secondary analyses, the association between plasma adiponectin and colorectal cancer did not
appreciably differ by BRAF or PIK3CA oncogene mutation status.

Conclusions: Low-level plasma adiponectin is associated with KRAS-mutant colorectal cancer risk but not with KRAS wild-

type cancer risk.

Adiponectin (ADIPOQ; HGNC ID; HGNC:13633), an adipocyte-
derived protein or adipokine, modulates a number of metabolic
processes and plays an important role in energy homeostasis
(1-3). Low levels of circulating plasma adiponectin are consid-
ered a marker of excess energy balance status (3) and have been
associated with obesity, type 2 diabetes mellitus, and insulin
resistance (3). Low-level plasma adiponectin is associated with
increased risk of colorectal cancer (CRC) (4-7), colorectal ade-
noma (7-9), and various other tumors (10). Few previous stud-
ies could measure adiponectin level in plasma from individuals
years before CRC diagnosis, and could assess plasma adiponec-
tin as a potential biomarker for future CRC risk (4-6). It remains
uncertain whether low-level plasma adiponectin in an individ-
ual without cancer is associated with higher incidence of CRC
with specific molecular features, such as KRAS mutation status.

CRCs develop through a multistep carcinogenic process with
an accumulation of epigenetic and genetic changes, which differ
from tumor to tumor (11). The KRAS gene has been established
as one of important drivers in colorectal carcinogenesis, and its
activating mutations (in codons 12, 13, 61, and 146) are present
in approximately 40% of CRCs (12-15). Additionally, KRAS muta-
tion in CRC has been shown to be a predictive biomarker for
resistance to anti-epidermal growth factor receptor (EGFR) ther-
apy (16-18). Previous studies showed that high body mass index
(BMI) and physical inactivity are associated with KRAS-mutated
colorectal neoplasia (19-21). Therefore, we hypothesized that
the association between low-level plasma adiponectin and risk
of developing CRC might be stronger for KRAS-mutated CRC
than for KRAS wild-type CRC.

To test this hypothesis, we conducted a nested case-control
study within two prospective cohort studies. We examined the
association of plasma adiponectin levels with risk of develop-
ing CRC classified by tumor KRAS mutation status using partici-
pants in prospective cohorts with blood specimens (collected
[7.8 years on average] before the diagnosis of CRC [307 case
patients]) and 593 control individuals, matched on sex, age, and
month/year of blood draw. As secondary analyses, we exam-
ined BRAF and PIK3CA mutations, in addition to KRAS mutation.
These three genes encode proteins that mediate signaling cas-
cades triggered by EGFR, and KRAS mutation is associated posi-
tively with PIK3CA mutation, and inversely with BRAF mutation
in CRC (16-18,22-25).

Methods

Study Population

We conducted this nested case-control study within two pro-
spective cohort studies, the Nurses’ Health Study (NHS) and
Health Professionals Follow-up Study (HPFS) (26,27). The NHS
enrolled 121 700 female nurses, age 30 to 55 years, in 1976, and
the HPFS enrolled 51 529 male health professionals, age 40 to
75 years, in 1986. From enrollment, cohort participants were
sent self-administered questionnaires biennially regarding
medical conditions, family history, diet (diet was assessed every
four years), and lifestyle.

Blood specimens were collected from 32 826 women from
the NHS (in 1989-1990) and 18 225 men from the HPFS (in 1993-
1995). The procedures and protocols of blood collection and pro-
cessing were similar in the NHS and HPFS (4,5); within 26 hours
of blood draw, specimens were shipped on ice to the laboratory,
where, upon arrival, they were separated into plasma, red cell,
white cell components. All specimens were stored in continu-
ously monitored liquid nitrogen freezers (<-130°C) (the median
storage time of blood samples: 18.8 years for NHS and 16.3 years
for HPFS). The Human Research Committee at the Brigham and
Women'’s Hospital and the Harvard T. H. Chan School of Public
Health approved this study. All participants provided informed
consent.

Ascertainment of Case Patients and Control Individuals

Figure 1 shows selection of each triad (one case patient and
two matched control individuals) in our nested case-control
design. Figures 2 and 3 show summary flow diagrams of the
selection of CRC case patients and matched control individu-
als. CRC case patients were ascertained through self-report
and investigation of the National Death Index and medical
record review. We included both colon and rectal carcinoma
case patients, considering the colorectal continuum model
(28,29). Among 51 051 participants who had provided blood
specimens, 360 women and 287 men subsequently developed
CRC during follow-up (through October 1, 2008 in the NHS; and
through January 1, 2008 in the HPFS). The median time from
blood draw to diagnosis of CRC is 9.7 years in women, 6.4 years
in men, and 7.8 years in the combined cohort. Collection of
paraffin-embedded archival tissue blocks was attempted from
hospitals where participants with CRC had undergone tumor
resection.

For the current study, we included CRC case patients if: 1) at
the time of blood draw, there had been no personal history of
polyposis syndrome, inflammatory bowel disease, or cancer
(except for nonmelanoma skin cancer); 2) adiponectin was
successfully measured in prediagnosis blood specimen; and
3) tumor KRAS mutation status was successfully determined. As
a result, the numbers of included (excluded) CRC case patients
were 152 (208) in the NHS (Figure 2) and 155 (132) in the HPFS
(Figure 3). For each CRC case patient, we used risk set sampling
to randomly select up to two control individuals matched on
sex, age, and month/year of blood draw from participants who
were alive and free of cancer at the time of the CRC case patient
diagnosis (Figure 1). A total of 297 control individuals from
the NHS and 296 control individuals from the HPFS could be
included in this study.

Plasma Adiponectin Assay

Adiponectin levels were measured from blood samples
using enzyme-linked immunosorbent assay (ELISA) (ALPCO
Diagnostics, Salem, NH) with a sensitivity of 0.04ng/mL (4).
Paired quality control samples were randomly interspersed
among the case-control samples. All assays were conducted by
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Figure 1. Illustration of a nested case-control design within two prospective cohort studies. A selection of each case patient and matched control individuals is shown.
Plasma adiponectin level was measured after the diagnosis of colorectal cancer for case patients and matching control individuals. *Except nonmelanoma skin cancer.
CRC = colorectal cancer.
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Figure 2. Flow diagram of this nested case-control study in the Nurses’ Health Study. *Except nonmelanoma skin cancer. CRC = colorectal cancer.

laboratory personnel blinded to quality control, case-control Covariates
status, or any other participant information. Samples from case
patients and their matched control individuals were analyzed
in the same batch. The intra-assay coefficient of variation from
quality control samples was 8.6%. The inter-assay coefficient of
variation was 12.4%.

We categorized plasma adiponectin level into tertiles using
sex-specific cutoff levels based on the distribution among the
control individuals of each cohort. The presence of mutation in
any of KRAS codons 12, 13, 61, and 146 was classified as KRAS-
mutant, while the absence of mutation in all KRAS codons 12,
13, 61, and 146 was classified as KRAS wild-type. The presence
of mutation in BRAF codon 600 was classified as BRAF-mutant,
while the absence of mutation in BRAF codon 600 was clas-
DNA was extracted from paraffin-embedded tumor tissue, and sified as BRAF wild-type. The presence of mutation in any of
polymerase chain reaction and pyrosequencing targeted for PIK3CA exons 9 and 20 was classified as PIK3CA-mutant, while
KRAS (codons 12, 13, 61, and 146) (13,30), BRAF (codon 600) (31), the absence of mutation in PIK3CA exons 9 and 20 was clas-
and PIK3CA (exons 9 and 20) were performed as previously sified as PIK3CA wild-type. In the final multivariable models,
described (32,33). the following variables were included: fasting status at blood

Sequencing of KRAS, BRAF, and PIK3CA
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Figure 3. Flow diagram of this nested case-control study in the Health Professionals Follow-up Study. “Except nonmelanoma skin cancer. CRC = colorectal cancer.

draw, BMI, physical activity, CRC family history, multivitamin
use, aspirin use, hormone replacement therapy, lower endos-
copy history, smoking history, total caloric intake, intakes of
red meat, processed meat, calcium, folate, alcohol, and plasma
25-hydroxyvitamin D (4,5).

Statistical Analysis

Details of the statistical analysis are described in the
Supplementary Methods (available online). All statistical anal-
yses were carried out using SAS (version 9.3, SAS Institute,
Cary, NC). All P values were two-sided. Our primary hypoth-
esis testing was heterogeneity testing between “the asso-
ciation of low-level plasma adiponectin with KRAS-mutant
CRC” and “that with KRAS wild-type CRC” in the combined
cohort. Nonetheless, we considered the risk of false-positive
results because of multiple hypothesis testing. In this study,
we examined three tumor markers (KRAS, BRAF, and PIK3CA).
Therefore, for our primary hypothesis testing, the alpha level
for statistical significance was adjusted to .017 (= .05/3). All
the other analyses (including evaluations of individual odds
ratio [OR] and sex-specific analyses) were secondary and
exploratory.

We estimated cohort-specific odds ratios and 95% confidence
intervals (CIs) for each CRC subtype (KRAS-mutant or KRAS
wild-type), using conditional logistic regression models that
accounted for the matching variables, ie, age at blood draw and
date of blood collection.

We examined and confirmed consistency between the two
cohorts using Q statistics in the relationship of adiponectin
with KRAS-mutated CRC and that with KRAS wild-type CRC.
Then, we merged the data from the two cohorts and tested
etiologic heterogeneity in the combined cohort, including sex
(cohort) as a stratification variable. To test heterogeneity, we
used the likelihood ratio test by comparing the model in which
the association with exposures was allowed to vary by tumor
subtypes with a model in which all the associations were held
constant (34,35).

Results

Baseline Characteristics of Study Subjects

Table 1 shows baseline characteristics of the study subjects.
Compared with control individuals, the median of plasma adi-
ponectin level of CRC case patients was lower in both men and
women. In men, compared with control individuals, CRC case
patients tended to have higher BMI, CRC family history, and a
lower rate of experiencing lower endoscopy.

Supplementary Table 1 (available online) shows baseline

characteristics of CRC patients with KRAS mutation data and
those without KRAS data (the latter of which were excluded
from this study). Baseline characteristics did not differ substan-
tially according to the availability of KRAS data.
We examined the association of plasma adiponectin level with
risk of KRAS-data-available CRC and risk of KRAS-data-unavailable
CRC, in our overall nested case-control set in men, women, and
the combined cohort (605 case patients and 1174 matched con-
trol individuals) (Supplementary Table 2, available online). The
association of low-level adiponectin with CRC risk did not differ
substantially according to the availability of KRAS data (P,
>.29).

The median (interquartile range) levels of plasma adiponec-
tin in CRC case patients according to KRAS, BRAF, and PIK3CA
status are provided in Supplementary Table 3 (available online).

heterogeneity

Plasma Adiponectin and Incident CRC Classified by
KRAS Mutation Status

We tested our primary hypothesis that the association of low-
level prediagnosis plasma adiponectin with CRC risk might dif-
fer by KRAS status in the combined cohort (Table 2). We detected
KRAS mutations in 136 (44%) of 307 CRC case patients; the num-
ber of mutated case patients in each codon was 99 in codon 12,
28 in codon 13, six in codon 61, and five in codon 146. One case
patient had mutations in codons 12 and 13 concomitantly, and
another had mutations in codons 13 and 146 concomitantly.
In the combined cohort, the association of low-level plasma
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Table 1. Baseline characteristics of study subjects within the Nurses’ Health Study (NHS) and the Health Professionals Follow-up Study (HPFS)

Women (NHS)

Men (HPFS)

Case patients

Control individuals

Case patients ~ Control individuals

Baseline characteristics (n=152) (n=297) P (n =155) (n =296) P
Mean age at blood draw (SD)*, y 58.5 (6.7) 58.5 (6.6) - 66.2 (8.4) 66.2 (8.4) -
Fasting at time of blood drawt, % 69 70 .84 52 53 .93
Mean body mass index (SD), kg/m? 25.2 (4.7) 24.7 (4.4) 32 26.1(2.9) 25.3(2.8) .02
Mean physical activity, MET-hours per week (SD) 15.2 (17.7) 14.8 (16.6) .60 32.1(27.2) 30.4 (26.8) .70
Mean pack-years of smoking before age 30 y 7.3(7.0) 6.1(4.7) 41 10.1 (6.3) 9.1 (6.4) .23
among ever-smoker (SD)
Never smoker, % 44 49 31 39 45 22
Colorectal cancer in a parent or sibling, % 16 15 .93 21 14 .04
Current multivitamin use, % 35 38 .55 48 51 .55
Regular aspirin use (>2 tablets/wk), % 22 29 12 35 41 .26
Current hormone replacement therapy, % 22 16 12 - - -
History of previous lower endoscopy, % 14 17 .52 54 64 .03
Mean daily intake (SD)
Total calorie, kcal/d 1.7 (0.46) 1.7 (0.44) 52 2.1(0.58) 2.0 (0.49) 10
Red meat, serving/d 0.68 (0.34) 0.63 (0.31) 75 0.62 (0.40) 0.56 (0.33) 13
Processed meat, serving/d 0.29 (0.27) 0.27 (0.26) .56 0.38 (0.49) 0.33 (0.32) 93
Calcium, mg/d 922 (350) 972 (362) 20 917 (331) 952 (366) 52
Folate, ng/d 398 (172) 415 (185) 48 495 (204) 529 (238) 45
Alcohol, g/d 5.0 (7.0) 6.0 (9.2) 67 13.4 (16.3) 10.8 (12.4) 08
Plasma 25-hydroxyvitamin D, 24.2 (17.5-29.5) 25.9 (19.2-30.8) 17 27.2(22.2-33.1)  27.8(21.8-33.7) .96
median (IQR), ng/mL
Plasma adiponectin, median (IQR), pg/mL 7.9 (5.0-10.8) 8.2 (5.7-10.6) 45 5.0 (3.0-7.0) 56(3.7-7.9)  .003
Plasma adiponectin, tertile cutpoints 6.7 and 10.0 (batch 1); 4.2 and 6.7
based on controls, pg/mL 6.6 and 9.3 (batch 2)
Plasma adiponectin, tertiles 14 .06
Tertile 1, No. 63 102 60 98
Tertile 2, No. 46 101 53 94
Tertile 3, No. 43 94 42 104

* Age is one of the matching variables. HPFS = Health Professionals Follow-up Study; IQR = interquartile range; MET = metabolic equivalent task; NHS = Nurses’

Health Study; SD = standard deviation.
1 Hours since last meal > 8.

adiponectin with CRC risk statistically significantly differed by
KRAS status (P, ogenary = -004). Low-level plasma adiponectin
was associated with risk of KRAS-mutant CRC (for the lowest
[T1] vs highest [T3] tertile; multivariable OR = 2.83,95% CI = 1.50
to 5.34, P, = .002 across tertiles of adiponectin level) but not
with risk of KRAS wild-type CRC (for T1 vs T3; multivariable
OR =0.83,95% CI = 0.49 to 1.43, P, , = .48 across tertiles).

Although sample size was limited, we conducted secondary
cohort (sex)-specific analyses (Table 2). In men, low-level plasma
adiponectin was associated with KRAS-mutant CRC (for T1 vs T3;
multivariable OR = 4.21,95% CI = 1.52 to 11.6, P, , = .005 across ter-
tiles), but not with KRAS wild-type CRC (P, = -81 across tertiles)
(Prcterogeneiy = -02, between KRAS subtypes). Although no statistically
significant association was observed in women, data were gener-
ally consistent between women and men. We confirmed consist-
encies between women and men by Q statistics (P, . .,ogeneity = -41)-

In secondary analysis, we used log-transformed adi-
ponectin value as a continuous variable and showed statisti-
cally significant heterogeneity in the association of low-level
plasma adiponectin with CRC risk according to KRAS status
(P =.004) (Supplementary Table 4, available online).

heterogeneity

Plasma Adiponectin and Incident CRC Classified by
BRAF or PIK3CA Mutation Status

As secondary analyses, we examined whether the association
between low-level plasma adiponectin and CRC risk differed

by mutation status of BRAF or PIK3CA (Table 3). In the com-
bined cohort, low-level plasma adiponectin was associated
with BRAF wild-type CRC (for T1 vs T3; multivariable OR = 1.81,
95% CI = 1.15 to 2.83, P, = .01 across tertiles) but not with
BRAF-mutant CRC (P .15) (P .01, between BRAF
subtypes) (Table 3).

We examined whether the association between plasma adi-
ponectin level and CRC risk differed by combined KRAS/BRAF
mutation status, excluding two KRAS-mutant BRAF-mutant case
patients (Table 4). In the combined cohort, low-level plasma
adiponectin appeared to be associated with KRAS-mutant
BRAF wild-type CRC (for T1 vs T3; multivariable OR = 2.93, 95%
Cl=1.54t05.56,P ,=.002 across tertiles) but not with the other
subtypes (KRAS wild-type BRAF wild-type CRC and KRAS wild-
type BRAF-mutant CRC) (P, , > .15 across tertiles).

The association of plasma adiponectin level with CRC
risk did not appreciably differ by PIK3CA mutation status
=.72) (Table 3).

trend — heterogeneity —

(Pheterogeneity

Sensitivity Analyses

To assess for potential bias arising from an influence of subclini-
cal CRC on plasma adiponectin level at the time of blood collec-
tion, we conducted an analysis excluding 33 CRC case patients
diagnosed within two years after blood draw (Supplementary
Table 5, available online). This analysis yielded similar results to
our main findings.
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Table 2. Odds ratio for colorectal cancer by KRAS mutation status according to plasma adiponectin level in the Nurses’ Health Study and the

Health Professionals Follow-up Study

Colorectal cancer subtype Tertile 3 Tertile 2 Tertile 1 Poond P, crerogencity T
Women (NHS)
KRAS wild-type
No. of case patients/control individuals (82/161) 26/50 26/58 30/53
Age-adjusted OR (95% CI)F 1 (referent) 0.89 (0.48 to 1.67) 1.14 (0.57 to 2.24) 79
Multivariable-adjusted OR (95% CI)§ 1 (referent) 0.79 (0.39 to 1.60) 0.98 (0.44 to 2.14) .86
KRAS-mutant
No. of case patients/control individuals (70/136) 17/44 20/43 33/49
Age-adjusted OR (95% CI)+ 1 (referent) 1.21 (0.55 to 2.66) 1.92 (0.86 to 4.26) 12
Multivariable-adjusted OR (95% CI)§ 1 (referent) 1.34 (0.56 to 3.19) 1.97 (0.82 to 4.75) 14 21
Men (HPFS)
KRAS wild-type
No. of case patients/control individuals (89/171) 29/57 27/51 33/63
Age-adjusted OR (95% CI)F 1 (referent) 1.04 (0.53 to 2.03) 1.10 (0.55 to 2.18) .80
Multivariable-adjusted OR (95% CI)§ 1 (referent) 0.86 (0.40 to 1.89) 0.92 (0.40 to 2.09) .81
KRAS-mutant
No. of case patients/control individuals (66/125) 13/47 26/43 27/35
Age-adjusted OR (95% CI)F 1 (referent) 2.28 (1.00 to 5.21) 3.17 (1.30 to 7.75) .01
Multivariable-adjusted OR (95% CI)§ 1 (referent) 2.69 (1.04 to 6.93) 4.21 (1.52 to 11.6) .005 .02
Combined (women [NHS] and men [HPFS))
KRAS wild-type
No. of case patients/control individuals (171/332) 55/107 53/109 63/116
Age-adjusted OR (95% CI)F 1 (referent) 0.96 (0.60 to 1.51) 1.11 (0.68 to 1.80) 72
Multivariable-adjusted OR (95% CI)§ 1 (referent) 0.89 (0.54 to 1.45) 0.83(0.49 to 1.43) 48
KRAS-mutant
No. of case patients/control individuals (136/261) 30/91 46/86 60/84
Age-adjusted OR (95% CI)} 1 (referent) 1.65 (0.94 to 2.89) 2.42 (1.34 to 4.37) .005
Multivariable-adjusted OR (95% CI)§ 1 (referent) 1.88 (1.03 to 3.42) 2.83 (1.50 to 5.34) .002 .004

* Tests for trend (the Wald statistics, two-sided) were conducted using the median values for each tertile of plasma adiponectin. CI = confidence interval;

HPFS = Health Professionals Follow-up Study; NHS = Nurses’ Health Study; OR = odds ratio.
1 Likelihood ratio tests (two-sided) were used to test for heterogeneity (comparing the associations across tumor subtypes).

} Results were based on conditional logistic regression analysis with adjustment for age at blood draw and date of blood collection.
§ Results were based on conditional logistic regression analysis (which accounted for age at blood draw and date of blood collection) with additional adjustment
for fasting status (<8 hours, >8 hours since last meal), body mass index (continuous, kg/m?), physical activity level (continuous, metabolic equivalent hour per
week), family history of colorectal cancer (yes, no), multivitamin use (yes, no), regular aspirin use (yes, no), hormone replacement therapy (yes, no; NHS only),
history of previous lower endoscopy (yes, no), pack-years of smoking before age 30 years (continuous), intake of total calorie (continuous, kcal/day), red meat
intake (continuous, serving/day), processed meat intake (continuous, serving/day), calcium intake (continuous, mg/day), folate intake (continuous, pg/day), alcohol

consumption (continuous, g/day), and plasma 25-hydroxyvitamin D (tertile, ng/mL).

The median (range) levels of plasma adiponectin across tertiles among controls are as follows:
Women (NHS) (Batch 1):  12.1 (10.0 to 26.0) pg/mL (Tertile 3), 8.2 (6.7 to 10.0) pg/mL (Tertile 2), 5.0 (1.8 to 6.7) pg/mL (Tertile 1)
Women (NHS) (Batch 2):  11.5 (9.3 to 27.0) pg/mL (Tertile 3), 8.1 (6.6 to 9.3) ng/mL (Tertile 2), 4.6 (1.4 to 6.6) ng/mL (Tertile 1)

Men (HPFS): 9.2 (6.7 to 28.0) pg/mL (Tertile 3), 5.4 (4.2 to 6.7) pg/mL (Tertile 2), 3.3 (1.3 to 4.2) pg/mL (Tertile 1)

To assess the potential bias because of diabetic history, we
also conducted an analysis excluding 12 CRC case patients with
a history of diabetes at baseline (Supplementary Table 6, avail-
able online). This analysis also yielded similar results to our
main findings.

Discussion

We conducted this study to test the hypothesis that the asso-
ciation of low-level plasma adiponectin with subsequent risk of
developing CRC might be stronger for KRAS-mutant CRC than
for KRAS wild-type CRC. This hypothesis is based on the combi-
nation of two distinct lines of evidence. First, low-level plasma
adiponectin has been associated with CRC risk (4-7). Second,
high BMI and physical inactivity have been associated with
lower level of plasma adiponectin (3) and with higher risk of
KRAS-mutant CRC (19-21). We found that the association of pre-
diagnosis plasma adiponectin level with CRC risk statistically
significantly differed by tumor KRAS mutation status and that

low-level plasma adiponectin was associated with KRAS-mutant
CRC but not with KRAS wild-type CRC.

Observational studies have suggested an inverse associa-
tion between plasma adiponectin level and CRC risk (4-7). In our
previous study, we showed that plasma adiponectin level was
inversely associated with overall CRC incidence in men but not
in women (4). Experimental studies suggest that adiponectin
may also exert anticancer effects through direct mechanisms,
such as inhibiting cancer cell proliferation (36,37) and inducing
apoptosis (38,39), as well as indirectly through pathways asso-
ciated with insulin resistance and inflammation (10,40). These
potential mechanisms need to be examined in future research.

Analyses of tumor molecular characteristics are increasingly
important in clinical and epidemiologic cancer research (41-47).
Our current research, which examined an epidemiologic exposure
(such as plasma adiponectin) and risk of cancer subtypes clas-
sified by molecular pathological features (such as KRAS status),
represents molecular pathological epidemiology (MPE) research
(48-50). Our current study has substantial strengths as well as
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Table 3. Odds ratio for colorectal cancer by mutation status of BRAF or PIK3CA according to plasma adiponectin level in the Nurses’ Health

Study and the Health Professionals Follow-up Study

Colorectal cancer subtype Tertile 3 Tertile 2 Tertile 1 Poond P, crerogencity T
Women (NHS)
BRAF wild-type
No. of case patients/control individuals (121/236) 29/73 40/84 52/79
Age-adjusted OR (95% CI)F 1 (referent) 1.23 (0.69 to 2.17) 1.84 (0.99 to 3.43) .06
Multivariable-adjusted OR (95% CI)§ 1 (referent) 1.19 (0.63 to 2.25) 1.76 (0.89 to 3.49) 12
BRAF-mutant
No. of case patients/control individuals (30/59) 14/20 6/17 10/22
Age-adjusted OR (95% CI)+ 1 (referent) 0.55 (0.19 to 1.63) 0.69 (0.26 to 1.87) 40
Multivariable-adjusted OR (95% CI)§ 1 (referent) 0.52 (0.15 to 1.74) 0.54 (0.17 to 1.74) .26 .07
PIK3CA wild-type
No. of case patients/control individuals (123/239) 31/73 38/75 54/91
Age-adjusted OR (95% CI)} 1 (referent) 1.16 (0.67 t0 2.03) 1.47 (0.83 to0 2.61) 20
Multivariable-adjusted OR (95% CI)§ 1 (referent) 1.16 (0.62 to 2.16) 1.37 (0.71 to 2.63) .37
PIK3CA-mutant
No. of case patients/control individuals (20/40) 9/14 5/18 6/8
Age-adjusted OR (95% CI)F 1 (referent) 0.43 (0.10 to 1.81) 0.90 (0.20 to 4.08) .94
Multivariable-adjusted OR (95% CI)§ 1 (referent) 0.35 (0.07 to 1.71) 0.74 (0.15 to 3.67) 78 .54
Men (HPFS)
BRAF wild-type
No. of case patients/control individuals (142/270) 38/95 50/89 54/86
Age-adjusted OR (95% CI)t 1 (referent) 1.44 (0.85 to 2.43) 1.76 (1.00 to 3.08) .05
Multivariable-adjusted OR (95% CI)§ 1 (referent) 1.43 (0.79 to 2.61) 1.90 (0.98 to 3.67) .06
BRAF-mutant
No. of case patients/control individuals (13/26) 4/9 3/5 6/12
Age-adjusted OR (95% CI) + 1 (referent) 1.46 (0.18 to 11.8) 1.19 (0.23 to 6.13) .87
Multivariable-adjusted OR (95% CI)§ 1 (referent) 1.06 (0.12 to 9.58) 0.91 (0.15 to 5.52) 91 44
PIK3CA wild-type
No. of case patients/control individuals (117/224) 33/82 40/68 44/74
Age-adjusted OR (95% CI)+ 1 (referent) 1.52(0.83 to 2.76) 1.65 (0.89 to 3.05) .10
Multivariable-adjusted OR (95% CI)§ 1 (referent) 1.55 (0.80 to 3.03) 1.70 (0.84 to 3.43) 13
PIK3CA-mutant
No. of case patients/control individuals (28/53) 6/19 12/19 10/15
Age-adjusted OR (95% CI)+ 1 (referent) 1.96 (0.62 to 6.23) 2.17 (0.60 to 7.78) .20
Multivariable-adjusted OR (95% CI)§ 1 (referent) 1.62 (0.40 to 6.66) 3.11 (0.64 to 15.1) 17 .52
Combined (women [NHS] and men [HPFS])
BRAF wild-type
No. of case patients/control individuals (263/506) 67/168 90/173 106/165
Age-adjusted OR (95% CI)F 1 (referent) 1.33(0.91 to 1.97) 1.79 (1.18 t0 2.72) .007
Multivariable-adjusted OR (95% CI)§ 1 (referent) 1.41 (0.93 to 2.13) 1.81 (1.15 to 2.83) .01 g
BRAF-mutant O
No. of case patients/control individuals (43/85) 18/29 9/22 16/34 E
Age-adjusted OR (95% CI)F 1 (referent) 0.67 (0.26 to 1.73) 0.77 (0.34 to 1.79) 49 <
Multivariable-adjusted OR (95% CI)§ 1 (referent) 0.60 (0.22 to 1.63) 0.53 (0.21 to 1.33) .15 .01
PIK3CA wild-type
No. of case patients/control individuals (240/463) 64/155 78/143 98/165
Age-adjusted OR (95% CI)f 1 (referent) 1.32 (0.88 to 1.98) 1.55 (1.02 to 2.35) .04
Multivariable-adjusted OR (95% CI)§ 1 (referent) 1.40 (0.91 to 2.17) 1.46 (0.93 to 2.30) 11
PIK3CA-mutant
No. of case patients/control individuals (48/93) 15/33 17/37 16/23
Age-adjusted OR (95% CI)f 1 (referent) 1.06 (0.46 to 2.48) 1.58 (0.62 to 4.06) .38
Multivariable-adjusted OR (95% CI)§ 1 (referent) 1.07 (0.42 t0 2.72) 1.89 (0.67 to 5.29) 28 72

* Tests for trend (the Wald statistics, two-sided) were conducted using the median values for each tertile of plasma adiponectin. CI = confidence interval;
HPFS = Health Professionals Follow-up Study; NHS = Nurses’ Health Study; OR = odds ratio.
1 Likelihood ratio tests (two-sided) were used to test for heterogeneity (comparing the associations across tumor subtypes).

} Results were based on conditional logistic regression analysis with adjustment for age at blood draw and date of blood collection.
§ Results were based on conditional logistic regression analysis (which accounted for age at blood draw and date of blood collection) with additional adjustment
for fasting status (<8 hours, >8 hours since last meal), body mass index (continuous, kg/m?), physical activity level (continuous, metabolic equivalent hour per
week), family history of colorectal cancer (yes, no), multivitamin use (yes, no), regular aspirin use (yes, no), hormone replacement therapy (yes, no; NHS only),
history of previous lower endoscopy (yes, no), pack-years of smoking before 30 years of age (continuous), intake of total calorie (continuous, kcal/day), red meat
intake (continuous, serving/day), processed meat intake (continuous, serving/day), calcium intake (continuous, mg/day), folate intake (continuous, pg/day), alcohol
consumption (continuous, g/day), and plasma 25-hydroxyvitamin D (tertile, ng/mL). The median (range) levels of plasma adiponectin across tertiles among controls

are the same as shown in Table 2.
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Table 4. Odds ratio for colorectal cancer by combined mutation status of KRAS and BRAF according to plasma adiponectin level in the combined

cohort of the Nurses’ Health Study and the Health Professionals Follow-up Study

Colorectal cancer subtype Tertile 3 Tertile 2 Tertile 1 P
Combined (women [NHS] and men [HPFS])
KRAS wild-type & BRAF wild-type
No. of case patients/control individuals (130/251) 37/79 45/87 48/85
Age-adjusted OR (95% CI)t 1 (referent) 1.13 (0.66 to 1.94) 1.32 (0.73 to 2.38) 32
Multivariable-adjusted OR (95% CI)t 1 (referent) 1.06 (0.60 to 1.90) 1.07 (0.56 to 2.04) .79
KRAS-mutant & BRAF wild-type
No. of case patients/control individuals (133/255) 30/89 45/86 58/80
Age-adjusted OR (95% CI)t 1 (referent) 1.58 (0.90 to 2.78) 2.41 (1.33 to 4.39) .006
Multivariable-adjusted OR (95% CI)t 1 (referent) 1.87 (1.02 to 3.40) 2.93 (1.54 to 5.56) .002
KRAS wild-type & BRAF-mutant
No. of case patients/control individuals (41/81) 18/28 8/22 15/31
Age-adjusted OR (95% CI)t 1 (referent) 0.59 (0.22 to 1.55) 0.77 (0.33 to 1.81) 44
Multivariable-adjusted OR (95% CI)$ 1 (referent) 0.54 (0.19 to 1.52) 0.53(0.21 to 1.36) .15

*Tests for trend (the Wald statistics, two-sided) were conducted using the median values for each tertile of plasma adiponectin. CI = confidence interval,

HPFS = Health Professionals Follow-up Study; NHS = Nurses’ Health Study; OR = odds ratio.

T Results were based on conditional logistic regression analysis with adjustment for age at blood draw and date of blood collection.

+ Results were based on conditional logistic regression analysis (which accounted for age at blood draw and date of blood collection) with additional adjustment
for fasting status (<8 hours, >8 hours since last meal), body mass index (continuous, kg/m?), physical activity level (continuous, metabolic equivalent hour per
week), family history of colorectal cancer (yes, no), multivitamin use (yes, no), regular aspirin use (yes, no), hormone replacement therapy (yes, no; NHS only),
history of previous lower endoscopy (yes, no), pack-years of smoking before age 30 years (continuous), intake of total calorie (continuous, kcal/day), red meat
intake (continuous, serving/day), processed meat intake (continuous, serving/day), calcium intake (continuous, mg/day), folate intake (continuous, pg/day), alcohol
consumption (continuous, g/day), and plasma 25-hydroxyvitamin D (tertile, ng/mL). The median (range) levels of plasma adiponectin across tertiles among controls

are the same as shown in Table 2.

specific caveats. Strengths and caveats of MPE research have been
discussed in detail elsewhere (48-52). Our current study is unu-
sual in that it identified an association between a plasma marker
and a specific molecular subtype of CRC. None of the previous
studies on plasma adiponectin and colorectal tumor risk (4-9)
examined the molecular features of tumors that had arisen in the
context of low-level adiponectin. Utilizing our database, we could
assess etiologic heterogeneity according to tumor molecular fea-
tures, accounting for matching factors and additionally adjusting
for lifestyle factors, dietary intake, and medication use.

The possible association between low-level plasma adi-
ponectin and KRAS-mutant CRC is intriguing. Epidemiological
evidence suggests that alterations in energy balance associated
with physical inactivity, high BMI, or excess caloric intake may be
involved in specific mutational pathways in colorectal carcino-
genesis, including KRAS mutation (19-21). Taking into account
the potential link between excess energy balance changes and
KRAS-mutant CRC (19-21), low-level plasma adiponectin, as an
indicator of excess energy balance status, might play a role in
the development of KRAS-mutant CRC. Low-level adiponectin
may favor the evolution of KRAS-mutant premalignant cells in
the colorectal tissue microenvironments. Further studies are
required to clarify the role of adiponectin in the KRAS-mutated
pathway of colorectal carcinogenesis.

As secondary analyses, considering the relationships of KRAS
mutation with BRAF and PIK3CA mutations in CRC (13,22-25), we
examined whether the association between plasma adiponectin
level and CRC risk also differed by mutation status of BRAF or
PIK3CA. The association of low-level plasma adiponectin with
CRC risk did not appreciably differ by BRAF or PIK3CA status,
independent of KRAS status.

Several limitations of our study deserve comment. First, we
obtained only one baseline measure of plasma adiponectin.
However, plasma adiponectin level has been shown to be gener-
ally stable over time, and a one-time measurement can be a sur-
rogate of long-term plasma adiponectin status (53). In addition,

the correlation between plasma and serum adiponectin levels is
high (54). Second, we measured total adiponectin level but did not
identify specific forms of adiponectin (55,56), and one study sug-
gests that ALPCO ELISA assay used in this study might not be as
optimal as other commercially available assays in identifying total
adiponectin associated with metabolic traits (57). Third, some of
control individuals with occult disease might have affected the
results. Fourth, we excluded CRC case patients without KRAS
data, which might have caused selection bias. However, the asso-
ciation of plasma adiponectin level with incident CRC did not
differ substantially by the availability of KRAS data. Furthermore,
baseline characteristics of CRC did not differ materially according
to the availability of KRAS data. Fifth, most covariates in multi-
variable models were self-reported and error-prone. Nonetheless,
our study population consisted of health professionals known for
relatively high accuracy in their reporting data, as shown in pre-
vious validation studies (58-60). We still recognize measurement
error and possible residual confounding as limitations of this
study. Sixth, multiple comparisons were performed in our explor-
atory analyses, and therefore our results should be interpreted
with caution. Finally, the sample size is limited because of the
necessity of both prediagnosis plasma adiponectin and CRC tis-
sue with KRAS data. Nevertheless, we have interpreted the results
cautiously, considering the biological plausibility. Future studies
with larger sample size are warranted to replicate our results.
Strengths of our study include our prospective collection
of blood specimens prior to development of CRC, which repre-
sents a precious resource to evaluate plasma biomarkers as a
potential. Second, our nested case-control design enabled us to
match each case patient with control individuals in the same
background population. Third, we had access to detailed infor-
mation on lifestyle, dietary intake, and medication use, which
allowed us to control for multiple potential confounders. Fourth,
our tumor molecular data enabled us to conduct MPE research
(47,61,62), in which we gained unique evidence for the link
between low-level plasma adiponectin and KRAS-mutant CRC.



In conclusion, lower prediagnosis level of plasma adiponec-
tin is associated with higher risk of KRAS-mutant CRC but not
with KRAS wild-type CRC. Our data suggest that low-level adi-
ponectin may play a role in the development of KRAS-mutant
CRC. Additional studies should confirm our results and exam-
ine the potential for interventions targeting adiponectin and its
signaling pathways in the prevention of CRC, especially KRAS-
mutant CRC.
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