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Abstract

Background: Adipocyte-derived adiponectin may play a role in the host inflammatory response to cancer. We examined the
association of plasma adiponectin with the density of tumor-infiltrating lymphocytes (TILs) in colon cancers and with vita-
min D, clinicopathological features, and patient survival. Methods: Plasma adiponectin and 25-hydroxyvitamin D [25(OH)D]
were analyzed by radioimmunoassay in 600 patients with stage III colon cancer who received FOLFOX-based adjuvant che-
motherapy (NCCTG N0147 [Alliance]). TIL densities were determined in histopathological sections. Associations with disease-
free survival (DFS), time to recurrence, and overall survival were evaluated by multivariable Cox regression adjusting for po-
tential confounders (ie, body mass index, race, TILs, and N stage). All statistical tests were 2-sided. Results: We found a
statistically significant reduction in adiponectin, but not 25(OH)D, levels in tumors with high vs low TIL densities
(median¼6845 vs 8984 ng/mL; P ¼ .04). A statistically significant reduction in adiponectin was also observed in obese (body
mass index >30 kg/m2) vs nonobese patients (median¼6608 vs 12 351 ng/mL; P< .001), in men vs women (median¼8185 vs
11 567 ng/mL; P< .001), in Blacks vs Whites or Asians (median¼6412 vs 8847 vs 7858 ng/mL; P< .03), and in those with fewer
lymph node metastases (N1 vs N2: median¼7768 vs 9253 ng/mL; P¼ .01). Insufficiency of 25(OH)D (<30 ng/mL) was detected
in 291 (48.5%) patients. In multivariable analyses, neither adiponectin nor 25(OH)D were associated with a statistically
significant difference in DFS, overall survival , or time to recurrence in models adjusted for potential confounders. We found
a statistically significant association of TILs with prognosis, yet no such interaction was observed for the association of
adiponectin with TILs for DFS. Conclusions: Lower circulating adiponectin levels were associated with a statistically
significant increase in TIL densities in colon cancers, indicating an enhanced antitumor immune response. In contrast to
TILs, neither adiponectin nor 25(OH)D was independently prognostic.

Colorectal cancer (CRC) is the third most common cancer and is
second only to lung cancer as a cause of cancer-related mortal-
ity in the United States (1). Obesity is an established risk factor
in this malignancy, and it is postulated that adiponectin may
mediate the biological link between obesity and CRC (2).
Although the mechanism for this potential link is unknown,
adipocyte-derived adiponectin may play a role in immune regu-
lation and in the host inflammatory response to cancer (3,4).

Adiponectin, the most abundant hormone secreted by adipose
tissue, senses metabolic stress and modulates metabolic adap-
tion by targeting the innate immune system under physiologi-
cal and pathological conditions (5). Epidemiological studies
suggest an inverse association between plasma adiponectin lev-
els and risk of developing CRC (6,7). This inverse relationship
was observed among men, but not women, in the Nurses’
Health Study and Health Professionals Follow-up Study (6). In a
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meta-analysis of patients with established CRC, a statistically
significant decrease in adiponectin levels was observed com-
pared with non CRC controls (8). Limited data suggest an associ-
ation between prediagnostic plasma adiponectin and risk of
CRC-specific and overall mortality (9). However, the only pro-
spective study of adiponectin measured at the time of diagnosis
of CRC was not prognostic (10), and postdiagnosis data are
lacking.

Plasma adiponectin was found to be associated with vitamin
D levels in non-CRC patients (11). Vitamin D insufficiency
(<30 ng/mL) is relatively common in healthy individuals and in
CRC populations (12). Serum 25-hydroxyvitamin D [25(OH)D] was
inversely associated with CRC risk (13), and some studies suggest
that 25(OH)D insufficiency in patients with established CRC may
be associated with worse clinical outcome (14-16). Individuals de-
ficient in vitamin D had statistically significantly higher levels of
the serum inflammatory biomarkers interleukin-6 (IL-6) and C-
reactive protein (17). Interestingly, a prior study found that a
high 25(OH)D level was associated with a lower risk of developing
CRC with an intense immune reaction (18), suggesting that vita-
min D may influence the tumor-host interaction. In a study of
the 25(OH)D score measured post-CRC diagnosis, its association
with CRC-specific mortality differed by the extent of peritumoral
lymphocytic reaction (19).

To date, adiponectin has not been analyzed in relationship
to the tumor immune microenvironment. We sought to test the
hypothesis that adiponectin may play a role in the host inflam-
matory response to colon cancer, indicated by tumor-infiltrating
lymphocytes (TILs). In patients with CRC, studies indicate that
TILs can independently predict recurrence and survival (20-22).
However, only limited data exist for adiponectin or vitamin D in
patients with established CRC, and their impact on survival is
largely unknown. We determined the association of postsurgical
plasma adiponectin levels with TIL densities, 25(OH)D, clinico-
pathological features, and clinical outcome in patients with
stage III colon cancers from a phase III adjuvant trial of FOLFOX-
based chemotherapy (NCCTG N0147 [Alliance]) (23).

Methods

Study Population

Among 2686 patients with resected stage III colon cancer who
had been randomly assigned to adjuvant FOLFOX alone or com-
bined with cetuximab, we randomly selected 600 patients (300
per arm) for analysis of adiponectin and 25(OH)D (NCCTG
N0147; ClinicalTrials.gov Identifier: NCT00079274). Right-sided
tumors were defined as located proximal to the splenic flexure.
N1 tumors had 1-3 metastatic regional lymph nodes; N2 tumors
had at least 4 nodes. All patients provided written informed
consent at the time of clinical trial enrollment. All data analyses
shown here were approved by Mayo Clinic Institution Review
Board.

Adiponectin and Vitamin D Assays

Plasma adiponectin and 25(OH)D were analyzed in processed
and stored blood obtained at adjuvant study registration.
Biomarker concentrations were measured by radioimmunoas-
say (laboratory of M. Pollak, McGill University, Montreal, QC,
Canada) as previously described (24). Circulating levels of total
and high molecular weight adiponectin were measured in

duplicate using standard enzyme-linked immunosorbent assay
methods. Because total and high molecular weight adiponectin
levels were almost perfectly correlated (Spearman P¼ .99), we
report total adiponectin. 25(OH)D was extracted from serum or
plasma with acetonitrile, and samples were then assayed using
an equilibrium radioimmunoassay procedure using an antibody
specific for 25(OH)D (24). Blinded quality control (QC) samples
were included with test samples, and pooled QC specimens
were added to each of the batches. For both assays, masked QC
samples were interspersed among case samples. All laboratory
personnel were blinded to patient outcomes. The mean coeffi-
cient of variation of the assay was 8%.

Histologic Examination of TILs

A representative hematoxylin and eosin-stained tumor section
from each patient was scanned at low power to identify areas
with the most intraepithelial TILs. Once identified, 5 consecu-
tive 40X fields were counted, and mean TILs per high power
field (HPF) were calculated by dividing the total number of TILs
by 5. All cases were scored independently by 2 gastrointestinal
pathologists blinded to clinical and molecular data (25). Cutoffs
for TIL densities were previously determined in N0147 tumors
based on their association with patient (disease-free survival
[DFS]) and categorized as low (�3 per HPF) vs high (>3 per HPF)
TILs (25).

DNA Mismatch Repair (MMR) Status and KRAS/BRAF
Mutation Analysis

Prospectively collected tumor tissues were analyzed for MMR
status by analysis of MLH1, MSH2, and MSH6 proteins using im-
munohistochemistry. Tumors with deficient MMR were defined
as having absent expression of 1 or more MMR protein. Testing
for a BRAF (c.1799T>A V600E) mutation in exon 15 and KRAS
mutations in codons 12 and 13 of exon 2 was previously de-
scribed (26).

Statistical Analysis

Adiponectin and 25(OH)D were analyzed as continuous varia-
bles in the primary analysis. As binary variables, adiponectin
was dichotomized at the median, and 25(OH)D was dichoto-
mized at 30 ng/ml with lower levels regarded as insufficiency
(12). The association of adiponectin with TILs was prespecified
as the primary analysis and was analyzed by the Kruskal Wallis
test. Associations between adiponectin and 25(OH)D and with
clinicopathological features were assessed by Fisher exact,
Pearson v2, t test, and Kruskal-Wallis tests as appropriate. The
association between adiponectin and clinical outcomes were as
follows: DFS, time from randomization to recurrence or death
from any cause; overall survival (OS), time from randomization
to death from all causes; and time to recurrence (TTR) as time
from randomization to recurrence. Distributions of DFS, OS, and
TTR were estimated by the Kaplan-Meier method. Biomarkers
were analyzed in relationship to clinical outcome as continuous
variables using a relative risk model with cubic splines and as
binary variables in multivariable Cox regression. Multivariable
models included variables that were considered to be potential
confounders. Interaction tests were performed. A 2-sided P
value of less than .05 was considered statistically significant
and was not adjusted for multiple comparisons. SAS software
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version 9.4 and R version 3.6.2 were used (SAS Institute, Cary,
NC).

Results

Association of Plasma Adiponectin and 25(OH)D With
Patient Characteristics and TILs

The frequency distribution and median levels of plasma adipo-
nectin and 25(OH)D are shown in Figure 1. We found a statisti-
cally significant decrease in the level of adiponectin in patients
whose tumors had high vs low TIL densities (median¼ 6845 vs
8984 ng/mL; P ¼ .04) (Table 1). Furthermore, a statistically signifi-
cant and inverse association between adiponectin level and body
mass index (BMI) category was observed whereby obese patients
had a lower median adiponectin level (median¼ 6608 ng/mL)
than did those of normal weight (median¼ 10 693 ng/mL) or un-
derweight (median¼ 18 010 ng/mL; P< .001). A statistically signifi-
cant decrease in adiponectin was observed in men vs women
(median¼ 8185 vs 11 567 ng/mL; P< .001), in those aged 65 years
or younger (median¼ 7663 vs 9279 ng/mL; P¼ .007), and in Blacks
vs Whites or Asians (median¼ 6412 vs 8847 vs 7858 ng/mL;
P< .03) (Table 1). Findings by race were not explained by differen-
ces in BMI, which was similar by race. Adiponectin levels differed
by N stage in that a lower level was associated with fewer re-
gional lymph node metastases (N1 vs N2: median¼ 7768 vs
9253 ng/mL; P¼ .01). Adiponectin was not associated with a statis-
tically significant correlation with 25(OH)D (Spearman r¼�.0038;
P¼ .93) or with T stage, DNA MMR, or the mutational status of
KRAS or BRAF genes.

A statistically significant reduction in plasma 25(OH)D, as a
continuous variable, was found in Blacks vs Whites or Asians
(P< .001) (Table 2). Differences by sex were statistically, but not
clinically significant. A statistically significant decrease in
25(OH)D levels was found in the relatively few patients with
poor performance status. Insufficiency of 25(OH)D (<0 ng/mL)
was detected in 49% (291 of 600) of study participants.
Consistent results were found for the dichotomous 25(OH)D by
patient race (P< .001) and sex (P< .03) (Supplementary Table 1,
available online). Specifically, insufficiency of 25(OH)D was
more common in Blacks vs Whites or Asians (73.6% vs 45% vs

53.6%) and in women vs men (53.2% vs 44.3%), with both achiev-
ing statistical significance. 25(OH)D was not statistically signifi-
cantly associated with BMI or adiponectin level. Neither the
association of the continuous nor of the dichotomous 25(OH)D
level with TIL density achieved statistical significance (Table 2;
Supplementary Table 1, available online).

Association of Plasma Adiponectin and 25(OH)D Levels
With Patient Clinical Outcome

Univariately, plasma adiponectin was not statistically signifi-
cantly associated with DFS as a dichotomous variable (cut at
median; hazard ratio [HR]¼ 0.98, 95% confidence interval
[CI]¼ 0.74 to 1.29; P¼ .88) shown in a Kaplan Meier plot (Figure 2,
A) or a continuous variable shown by cubic spline (Figure 2, C).
No association was found between adiponectin and OS
(HR¼ 0.90, 95% CI¼ 0.66 to 1.22; P¼ .49) or TTR (HR¼ 1.03, 95%
CI¼ 0.75 to 1.34; P¼ 1.00) (data not shown). We then constructed
a multivariable model that included adiponectin and potential
confounding variables based on observed associations (Table 1)
and the literature. The association of adiponectin with patient
DFS did not achieve statistical significance as a continuous (ad-
justed HR [HRadj]¼ 1.01, 95% CI¼ 0.98 to 1.04; adjusted P
[Padj]¼ .57) or a dichotomous (data not shown) variable in a mul-
tivariable model adjusted for treatment arm, race, BMI, TILs,
and N stage (Table 3). In this model, statistically significantly
poorer DFS was observed for tumors with low vs high TILs
(HRadj¼ 1.77, 95% CI¼ 1.11 to 2.81; Padj¼ .02) and N2 vs N1 stage
(HRadj¼ 2.08, 95% CI¼ 1.44 to 2.99; Padj< .001) (Table 3).
Adiponectin was not statistically significantly associated with
OS or TTR as either a continuous or dichotomous variable.

Univariately, insufficient vs sufficient 25(OH)D was not sta-
tistically significantly associated with DFS (HR¼ 1.12, 95%
CI¼ 0.85 to 1.47; P¼ .44) (Figure 2, B), OS (HR¼ 1.20, 95% CI¼ 0.88
to 1.63; P¼ .25), or TTR (HR¼ 1.11, 95% CI¼ 0.83 to 1.49; P¼ .47).
Similarly, the continuous 25(OH)D was not statistically signifi-
cantly associated with DFS (Figure 2, D) or with other outcome
variables. In contrast, low vs high TIL density was associated
with poorer patient DFS (HR¼ 1.89, 95% CI¼ 1.20 to 2.94; P¼ .005)
that achieved statistical significance with 3-year survival rates
of 65.4% vs 80.5%, respectively. In a multivariable model that

Figure 1. Frequency distributions of postsurgical plasma adiponectin (left) and 25-hydroxyvitamin D (right) in 600 patients with surgically resected stage III colon can-

cers treated with adjuvant FOLFOX-based chemotherapy.
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included potential confounders, 25(OH)D as a continuous vari-
able was not associated with patient DFS (HRadj¼ 1.00, 95%
CI¼ 0.98 to 1.02; Padj¼ 1.00) (Table 4) or with OS or TTR (data not
shown). In this model, TILs (low vs high: HR¼ 1.77, 95% CI¼ 1.11
to 2.83; P¼ .02) and N stage (HR¼ 2.10, 95% CI¼ 1.46 to 3.02;
P< .001) were statistically significantly associated with DFS
(Table 4). We also examined 25(OH)D as a dichotomous variable
whereby insufficiency (<30 ng/mL) was not associated with a
statistically significant difference in DFS, OS, or TTR (data not
shown). Furthermore, we dichotomized 25(OH)D according to
the World Health Organization definition of vitamin D defi-
ciency (<20 ng/mL) and found that it was again not statistically
significantly prognostic for DFS (data not shown).

We constructed 3-way interaction models that examined the
association of adiponectin and 25(OH)D (adjusting for race and

BMI) by TILs and N stage subgroups. No statistically significant
relationships were found indicating that the observed associa-
tions were not interdependent. Of note, TIL density did not dif-
fer by BMI category (P¼ .50) (data not shown). Furthermore and
given observed differences in adiponectin and 25(OH)D levels by
patient sex (Tables 1 and 2), analysis of 25(OH)D with clinical
outcome variables (TTR, DFS, OS) by sex or TIL density failed to
reveal any statistically significant associations after adjustment
for covariates.

Discussion

We analyzed adiponectin and 25(OH)D in postsurgical blood
samples from patients with stage III colon cancer treated in a

Table 1. Association between plasma adiponectin level and clinicopathological variables

Variable No.

Plasma adiponectin level, ng/mL

PaMean (SD) Median Q 1, Q3

Age, y .007
�65 420 9372.2 (5877.4) 7663.0 5106.0, 12 419.5
>65 180 10 751.7 (6382.7) 9279.0 6268.8, 13 581.8

Race .002
Asian 28 9503.2 (5247.7) 7858.0 5110.2, 13 653.0
Black 53 7245.5 (4791.3) 6412.0 4086.0, 8988.0
White 502 10 065.3 (6115.2) 8847.0 5472.5, 12 842.8

Sex <.001
Female 284 11 567.9 (6528.8) 10 439.0 6420.2, 14 978.5
Male 316 8184.7 (5111.8) 6816.5 4466.2, 10 694.8

BMI <.001
Underweight 10 16944.1 (9775.4) 18009.5 8890.0, 25 879.0
Normal 159 12 218.2 (6908.1) 10693.0 6906.0, 15 800.0
Overweight 210 9454.6 (5508.4) 8350.0 52 38.5, 12 040.8
Obese 218 7938.8 (4759.6) 6608.0 45 96.0, 10 348.0

T stage .48
T1 or T2 96 9348.5 (6397.1) 6961.0 5084.0, 12 162.8
T3 441 9896.8 (6013.4) 8580.0 5328.0, 12 729.0
T4 63 9677.5 (5933.8) 8741.0 5411.5, 12 695.5

N stage .01
N1 365 9372.3 (6008.2) 7768.0 4959.0, 12 069.0
N2 235 10 428.7 (6099.8) 9253.0 5733.0, 13 262.0

Performance status .93
0 453 9791.9 (6015.2) 8435.0 5308.0, 12 729.0
1 141 9706.5 (6178.2) 8145.0 5215.0, 11 977.0
2 6 11 212.0 (7671.0) 10 068.0 4993.0, 17 817.5

Tumor location .74
Left 286 9822.6 (5996.2) 8390.0 5331.2, 13 020.8
Right 303 9721.2 (5957.8) 8354.0 5250.0, 12 285.5

TILs .04
Low (�3) 248 10 163.4 (5881.1) 8983.5 5575.5, 13 467.0
High (>3) 100 9294.3 (6612.9) 6844.5 4945.5, 11 389.8

BRAF .85
Mutant 198 9548.7 (5729.9) 8147.0 5501.8, 12 046.0
Wild type 357 9829.8 (6070.0) 8434.0 5215.0, 12 729.0

KRAS .61
Mutant 73 10 287.8 (6416.9) 8492.0 5443.0, 12 729.0
Wild type 482 9645.0 (5875.3) 8350.0 5278.5, 12 552.5

MMR .96
dMMR 73 9784.9 (5995.4) 8580.0 5443.0, 11 972.0
pMMR 504 9762.8 (5955.6) 8303.0 5279.5, 12 687.5

aKruskal-Wallis rank sum test. All statistical tests were 2-sided. BMI ¼ body mass index; dMMR ¼ deficient mismatch repair; MMR ¼mismatch repair; pMMR ¼ profi-

cient mismatch repair; TILs ¼ tumor-infiltrating lymphocytes; Q ¼ Quartile.
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phase III trial of adjuvant chemotherapy. Based on preclinical
data suggesting that adiponectin may influence the host in-
flammatory response to cancer, we determined the association
of adiponectin with TIL density in the tumor immune microen-
vironment. Lower adiponectin levels were associated with a sta-
tistically significant increase in TIL density, indicating an
inverse relationship between adiponectin and antitumor immu-
nity. This result is consistent with data in a murine model
where adiponectin deficiency was associated with tumors with
an increased inflammatory infiltrate compared with tumors in
nonadiponectin-deficient mice (27). Adiponectin has been
shown to reduce T-cell and B-cell recruitment, induce produc-
tion of anti-inflammatory cytokines such as IL-10 and an inhibi-
tor of metalloproteinase-1, and inhibit pro-inflammatory
chemokines such as IL-6 and TNF-a (5,28). Furthermore,

adiponectin was shown to impede inflammation-induced tu-
morigenesis (29). In contrast to adiponectin, we did not find a
statistically significant association between the level of plasma
25(OH)D and TIL density. In another report, higher plasma
25(OH)D levels were associated with a lower risk of CRCs with a
high density of CD3þ T cells (18). We found that lower adiponec-
tin levels were statistically significantly associated with cancers
showing fewer regional lymph node metastases (N1 vs N2
stage). Relevant to this finding is our prior observation of statis-
tically significantly higher TIL densities in N1 vs N2 stage colon
cancers (P¼ .0001) (25), yet no interaction was found between
TIL densities, N stage, and adiponectin in the current study.

Importantly, we confirmed the reported inverse relationship
of adiponectin level to BMI in our dataset (30,31). A statistically
significant and inverse relationship between adiponectin and

Table 2. Association between continuous vitamin D level and clinicopathological variables

Variable No.

Vitamin D level, ng/mL

PaMean (SD) Median Q1, Q3

Age, y .74
�65 420 30.9 (10.2) 30.3 24.0, 35.9
>65 180 30.7 (10.3) 30.0 23.2, 36.5

Race <.001
Asian 28 30.7 (9.9) 29.6 25.0, 35.7
Black 53 25.2 (8.7) 23.1 18.9, 30.3
White 502 31.5 (10.3) 31.0 24.2, 36.7

Sex .03
Female 284 30.0 (10.9) 29.2 22.7, 35.7
Male 316 31.5 (9.5) 30.8 25.6, 36.4

BMI .09
Underweight 10 30.7 (8.8) 32.4 26.2, 35.6
Normal 159 31.8 (10.2) 30.6 24.9, 36.6
Overweight 210 31.3 (9.9) 31.5 23.4, 37.5
Obese 218 29.6 (10.5) 29.3 23.1, 34.0

T stage .51
T1 or T2 96 31.9 (10.9) 31.0 24.6, 38.3
T3 441 30.7 (10.1) 30.2 23.5, 35.9
T4 63 29.9 (9.3) 29.8 23.5, 34.5

N stage .60
1-3 365 31.1 (11.0) 30.2 23.7, 36.6
4 235 30.3 (8.8) 30.2 23.7, 35.2

Performance status .047
0 453 31.3 (10.4) 30.8 24.2, 36.7
1 141 29.3 (9.5) 29.2 22.7, 34.9
2 6 26.0 (4.5) 25.8 22.7, 28.1

Tumor location .34
Left 286 31.4 (10.8) 30.7 24.2, 36.9
Right 303 30.4 (9.6) 29.8 23.6, 35.7

TILs .07
Low (�3) 248 31.4 (10.7) 30.2 24.2, 37.6
High (>3) 100 29.1 (9.4) 29.2 22.6, 34.2

BRAF .82
Mutant 198 31.4 (11.5) 30.1 23.7, 36.5
Wild type 357 30.5 (9.6) 30.3 23.4, 36.0

KRAS .47
Mutant 73 29.8 (10.1) 30.2 22.5, 36.1
Wild type 482 31.0 (10.3) 30.2 23.7, 36.1

MMR .90
dMMR 73 30.6 (10.2) 31.2 22.7, 36.1
pMMR 504 30.8 (10.3) 30.1 23.7, 35.9

aKruskal-Wallis rank sum test. All statistical tests were 2-sided. BMI ¼ body mass index; dMMR ¼ deficient mismatch repair; MMR ¼mismatch repair; pMMR ¼ profi-

cient mismatch repair; TILs ¼ tumor-infiltrating lymphocytes; Q ¼ Quartile.
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BMI category was observed, with the lowest adiponectin levels
found among obese patients. Although adiponectin is exclu-
sively secreted by adipocytes, its paradoxical reduction in obe-
sity may reflect reduced secretion from visceral fat rather than
subcutaneous fat. Hypertrophic adipocytes synthesize mono-
cyte chemotactic protein-1 leading to infiltration of macro-
phages in white adipose tissue accompanied by elevated local
TNF-a and increased free fatty acid concentrations that sup-
press adiponectin secretion (32). Other factors may include dys-
regulation of the adiponectin gene (ADIPOQ) in obesity (33).

We observed differences in adiponectin by sex whereby men
had statistically significantly lower levels compared with
women. This observation may be explained by higher serum
androgens in men (34), and the finding of increased adiponectin
levels in older vs younger men may be due to an age-related de-
cline in testosterone levels. In this regard, adiponectin levels
were shown to decrease after testosterone administration in
hypogonadal men (35). In women, adiponectin has been shown
to decrease with the transition to menopause (36). We found
statistically significantly lower adiponectin levels among Blacks

compared with Whites or Asians, which was not explained by
differences in BMI by race. However, lower adiponectin levels
among Blacks vs Whites was attributed to adiponectin’s associ-
ation with BMI in the population-based race-ethnic Northern
Manhattan Study (37). Differences in adiponectin levels may
also have a hereditary component, and further analysis of sin-
gle nucleotide polymorphisms in adiponectin-related genes
may provide further insight (38).

Whereas plasma adiponectin was associated with vitamin D
levels in nonCRC patients (11), no such relationship was ob-
served in our CRC cohort. We observed that nearly one-half of
patients were vitamin D insufficient (<30 ng/mL), which far
exceeds the 8% prevalence of vitamin D insufficiency in the US
general population (39). We found a higher rate of vitamin D in-
sufficiency among Black vs White or Asian. In addition to die-
tary factors and sunlight exposure, race can influence vitamin D
status in that melanin in skin reduces the rate of vitamin D bio-
synthesis (12,40). Furthermore, racial differences in the preva-
lence of common genetic polymorphisms can influence vitamin
D levels; for example, Blacks are more likely to have the T allele

Figure 2. Univariate association of postsurgical plasma adiponectin and 25(OH)D with DFS in patients with stage III colon cancer. Variables are analyzed as dichoto-

mous using Kaplan-Meier plots (A, B) or as continuous using a relative risk model with cubic splines (C, D). Adiponectin level was dichotomized at the median value

(A), and 25(OH)D level was dichotomized as insufficient (<30 ng/mL) vs sufficient (>30 ng/mL) (B). All statistical tests were 2-sided. 25(OH)D ¼ 25-hydroxyvitamin D; CI

¼ confidence interval; d.f. ¼ degrees of freedom; DFS ¼ disease-free survival; HR ¼ hazard ratio.
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at rs7041 and less likely to have the A allele at rs4588 vs Whites
(41). Differences by sex for the continuous vitamin D variable
were modest; however, vitamin D insufficiency was statistically
significantly more common in women vs men, which is consis-
tent with an increased prevalence of hypovitaminosis D in
women especially after menopause (42).

Despite the inverse association of adiponectin levels and TIL
densities that we observed, adiponectin was not statistically
significantly associated with patient DFS, OS, or TTR univari-
ately or after adjustment for potential confounders. To our
knowledge, these are the first data for postsurgical adiponectin
and clinical outcome in CRC patients. Adiponectin at diagnosis
of CRC was also not prognostic in a prospective study in 344
consecutive cases (10). Regarding prediagnostic adiponectin, 2
large observational cohorts found a statistically significant and
independent association of higher levels with reduced CRC-
specific and OS that was more evident in patients with meta-
static disease (9). A potential explanation may be an elevation
of adiponectin during weight loss, which is a known predictor
of poor prognosis in cancer patients. Adiponectin is an insulin-
sensitizing hormone, and low levels are associated with an in-
creased risk of type 2 diabetes independent of other risk factors
(43). Adiponectin mediates its insulin-sensitizing effect through
activation of AMP-activated protein kinase (AMPK) and peroxi-
some proliferator-activated receptor–alpha pathways with re-
sultant suppression of tumor growth in animal models (44). As
with adiponectin, plasma 25(OH)D was not statistically signifi-
cantly associated with clinical outcome variables in our cohort.
However, a study of resected stage III colon cancer patients
found that a higher predicted 25(OH)D score was associated
with improved survival outcomes (16). Of note, 25(OH)D scores
were calculated based on serial patient questionnaire data, but
not measurements in blood samples. Another study of 1598
patients with stage I to III CRC found that patients with the
highest vs lowest tertile of postoperative plasma 25(OH)D levels
had lower CRC-specific and all-cause mortality that achieved
statistical significance (45). 25(OH)D levels, however, were not
prognostic in patients with stage IV CRC (n¼ 515) from a clinical
trial cohort (46). We interpret our results and those in stage IV
cancers to suggest that any effect of vitamin D on prognosis is
attenuated or lost once the disease has metastasized either to
regional lymph nodes (stage III) or to distant sites (stage IV). In
contrast, a statistically significant association of TILs with prog-
nosis was found in our cohort with low vs high TILs being asso-
ciated with poorer patient survival as we previously reported
(22,25).

Strengths of our study include same stage patients with uni-
form treatment in a clinical trial with long-term and meticulous
follow-up data. Blood was collected from all patients prior to
initiation of chemotherapy, such that the time period between
biomarker sampling and initiation of adjuvant treatment was
relatively constant. Whereas other studies have used cancer
prediagnosis measurements (47), our study is the first to exam-
ine postdiagnostic plasma adiponectin levels in relation to sur-
vival outcomes in CRC patients. Study limitations include
retrospective biomarker analysis that was not prespecified and
the single assay timepoint. Importantly, measurement of
25(OH)D at a single timepoint was shown to provide an accurate
assessment of an individual’s long-term vitamin D status (48).
Similarly, adiponectin levels were shown to remain stable over
time (49). We cannot exclude the possibility that the modest
sample size of our study may have contributed to the failure to
detect a prognostic effect for either biomarker.

In conclusion, we identified a novel inverse association of
adiponectin with the intratumoral antitumor immune response
indicated by TIL density. Validation of this association in an in-
dependent cohort of patients with CRC is warranted. In contrast
to TILs, neither adiponectin nor 25(OH)D was found to be
prognostic.

Table 3. Multivariable analysis of plasma adiponectin and patient
disease-free survival

Variable Events/Total HR (95% CI) P

Adiponectin (step size: 1000) 1.01 (0.98 to 1.04) .57a

Treatment arm
FOLFOX 56/169 Referent
FOLFOX þ cetuximab 66/169 1.09 (0.76 to 1.58) .63a

Race .34b

Asian 3/14 0.47 (0.15 to 1.51) .20a

Black 9/22 1.09 (0.55 to 2.18) .81a

White 110/302 Referent
BMI .41b

Normal 28/88 Referent
Obese 54/133 1.50 (0.93 to 2.41) .10a

Overweight 38/112 1.26 (0.77 to 2.07) .36a

Underweight 2/5 1.02 (0.23 to 4.49) .97a

TILs
Low (�3) 99/241 1.77 (1.11 to 2.81) .02a

High (>3) 23/97 Referent
N Stage

N1 59/214 Referent
N2 63/124 2.08 (1.44 to 2.99) <.001a

aCovariate Wald P value. All tests were 2-sided. BMI ¼ body mass index; CI ¼
confidence interval; HR ¼ hazard ratio; TILs ¼ tumor-infiltrating lymphocytes.
bType 3 likelihood-ratio P value. All tests were 2-sided.

Table 4. Multivariate analysis of plasma 25-hydroxyvitamin D and
patient disease-free survival

Variable Events/Total HR (95% CI) P

Vitamin D ng/mL (step size: 1) 1.00 (0.98 to 1.02) 1.00a

Treatment arm
FOLFOX 56/169 Referent
FOLFOX þ cetuximab 66/169 1.11 (0.77 to 1.59) .58a

Race .32b

Asian 3/14 0.46 (0.14 to 1.46) .19a

Black 9/22 1.07 (0.53 to 2.16) .85a

White 110/302 Referent
BMI .46b

Normal 28/88 Referent
Obese 54/133 1.45 (0.91 to 2.30) .12a

Overweight 38/112 1.24 (0.76 to 2.03) .39a

Underweight 2/5 1.13 (0.27 to 4.78) .87a

TILs
Low (�3) 99/241 1.77 (1.11 to 2.83) .02a

High (>3) 23/97 Referent
N Stage

N1 59/214 Referent
N2 63/124 2.10 (1.46 to 3.02) <.001a

aCovariate Wald P value. All tests were 2-sided. BMI ¼ body mass index; CI ¼
confidence interval; HR ¼ hazard ratio; TILs ¼ tumor-infiltrating lymphocytes.
bType 3 likelihood-ratio P value. All tests were 2-sided.
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