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Optimal Vitamin D Status for Colorectal
Cancer Prevention

A Quantitative Meta Analysis

Edbwardl 1. Carkoum, MPH, Phlll, Ciadric F. Garlend, DePEL Frank (2 Carland, Fall, Willizn K. Grani, Fhi,

Shard B Mohr, MPH, Martin Lipkin, MD, Harcld L. SMowssssk, Sc10, Edwand Garannscs, BT, Scil,
Mo Wi, BS, Michsel F. Holick, MD, FhD

Bachgremmd Frovioo sissdies, such s the Wosen's Heslih Initatoe, have shosm thet s low doss of

witumin [ i ool protect sgeinel colooectal cancer, yel @ sscisansyes indocalcs thal =
highar 4o may reduce i msdeae.

Fere mudies of serum BRI oo seescisiion with cofiorecsl] cumcer mat wers: wdlenib fcd!
usng Pobtded. The noulb ol all fve seroes siedies were combined using standznd methods
feze peclindl und_n:?ndldr:nlll.lﬂ:: dovitl e intes quinbles wigh median 2/ OFH D
waluca of 6, 18, T8 27, ancl 37 ngfe=l. Odds metice were cdcaistad by quinible of ghe pooled
b vming Pric’s AsompecerFres Meghed, with the lowest i..;"ﬁk al ST aw the
refiErance proup. A doar— reponee curve v plodied bsed on «exdicln For each greinils of
the pocled data. Dis were al | and snafyoed in 2004

Oy raticar far the combined seres BSOH)DF sbodies, Erem lowesl 0 higheal guinide,
were 00, 081 D66 DS and TA6 (fpy<IOL) Foe colorechl cancer. Accoading b the
(chi:-l.{ﬂ..{-m}ﬁ-ﬂ.ﬂ.ﬂ'h:pmﬂrdnﬂ& ratin far the hi quinlile werma the lnwest
wa (EAD et - 5%, oohdesere creerel, D80, A S0 inwer nak ol colerecisd
cxncer wan mwccmied with xsenes DR UHD leve] 28 ngfmll., cxnparsd o =18 ngfed

The evdencr o dair -.Fl'h:hltﬂynnhar]m]i:;hdm Dy coeaiid

ralueze the modence af coloredsl with =mmnmal nak.

Gm | Prew Miad 200R.52{5)-380 -F121 & 2007 A

Jounmil ol I Mo

Intre-duicton
e Women's Hoalih Inibaisc' d |

E.Ihh'ingm.:nhnhlmﬁnnd'h'ghnqu-
adjusied =moriafilty mio of calonechl cxscer b ghe

thai @ b dose of vibesmin [V did ool protoct
ageral colorecisl cancer witlen 7 pram of
Rellkrw-upy bowswer, 3 sciwansiyss indicaites dol =
higher doss may eeduce ibs incdence.
There were appeoximaisly 145300 ore oo s
5 WM deathy {ree=m cnlorecisl ounrer in ithe Uniied

From e Usrerary of {akfsones Sas of Family
ummmum R, o
boral, BC Chubened, Miohrd Lx alformis

Husrigon e Hralkk Trrers {Cram, Sas

=, Corvom Frovadon. e , Fow Work,
Frw Yark; Sams Calmsn Far Rracurh,
Fagper, The Soar U of New I ki, Memcrear,
P oy umﬂﬁ-ug}_ﬁjmmm
ey Blmrord Khodd of Muble Bkalh of Fuarison
ﬂ.mﬂml.h‘d:r:d I lascmes,

Socgrmn of Muzuimn aned Dobea, Do o
Sertrir, oo | oty Schond of Melicisr rlobrk) Bose,
Ibamerty e o

Aidrm namd 1 o Fcdward [h
Corfom, PRI, Virakh Bsmcaech
i #mie 24, 122, San e LA 62166

45, P03 Bem
EITE Kemaik omil

I Am | Poer Med 20073205

(1] Armmemcan foumal of Prosentee Modicioe « Foblahol by Ebevcr I

thern and nerthcadiern United Staics compared b
the scuthwest, Hawii, and Forida led b a teeary Sl
wiwmin [F of mamly achr ongin maey medoce rod ol
enlerectal cancer® themagh 3 mechassam inwbeng ol
mum membkolam, arrediulsr slherenze, and conmri
mhilezon Snee then, fve clharraticrn] sulics boee
exploond the msxciszon of smrum kvl of e main
cndating form of vikemm [, Elbypd ibwmin [F
(E[TH]D) with risk of colorectal cunces.-7 How-
T, AN oererml pradicni for the ofecs of
merum level of 2% CHHIT cn cofiorrr=al cancer rak hax
me been delermined. Thin mes-analysis provide an
eatirriesd desr—responee gradient that sy be of help
in phnning for 3 sl mle ol yvitesin I s consral of
cakeamctal cancer,

Mrthodz
Smety Taclmsion

Jumsary B985 in Diecersbeor 300 by ming the o (vizenia

ITHIETIT T S e Front amier
choic B DL B 0 6 e BI0E.] 1064



Odds ratio colorectal cancer
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Pooled odds ratio for colorectal cancer, according to serum 25(0OH)D
concentration (Source: meta-analysis of 6 studies, Gorham et al. Am J Prev
Med 2007)



Colon Cancer
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Relative risk of colon cancer mortality, by baseline serum
25-hydroxyvitamin D concentration, in tertiles, NHANES IIl cohort, 1988-2000.

Source: Freedman DM, Looker AC, Shih-Chen C, et al. Prospective study of serum vitamin D and cancer mortality in the

United States. JNatl Cancer Inst 2007;99:1594-602.



Colon Cancer Survival

1.35 1.37
T P treng = 0.02

Referent

HR=0.81

Hazard ratios (all cause mortality)

16.5 ng/mL 23.6 ng/mL 28.9 ng/mL 40.0 ng/mL
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Mean plasma 25-hydroxyvitamin D quartiles ng/mL (+ se)

Hazard ratios for all cause mortality among 304 colorectal cancer patients by prediagnostic mean
plasma 25-hydroxyvitamin D concentration by quartiles, multiple-adjusted, Nurses Health and
Health Professionals Study Cohorts

Source: Ng K, Meyerhardt JA, Wu K, Feskanich D, Hollis BW, Giovannucci EL, Fuchs CS. Circulating 25-hydroxyvitamin D
levels and survival in patients with colorectal cancer J Clin Oncol 2008; 26: 2984-91.



Female Breast Cancer Incidence
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Pooled odds ratios for breast cancer, according to serum 25(0OH)D
concentration, meta-analysis, 2008 (Sources: Garland et al. meta-analysis, J
Steroid Biochem Mol Biol 2007. Includes data from Bertone-Johnson et al.
2005, Lowe et al. 2005)



Breast Cancer
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Relative risk of breast cancer mortality, by baseline serum 25-hydroxyvitamin D
concentration, divided at the median, NHANES Ill cohort, 1988-2000

Source: Freedman DM, Looker AC, Shih-Chen C, et al. Prospective study of serum vitamin D and cancer mortality in the
United States. J Natl Cancer Inst 2007;99:1594-602.



Relative risk mortality
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Relative risk of all cause mortality, by serum vitamin D |&/el among 512
women with early stage breast cancer, followed 11.6 years, three Toronto

University Hospitals, 2008 Vv
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Source: P JGoodwin, Ennis M, Pritchard KI, Koo JN, Hood N. Vitamin D deficiency is commoJ1 at breast cancer diagnosisand is
associated with a significantly higher risk of distant recurrence and death in a prospective cohort sudy of T1-3, NO-1, MOBC. American
Society of Clinical Oncology Annual Meeting, Chicago, Illinois, May 30-June 3, 2008. Abstract number: 08-AB-31397-ASCOAM.
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Vitamin D and calcium supplementation reduces cancer risk:

results of a randomized trial"?

Joan M Lappe, Diarae Trovers-Lrustafson, K Michos! Davies, Robert B Becker, and Boberd ' Hearey

ARSTRACT

Backgroumd: Numermus chservaiional studies have found sspple-
meninl calciom mmd vitmmin 1Y in e sswocised with reduced nsk ol
coommon cancers. However. interventionsl studies g0 lest this effec
are facking,

‘hjective: The parpose of this analyss was 1o determine the effG-
cacy of caloum aleoe ssd calcium phes vitamie I i redocing isci-
ident cancer sk of all bypes.

Dhesignz This was & 4-y. popalibics-hesed. dovble-blind, andom-
ied placebo-coninolled trial. The primary oulcome wes fadure
inddence, and the priscipal seoeadary cstcome: was cancer inci-
dence. The mshjects were 1179 community -deedling womes mn-
domly selecied [mom the popelation of healthy postmenopausal
women sged =55 yin a Sromaly naral area of Nebrasks centered ot
lasitnce 41 47N, Subjects werne madomly pecgaed o moeive 1900
1500 mg supplemestal calciumdd alens (Ca-only), supplemental
culcimm pies: 1100 I witsmin Dy (0w + O, or placeba.
Resulis: When analyzed by sntention io teat, canoer incidence wis
lowerinthe Ca + Drwoamen thesin the placebo coatml subjects (F <
03 With the use of logisc egression, the unadjusied relative
risks {(FR ) of Encidest camcerie the Ca + £ snd Ca-only grosps were
Q407 (P = 001 ) mnd 0537 {F = (106, rexpecifvely. When analyss
was confined o cancers disgansed alter the fing 12 mo, RR for the
Ca + D ggoup fell do 023 (08 (M, CUED: P < L0 bt o ot
chesge significantly for the Ca-only grosp. In muhiple logistic re-
pression models, both trestment and =epsm 25 Eydmryvitamis [J
onncentrations weme significest, independesl prediciors of cancer
nisk.

Coomclusdinns - Improvving cbomem and vigames D sudrsonal sl od.
stantially redices sllmnoer risk in posimesoparsal women. This trisl
wis megisiered of clincalicials gow s NCTD03521T0. Awe J Ol
Nutr N¥IT-R5: 158691

EEY WOREDS Berum 25-hydreaywitamin [, cancer, women,

INTROMACTION

The relation of soder rdisticn o redoced cancer mosiality in
Morth America was identified 260 v sgo (1) Garlend and Car-
land {1} were the first to propose thal vitamin [} wes responsible,
specifically for the assoristion with colon cencer. The inverss
Emocistion beteesn ambiend solar rediation and cancer mortzlity
raies has sbsequently been desonbed for cences of the hreast,
recium, overy, prostate, domach, bladder, esophagus, kidney,

lung, pancreas, end uierns, as well &= for non-Hodgkin bym-
phoma and meltipls myeloma (310

1586

This seeming protection was presumed 1o be medioied by the
efect of solar mdistion on vitamin I saes. Exploraton of the
connection between vitemin I nutrismme and chronic disesse in
humens received & criboal stirlus with the availabibily of a
phyziobogically stable indicolor of witemin [ states [semm 5.
hydroayvilamin [Y, o Z500HIY and the designation of
TS0 2= the functional indicolor of witsmin 12 siaios by ihe
Insiiite of Medicine (11} These developments have fcilimind
amare precise definition of the r=lafion between cancer risk and
vilemin [0 siame. The inwerse pssociation has now been estab.
lished for incident colomctal cancer {12} end for prosiale cancer
(13], amoag others. (rorham =4 al {14}, quentifying the imvers
r=lation between serom 250C0H D and sk of colorectal cancer,
caloulstsd 3 505 reduction im cancer nsk ab serum ESOHD
concentrations =80 mmaolfl.

Ciovenmuoci (13, 16) and Hodick {17, 18) heve each recently
reviewed the now lange body of evidence linking low witsenin [}
stainy i increased risk of cancer. Similer sceociations wors sar-
lizr noded foc high caboivm intake snd reducsd cancer risk {19-
21} most prominenily for colorecial cancer, wherehy o luminal
effect of high calcium intake provided o plausible mechanizm.

The human svidence in date Bnking cancer and vimmin 13 has
besn observational in charscter, although seweml of the many
positive siudies linking wilemin [ end cancer have heen prospec-
tive. We had the opportunity io examine the relotion of thess
nuirisnts 1o cancer incidence in & 4-y, double-blind, placebo-
controfled trial of calcium and vitamin [ sapplementation for
which cescer was the principal ssoondery endpoint. The nudl
hypothesiz wes thai thers would be oo difference in all-cancer
incidenoe hetween the 3 calcium end vitamin I¥ restment groops.

SURJECTS AND METHODS

PFarticipants

The participants kave heen described in delail in o articls
descrhing their vitamin [ statns {27). Briefly, participants were
recruiled as & pogalaticn-based sample from a Sconnly, larpely
rurzl area in eastern Nebmaska (latitude 41.4°N), with the use of
rendom ielephone dialing of all Exied t=lephones in the counties

! Frorm e Dsiecpomss Ressrch Cevler, Creighing Uslversity, Omabs,
NE.

* Rzprinls ol gvailibie. Addnes comespondence o e, Crelphing
Uriversity, 607 Morh 306 Sveel, Sulle 4830 Omabs, KE 6131 E-mail;
Jmisppesicreighin sdu.
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Creighton , .
UNIVERSITY Randomized Controlled Trial of

ﬂ.?"‘“-: Vitamin D and Calcium

e Fouryears, N=1,179 healthy women in Omaha NE
* Mean age 66.7 7.3 years
e N =1,032 finished trial (87.5%)
e Baseline serum 25(0OH)D: 29 = 8 ng/ml (72 = 20 nmol/L)
e Three treatment groups:
— Vitamin D3 (1,100 IU/day) and calcium (1450 mg/day)
— Calcium (1,450 mg/day)
— Placebo
e Qutcome: All cancers (mainly breast, lung and colon)

Source: Lappe JM, Travers-Gustafson D, Davies KM, Recker RR, Heaney RP. Vitamin D and calcium
supplementation reduces cancer risk: results of arandomized trial. Am J Clin Nutr. 2007;85:1586-91.
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Source: Lappe JM, Travers-Gustafson D, Davies KM, Recker RR, Heaney RP. Vitamin D and calcium
supplementation reduces cancer risk: results of arandomized trial. Am J Clin Nutr. 2007;85:1586-91.
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supplementation reduces cancer risk: results of arandomized trial. Am J Clin Nutr. 2007;85:1586-91.
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Figure 9A. Disjunction—Initiation—Natural Selection—Overgrowth—Metastasis-Involution-Transition (DINOMIT) Cancer Model
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Initiation
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Natural
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Overgrowth
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membrane

Diagram

Process

Tight junctions intact.

Intercellular communication intact.
Contact inhibition functional.

Most mature cells not mitotic.
Normally scheduled apoptosis.

Cells separate slightly.

Tight junctions and E-cadherins are
downregulated, intercellular
communication is reduced or lost,
contact inhibition is lost.

DNA errors or epigenetic events occur
that support faster mitosis of some
mature or developing epithelial cells.

Rapidly dividing, most aggressive
progeny of these predominate; a cell
with a 2% growth advantage will fill a
tissue compartment in 9000
generations.

Rapidly mitotic cells compete for
nutrients and blood supply, dissolve and
penetrate basement membrane

Preventive or
therapeutic action

Serum 25(0OH)D level of
40-60 ng/ml maintains
functions at left via
1,25(0H)D

local biosynthesis.

Upregulates E-
cadherins, catenins,
and intercellular
junctions.

Upregulates E-cadherin,
contact inhibition, and
return of mature cells
to postmitotic status.

Inhibits mitosis of
mature cells, reducing
chances of natural
selection of rapidly
mitotic clone.

Re-establishes intercellular
junctions and contact
inhibition



Figure 9B. Disjunction—Initiation—Natural Selection—Overgrowth—Metastasis-Involution-Transition (DINOMIT) Cancer Model

Preventive or

Phase Diagram Process therapeutic action
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Involution of 25(OH)D slows or arrests growth of junctions, Rec.iuctlon in growth
malignant cells rate, restoration of contact
(growth arrest) inhibition

Maintenance of adequate serum
25(OH)D would support temporary
transition to quiescent status. Low 25
(OH)D would allow metastases to
grow and spread
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- Benefit/risk ratio for 2000 IU/day
vitamin D is infinite

- There is no known risk of intake
of 2000 IU/day of vitamin D, in
healthy people

- There is no known risk to
maintaining serum 25(0OH)D of

50 ng/ml “®¢

"
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Why can't we all get along?
-- Rodney King, 1991

2000 1U/day vitamin D3
50 ng/ml serum target 25(OH)D . .
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Relative Risk for Kidney stones

Q1 Q2 Q3 Q4 Q5
(503 mg) (633 mg) (748 mg) (893mg) (1,194 mg)

Median dietary calcium intake (quintiles)

Relative risks* and 95% confidence limits for incident kidney stones by dietary calcium
intake among men less than 60 years of age, N=1,496 incident casesin
266,772 participants, Health Professionals Follow-Up Study, 1986-2000

* Adjusted for age, body mass index, thiazide diuretics use, alcohol use, and intake of animal protein, potassium,
sodium, vitamin C, and magnesium

Source: Taylor EN, Stampfer MJ, Curhan GC. Dietary factors and the risk of incident kidney stones in men: new insights after 14 years of
follow-up. JAm Soc Nephrol. 2004;15:3225-32.



Incidence of Kidney Stones According to Oral Vitamin D

Intake, Women, 1980 - 1992
Seurce: Curhan et al., 1997
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Incidence rate of kidney stones according to group,
Women's Health Initiative clinical trial , 7-Year Follow-up
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Source: Jackson et al. New Engl J Med 2006



