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Visual Abstract
IMPORTANCE In observational studies, higher plasma 25-hydroxyvitamin D (25[OHID) levels
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have been associated with improved survival in metastatic colorectal cancer (CRC).
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OBJECTIVE To determine if high-dose vitamin D5 added to standard chemotherapy improves
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outcomes in patients with metastatic CRC.
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DESIGN, SETTING, AND PARTICIPANTS Double-blind phase 2 randomized clinical trial of 139
patients with advanced or metastatic CRC conducted at 11 US academic and community
cancer centers from March 2012 through November 2016 (database lock: September 2018).

INTERVENTIONS mFOLFOX6 plus bevacizumab chemotherapy every 2 weeks and either
high-dose vitamin D5 (n = 69) or standard-dose vitamin D5 (n = 70) daily until disease
progression, intolerable toxicity, or withdrawal of consent.

MAIN OUTCOMES AND MEASURES The primary end point was progression-free survival (PFS)
assessed by the log-rank test and a supportive Cox proportional hazards model. Testing was

1-sided. Secondary end points included tumor objective response rate (ORR), overall survival
(0S), and change in plasma 25(OH)D level.

RESULTS Among 139 patients (mean age, 56 years; 60 [43%] women) who completed or
discontinued chemotherapy and vitamin D5 (median follow-up, 22.9 months), the median
PFS for high-dose vitamin D3 was 13.0 months (95% Cl, 10.1 to 14.7; 49 PFS events) vs 1.0
months (95% Cl, 9.5 to 14.0; 62 PFS events) for standard-dose vitamin D5 (log-rank P = .07);
multivariable hazard ratio for PFS or death was 0.64 (1-sided 95% Cl, O to 0.90; P = .02).
There were no significant differences between high-dose and standard-dose vitamin D5 for
tumor ORR (58% vs 63%, respectively; difference, -5% [95% Cl, ~20% to 100%], P = .27) or
OS (median, 24.3 months vs 24.3 months; log-rank P = .43). The median 25(OH)D level at
baseline for high-dose vitamin D5 was 16.1 ng/mL vs 18.7 ng/mL for standard-dose vitamin D5
(difference, -2.6 ng/mL [95% Cl, -6.6 to 1.4], P = .30); at first restaging, 32.0 ng/mL vs 18.7
ng/mL (difference, 12.8 ng/mL [95% Cl, 9.0 to 16.6], P < .001); at second restaging, 35.2
ng/mL vs 18.5 ng/mL (difference, 16.7 ng/mL [95% Cl, 10.9 to 22.5], P < .001); and at
treatment discontinuation, 34.8 ng/mL vs 18.7 ng/mL (difference, 16.2 ng/mL [95% Cl, 9.9 to
22 4], P < .001). The most common grade 3 and higher adverse events for chemotherapy plus
high-dose vs standard-dose vitamin D5 were neutropenia (n = 24 [35%] vs n = 21[31%],
respectively) and hypertension (n = 9 [13%] vs n = 11 [16%)]).

CONCLUSIONS AND RELEVANCE Among patients with metastatic CRC, addition of high-dose
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vitamin D5, vs standard-dose vitamin D, to standard chemotherapy resulted in a difference in
median PFS that was not statistically significant, but with a significantly improved supportive hazard
ratio. These findings warrant further evaluation in a larger multicenter randomized clinical trial.
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Effect of High- vs Standard-Dose Vitamin D5 on Progression-Free Survival of Colorectal Cancer

xperimental evidence indicates that vitamin D has an-

tineoplastic activity. Binding of vitamin D to its target,

the vitamin D receptor, leads to transcriptional activa-
tion and repression of target genes and results in induction of
differentiation and apoptosis,! inhibition of cancer stem cells,?
and decreased proliferation,® angiogenesis,* and metastatic
potential.® Several prospective observational studies have
shown that higher levels of plasma 25-hydroxyvitamin D, the
best indicator of vitamin D status, were associated with de-
creased risk of colorectal cancer® and improved survival among
patients with colorectal cancer.””®

A prospective analysis of 1043 patients with metastatic
colorectal cancer who were enrolled in a large phase 3 clinical
trial sponsored by the National Cancer Institute of first-line
chemotherapy plus biological agents (Cancer and Leukemia
Group B/Southwestern Oncology Group [CALGB/SWOG]
80405 study) found a high rate of vitamin D deficiency
(plasma 25-hydroxyvitamin D level <20 ng/mL) with a
median 25-hydroxyvitamin D level of 17.2 ng/mL.!° Patients
with higher levels of 25-hydroxyvitamin D prior to chemo-
therapy had significantly improved overall survival and
progression-free survival. The median overall survival was
32.6 months (95% CI, 27.7-36.9 months) for those with the
highest 25-hydroxyvitamin D levels compared with 24.5
months (95% CI, 21.7-28.6 months) for those with the lowest
levels (log-rank P = .01).1°
However, observational studies are not able to discern

whether higher 25-hydroxyvitamin D levels play a causal role
inimproving survival, are simply a surrogate of better health,
or a reflection of more favorable disease. Consequently, a
double-blind, multicenter, phase 2 randomized clinical trial
called SUNSHINE was conducted to test whether vitamin D,
supplementation to raise plasma 25-hydroxyvitamin D levels
can improve outcomes in patients with advanced or meta-
static colorectal cancer.

Methods

Trial Design and Patient Eligibility
This study was a double-blind, multicenter, phase 2 random-
ized clinical trial designed to evaluate the efficacy of high-
dose vitamin D, compared with standard-dose vitamin D; when
given in combination with standard chemotherapy (the study
protocol appears in Supplement 1). The phase 2 design was cho-
sen to demonstrate proof of concept and feasibility of vita-
min D supplementation to raise plasma 25-hydroxyvitamin D
levels in patients with metastatic colorectal cancer receiving
chemotherapy. The study was approved by the institutional
review boards of each participating institution. An indepen-
dent data and safety monitoring board provided oversight of
the trial. All patients provided written informed consent.
Patients were enrolled at 11 academic and community can-
cer centers across the United States. Patients were eligible if
they had pathologically confirmed, unresectable locally ad-
vanced or metastatic adenocarcinoma of the colon or rectum
with measurable disease per version 1.1 of the Response Evalu-
ation Criteria in Solid Tumors (RECIST) guidelines. Patients
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Key Points

Question Does high-dose vitamin D, supplementation prolong
progression-free survival when added to standard chemotherapy
in patients with advanced or metastatic colorectal cancer?

Findings In this phase 2 randomized clinical trial that included 139
patients with advanced or metastatic colorectal cancer, treatment
with chemotherapy plus high-dose vitamin D, supplementation vs
chemotherapy plus standard-dose vitamin D, resulted in a median
progression-free survival of 13 months vs 11 months, respectively,
that was not statistically significant, but a multivariable hazard
ratio of 0.64 for progression-free survival or death that was
statistically significant.

Meaning These findings regarding a potential role for high-dose
vitamin D, supplementation in the treatment of patients with
advanced or metastatic colorectal cancer warrant further
evaluation in a larger multicenter randomized clinical trial.

were excluded if they received prior treatment for advanced
or metastatic disease. However, patients were eligible if they
received prior neoadjuvant or adjuvant chemotherapy or
chemoradiation as long as the last dose of treatment was
more than 12 months prior to cancer recurrence. Eligible pa-
tients had an Eastern Cooperative Oncology Group (ECOG) per-
formance status of O or 1, normal baseline organ function, and
no evidence of hypercalcemia or conditions predisposing to
hypercalcemia (ie, hyperparathyroidism). Patients were ex-
cluded if they were taking 2000 IU/d or greater of vitamin D,
had symptomatic genitourinary stones within the past year,
or were taking thiazide diuretics (Figure 1).

Intervention

All patients received chemotherapy with a continuous infu-
sion of 2400 mg/m? of 5-fluorouracil (5-FU) over 46 to 48
hours, a bolus of 400 mg/m? of 5-FU, 400 mg/m? of leucovo-
rin, and 85 mg/m? of oxaliplatin (mFOLFOX6) plus 5 mg/kg
of bevacizumab administered intravenously every 14 days
per institutional standard of care (1 cycle = 14 days). Bevaci-
zumab was allowed to be omitted during the first cycle
and started with cycle 2 at the investigator’s discretion.
Patients were randomized by a statistician (H.Z.) using com-
puterized block randomization with a block size of 2 in
a 1:1 ratio to concurrent high-dose vs standard-dose oral
vitamin Ds. The high-dose group received a loading dose of
8000 IU/d of vitamin D5 (two 4000 IU capsules) for cycle 1
followed by 4000 IU/d for subsequent cycles. The standard-
dose group received 400 IU/d of vitamin D5 during all cycles
(one 400 IU capsule plus 1 placebo capsule during cycle 1 to
maintain blinding).

The vitamin D, capsules (4000 IU and 400 IU) and place-
bos appeared identical and were made by Pharmavite LLC.
Only the statistician and the research pharmacist were
unblinded to treatment assignment. Patients were asked to
stop all vitamin D- and calcium-containing supplements out-
side the study intervention. Adherence to vitamin D, was
monitored using drug diaries and pill counts. Participants
continued to receive treatment until disease progression,
intolerable toxicity, or decision to discontinue treatment.
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Figure 1. Flow of Patients Through the Phase 2 Randomized Trial
of High-Dose vs Standard-Dose Vitamin D; Supplementation

166 Patients assessed for eligibility

27 Excluded
19 Did not meet inclusion criteria
6 Refused to participate
2 Unknown reasons

(" 139 Randomized

70 Randomized to receive
standard-dose vitamin Dy
67 Received intervention as
randomized
3 Did not receive intervention
as randomized (withdrew
consent)

! !

69 Discontinued treatment
34 Disease progression
12 Potentially curative resection
11 Withdrew from treatment
4 Adverse events
3 Nonadherence
3 Physician decision
1 Prolonged treatment delay
1 Died 1 Died
0 Intercurrent illness 1 Intercurrent illness

v v

54 Died
15 Alive during survival follow-up

69 Randomized to receive
high-dose vitamin Dy
68 Received intervention as
randomized
1 Did not receive intervention
as randomized (withdrew
consent)

70 Discontinued treatment
38 Disease progression
6 Potentially curative resection
9 Withdrew from treatment
2 Adverse events
2 Nonadherence
6 Physician decision
5 Prolonged treatment delay

45 Died

13 Alive during survival follow-up
8 Withdrew from study 0 Withdrew from study
3 Lost to follow-up 1 Lost to follow-up

v v

69 Included in primary analysis ‘ ‘ 70 Included in primary analysis

Outcome Measures

The primary end point was progression-free survival, which
was defined as the time from the start of chemotherapy and
vitamin D; to first occurrence of documented disease progres-
sion or death. Progression-free survival was chosen as the pri-
mary end point because the primary objective of the trial was
to evaluate the difference between high-dose and standard-
dose vitamin D; when given with chemotherapy as part of first-
line therapy, and because progression-free survival has been
shown to be a surrogate for overall survival."

Secondary end points included tumor objective response
rate (defined as the proportion of patients with complete or
partial tumor response) and overall survival (defined as the
time from the start of treatment to any cause of death). Ac-
cording to the protocol, all participants whose disease has pro-
gressed were to be followed up by clinic visit or telephone call
every 3months to assess survival until 36 months from the date
that the last participant was randomized or death, whichever
occurred earlier. Because the last patient was randomized in
November 2016, the follow-up period to assess survival is ex-
pected to be completed in November 2019. Another second-
ary end point was change in plasma 25-hydroxyvitamin D lev-
els measured at baseline, at the time of first restaging (after
cycle 4 at approximately 8 weeks), at the time of second re-
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staging (after cycle 8 at approximately 16 weeks), and at the
time of treatment discontinuation.

Patients who discontinued treatment to pursue poten-
tially curative resection were censored for progression-free sur-
vival at the time of surgery. Patients who had not experi-
enced cancer progression or died were censored at their last
known follow-up date. Efficacy end points were based on
blinded independent radiological review of restaging scans,
which were obtained after every 4 cycles of treatment and in-
terpreted using the RECIST guidelines.

The incidence of adverse events also was determined as
asecondary end point. Adverse events were assessed using ver-
sion 4.0 of the National Cancer Institute common toxicity cri-
teria. Serum calcium and other standard laboratory mea-
sures were monitored at every treatment cycle. A post hoc
outcome was the disease control rate, which was defined as
the proportion of patients with a complete tumor response,
a partial response, or stable disease.

Measurement of Plasma 25-Hydroxyvitamin D Level
Mandatory plasma samples were collected serially from all par-
ticipants at 4 time points during the trial: at baseline, at the
time of first restaging, at the time of the second restaging, and
at the time of treatment discontinuation. To maintain the
double-blind design of the trial, plasma samples were not as-
sayed in real time, but rather banked and frozen at -80 °C.

After completion of the study, samples were sent to Heart-
land Assays and all of the 25-hydroxyvitamin D levels were
measured in 1 batch using a radioimmunoassay (DiaSorin Inc)
as previously described.'? For quality-control purposes, there
wereblinded duplicates embedded with the laboratory samples
that totaled 10% of the total number of samples. All labora-
tory personnel were blinded to treatment assignment and pa-
tient outcome. The assay was calibrated to the National Insti-
tute of Standards and Technology reference ranges. The mean
coefficient of variation was 5.8%.

Statistical Analysis
Sample size calculations resulted in an initial accrual goal of
120 patients that was subsequently increased to 140 patients in
January 2016 at the recommendation of the data and safety
monitoring board to ensure a sufficient number of events. With
130 evaluable patients after accounting for dropout (65 pa-
tients per treatment group), a1-sided log-rank test achieves 80%
power at a 20% significance level to detect a hazard ratio (HR)
of 0.73 for cancer progression or death when comparing high-
dose with standard-dose vitamin D;. One-sided testing was used
because the study hypothesis was that high-dose vitamin D,
would either improve progression-free survival or not signifi-
cantly change progression-free survival compared with stan-
dard-dose vitamin Ds. This target HR was based on the analy-
sis of 1043 patients with metastatic colorectal cancer enrolled
in the CALGB/SWOG 80405 study that showed an adjusted HR
of 0.79 for progression-free survival for those in the highest quin-
tile of plasma 25-hydroxyvitamin D level compared with those
in the lowest quintile.!°

Adherence to vitamin D5 was calculated as the percent-
age of expected capsules taken among the population of
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patients who received at least 1 dose of chemotherapy and vi-
tamin D;. The primary statistical analysis was a 1-sided log-
rank test comparing the progression-free survival for all pa-
tients who were randomized to high-dose vitamin Dj vs
standard-dose vitamin D; (intention-to-treat population). The
Kaplan-Meier method was used to estimate progression-free
survival and overall survival times. Participants who with-
drew from the study or were lost to follow-up were censored
at their last known follow-up date.

Supportive analysis using Cox proportional hazards mod-
eling was performed to determine HRs and 1-sided 95% ClIs
after adjustment a priori for the following prognostic covari-
ates: age (continuous), sex (male vs female), race/ethnicity
(white vs all others), body mass index (calculated as weight
in kilograms divided by height in meters squared; <25 vs 25
to <30 vs >30), ECOG performance status (O vs 1), and num-
ber of metastatic sites (continuous). Race/ethnicity was self-
reported based on open-ended questioning and included as a
covariate a priori due to known racial disparities in vitamin D
status'® and colorectal cancer-related mortality.'* Patients
with unknown race or ethnicity were grouped into the cat-
egory of all others in the multivariable model. The propor-
tional hazards assumption was tested using the Schoenfeld
residuals method and no violation was detected.

Multivariable models were performed within prespeci-
fied subgroups of patients (defined by the baseline charac-
teristics in Table 1) and the baseline 25-hydroxyvitamin D
level. One-sided P values for interaction were calculated
using the likelihood ratio test. The tumor objective response
rate was assessed in the evaluable patient population (re-
ceived =1 dose of chemotherapy and vitamin D; and under-
went >1 restaging scan) as the proportion of participants
with complete or partial response per the RECIST guide-
lines. The corresponding 95% Cls were calculated using the
Clopper-Pearson method. Plasma 25-hydroxyvitamin D lev-
els were presented as medians with interquartile ranges
(IQRs) and compared between the treatment groups using
the 2-sided Mann-Whitney test. Patients with missing
plasma 25-hydroxyvitamin D values were excluded from
these analyses.

Post Hoc Analyses
The log-rank test was stratified by ECOG performance status
post hoc due to an imbalance in this variable between the
treatment groups. This stratified test was considered to be a
less biased assessment of the primary end point than the
unstratified log-rank test. In addition, a mixed-effects model
was performed for the post hoc sensitivity analysis to evalu-
ate the effect of multiple enrolling sites. Additional post hoc
adjustment for primary tumor location in the multivariable
model also was conducted. The tumor objective response
rate and disease control rate were assessed in the evaluable
patient population (received =1 dose of chemotherapy and
vitamin D5 and underwent =1 restaging scan) and compared
between treatment groups using a 1-sided x? test.

The threshold for statistical significance was .05 for all
analyses. Because of the potential for type I error due to mul-
tiple comparisons, the findings for the analyses of the second-
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ary end points and the post hoc analyses should be inter-
preted as exploratory.

The initial results of this study'® were presented at the
American Society of Clinical Oncology annual meeting in June
2017 using data that were locked on April 25, 2017, which was
approved by the data and safety monitoring board. The final
datalock occurred on September 1, 2018. All analyses were per-
formed using SAS version 9.4 (SAS Institute Inc).

. |
Results

Between March 29, 2012, and November 9, 2016, 166 pa-
tients were screened for eligibility, 140 provided consent, and
139 were randomized (Figure 1); 1 patient was found to be in-
eligible and therefore not randomized. Among the 139 ran-
domized patients, 69 were assigned to high-dose vitamin D5
and 70 were assigned to standard-dose vitamin D5. As of
September 1, 2018, all patients had completed treatment with
chemotherapy and vitamin D;. The median follow-up time was
22.9 months (IQR, 11.8-34.5 months).

Baseline patient and tumor characteristics were well-
balanced between the treatment groups (Table 1), with slightly
more patients with an ECOG performance status of O in the
standard-dose vitamin D, group. The number of cycles of che-
motherapy plus bevacizumab administered between the
groups was similar (eTable 1 in Supplement 2). Adherence to
vitamin D5 was high, with a median of 98% of expected cap-
sules taken by patients in both treatment groups.

Primary Outcome

A total of 111 progression-free survival events occurred (49 in
the high-dose vitamin D, group and 62 in the standard-dose
vitamin D, group). The median progression-free survival (the
primary end point of the study) was 13.0 months (95% ClI,
10.1-14.7 months) for patients in the high-dose vitamin Dy
group compared with 11.0 months (95% CI, 9.5-14.0 months)
in the standard-dose vitamin D5 group (unadjusted log-rank
P = .07; Figure 2). In a supporting analysis, the multivariable
HR for progression-free survival or death was 0.64 (95% CI,
0-0.90; P = .02).

Secondary Outcomes
Among 128 evaluable patients, the secondary end point of
tumor objective response rate was 58% (95% CI, 45%-70%)
among patients receiving high-dose vitamin D5 vs 63%
(95% CI, 50%-75%) among those receiving standard-dose
vitamin D;. The secondary end point of overall survival was
not yet mature at the time of analysis with only 99 deaths
(45 in the high-dose vitamin D5 group and 54 in the standard-
dose vitamin D, group). However, median overall survival
was not significantly different between the groups (24.3
months [95% CI, 19.0-33.2 months] for patients receiving
high-dose vitamin D5 vs 24.3 months [95% CI, 20.3-32.4
months] for those receiving standard-dose vitamin Ds; log-
rank P = .43).

The change in plasma 25-hydroxyvitamin D levels during
treatment with chemotherapy and vitamin D, was evaluated
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Table 1. Baseline Characteristics of Patients by Vitamin D, Group

High-Dose Vitamin D5

Standard-Dose Vitamin D3

Characteristic (n=69) (n=70)
Age, median (IQR), y 54 (47-65) 56 (50-64)
Sex, No. (%)
Male 41 (59) 38 (54)
Female 28 (41) 32 (46)
Race/ethnicity, No. (%)
White 52 (75) 55(79)
Black 4(6) 6(9)
Asian 0 1(1)
>1 race 2(3) 1(1)
Other? 11 (16) 7 (10)
Body mass index, mean (SD)® 28 (7) 27 (6)
ECOG performance status, No. (%)
0 29 (42) 40 (57) Abbreviations: ECOG, Eastern
1 40 (58) 30 (43) Cooperative Oncology Group;
Primary tumor location, No. (%) IQR, interquartile range.
Right colon (cecum, ascending colon, hepatic flexure) 16 (23) 19 (27) ’ E;E:;izxgi;ﬂziﬁ%ﬁ;ind 1
Transverse colon 4(6) 8(11) who reported unknown race or
Left colon (splenic flexure, descending colon, sigmoid, 49 (71) 43 (61) ethnicity.
rectosigmoid, rectum) b Calculated as weight in kilograms
Primary tumor resected, No. (%) 26 (38) 21 (30) divided by height in meters
Received prior adjuvant therapy, No. (%) 6(9) 5(7) squared.
No. of metastatic sites, mean (SD) 1.9(0.9) 1.8(0.9) © A performance status of O indicates

Carcinoembryonic antigen level, median (IQR), ng/mL 48.0(7.4-335.1)¢

Microsatellite instability status, No. (%)¢

High 1(2)

Stable 56 (81)

Unknown 12 (17)
KRAS mutation status, No. (%)

Wild type 40 (58)

Mutated 26 (38)

Unknown 3(4)
NRAS mutation status, No. (%)

Wild type 38 (55)

Mutated 1(2)

Unknown 30 (43)
BRAF V600E mutation status, No. (%)

Wild type 38 (55)

Mutated 5(7)

Unknown 26 (38)

a patient who is fully active and able
to continue all predisease
performance tasks without
restriction. A performance status of

91.9(5.9-333.5)

5(7) L ; )
Tindicates a patient who is

48 (69) restricted during physically

17 (24) strenuous activity, but is ambulatory
and able to perform light
housework or office work.

35 (50) dMissing data for 1 patient.

28 (40) € A subset of colorectal cancers are

7(10) characterized by deficient or
defective DNA mismatch repair,

41(59) which results in replicative errors in
and altered length of microsatellites

3(4) (microsatellite instability).

26 (37) Microsatellites are short (1-6 base
pairs) repetitive DNA sequences
that are interspersed throughout

39(56) the genome and susceptible to

9(13) replication errors caused by

22 (31) slippage of DNA polymerases over

as a prespecified secondary end point. At baseline, median
plasma 25-hydroxyvitamin D levels were deficient in both
the high-dose vitamin D5 group (16.1 ng/mL [IQR, 10.1 to
23.0 ng/mL]) and in the standard-dose vitamin D5 group
(18.7 ng/mL [IQR, 13.5 to 22.7 ng/mL)]) (difference, -2.6 ng/mL
[95% CI, -6.6 to 1.4 ng/mL], P = .30; Table 2). Only 9% of the
total study population had sufficient levels (=30 ng/mL) of
25-hydroxyvitamin D at baseline.

Plasma 25-hydroxyvitamin D levels increased into the
sufficient range at the time of the first restaging among
patients in the high-dose vitamin D; group (median level,
32.0 ng/mL [IQR, 25.7-39.5 ng/mL]), whereas patients in the
standard-dose vitamin D5 group had no substantial change in
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tandem repeats.

their 25-hydroxyvitamin D level (median level, 18.7 ng/mL
[IQR, 16.1-22.5 ng/mL]) (difference, 12.8 ng/mL [95% CI, 9.0-
16.6 ng/mL]; P < .001).

Similarly, at the time of the second restaging, patients tak-
ing high-dose vitamin D; had a median 25-hydroxyvitamin D
level of 35.2 ng/mL (IQR, 25.0-45.4 ng/mL), whereas those tak-
ing standard-dose vitamin D, had a median 25-hydroxyvita-
min D level of 18.5 ng/mL (IQR, 16.0-22.6 ng/mL) (difference,
16.7 ng/mL [95% CI, 10.9-22.5 ng/mL]; P < .001).

Attreatment discontinuation, patients in the high-dose vi-
tamin D, group maintained vitamin D sufficiency and had a
median 25-hydroxyvitamin D level of 34.8 ng/mL (IQR, 24.9-
44.7 ng/mL), whereas those in the standard-dose vitamin D,
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group were still deficient in vitamin D and had a median
25-hydroxyvitamin D level of 18.7 ng/mL (IQR, 13.9-23.0 ng/mL)
(difference, 16.2 ng/mL [95% CI, 9.9-22.4 ng/mL]; P < .001).

The change in plasma 25-hydroxyvitamin D levels from
baseline to either the time of first or second restaging appears
in eFigure in Supplement 2 (with the most recent value avail-
able plotted) along with cancer status at the time of follow-up
among patients who had both a baseline and at least 1
follow-up 25-hydroxyvitamin D value (n = 109).

Subgroup Analyses

The effects of high-dose vitamin D, in prespecified, clinically
relevant subgroups of patients appears in eTable 2 in Supple-
ment 2. There were no statistically significant differences in
the effects of high-dose vitamin D, between patients with
baseline plasma 25-hydroxyvitamin D levels of 20 ng/mL or
less vs levels greater than 20 ng/mL (P = .40 for interaction).
The effect of high-dose vitamin D, on progression-free sur-
vival appeared to be greater among patients with a lower
body mass index (P = .04 for interaction), more metastatic
sites (P = .02 for interaction), and KRAS wild-type tumors
(P = .04 for interaction). There was insufficient power to test
for effect modification by microsatellite instability or NRAS
mutation status.

Post Hoc Analyses

Comparison of progression-free survival between the high-
dose and standard-dose vitamin D, groups using a log-rank test
stratified by ECOG performance status was statistically sig-
nificant (P = .03). A sensitivity analysis using a mixed-effects
model to evaluate the effect of multiple participating enroll-
ment sites on the relationship between vitamin D, supple-
mentation and progression-free survival did not change the
primary results (adjusted HR, 0.64 [95% CI, 0-0.90]; P = .02).
Further adjustment for primary tumor location also did not
change the effect of high-dose vitamin D, on progression-
free survival (HR, 0.66 [95% CI, 0-0.94]; P = .02).

Among 128 evaluable patients, the secondary end point of
tumor objective response rate was compared between the high-
dose and standard-dose vitamin D5 groups and was found to
be similar (difference, -5% [95% CI, -20% to 100%]; P = .27).
The end point of disease control rate was 100% for the high-
dose vitamin D, group vs 95% for the standard-dose vitamin
D, group (difference, 4.8% [95% CI, 0% to 100%]; P = .06).

Adverse Events
Adverse events considered grade 3 and higher that were re-
ported by at least 5% of the evaluable patients appear in Table 3.
The most common adverse events were neutropenia (24 pa-
tients [35%] in the high-dose vitamin D, group vs 21 patients
[31%] in the standard-dose vitamin D5 group) and hyperten-
sion (9 patients [13%] vs 11 patients [16%], respectively). There
were fewer episodes of diarrhea reported in the high-dose vi-
tamin D, group (1 patient [1%]) than in the standard-dose
vitamin D group (8 events [12%]).

The only adverse events that were reported as possibly re-
lated to vitamin D; were hyperphosphatemia (1 patient in high-
dose vitamin D; group) and kidney stones (1 patient in the
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Figure 2. Kaplan-Meier Estimates of Progression-Free Survival
by Vitamin D, Treatment Group (N = 139)
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Log-rank P=.07
Multivariable hazard ratio, 0.64 (95% Cl, 0-0.90); P=.02
0 T T T 1
0 5 10 15 20
Time, mo
No. at risk
Vitamin D4
High-dose 69 56 33 17 11
Standard-dose 70 55 35 20

Patients in the high-dose vitamin D5 group had a median follow-up of 21.0
months (interquartile range, 11.2-34.4 months) compared with 24.3 months
(interquartile range, 14.5-34.5 months) for patients in the standard-dose
vitamin D5 group. The hazard ratio was adjusted for age, sex, race/ethnicity,
body mass index, Eastern Cooperative Oncology Group performance status,
and number of metastatic sites.

standard-dose vitamin D, group). Hypercalcemia was not ob-
served in any of the patients enrolled in the study.

Two patients died while receiving chemotherapy and vi-
tamin D; but neither death was related to vitamin D5. Specifi-
cally, 1 of the patients who was assigned to standard-dose vi-
tamin D; was hospitalized on day 1 during cycle 1 after receiving
mFOLFOX chemotherapy (no bevacizumab or vitamin D5 had
been administered) and subsequently died due to gastroin-
testinal bleeding related to underlying cancer. The second pa-
tient was hospitalized for sepsis after receiving 3 cycles of
mFOLFOX, bevacizumab, and high-dose vitamin D, that was
thought to be related to chemotherapy treatment.

.|
Discussion

In this phase 2 clinical trial involving 139 patients with previ-
ously untreated advanced or metastatic colorectal cancer, as-
signment to high-dose vitamin D; plus chemotherapy com-
pared with patients assigned to standard-dose vitamin D5 plus
chemotherapy resulted in a difference in median progression-
free survival that was not statistically significant. However, the
supportive Cox proportional hazards analysis resulted in a sig-
nificantly improved HR.

The tumor objective response rate and overall survival rate
were not statistically different between the groups. Median
plasma 25-hydroxyvitamin D levels increased into the suffi-
cient range with high-dose vitamin D, but remained un-
changed with standard-dose vitamin D;. To our knowledge,
this study is the first completed randomized clinical trial of vi-
tamin D, supplementation for the treatment of advanced or
metastatic colorectal cancer, and the findings warrant fur-
ther evaluation in a phase 3 randomized trial.
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Table 2. Secondary End Point of Change in Plasma 25-Hydroxyvitamin D Level Measured at 4 Time Points

Median Difference in
25-Hydroxyvitamin D Level

High-Dose Vitamin D5 Standard-Dose Vitamin D5 (95% Cl), ng/mL? P Value®

At baseline

No. of patients 63 61

25-Hydroxyvitamin D level, median (IQR), ng/mL 16.1 (10.1 to 23.0) 18.7 (13.5t022.7) -2.6(-6.6t01.4) 30
At first restaging (after 4 cycles)

No. of patients 54 50

25-Hydroxyvitamin D level, median (IQR), ng/mL 32.0(25.7 to 39.5) 18.7 (16.1t0 22.5) 12.8(9.0t0 16.6) <.001
At second restaging (after 8 cycles)

No. of patients 47 37

25-Hydroxyvitamin D level, median (IQR), ng/mL 35.2(25.0t0 45.4) 18.5 (16.0 to 22.6) 16.7 (10.9 to 22.5) <.001
At treatment discontinuation

No. of patients 43 47

25-Hydroxyvitamin D level, median (IQR), ng/mL 34.9(24.9t044.7) 18.7 (13.9t0 23.0) 16.2 (9.9t022.4) <.001
Change from baseline to first restaging

No. of patients 50 47

25-Hydroxyvitamin D level, median (IQR), ng/mL 17.6 (9.9 t0 25.0) -0.5(-2.1t03.5) 17.8(13.3t022.2) <.001
Change from baseline to second restaging

No. of patients 46 34

25-Hydroxyvitamin D level, median (IQR), ng/mL 17.3 (7.6 t0 27.8) -0.4 (-2.3t04.0) 17.2 (11.0to0 23.3) <.001
Change from baseline to treatment discontinuation

No. of patients 38 43

25-Hydroxyvitamin D level, median (IQR), ng/mL 21.2 (6.6 t0 32.6) 0.8(-3.2t02.3) 20.2 (11.4t029.0) <.001
Level of 25-Hydroxyvitamin D, No./Total (%)
220 ng/mL

At baseline 15/63 (24) 22/61 (36) .68

At first restaging 50/54 (93) 20/50 (40) <.001

At second restaging 44/47 (94) 15/37 (41) <.001

At treatment discontinuation 38/43 (88) 22/47 (47) <.001
>30 ng/mL

At baseline 7/63 (11) 4/61(7) .53

At first restaging 34/54 (63) 0 <.001

At second restaging 31/47 (66) 1/37 (3) <.001

At treatment discontinuation 24/43 (56) 2/47 (4) <.001
240 ng/mL

At baseline 0 1/61(2) .49

At first restaging 13/54 (24) 0 <.001

At second restaging 15/47 (32) 0 <.001

At treatment discontinuation 17/43 (40) 0 <.001

Abbreviation: IQR, interquartile range.
Sl conversion factor: To convert 25-hydroxyvitamin D to nmol/L, multiply
by 2.496.

2 The median difference in 25-hydroxyvitamin D level was estimated using
PROC QUANTREG in SAS. PROC QUANTREG uses the default (simplex)

algorithm to estimate the median difference and a combination of the
resampling and rank methods to estimate the 95% Cls.

5 Two-sided and calculated using the X test for categorical variables and the
Mann-Whitney test for continuous variables.

This trial builds on previous prospective observational
studies that linked higher vitamin D status to improved sur-
vival among patients with all stages of colorectal cancer.”® In
an analysis of 304 patients with colorectal cancer in the Nurses’
Health Study and the Health Professionals Follow-Up Study,
subgroup analyses suggested that the benefit of a higher plasma
25-hydroxyvitamin D level on overall survival may be greater
among patients with stage III or IV disease vs stage I or IL.”

JAMA April 9,2019 Volume 321, Number 14

A subsequent follow-up study among 515 patients with
stage IV colorectal cancer enrolled in the phase 3 North Central
Cancer Treatment Group (NCCTG) 9741 trial found a signifi-
cant relationship between higher 25-hydroxyvitamin D
level and improved survival among patients receiving FOLFOX.'®
Because the sample size in NCCTG 9741 was relatively small,
a larger analysis of 1043 patients with metastatic colorectal
cancer nested within CALGB/SWOG 80405 was conducted
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that confirmed an association between higher plasma 25-
hydroxyvitamin D levels and improved progression-free sur-
vival and overall survival.'®

More recently, the Vitamin D and Omega-3 Trial (VITAL)
further corroborated the protective effect of vitamin D
on cancer mortality, reporting lower rates of death caused by
cancer among participants randomized to vitamin D5 vs pla-
cebo (HR, 0.72 [95% CI, 0.52-1.00])."”

Although the most well-studied function of vitamin D
is control of calcium and phosphate metabolism for skel-
etal health, research has shown that la-hydroxylase (which
converts 25-hydroxyvitamin D into active 1,25-dihydroxyvi-
tamin D;) and the vitamin D receptor are present in most
cells of the body,'®!° including colorectal cancer cells.2%-2!
The presence of these factors in colorectal cancer cells sug-
gests that 1,25-dihydroxyvitamin D; can be synthesized lo-
cally within the tumor and microenvironment to yield high
concentrations for autocrine and paracrine effects. Vitamin D
was shown to induce differentiation and inhibit growth in co-
lorectal cancer cell lines and xenograft models,??-23 reduce the
size of intestinal adenomas in Apc™™ mice,?* and promote sen-
sitivity to 5-FU.%°

Several potential mechanisms of action may explain the
activity of vitamin D in colorectal cancer. Vitamin D induces
apoptosis,' counteracts aberrant WNT-B catenin signaling
(a critical pathway in the etiology of colorectal cancer),2®
and has broad anti-inflammatory effects via downregulation
of nuclear factor-kB and inhibition of cyclooxygenase ex-
pression.?” Moreover, because the vitamin D receptor and the
CYP27BI gene were expressed in all immune cells, the avail-
ability of 25-hydroxyvitamin D in the microenvironment for
local conversion into 1,25-dihydroxyvitamin D; may also
potentially influence the balance between regulatory and
inflammatory T-cell responses.

In the current study, the hypothesis-generating find-
ing that high-dose vitamin D5 supplementation was
associated with fewer grade 3 and higher diarrhea events is
consistent with preclinical evidence of vitamin D’s role in
maintenance of gut mucosal barrier integrity. In vitro
experiments showed that vitamin D protected against the
disruption of intercellular tight junctions induced by dex-
tran sodium sulfate that can lead to increased permeability
and susceptibility to colonic injury.?® Vitamin D receptor
knockout mice also developed chronic low-grade intestinal
inflammation and had more severe colitis induced by dex-
tran sodium sulfate.?®-3° The potential benefit of high-dose
vitamin D; on chemotherapy-induced toxicity warrants fur-
ther study.

In the exploratory subgroup analyses, high-dose vi-
tamin D5 appeared to be less effective among obese patients,
possibly reflecting the sequestration of vitamin D in fat,
leading to decreased bioavailability.>! This is similar to the
findings from VITAL that showed a decreased incidence of
cancer with vitamin D compared with placebo in participants
with a lower vs a higher body mass index (P = .002 for
interaction).!” Patients with KRAS-mutated tumors in the
current study also seemed to derive less benefit from high-
dose vitamin D,. This finding is consistent with laboratory
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Table 3. Grade 3 and Higher Adverse Events

Reported by 25% of Evaluable Patients,

No. (%)?

High-Dose Vitamin D;  Standard-Dose Vitamin D5
Adverse Event® (n =68) (n=67)
Neutropenia 24 (35) 21(31)
Hypertension 9(13) 11 (16)
Peripheral neuropathy 6(9) 5(7)
Fatigue 3(4) 6(9)
Thromboembolic event 5 (7) 3(4)
Diarrhea 1(1) 8(12)
Vomiting 2(3) 1(1)
Anemia 3(4) 5(7)
Hyperglycemia 5(7) 3(4)
Hypokalemia 5(7) 2(3)
Leukopenia 4(6) 4(6)
Abdominal pain 4 (6) 3(4)

@ The maximum grade per patient per event was used. The adverse events
are listed in order of most frequent to least frequent in the overall
study population.

®There were 135 patients who took at least 1dose of vitamin D
or chemotherapy and were evaluable for adverse event assessment.

evidence of vitamin D receptor downregulation in cell lines
harboring KRAS mutations,** and demonstration of resis-
tance to growth inhibition by 1,25-dihyroxycholecalciferol
(the active metabolite of vitamin D) in a RAS-transformed cell
line of human keratinocytes.>*>* These interactions suggest
that certain subsets of patients may need even higher doses
of vitamin D, for antitumor activity.

The strengths of this study include the randomized,
double-blind design of the trial, recruitment of patients from
both academic and community-based sites, and the high ad-
herence to vitamin D; among the participants. Although vita-
min Dj is easily accessible over the counter, there was no evi-
dence of contamination of the control group as evidenced by
the lack of change in 25-hydroxyvitamin D levels among pa-
tients receiving standard-dose vitamin D, throughout the
course of the trial.

Limitations

This study has several limitations. First, the sample size was
relatively small and there was a lack of diversity in race and
geographical residence among the participants in the study,
limiting the ability to evaluate the effect of high-dose vita-
min D; supplementation in specific subpopulations.

Second, this trial was not powered or designed to detect
an overall survival benefit, which would require a much larger
sample size and study duration.

Third, because vitamin D5 supplementation was stopped
at the time of first cancer progression with no further moni-
toring of supplement use or plasma 25-hydroxyvitamin D
levels, and because data on subsequent therapies was not
routinely collected, it is not known how the treatment deci-
sions made after patients exited the study affected overall
survival outcomes.
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Conclusions

Among patients with metastatic colorectal cancer, addition of
high-dose vitamin D5, vs standard-dose vitamin Ds, to stan-
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