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Vitamin

| Part |V

Hyperproliferative disorders.

INTRODUCTION

This article is the fourth part in series on the non-classical,
extra-skeletal clinical applications of vitamin D, the
“sunshine vitamin”. This article focuses on the clinical uses
of vitamin D in cancer and psoriasis, hyperproliferative
disorders.

Encouraging results in preliminary studies have spurred the
development of increasing numbers of noncalcemic vitamin
D analogs. This article focuses predominantly on natural
forms of vitamin D, notably cholecalciferol or vitamin D3
and its active metabolite, calcitriol.

THE DOSE-RESPONSE CURVE

To be activated, cholecalciferol or vitamin D3 is first
converted to calcidiol [25(OH)D] in the liver and then
calcitriol [1,25(OH)2D] in the kidneys and peripheral tissues.
Calcidiol is the accepted serological marker of vitamin

D status (Cannell 2006). Adequate levels are generally
considered to be >75nmol/L (>30ng/ml) or higher, with
higher levels recommended for cancer prevention, as shall
be described below; (Hughes 2009). One nmol/L calcidiol is
equivalent to 0.40ng/L (American units) (Hoogendijk 2008).

A commonly used “rule of thumb” is that for every 100 IU of
vitamin D intake, serum 25(OH)D increases by 2.5nmol/L
(Ing/ml) (Holick 2008). A recent randomized double blind
placebo controlled study conducted in New York further
investigated the concept of a dosing algorithm and found
that the dose of vitamin D3 needed to attain adequate

levels ranges between approximately 3,800 to 5,000 IU per
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day, depending on starting levels as well as idiosyncratic
individual factors (Aloia 2008).

Those with a basal concentration between 50 and 80nmol/L

were started on 2,000 IU (50mcg) daily, whereas those with

a basal concentration <50nmol/L were started on 4,000 U

(100mcg). From there, doses were adjusted at eight-week

intervals on the basis of serum 25(OH)D. The following

algorithm was used:

¢ If 25(OH)D <80nmol/L, increase supplement by 50mcg/d
(2,000 IU);

o If between 80 and 140nmol/L, do not change;

¢ If >140nmol/L, decrease by 50mcg/d (2,000 IU) unless
current dose is 50mcg/d (2,000 IU) or less; in that case,
decrease dose to 20mcg/d (800 IU).

Using this algorithm, all subjects achieved vitamin D
adequacy (>75nmol/L) by 18 weeks. A median dose of
3,800 IU (95pg) per day was the estimated requirement
to raise serum 25(OH)D3 levels >75nmol/L in those with
25(0OH)D >55nmol/L at baseline, while 5,000 IU (125ng)
was the requirement for those <55nmol/L.

ANTIPROLIFERATIVE ACTIVITY

Although the precise molecular mechanisms depend on the
tissue type in question, calcitriol (the activated form of vitamin
D) appears to possess overall antiproliferative, proapoptotic,
and differentiation-inducing effects in tumor cells (Deeb
2007). Antiproliferative effects are mediated predominantly by
induction of cell-cycle arrest. Please refer to Deeb et al (2007)
for an extensive analysis of vitamin D’s antitumor mechanisms.
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An RCT with 800 IU vitamin D3 and/or 2g calcium daily
conducted in 92 patients with colorectal adenomas found
that after six months, expression of p21 (a marker of
differentiation) in the colorectal crypts was significantly
increased in those receiving calcium or vitamin D3; the
proportion of hTERT (marker of long-term proliferation)
in the upper part of the crypts was also significantly
reduced in those receiving both calcium and vitamin

D (Fedirko 2010). The authors concluded that calcium
and vitamin D may “promote colorectal epithelial cell
differentiation and may ‘normalize’ the colorectal crypt
proliferative zone in sporadic adenoma patients”

(Fedirko 2010).

The antiproliferative activity of vitamin D may also
explain its observed therapeutic effects on psoriasis

PSORIASIS

In brief, nine of fourteen controlled trials of topical
calcitriol for psoriasis show significant positive results.

In these studies, topical calcitriol was found to be equal

or superior to topical pharmaceutical treatments for
psoriasis, or significantly better than placebo/vehicle with
respect to lesion size and/or severity. In addition, one study
found significant improvement from calcitriol compared
to baseline, but versus the comparator, calcipotriol, the
comparator was significantly superior to the calcitriol
(Bourke 1997). One study found significant improvements
in histometric parameters of the psoriatic lesions (Uhoda
2003). Three studies found no significant effect when
compared to placebo (Henderson 1989, van de Kerkhof
1989, Liao 2007). Dosage in most studies was 3mcg/g
calcitriol cream topically two times daily. Calcitriol cream
was comparable or superior to betamethasone, calcipotriol
(vitamin D analog), and dithranol (Camarasa 2003,
Hutchinson 2000, Lahfa 2003, Ortonne 2003, Perez
1996); and when used in conjunction with UVB radiation,
calcitriol allowed for reduction of the radiation dose (Ring
2001). In addition to therapeutic efficacy, many studies
reported better tolerability and a higher safety profile in
favour of calcitriol.

One of three controlled trials, and one uncontrolled trial
show positive results for vitamin D in psoriasis when
given orally. Two trials showed no additional effect when
given orally in conjunction with UVB therapy (Ezquerra
2007, Perez & Raab 1996, Prystowsky & Knobler 1996,
Prystowsky & Muzio 1996).

CANCER

The majority of evidence supporting an anticancer role for

vitamin D is epidemiological. A meta-analysis of observational
evidence found that having 21,000 IU daily intake of vitamin
D or =82nmol/L serum 25(OH)D was associated with 50%
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lower risk of colorectal cancer compared with <100 IU/d
or <32.5nmol/L (Gorham 2005). A more recent meta
analysis of prospective observational evidence by Yin
found that risk of colorectal, colon, and rectal cancer was
reduced by 43%, 22%, and 59% respectively with an
increase of 25(OH)D of 50nmol/L: OR 0.57 (0.43-0.76),
0.78 (0.54-1.13) and 0.41 (0.11-1.49) (2009).

Garland reports that “breast cancer patients with serum
25(OH)D levels greater than 29ng/ml (72nmol/L) at
diagnosis had a 42% lower 15-year death rate than those
with less than 20ng/ml (50nmol/L) (hazard ratio 0.58, 95%
CI0.35-0.95)” (2009). Likewise, Zhou found a strong
association between serum 25(OH)D and overall survival
in patients with stage IB-IIB non-small cell lung cancer

(NSCLC), adjusted HR 0.45 (95%CI 0.24-0.82) (2007).

Human trials of vitamin D for cancer have been conducted
for prevention of breast and colorectal cancer (CRC) and
treatment of prostate cancer. These are summarized in Table 1.

Nebraska Study

The most noteworthy trial conducted to date is that

by Lappe et al (2007). This large randomized, double
blind, placebo controlled trial of calcium and vitamin D
supplementation in post-menopausal American women
found a significant reduction in all-cancer risk at four
years, relative risk 0.402 (95% CI 0.20-0.82; P=0.013)

in the vitamin D + calcium group. This fell further to RR
0.232 (96%CI 0.09-0.60; P=0.005) when cancers found
within the first year of follow up were excluded. The
calcium-only group experienced only a non-significant
trend to decreased cancer risk, RR 0.532 (95%CI 0.27-
1.03; P=0.063). Doses used were 1,100 IU vitamin D and
1,400-1,500mg calcium per day for four years. There was a
“predicted 35% reduced risk of cancer for every 25nmol/L
(10ng/ml) increase in serum 25(OH)D”(Lappe 2007).

The dose used in this trial is significant insofar as it

was effective in raising serum levels from 71nmol/L at
baseline to well over 80nmol/L, with a mean of 96.0 +/-
12.4nmol/L at 12 months in the vitamin D group. This is
in contrast to the Women’s Health Initiative trial, which
found no significant effects on cancer risk but used a dose
of 400 1U/d (Chlebowski 2008).

AIPC Study of Calcitriol Enhancing Taxotere (ASCENT)
A second important cancer trial has been conducted by
Beer et al in 250 patients with androgen independent
prostate cancer (AIPC) (2007). This study administered
45mcg of DN-101, a high dose oral formulation of
calcitriol, or placebo to patients one day before their
scheduled dose of intravenous docetaxel (36mg/m2).
PSA response rates, defined as a 50% reduction, were



Table 1. Controlled Trials for Prevention

Outcomes

Type +/Total Trials Dose

Breast 1/2 1,100 IU D3 +
1,400-1,500mg

calcium x 4 yrs;

of the study.

400U D3

+ 1,000mg

calcium x 7yr
disease.

800 IU D3 with
or without 2g
calcium x 6mo

Colorectal 1/2

Prostate 1/2
wk + docetaxel

biomarkers.

Prevention 1,100 IU D3 + calcium decreased relative
risk of incident cancer (all types) to 0.402 (95% ClI
0.20-0.82, P=0.013) compared to placebo, while
there was no significant reduction in the calcium only
group. With respect to breast cancer, there were 8
incident cases among 266 subjects in the placebo
group, compared to 5 incident cases among 403
subjects in the D3 + calcium group during years 1-4

Low dose vitamin D (400 IU/d x 7 yr) in the Women's
Health Initiative study found no effect on incidence
of invasive breast cancer or benign proliferative breast

Prevention Surrogate endpoint RCT found that
Vitamin D alone led to a 56% increase in Bax (an
apoptosis promoter) in colorectal crypts (P=0.02),
as well as modulation of p21 and hTERT, markers of
proliferation and differentiation.

A retrospective analysis of the Women'’s Health
Initiative study found no effect of D3 on incidence of
invasive colorectal cancer, but only a low dose of D3
was used (400 1U/d).

45mcg calcitriol/  Treatment D3 + docetaxel decreased risk of death 33%
(HR 0.67, P=0.04) and increased median survival to an
estimated 24.5 mo vs 16.4 mo in the placebo group.

Treatment of Cancer

Reference

Lappe 2007

Chlebowski 2008,
Rohan 2009

Fedirko 2010,
Fedirko 2009

Wactawski-Wende 2006

Beer 2007

One surrogate study found no significant effect on

Beer 2004a

seen in 63% of DN-101 patients and 52% of placebo
(P=0.07). More notably, patients in the treatment group
had significantly longer survival. Overall survival showed
a “promising” improvement in the DN-101 group over
the placebo group with an HR of 0.67(95%CI 0.45-0.97).
Median survival was 16.4 months in the placebo group, but
it had not yet been reached in the DN-101group at the time
of publication, though it was estimated to be 24.5 months.

Addition of calcitriol to the docetaxel regimen resulted
in an unexpected decrease in the incidence of serious
adverse events in the DN-101 group compared with the
placebo group: 27% vs. 41%, P=0.02 (Beer 2006). Serious
adverse events due to thrombosis occurred in 1.6% of
the treatment arm and 7.2% of the placebo arm, and this
remained significant after adjustment for prior history of
thrombosis and antithrombotic medication use (P=0.04).

Uncontrolled Trials

In addition, there have been several uncontrolled Phase II
trials investigating use of calcitriol in combination with
various chemotherapies in patients with prostate cancer.
Please see Table 2 for trail outcomes.

RECOMMENDATIONS

Recently, a panel of 16 scientists and physicians issued a
call to action urging an increase in the recommended intake
of vitamin D to 2,000 IU per day in the absence of medical
contraindications; this level is currently considered the
upper limit by the National Academy of Sciences, Institute
of Medicine, Food, and Nutrition Board (Garland 2009).
In a concurrently published review, Garland et al stated:

“Raising the minimum year-around serum 25(OH)D
level to 40 to 60ng/ml (100-150nmol/L) would prevent
approximately 58,000 new cases of breast cancer and
49,000 new cases of colorectal cancer each year, and three
fourths of deaths from these diseases in the United States
and Canada, based on observational studies combined
with a randomized trial. Such intakes also are expected
to reduce case-fatality rates of patients who have breast,
colorectal, or prostate cancer by half” (Garland 2009).

Administration of vitamin D should be undertaken
cautiously in certain cancers, including small cell lung
cancer, due to risk of hypercalcemia. Refer to Part 1 of
this four-part series of reviews.
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CONCLUSION outcomes in cancer patients with higher vitamin D
Epidemiological evidence supports a chemopreventive levels. Although controlled human evidence around
effect for vitamin D, and this is supported by use of vitamin D for the treatment and prevention of
mechanistic studies demonstrating antiproliferative, cancer is still nascent, the results of two large trials
proapoptotic, and differentiation-inducing activity. support an important role for vitamin D in the field of
Topically this antiproliferative activity translates into oncology. According to current projections, optimal use
potent antipsoriatic effects. With respect to cancer and application of vitamin D could lead to dramatic
treatment, observational evidence also suggests superior  decreases in disease burden.

Table 2. Uncontrolled Trials of Calcitriol in Prostate Cancer

Design Outcome Reference

25mcg DN-101 (calcitriol) weekly Prolongation of PSA doubling time (PSADT) was achieved in 75% of  Srivinas 2009
plus naproxen daily x 1 year patients. Treatment was well tolerated.
AIPC patients with recurrent disease, N=21

180mcg DN-101 (calcitriol) + mitoxantrone 5 of 19 patients (26%, 95%Cl 9-51%) had a PSA response (decrease  Chan 2008
x 1 dose g21 days; plus continuous by 50%). Median time to PSA progression was 16 wk. Median
prednisone. survival was 16 months (6-26 mo). 47% of patients (21-73%) had an
analgesic response.
AIPC, N=19
Although authors deemed the PSA results insignificant, the analgesic
response was deemed “encouraging.”

0.5mcg calcitriol + dexamethasone daily; ~ PSA response was seen in 13 of 34 patients (38.2%, 95%ClI Flaig 2006
plus carboplatin weekly 22.2-56.4%). Median survival was 97.7 weeks (61-114).
Hormone refractory prostate cancer, N=34

Although there were significant adverse events, likely

due to the chemotherapy and corticosteroid treatment;

the side effect profile was deemed “acceptable.”
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8, 10, and 12mcg calcitriol 3x/wk 8 patients had partial PSA responses (PSA decline of at least Trump 2006
+ dexamethasone 50% lasting for at least 28 days). There was subjective clinical

AIPC with bone metastasis and rising PSA,  improvement in some patients. Toxicity was minimal.

N=43

60mcg calcitriol x 1 dose, estramustine 6 of 11 evaluable chemonaive patients (55%) and one patient Tiffany 2005
x 5 days, and docetaxel x 1 day; (9%) who had had prior docetaxel therapy met PSA response.

in cycles of 21 days The treatment protocol was “generally well tolerated.”

N=24 Asymptomatic grade 1-2 hypercalcemia was seen in 4 patients.

0.5mcg/kg calcitriol + carboplatin, 1 of 17 patients (6%, 95%Cl 0-28%) had a PSA response. Beer 2004b
1 x each g4wk. 4 patients (24%) had PSA reductions between 24-38%.
Metastatic AIPC, N=17 However, 15 met criteria for an analgesic response.

0.5mcg/kg calcitriol + docetaxel; 1 dose Treatment resulted in an “analgesic response” in 14 of 29 Beer 2004c
each weekly for 6 of 8 weeks per cycle. evaluable patients (48%, 95%CI| 30-67%). This was despite a
AIPC, N=37 worsening in physical function, fatigue, appetite, and global health

status. Median time to progression was 41 weeks (26-56).

0.5mcg/kg calcitriol + docetaxel each qwk 30 of 37 patients (81%, 95%Cl 68-94%) achieved a PSA Beer 2003
for 6 of 8 wk in a cycle. response. 22 patients (59%, 43-75%) had a >75% reduction
Metastatic AIPC, N=37 in PSA. Median survival was 19.5 months (95%CI| 15.3

to uncalcuable). 1-yr survival was 89% (95%CI 74-95%).

Toxicity was similar to that expected from docetaxel alone.

2,000 IU/d vitD2 + 500mg calcium x 12 wk 7 of the 16 patients (44%) had “decreased” baseline Van Veldhuizen
No chemotherapy vitD (defined as <38nmol/L or 15.5ng/ml). 2000
Advanced hormone refractory PC, N=16

With vitD treatment, 4 patients (25%) had improved pain scores,

and 6 (37%) had improved muscle strength. There was no change

in use of pain medication.

Up to 2.5mcg calcitriol daily There was a significant decrease in rate of PSA rise in 6 of 7 patients, Gross 1998
Early recurrent prostate cancer, N=7 compared to baseline; overall this was significant, P=0.02.

Dose dependent hypercalciuria limited maximal doses to between
1.5-2.5mcg daily.
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(Questions

I. "Adequate” vitamin D levels are generally considered by the
scientific community to be:

A. 25nmol/L or greater

B. 50nmol/L or greater

C. 75nmol/L or greater

D. 220nmol/L or greater

2. According to the dosing algorithm tested by Aloia et al,
those with serum levels <80nmol/L had their daily dose of
vitamin D increased by how much?

A. 400 IU per day

B. 1,000 IU per day

C. 2,000 IU per day

D. 3,800 IU per day

3. With respect to cancer, vitamin D has:

A. Antiproliferative, proapoptotic, and differentiation inducing
effects on tumor cells

B. May ‘normalize’ the colorectal crypt proliferative zone in
sporadic adenoma patients when given at 800 |U per day

C. May ‘normalize’ the colorectal crypt proliferative zone in
sporadic adenoma patients when given at 1,000 |U per day
D. a) and b)

E.a)and ¢

4. Vitamin D’s antiproliferative effects translate into
therapeutic effects in psoriasis. The following are true:

A. Human studies have used calcitriol 3mcg/g as a cream for
psoriasis lesions

B. Two of three controlled trials show benefit from use of oral
calcitriol for psoriasis

C. Topical calcitriol was superior to tacrolimus for psoriasis

D. All of the above

5. The majority of evidence supporting an anticancer role for
vitamin D is observational. The following are true:

A. =z82nmol/L serum 25(OH)D has been associated with 50%
lower risk of colorectal cancer

B. breast cancer patients with serum 25(OH)D levels
>72nmol/L at diagnosis have been found to have a 42% lower
|5-year death rate compared to those with less than 20ng/ml
C. early stage NSCLC patients (stage IB-1IB) with higher serum
25(OH)D levels had a 75% better chance of overall survival
D.a)andb)

E.a)and ¢
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6. Lappe et al (2007) found that administration of vitamin D
with or without calcium significantly reduced total cancer
incidence in postmenopausal women.

A. True

B. False

7. The dose of vitamin D utilized in the Nebraska study was
high enough to impact serum levels, raising 25(OH)D from
7Inmol/L to an average of 96nmol/L at 12 months.

A. True

B. False

8. The ASCENT trial of DN-101 (a high dose calcitriol
preparation) in prostate cancer found significant improvements
in overall survival and non-significant improvements in PSA
response rates compared to placebo. Median survival was |6
months in the placebo arm, but estimated at 24 months in
those receiving calcitriol.

A. True

B. False

9. Which of the following is NOT true? Uncontrolled trials of
calcitriol in prostate cancer have found:

A. Prolongation of PSA doubling time

B. Decrease in pain

C. Decreased incidence of hospital-acquired infections

D. Decreased thrombotic events in conjunction with
docetaxel chemotherapy

10. A recent public statement issued by a group of scientists
and vitamin D researchers recommended raising the minimum
serum 25(OH)D level to 100-150nmol/L on the basis that
this would prevent approximately 58,000 new cases of breast
cancer and 49,000 new cases of colorectal cancer each year.
A. True

B. False
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