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Abstract

Background: The role of vitamin D in cancer risk re-
mains controversial, and limited data exist on associations
betweenvitaminDandsubtypesof specific cancers.We investi-
gated associations between circulating 25-hydroxyvitamin D
(25(OH)D) and risk of colorectal, breast, and prostate cancers,
including subtypes.

Methods: A case–cohort study within the Melbourne Col-
laborative Cohort Study included 547 colorectal, 634 breast,
and 824 prostate cancers, and a sex-stratified random sample
of participants (n ¼ 2,996). Concentration of 25(OH)D in
baseline-dried blood spots was measured using LC-MS/MS.
Cox regression yielded adjusted HRs and 95% confidence
intervals (CI) for each cancer in relation to plasma-equivalent
25(OH)D concentration. Associations by stage and BRAF/
KRAS status for colorectal cancer, estrogen receptor status for
breast cancer, and aggressiveness for prostate cancer were
examined in competing risks models.

Results: 25(OH)D concentrations were inversely associ-
ated with risk of colorectal cancer [highest vs. lowest
25(OH)D quintile: HR, 0.71; 95% confidence interval (CI),
0.51–0.98], which was limited to women (HR, 0.52; 95%
CI, 0.33–0.82). Circulating 25(OH)D was also inversely
associated with BRAF V600E–positive colorectal cancer
(per 25 nmol/L increment: HR, 0.71; 95% CI, 0.50–1.01).
There were no inverse associations with breast cancer
(HR, 0.98; 95% CI, 0.70–1.36) or prostate cancer (HR,
1.11; 95% CI, 0.82–1.48).

Conclusions: Circulating 25(OH)D concentration was
inversely associated with colorectal cancer risk for women,
but not with risk of breast cancer or prostate cancer.

Impact: Vitamin D might play a role in preventing
colorectal cancer. Further studies are required to confirm
whether vitamin D is associated with specific tumor
subtypes.

Introduction
Many observational studies have investigated associations

between vitamin D status and risk of cancer, but results have

been inconsistent (1, 2). VitaminD status is generally assessed by
serum or plasma 25-hydroxyvitamin D (25(OH)D) concentra-
tion because this metabolite is the main circulating form of
vitamin D (with a half-life of 2–3 weeks) and reflects vitamin
D from both cutaneous synthesis during UV exposure and
exogenous sources (food and supplements; ref. 3). The most
commonly investigated cancers have been colorectal cancer,
breast cancer, and prostate cancer (4). Although there is sugges-
tion of an inverse association of 25(OH)Dwith colorectal cancer,
associations for breast cancer and prostate cancer are unclear
(2, 4, 5). In addition, it is possible that associations might differ
according to cancer subtypes, yet few studies have assessed
associations by tumor characteristics such as stage (or disease
aggressiveness in prostate cancer), somatic gene mutations (such
as BRAF or KRAS) in colorectal cancer, and hormone receptor
status in breast cancer (5).

Using a cohort of middle-aged Australians, we prospectively
investigated the association between circulating 25(OH)D con-
centration and risk of incident breast, prostate, and colorectal
cancers and examined associations by cancer subtypes.

Materials and Methods
Participants

The Melbourne Collaborative Cohort Study (MCCS) is a pro-
spective cohort study of 41,513 residents ofMelbourne, Australia,
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aged 27 to 76 (mean 55) years at recruitment (1990–1994).
Details of the MCCS have been published (6). At baseline,
participants attended clinics where they completed question-
naires on lifestyle and medical history as well as a 121-item food
frequency questionnaire. Anthropometric measurements were
performedby trained staff according to a standardprotocol. Blood
samples were collected from 41,113 (99%) participants; from the
second year of study recruitment (from 1991 onward, for about
75% of participants), whole blood was spotted onto Guthrie
cards,whichwere air dried and stored at roomtemperature indark
conditions. The Cancer Council Victoria's HumanResearch Ethics
Committee approved the study protocol, and participants pro-
vided written informed consent.

Information about screening tests was not obtained at base-
line. In a second wave of data collection about 4 years after
baseline, participants completed a questionnaire that asked
about mammography, prostate-specific antigen (PSA) tests,
sigmoidoscopy, colonoscopy, and fecal occult blood tests
(FOBT).

A case–cohort design was adopted for the vitamin D
study (7). Participants with no prebaseline diagnosis of cancer
and for whom a baseline dried blood spot (Guthrie card)
sample was available were eligible (n ¼ 29,205). The subcohort
comprised random samples of 1,332 women (7.85% of
16,976) and 1,664 men (13.6% of 12,229), chosen to be
proportionate to the expected number of cases of breast
and prostate cancer, respectively. Vital status was determined
from linkage to the Registry of Births, Deaths and Marriages
Victoria and the National Death Index. Participants for
whom vitamin D measurements were not performed and those
with missing data for potential confounders were excluded
from analyses.

Ascertainment and classification of cancers
Cases comprised all eligible participants who had a primary,

histologically confirmed invasive adenocarcinoma of the colon or
rectum, breast, or prostate diagnosed by December 31, 2007, and
notified to the Victorian Cancer Registry. The Registry classifies all
three tumor types according to stage and records grade (plus
Gleason score in the case of prostate cancer) for all histopatho-
logically confirmed tumors. We attempted to obtain archival
tumor tissue for all cancers.

For colorectal cancer, the V600E BRAF mutation, which
accounts for approximately 90% of BRAFmutations in colorectal
cancer (8), was measured in DNA extracted from archival tumor
tissue using a real-time PCR-based allelic discrimination meth-
od (9, 10). Somatic mutations in codons 12 and 13 of KRASwere
identified using real-time PCR with high-resolutionmelting anal-
ysis followed by direct Sanger sequencing on cases with differen-
tial melting profiles (11).

The Registry routinely records information on estrogen
receptor (ER) and progesterone receptor (PR) status of breast
tumors, although in the early years of follow-up, reporting was
incomplete. For cases with archival tissue available (67% of all
cases), we repeated the measurement of ER and PR status using
IHC (12). Because the agreement between the ER status
assessed from the archival tumor tissue and the values on the
original pathology reports held by the Victorian Cancer Registry
was high (89%, kappa ¼ 0.71; ref. 12), ER and PR status
recorded by the Registry was used when archival tumor tissue
was not available.

Assessment of 25(OH)D
Concentration of 25(OH)D from baseline dried blood spot

samples was measured by LC-MS/MS in the laboratory of D.W.
Eyles as previously described (13, 14). Measurements were per-
formed over 15 months in 31 batches of approximately 230
samples each. The laboratory routinely calibrates relative accuracy
using National Institute of Standards and Technology standard
reference materials and participates in the Vitamin D External
Quality Assessment Scheme. Samples were processed in random
order, and laboratory analysts were blind to outcome status of
participants. Reliability was assessed using repeat measurements
on 493 subcohort members for whom duplicate samples were
randomly interspersed throughout the samples. As previously
reported, the within- and between-batch intraclass correlations
were 0.82 [95% confidence interval (CI), 0.80–0.85] and 0.73
(95% CI, 0.68–0.78), respectively (14). Methods used for remov-
ing batch and seasonal effects in 25(OH)D measurements and
conversion to plasma equivalent concentrations have been
described (7, 14). All results presented are for batch- and sea-
son-adjusted plasma-equivalent 25(OH)D.

Statistical analysis
Follow-up began at baseline and ended at diagnosis of the

cancer under study, date of leaving Australia, death, or December
31, 2007, whichever came first. HRs and 95% CIs were estimated
using Cox regression. Barlow weights, with robust SEs, were used
to account for the case–cohort design (15). Batch- and season-
adjusted plasma-equivalent 25(OH)D was categorized into five
groups, based on the sex-specific quintiles of the subcohort. We
also modeled the association between continuously valued
25(OH)D and cancer risk. Cases for each cancer type were com-
pared with the full subcohort (for colorectal cancer analyses), or
female portion of the subcohort (breast cancer), or male portion
of the subcohort (prostate cancer). To control for confounding by
age, attained age was used as the timescale in all Cox regression
models (16). All models were stratified by country of birth
(Australia/New Zealand/northern Europe or southern Europe)
and sex (for colorectal cancer), and further adjusted for the
following potential confounding factorsmeasured at recruitment:
educational attainment (primary school, some high/technical
school, completed high school, and completed tertiary degree/
diploma), socioeconomic status (quintiles of relative disadvan-
tage based on area of residence), physical activity (four ordered
categories reflecting frequency and intensity of physical activity),
smoking status (never, former, current), alcohol consumption
(lifetime abstainer, former drinker, current low, current medium,
current high, with the latter three determined by sex-specific
tertiles in the subcohort), and waist circumference (grouped by
sex-specific quartiles in the subcohort). Colorectal cancer analyses
further adjusted for margarine intake (grouped by quartiles in the
subcohort) and intake of processedmeat (grouped by quartiles in
the subcohort), and excluded participants deemed to have out-
lying total energy intakes reported in the Food Frequency Ques-
tionnaire (<1st and >99th sex-specific percentiles). Breast cancer
analyses further adjusted for parity (any children vs. none), use of
oral contraceptives (never, former, current), hormone replace-
ment therapy (never, former, current), age at baseline clinic
attendance (<55 vs. �55 years), and an interaction between this
variable and waist circumference.

For colorectal cancer, we tested an interaction of 25(OH)Dwith
sex. The proportional hazards assumption was assessed by fitting

Vitamin D and Breast, Prostate, and Colorectal Cancers

www.aacrjournals.org Cancer Epidemiol Biomarkers Prev; 28(5) May 2019 901

D
ow

nloaded from
 http://aacrjournals.org/cebp/article-pdf/28/5/900/2286165/900.pdf by guest on 23 April 2024



interactions between each covariate separately (modeled as a time
varying effect) and attained age. There was no evidence that any
covariate violated the assumptions.

Further analyses investigated whether HRs differed by cancer
subtype, using competing risks models based on a data duplica-
tion approach (17). Differences in HRs by cancer subtypes were
evaluated using Wald tests. For colorectal cancer, we compared
associations between BRAFþ, KRASþ, and BRAF–/KRAS– cancers
(only 3 tumors were BRAFþ/KRASþ), and between stage I/II and
stage III/IV cancers. For breast cancer, we compared ERþ and ER–

tumors. We did not analyze PR status because it was strongly
associated with ER status, and only 19 cases were PRþ but ER–. We
did not analyze stage for breast cancer because almost all cases
were stage I or II, which both have similar, very high survival. For
prostate cancer, we compared aggressive (defined as died from
prostate cancer by December 31, 2016; Gleason score > 7 or
poorly differentiated or undifferentiated tumor; tumor–node–
metastasis stage: T4, Nþ, or Mþ) and nonaggressive cancer. Due
to limited numbers of some tumor subtypes, results of these
analyses are only presented for 25(OH)D modeled continuously
(results were similar for categorical 25(OH)D).

Sensitivity analyses investigated: (i) change in the HRs by time
since baseline attendance (0–4, 5–9, and 10þ years) and (ii) HRs
after excluding the first year of follow-up. To determine whether
screening tests might have confounded the associations, we
undertook an analysis of screening behaviors reported at wave
2, restricted to subcohort participants who had not been diag-
nosed with the relevant cancer (i.e., colorectal, breast, or prostate)
before completing the questionnaire.

All analyses were performed using Stata 14.2 (StataCorp).

Results
During follow-up (median 14 years in the subcohort), of

29,205 eligible participants, 562 had incident diagnoses of colo-
rectal cancer (74ofwhichoccurred in the randomsubcohort), 659
women were diagnosed with breast cancer (62 in the subcohort),
and 833 men with prostate cancer (123 in the subcohort). After
exclusions, 547 colorectal, 634 breast, and 824 prostate cancer
cases were included in analyses (Fig. 1). Baseline characteristics of
subcohort participants and those diagnosedwith these cancers are
shown in Table 1. Subcohort participants and those who devel-
oped cancer did not differ substantially with respect to important
confounders, with the following exceptions: colorectal cancer
cases were older, and of these, female cases were more likely to
be current smokers, whereas male cases were less likely to be
current smokers but more likely to have high alcohol intake;
prostate cancer cases were less likely to be current smokers; and
breast cancer cases were more likely to be born in Australia/New
Zealand/northern Europe.

Circulating 25(OH)D concentrations were not associated with
risk of breast cancer or prostate cancer (Table 2). There was an
inverse associationwith incident colorectal cancer (HR for highest
compared with lowest 25(OH)D quintile, 0.71; 95% CI, 0.51–
0.98), which was evident for women (HR, 0.52; 95% CI, 0.33–
0.82), but notmen (HR, 0.96; 95%CI, 0.61–1.52), although the P
value from the 25(OH)D � sex interaction was large (P ¼ 0.45).

Stage was available for 497 (91%) colorectal cancer cases,
whereas BRAF and KRAS status were available for 425 (78%)
cases. In competing risks analyses, the inverse associationbetween
25(OH)D concentration and colorectal cancer did not signifi-

cantly differ by stage (Fig. 2). Although there was no inverse
association with BRAF–/KRAS– colorectal cancer (HR per
25 nmol/L increase in 25(OH)D, 0.98; 95% CI, 0.77–1.24) or
KRASþ colorectal cancer (HR, 1.17; 95% CI, 0.91–1.52),
circulating 25(OH)D concentration was inversely associated with
BRAFþ colorectal cancer (HR, 0.71; 95% CI, 0.50–1.01; P¼ 0.05;
P heterogeneity ¼ 0.07). Information on ER status was available
for 586 (92%) breast cancers. There was little evidence that
25(OH)D concentration was associated with ER– or ERþ breast
cancer (Fig. 2). Almost all prostate cancers (n ¼ 817, 99%) could
be classified as aggressive or nonaggressive. There was a weak
statistically nonsignificant positive association with nonaggres-
sive disease, but no association with aggressive disease (Fig. 2).

Results did not differ significantly by time since baseline blood
collection for any of the cancers (Fig. 3). After excluding the first
year of follow-up after baseline, the HRs for 25(OH)D modeled
continuously were almost identical to their respective values from
the main analysis. The largest change was in the HR for colorectal
cancer for women, which was 0.73 (95% CI, 0.54–1.00) per
25 nmol/L compared with 0.75 (95% CI, 0.56–1.02) for the
whole sample.

The secondwave questionnaire was completed by 2,639 (88%)
of the 2,996 subcohort participants including 1,447 (87%) men
and 1,192 (89%) women. About 20% reported FOBT, sigmoid-
oscopy, or colonoscopy (21% of men and 22% of women),
80% of women reported a mammogram, and 34% of men
reported a PSA test. Mean 25(OH)D concentrations were similar
for participants who had screening tests and for those who did
not: for colorectal cancer tests, the means were 51.4 nmol/L and
52.0 nmol/L (P¼ 0.52), respectively; themeanswere 45.6 nmol/L
and 44.1 nmol/L (P¼ 0.14) for women who had a mammogram
and who did not; the means were 58.5 nmol/L and 58.2 nmol/L
for men reporting and not reporting a PSA test (P ¼ 0.27).

Discussion
In this cohort of middle-aged Australians, prediagnostic circu-

lating 25(OH)D concentration was not associated with risk of
breast cancer or prostate cancer but was inversely associated with
risk of colorectal cancer for women but not men.

Evidence on the association between circulating 25(OH)D
concentration and cancer has mainly come from European and
North American studies, many of which lacked precision and
sufficient follow-up time, or have not examined associations by
cancer subtypes. Strengths of our study include its prospective
design, long follow-up, accurate quantificationof 25(OH)Dusing
LC-MS/MS, and extensive data on potential confounders.
Detailed histopathology data, including tumor stage and the
presence or absence of the BRAF V600E and KRAS codon 12 and
13 somatic mutations for colorectal cancer, ER status for
breast cancer, and aggressiveness for prostate cancer, enabled
investigation of associations by cancer subtypes. A limitation was
the use of a single 25(OH)D measurement, which may lose
predictive power over time (18). However, studies have reported
intraindividual consistency between 25(OH)D concentrations
measured several years apart (19–22). Therefore, although
repeated measurements would be ideal, a single measurement
of 25(OH)D at baseline can provide a reasonable representation
of an individual's typical 25(OH)D concentration throughout a
long-term epidemiological study. Reported absolute 25(OH)D
concentrations should be interpreted with caution as these were
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plasma-equivalent concentrations estimated frommeasurements
of 25(OH)D in dried blood spots and adjusted for batch and
seasonal effects. The null findings for breast cancer and prostate
cancer are unlikely to be due to an artifact of the 25(OH)D assay
method or to the single time point since our measurements have
yielded results consistent with existing literature for all-cause
mortality and type 2 diabetes (7, 23). In addition, as discussed
below, the findings for incident colorectal cancer are similar to
those from other prospective studies (24), further supporting the
robustness of the 25(OH)D measurements. Although we con-
trolled for important potential confounders, we cannot exclude

the possibility of residual confounding. The results of our analysis
of 25(OH)D in relation to screening tests suggest that screening
behavior is not likely to confound any of the associations.

Our results are consistent with those from other prospective
studies, demonstrating a lower risk of incident colorectal cancer
associated with higher 25(OH)D (25), but no evidence of a
reduced risk for incident breast cancer or prostate cancer (4, 5).
An umbrella review of vitamin D and multiple health outcomes
concluded that there was suggestive evidence that higher vitamin
D concentrations might be associated with a lower risk of colo-
rectal cancer; stronger evidence could not be inferred due to the

Figure 1.

Flow diagram of MCCS participants included in the vitamin D and cancer case–cohort study. The flow diagram shows the number of participants included in
analyses of breast cancer, colorectal cancer, and prostate cancer, and the number of cases included in analyses by tumor subtype. Subcohort numbers include
subcohort cases.
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Table 1. Baseline characteristics of subcohort participants and those diagnosed with colorectal cancer, breast cancer, and prostate cancer during follow-upa

Subcohort Colorectal cancer
Women Men Women Men Breast cancer Prostate cancer

N 1,332 1,664 284 278 659 833
Median years of follow-up per person 14.2 14.1
25(OH)D (nmol/L), median (IQR)b 42.9 (34.8–53.1) 54.8 (43.0–68.8) 41.0 (33.4–50.8) 53.8 (45.0–69.1) 44.0 (35.6–52.5) 57.2 (45.2–70.8)
Age (years), median (IQR) 53.5 (46.7–61.1) 53.9 (46.0–62.0) 61.9 (54.0–66.4) 62.1 (55.1–65.8) 55.3 (47.8–62.4) 59.9 (53.8–65.2)
Waist circumference (cm), median (IQR) 77.0 (70.6–85.7) 92.0 (86.0–98.4) 79.9 (71.3–89.0) 95.0 (89.5–100.5) 77.5 (71.0–86.0) 93.0 (87.2–99.0)
Country of birth (%)
Australia/New Zealand/Northern Europe 86.3 81.2 87.3 79.1 91.4 85.1
Southern Europe 13.7 18.8 12.7 20.9 8.7 14.9

Educational attainment (%)
Primary school or less 10.3 12.2 12.7 18.0 7.1 12.1
Some secondary school 44.9 31.7 44.7 33.8 45.1 30.4
Secondary school 20.9 26.0 18.7 26.6 22.3 26.9
Tertiary qualification 24.0 30.2 23.9 21.6 25.5 30.6

Socioeconomic status (%)
1st quintile (most deprived) 12.3 13.9 13.7 13.0 10.4 13.0
2nd quintile 15.4 17.7 14.4 23.2 15.2 14.4
3rd quintile 16.2 16.7 20.4 17.4 16.5 15.4
4th quintile 23.6 22.5 16.9 20.3 24.7 24.3
5th quintile (least deprived) 32.5 29.3 34.5 26.1 33.2 32.9

Alcohol intake (%)
Lifetime abstainer 34.5 12.8 31.0 12.2 33.1 13.5
Former 2.8 5.8 3.2 3.2 4.0 5.2
Current low 19.4 26.8 22.9 20.9 18.4 25.0
Current medium 20.1 26.9 18.3 28.8 22.2 27.5
Current high 23.3 27.7 24.7 34.9 22.3 28.9

Smoking status (%)
Never 67.0 43.4 62.3 37.8 68.1 45.0
Former 24.9 42.9 25.7 52.5 23.8 46.8
Current 8.1 13.7 12.0 9.7 8.0 8.2

Physical activity (%)
None 19.7 21.2 20.8 19.8 15.9 19.0
Low 20.6 18.6 20.1 15.8 22.2 20.2
Moderate 36.2 32.5 36.3 41.4 37.6 36.0
High 23.6 27.6 22.9 23.0 24.3 24.9

aNumbers are prior to exclusions of people with missing data, because exclusions differ by cancer site.
bBatch- and season-adjusted plasma-equivalent concentrations of 25(OH)D measured in dried blood spots.

Table 2. HRs and 95% CIs for the risk of colorectal cancer, breast cancer, and prostate cancer in relation to plasma-equivalent concentrations of 25(OH)D

Quintiles of 25(OH)D
1 2 3 4 5 Per 25 nmol/L P trend

Women
Range 25(OH)D (nmol/L)a 16.5–33.0 33.0–39.9 39.9–46.6 46.7–55.8 55.9–117.3
Median 25(OH)D (nmol/L)a 29.0 36.5 42.9 50.8 63.0

Men
Range 25(OH)D (nmol/L)a 15.1–40.1 40.4–50.5 50.5–59.5 59.6–72.9 72.9–181.1
Median 25(OH)D (nmol/L)a 32.3 45.4 54.8 65.7 83.7

Colorectal cancerb

n cases/total 118/700 117/699 113/702 104/692 95/677 547/3,470
HR (95% CI) 1.00 (reference) 0.96 (0.71–1.29) 0.91 (0.67–1.24) 0.82 (0.60–1.13) 0.71 (0.51–0.98) 0.91 (0.78–1.07) 0.24
Women
n cases/total 67/328 59/321 58/321 51/313 40/301 275/1,584
HR (95% CI) 1.00 (reference) 0.82 (0.54–1.24) 0.78 (0.51–1.18) 0.73 (0.47–1.13) 0.52 (0.33–0.82) 0.75 (0.56–1.02) 0.07

Men
n cases/total 51/372 58/378 55/381 53/379 55/376 272/1,886
HR (95% CI) 1.00 (reference) 1.13 (0.74–1.74) 1.09 (0.70–1.69) 0.95 (0.61–1.48) 0.96 (0.61–1.52) 0.98 (0.83–1.17) 0.86

Breast cancerb

n cases/total 109/372 129/394 135/399 140/405 121/385 634/1,955
HR (95% CI) 1.00 (reference) 1.12 (0.81–1.56) 1.14 (0.83–1.57) 1.20 (0.87–1.65) 0.98 (0.70–1.36) 0.95 (0.79–1.15) 0.61

Prostate cancerb

n cases/total 142/473 147/475 160/489 189/521 186/514 824/2,472
HR (95% CI) 1.00 (reference) 0.94 (0.70–1.27) 1.10 (0.82–1.47) 1.17 (0.87–1.56) 1.11 (0.82–1.48) 1.07 (0.96–1.19) 0.21

aBatch- and season-adjusted plasma-equivalent 25(OH)D.
bAll results are fromCox regressionmodelswith age as the timescale and stratified by sex and country of birth and further adjusted for potential confounding factors:
educational attainment, socioeconomic status, physical activity, smoking status, alcohol consumption, and waist circumference. Colorectal cancer analyses further
adjusted for margarine intake, and intake of processed meat. Breast cancer analyses further adjusted for parity, use of oral contraceptives, hormone replacement
therapy, age at baseline, and an interaction between age at baseline and waist circumference.
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absence of meta-analyses of randomized controlled trials of
vitamin D supplementation and cancer outcomes (2). The same
review concluded that it is unlikely that vitamin D has a substan-
tial effect on prostate cancer or that it decreases the risk of
aggressive prostate cancer. There was inadequate evidence to draw
conclusions for breast cancer (2).

We found no evidence that circulating 25(OH)D was associ-
ated with risk of incident breast cancer, which is consistent with
null results fromother prospective studies (4). TheVITAL trial also

found no effect of vitamin D supplementation on risk of breast
cancer [relative risk (RR), 1.02; 95% CI, 0.79–1.31], but its results
were imprecise due to only 246 cases (26). Concentration of
25(OH)D was not associated with risk of prostate cancer overall
or aggressive prostate cancer. There is some evidence that the
association might vary with calcium intake (27, 28), but results
have been inconsistent. We were unable to assess possible effect
modification by calcium intake due to a lack of data on calcium
supplementation. A Mendelian randomization study found little

Figure 2.

HRs and 95% CIs for subtypes of colorectal cancer,
breast cancer, and prostate cancer per 25 nmol/L
increment in circulating plasma-equivalent 25(OH)D
concentration. Estimates are for batch- and season-
adjusted plasma-equivalent 25(OH)D, from Cox
regression models with age as the timescale and
stratified by sex and country of birth and adjusted for
educational attainment, socioeconomic status,
physical activity, smoking status, alcohol
consumption, and waist circumference. Colorectal
cancer analyses further adjusted for margarine
intake, and intake of processed meat. Breast cancer
analyses further adjusted for parity, use of oral
contraceptives, hormone replacement therapy, age
at baseline, and an interaction between age at
baseline and waist circumference. The area of each
square is inversely proportional to the variance of the
log HR, and corresponding 95% CIs are plotted as
lines.

Figure 3.

HRs and 95% CIs for risk of incident colorectal cancer, breast cancer, and prostate cancer per 25 nmol/L increment in plasma-equivalent 25(OH)D concentration
according to time since baseline. Estimates are for batch- and season-adjusted plasma-equivalent 25(OH)D, from Cox regression models with age as the
timescale and stratified by sex and country of birth and adjusted for educational attainment, socioeconomic status, physical activity, smoking status, alcohol
consumption, and waist circumference. Colorectal cancer analyses further adjusted for margarine intake, and intake of processed meat. Breast cancer analyses
further adjusted for parity, use of oral contraceptives, hormone replacement therapy, age at baseline, and an interaction between age at baseline and waist
circumference. The area of each square is inversely proportional to the variance of the log HR, and corresponding 95% CIs are plotted as lines.
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evidence that genetically determined 25(OH)D concentration is
associated with total or aggressive prostate cancer risk (29). The
VITAL trial reported an RR of 0.88 (95% CI, 0.72–1.07) for
prostate cancer based on 411 cases (26). Taken together, the lack
of clear evidence for an association with prostate cancer overall or
with aggressive disease suggests that it is unlikely that vitaminD is
causally associated with incident prostate cancer.

Althoughwe did notfind strong evidence of a linear association
between 25(OH)D and colorectal cancer risk, there was a 29%
decreased risk comparing the highest with lowest 25(OH)D
quintile (HR, 0.71; 95% CI, 0.51–0.98). This closely agrees with
the association reported by a pooling project of participant-level
data from 17 prospective cohort studies, including 5,706 colo-
rectal cancer case participants and 7,107 control participants
(pooled RR comparing highest with lowest 25(OH)D quintile,
0.71; 95%CI, 0.62–0.81; ref. 24). It is also consistent with ameta-
analysis of 15 cohort and nested case–control studies, which
reported a 33% lower risk of colorectal cancer comparing the
highestwith lowest 25(OH)Dquantile (pooledOR, 0.67; 95%CI,
0.59–0.76; ref. 25). The point estimate in a Mendelian random-
ization study was similar to that found in our study (OR per
25 nmol/L increase in genetically determined 25(OH)D, 0.92);
although the study was imprecise, the CI was consistent with
a moderate inverse association (95% CI, 0.76–1.10; ref. 29). On
the other hand, the VITAL trial found no effect of vitamin D
supplementation on risk of colorectal cancer (RR, 1.09; 95% CI,
0.73–1.62), but identified only 98 cases (26).

Until recently, there has been limited evidence for a sex-specific
association of vitamin D with colorectal cancer risk (4). The
pooling project comprising 17 prospective cohort studies
reported an inverse association between 25(OH)D concentration
and colorectal cancer that was significantly stronger for women
(pooled RR per 25 nmol/L increment in 25(OH)D, 0.81; 95%CI,
0.75–0.87), than for men (RR, 0.93; 95% CI, 0.86–1.00;
P heterogeneity by sex ¼ 0.008; ref. 24). Our results similarly
suggest the association might be stronger for women, for whom
we observed a 48% decreased risk comparing the highest and
lowest 25(OH)D quintile (HR, 0.52; 95% CI, 0.33–0.82), where-
as we found little evidence of an association for men (HR, 0.96;
95% CI, 0.61–1.52). Reasons for the stronger association for
women are unclear and warrant further investigation (24).

In our study, circulating 25(OH)D concentration appeared to
be inversely associated with BRAF V600E–positive colorectal
cancer. Women are more likely than men to have a tumor with
theBRAFmutation (30), and tohaveproximal (right-sided) colon
tumors, which are in turn more likely than distal tumors to
contain the BRAF mutation (31). Thus, the stronger association
for women comparedwithmen could potentially be explained, at
least in part, by the higher frequency of BRAFþ tumors in women.
We did not find any association between circulating 25(OH)D
andKRASþ or BRAF–/KRAS– colorectal cancer. Evidence regarding
25(OH)D and risk of colorectal cancers by mutation status is
limited and inconsistent. In the Nurses' Health Study and Health
Professionals Follow-up Study, there was an inverse association
between predicted 25(OH)D concentration and colorectal cancer
incidence, but the association did not differ by BRAF or KRAS
mutation status (32). In a randomized controlled trial of adjuvant
therapy for stage III colorectal cancer, BRAF mutations were less
common in patients with high predicted baseline 25(OH)D,
and KRAS mutations were not associated with predicted
25(OH)D (33). Varynen and colleagues reported a small

case–control study of colorectal cancer (34). Cases with BRAF
mutations had the lowest mean 25(OH)D, those with KRAS
mutations had intermediate mean, and patients with neither
mutation had the highest mean, although the numbers of pati-
ents were small (n¼ 117) and the differences were not significant
(P ¼ 0.51). A case–control study of adenomas and hyperplastic
polyps (part of the sessile serrated neoplasia pathway that
involves BRAFmutations; ref. 35) reported an inverse association
between 25(OH)D and adenomas but not with hyperplastic
polyps (36). The reasons why vitamin D deficiency might play
a greater role in inducing BRAF mutations are unclear.

Laboratory studies have consistently shown that the active form
of vitamin D, 1,25-dihydroxyvitamin D (1,25(OH)2D), has
potent antineoplastic effects, including inhibition of cellular
proliferation, angiogenesis, invasion and metastasis, and induc-
tion of differentiation and apoptosis of cancer cells (37, 38). In
support of a role of vitamin D in colorectal carcinogenesis, colon
epithelial cells express 25-hydroxyvitamin D-1a-hydroxylase for
local conversion of 25(OH)D to 1,25(OH)2D, which in turn can
locally regulate cellular proliferation and differentiation in the
colon (39). The 25-hydroxyvitamin D-1a-hydroxylase enzyme is
also expressed in numerous other tissues throughout the body,
including the breast and prostate (40), and it remains unclear why
vitamin D appears to be associated with some cancers and not
with others.

It has been hypothesized that vitamin D deficiency might be a
marker of poor health or underlying undiagnosed disease, or
might be the result of, rather than a cause of, cancer (1). The
inverse association we observed between 25(OH)D and colorec-
tal cancer risk did not differ significantly by time since baseline
blood collection, suggesting that reverse causation is unlikely to
fully account for the findings.

Although observational studies have consistently found an
inverse relationship between 25(OH)D and colorectal cancer
incidence, to date there is little evidence from randomized con-
trolled trials to confirm that vitamin D plays a role in prevention
of colorectal cancer (1, 2, 4, 5). The VITAL trial found no effect on
colorectal cancer risk, but was limited by few cases (26). Results
fromanother large trial currently underway (D-Health; ref. 41) are
required to determine whether there is a causal relationship
between vitamin D and risk of colorectal cancer, and other
cancers, and to discern associations by tumor subtypes.

Overall, it is unlikely that vitamin D has a substantial effect on
breast cancer or prostate cancer risk. There is some evidence that
25(OH)D concentration is inversely associated with risk of colo-
rectal cancer for women.

Disclosure of Potential Conflicts of Interest
P.R. Ebeling reports receiving commercial research funding from Amgen and

Eli Lilly, has received honoraria from the speakers' bureau of Amgen, and is a
consultant/advisory board member for Amgen and Alexion. No potential
conflicts of interest were disclosed by the other authors.

Disclaimer
The funding sources had no involvement in study design; in the collection,

analysis and interpretation of data; in thewriting of the report; or in the decision
to submit the article for publication.

Authors' Contributions
Conception and design: A.M. Hodge, P.R. Ebeling, G.G. Giles, D.R. English
Development of methodology: A.K. Heath, D.R. English

Heath et al.

Cancer Epidemiol Biomarkers Prev; 28(5) May 2019 Cancer Epidemiology, Biomarkers & Prevention906

D
ow

nloaded from
 http://aacrjournals.org/cebp/article-pdf/28/5/900/2286165/900.pdf by guest on 23 April 2024



Acquisition of data (provided animals, acquired and managed patients,
provided facilities, etc.): D. Kvaskoff, D.D. Buchanan, D.W. Eyles, G.G. Giles,
D.R. English
Analysis and interpretation of data (e.g., statistical analysis, biostatistics,
computational analysis): A.K. Heath, E.J. Williamson, D.R. English
Writing, review, and/or revision of the manuscript: A.K. Heath, A.M. Hodge,
P.R. Ebeling,D.D. Buchanan,D.W. Eyles,G.G.Giles, E.J.Williamson,D.R. English
Administrative, technical, or material support (i.e., reporting or organizing
data, constructing databases): G.G. Giles
Study supervision: P.R. Ebeling, D.R. English

Acknowledgments
This study wasmade possible by the contribution ofmany people, including

the original investigators, the Program Manager, and the diligent team who
recruited the participants and who continue working on follow-up. We would
like to express our gratitude to themany thousands ofMelbourne residents who
continue to participate in the study. Cases and their vital status were ascertained

through the Victorian Cancer Registry (VCR) and the Australian Institute of
Health and Welfare (AIHW), including the National Death Index and the
Australian Cancer Database.

MCCS cohort recruitment was funded by VicHealth and Cancer Council
Victoria. The MCCS was further supported by Australian National Health and
Medical Research Council (NHMRC) grants 209057 and 396414 and by
infrastructure provided by Cancer Council Victoria. This project was specifically
funded by the National Health and Medical Research Council project grant
623208 (to D.R. English and D.W. Eyles).

The costs of publication of this article were defrayed in part by the
payment of page charges. This article must therefore be hereby marked
advertisement in accordance with 18 U.S.C. Section 1734 solely to indicate
this fact.

Received October 26, 2018; revised December 19, 2018; accepted February
26, 2019; published first March 6, 2019.

References
1. Autier P, Boniol M, Pizot C, Mullie P. Vitamin D status and ill health: a

systematic review. Lancet Diabetes Endocrinol 2014;2:76–89.
2. Theodoratou E, Tzoulaki I, Zgaga L, Ioannidis JP. Vitamin D and multiple

health outcomes: umbrella review of systematic reviews andmeta-analyses
of observational studies and randomised trials. BMJ 2014;348:g2035.

3. Holick MF. Vitamin D status: measurement, interpretation, and clinical
application. Ann Epidemiol 2009;19:73–8.

4. Jacobs ET, Kohler LN, Kunihiro AG, Jurutka PW. Vitamin D and colorectal,
breast, and prostate cancers: a review of the epidemiological evidence.
J Cancer 2016;7:232–40.

5. Mondul AM,Weinstein SJ, Layne TM, Albanes D. VitaminD and cancer risk
and mortality: state of the science, gaps, and challenges. Epidemiol Rev
2017;39:28–48.

6. Milne RL, Fletcher AS, MacInnis RJ, Hodge AM, Hopkins AH, Bassett JK,
et al. Cohort profile: the Melbourne Collaborative Cohort Study (Health
2020). Int J Epidemiol 2017;46:1757–i.

7. Heath AK, Williamson EJ, Kvaskoff D, Hodge AM, Ebeling PR, Baglietto L,
et al. 25-Hydroxyvitamin D concentration and all-cause mortality: the
Melbourne Collaborative Cohort Study. Public Health Nutr 2017;20:
1775–84.

8. Davies H, Bignell GR, Cox C, Stephens P, Edkins S, Clegg S, et al. Mutations
of the BRAF gene in human cancer. Nature 2002;417:949–54.

9. Buchanan DD, Sweet K, Drini M, Jenkins MA, Win AK, English DR, et al.
Risk factors for colorectal cancer in patients with multiple serrated
polyps: a cross-sectional case series from genetics clinics. PLoS One
2010;5:e11636.

10. Young J, Barker MA, Simms LA, Walsh MD, Biden KG, Buchanan D, et al.
Evidence for BRAFmutation and variable levels ofmicrosatellite instability
in a syndrome of familial colorectal cancer. Clin Gastroenterol Hepatol
2005;3:254–63.

11. Rosty C, Buchanan DD, Walsh MD, Pearson SA, Pavluk E, Walters RJ, et al.
Phenotype and polyp landscape in serrated polyposis syndrome: a series of
100 patients from genetics clinics. Am J Surg Pathol 2012;36:876–82.

12. Baglietto L, Krishnan K, Severi G, Hodge A, Brinkman M, English DR, et al.
Dietary patterns and risk of breast cancer. Br J Cancer 2011;104:524–31.

13. EylesD, AndersonC, KoP, Jones A, Thomas A, Burne T, et al. A sensitive LC/
MS/MS assay of 25OH vitamin D3 and 25OH vitamin D2 in dried blood
spots. Clin Chim Acta 2009;403:145–51.

14. Heath AK, Williamson EJ, Ebeling PR, Kvaskoff D, Eyles DW, English DR.
Measurements of 25-hydroxyvitamin D concentrations in archived dried
blood spots are reliable and accurately reflect those in plasma. J Clin
Endocrinol Metab 2014;99:3319–24.

15. BarlowWE, Ichikawa L, Rosner D, Izumi S. Analysis of case-cohort designs.
J Clin Epidemiol 1999;52:1165–72.

16. Korn EL, Graubard BI, Midthune D. Time-to-event analysis of longitudinal
follow-up of a survey: choice of the time-scale. Am J Epidemiol 1997;145:
72–80.

17. LunnM,McNeil D. Applying Cox regression to competing risks. Biometrics
1995;51:524–32.

18. Grant WB. Effect of interval between serum draw and follow-up period
on relative risk of cancer incidence with respect to 25-hydroxyvitamin
D level: implications for meta-analyses and setting vitamin D guidelines.
Dermatoendocrinol 2011;3:199–204.

19. Hofmann JN, YuK,Horst RL,Hayes RB, PurdueMP. Long-term variation in
serum 25-hydroxyvitamin D concentration among participants in the
prostate, lung, colorectal, and ovarian cancer screening trial.
Cancer Epidemiol Biomarkers Prev 2010;19:927–31.

20. Sonderman JS,MunroHM, BlotWJ, Signorello LB. Reproducibility of serum
25-hydroxyvitamin d and vitamin D-binding protein levels over time in a
prospective cohort study of black and white adults. Am J Epidemiol 2012;
176:615–21.

21. Jorde R, Sneve M, Hutchinson M, Emaus N, Figenschau Y, Grimnes G.
Tracking of serum 25-hydroxyvitamin D levels during 14 years in a
population-based study and during 12 months in an intervention study.
Am J Epidemiol 2010;171:903–8.

22. Sch€ottker B,HaugU, Schomburg L, Kohrle J, Perna L,M€ullerH, et al. Strong
associations of 25-hydroxyvitamin D concentrations with all-cause, car-
diovascular, cancer, and respiratory disease mortality in a large cohort
study. Am J Clin Nutr 2013;97:782–93.

23. Heath AK, Williamson EJ, Hodge AM, Ebeling PR, Eyles DW, Kvaskoff D,
et al. Vitamin D status and the risk of type 2 diabetes: the Melbourne
Collaborative Cohort Study. Diabetes Res Clin Pract 2019;149:179–87.

24. McCullough ML, Zoltick ES, Weinstein SJ, Fedirko V, Wang M, Cook NR,
et al. Circulating vitamin D and colorectal cancer risk: an international
pooling project of 17 cohorts. J Natl Cancer Inst 2018;111:158–69.

25. Garland CF, Gorham ED.Dose-response of serum 25-hydroxyvitamin D in
association with risk of colorectal cancer: a meta-analysis. J Steroid Bio-
chem Mol Biol 2017;168:1–8.

26. Manson JE, Cook NR, Lee IM, ChristenW, Bassuk SS,Mora S, et al. Vitamin
D supplements and prevention of cancer and cardiovascular disease.
N Engl J Med 2019;380:33–44.

27. AlbanesD,Mondul AM, YuK, ParisiD,Horst RL, Virtamo J, et al. Serum25-
hydroxy vitamin D and prostate cancer risk in a large nested case-control
study. Cancer Epidemiol Biomarkers Prev 2011;20:1850–60.

28. Steck SE, Arab L, Zhang H, Bensen JT, Fontham ET, Johnson CS, et al.
Association between plasma 25-Hydroxyvitamin D, ancestry and aggres-
sive prostate cancer among African Americans and European Americans in
PCaP. PLoS One 2015;10:e0125151.

29. Dimitrakopoulou VI, Tsilidis KK, Haycock PC, Dimou NL, Al-Dabhani K,
Martin RM, et al. Circulating vitamin D concentration and risk of seven
cancers: Mendelian randomisation study. BMJ 2017;359:j4761.

30. English DR, Young JP, Simpson JA, Jenkins MA, Southey MC, Walsh MD,
et al. Ethnicity and risk for colorectal cancers showing somatic BRAF V600E
mutation or CpG island methylator phenotype. Cancer Epidemiol Bio-
markers Prev 2008;17:1774–80.

31. Kim SE, PaikHY, YoonH, Lee JE, KimN, SungMK. Sex- and gender-specific
disparities in colorectal cancer risk. World J Gastroenterol 2015;21:
5167–75.

Vitamin D and Breast, Prostate, and Colorectal Cancers

www.aacrjournals.org Cancer Epidemiol Biomarkers Prev; 28(5) May 2019 907

D
ow

nloaded from
 http://aacrjournals.org/cebp/article-pdf/28/5/900/2286165/900.pdf by guest on 23 April 2024



32. Jung S, Qian ZR, Yamauchi M, Bertrand KA, Fitzgerald KC, Inamura K,
et al. Predicted 25(OH)D score and colorectal cancer risk according to
vitamin D receptor expression. Cancer Epidemiol Biomarkers Prev
2014;23:1628–37.

33. Fuchs MA, Yuan C, Sato K, Niedzwiecki D, Ye X, Saltz LB, et al. Predicted
vitamin D status and colon cancer recurrence and mortality in CALGB
89803 (Alliance). Ann Oncol 2017;28:1359–67.

34. Vayrynen JP, Mutt SJ, Herzig KH, Vayrynen SA, Kantola T, Karhu T, et al.
Decreased preoperative serum 25-Hydroxyvitamin D levels in colorectal
cancer are associated with systemic inflammation and serrated morphol-
ogy. Sci Rep 2016;6:36519.

35. East JE, Atkin WS, Bateman AC, Clark SK, Dolwani S, Ket SN, et al. British
Society of Gastroenterology position statement on serrated polyps in the
colon and rectum. Gut 2017;66:1181–96.

36. Adams SV, Newcomb PA, Burnett-Hartman AN, White E, Mandelson MT,
Potter JD. Circulating 25-hydroxyvitamin-D and risk of colorectal adeno-
mas and hyperplastic polyps. Nutr Cancer 2011;63:319–26.

37. Bandera Merchan B, Morcillo S, Martin-Nu~nez G, Tinahones FJ, Macías-
Gonz�alez M. The role of vitamin D and VDR in carcinogenesis: through
epidemiology and basic sciences. J Steroid Biochem Mol Biol 2017;167:
203–18.

38. FeldmanD, Krishnan AV, Swami S, Giovannucci E, Feldman BJ. The role of
vitamin D in reducing cancer risk and progression. Nat Rev Cancer 2014;
14:342–57.

39. Tangpricha V, Flanagan JN, Whitlatch LW, Tseng CC, Chen TC, Holt PR,
et al. 25-hydroxyvitamin D-1alpha-hydroxylase in normal and malignant
colon tissue. Lancet 2001;357:1673–4.

40. Townsend K, Evans KN, Campbell MJ, Colston KW, Adams JS, HewisonM.
Biological actions of extra-renal 25-hydroxyvitaminD-1alpha-hydroxylase
and implications for chemoprevention and treatment. J Steroid Biochem
Mol Biol 2005;97:103–9.

41. Neale RE, Armstrong BK, BaxterC,Duarte RomeroB, Ebeling P, EnglishDR,
et al. The D-Health Trial: a randomized trial of vitamin D for prevention of
mortality and cancer. Contemp Clin Trials 2016;48:83–90.

Cancer Epidemiol Biomarkers Prev; 28(5) May 2019 Cancer Epidemiology, Biomarkers & Prevention908

Heath et al.

D
ow

nloaded from
 http://aacrjournals.org/cebp/article-pdf/28/5/900/2286165/900.pdf by guest on 23 April 2024



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings true
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 0
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on '[High Quality Print]'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides true
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        18
        18
        18
        18
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 18
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [792.000 1224.000]
>> setpagedevice


