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Effect of Vitamin D Supplementation on Relapse-Free Survival

Among Patients With Digestive Tract Cancers
The AMATERASU Randomized Clinical Trial
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Masaki Kitajima, MD; Yutaka Suzuki, MD

IMPORTANCE Randomized clinical trials of vitamin D supplementation for secondary
prevention in patients with cancer are needed, given positive results of observational studies.

OBJECTIVE To determine whether postoperative vitamin D5 supplementation can improve
survival of patients with digestive tract cancers overall and in subgroups stratified by
25-hydroxyvitamin D (25[OH]D) levels.

DESIGN, SETTING, AND PARTICIPANTS The AMATERASU trial, a randomized, double-blind,
placebo-controlled trial conducted at a single university hospital in Japan. Enrollment began
in January 2010 and follow-up was completed in February 2018. Patients aged 30 to 90 years
with cancers of the digestive tract from the esophagus to the rectum, stages | to lll, were
recruited. Of 439 eligible patients, 15 declined and 7 were excluded after operation.

INTERVENTIONS Patients were randomized to receive oral supplemental capsules of vitamin
D (2000 IU/d; n = 251) or placebo (n = 166) from the first postoperative outpatient visit to
until the end of the trial.

MAIN OUTCOMES AND MEASURES The primary outcome was relapse-free survival time to
relapse or death. The secondary outcome was overall survival time to death due to any cause.
Subgroups analyzed had baseline serum 25(OH)D levels of O to less than 20 ng/mL, 20 to

40 ng/mL, and greater than 40 ng/mL; because of small sample size for the highest-baseline-
level group, interactions were tested only between the low- and middle-baseline-level groups.

RESULTS All 417 randomized patients (mean age, 66 years; male, 66%; esophageal cancer,
10%; gastric cancer, 42%; colorectal cancer, 48%) were included in the analyses. There was
99.8% follow-up over a median 3.5 (interquartile range, 2.3-5.3) years, with maximal
follow-up of 7.6 years. Relapse or death occurred in 50 patients (20%) randomized to vitamin
D and 43 patients (26%) randomized to placebo. Death occurred in 37 (15%) in the vitamin D
group and 25 (15%) in the placebo group. The 5-year relapse-free survival was 77% with
vitamin D vs 69% with placebo (hazard ratio [HR] for relapse or death, 0.76; 95% Cl,
0.50-1.14; P = 18). The 5-year overall survival in the vitamin D vs placebo groups was 82% vs
81% (HR for death, 0.95; 95% Cl, 0.57-1.57; P = .83). In the subgroup of patients with baseline
serum 25(0OH)D levels between 20 and 40 ng/mL, the 5-year relapse-free survival was 85%
with vitamin D vs 71% with placebo (HR for relapse or death, 0.46; 95% Cl, 0.24-0.86;

P =.02; P = .04 for interaction). Fractures occurred in 3 patients (1.3%) in the vitamin D group
and 5 (3.4%) in the placebo group. Urinary stones occurred in 2 patients (0.9%) in the
vitamin D group and O in the placebo group.

CONCLUSIONS AND RELEVANCE Among patients with digestive tract cancer, vitamin D
supplementation, compared with placebo, did not result in significant improvement in

relapse-free survival at 5 years.
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erum levels of 25-hydroxyvitamin D (25[OH]D), a precur-
sor of activated vitamin D, increase in response to exposure
to sunlight, a vitamin D-rich diet, or vitamin D supplemen-
tation. Cancer cells are believed to take up and activate 25(OH)D
within the cell, which binds to the vitamin D receptor to regulate
gene expression and consequently suppresses cancer growth. !

In 1989, the risk of colon cancer was estimated to be 70%
lower in people with serum 25(0H)D levels of 20 ng/mL or more
compared with those with levels less than 20 ng/mL.% In a co-
hort study, higher 25(0OH)D levels were associated with lower
total cancer incidence and lower total cancer mortality, par-
ticularly digestive system cancer mortality.* Similar results
have been found in colorectal cancer.>”

However, 2 randomized clinical trials (RCTs) using vitamin D
and calcium to prevent cancer incidence generated conflicting
conclusions: one concluded that supplementation with calcium
and vitamin D (400 IU/d) for 7 years had no effect on the incidence
of colorectal cancer in postmenopausal women,® whereas another
demonstrated that cancer incidence was lower in postmenopausal
women taking calcium plus vitamin D (1100 IU/d) than in those
taking placebo.® However, these RCTs focused on primary pre-
vention for participants without cancer; to our knowledge, no RCT
of secondary prevention for relapse or death has been conducted.

Single-nucleotide polymorphisms (SNPs) of the vitamin D
receptor have been associated with the prognosis of patients
with cancer.'°?2 In addition, SNPs of vitamin D binding pro-
tein have been associated with 25(0OH)D levels.'>!* Therefore,
arandomized, double-blind, placebo-controlled trial was con-
ducted to assess whether vitamin D5 supplementation can im-
prove survival of patients with digestive tract cancers from the
esophagus to the rectum after surgical resection. Subgroup
analyses were also done based on serum 25(0OH)D cutofflevels
of 20 and 40 ng/mL as well as the presence of relevant SNPs.

Methods

Trial Design

This was a double-blind, placebo-controlled trial to compare the
effects of vitamin D, supplementation, 2000 IU/d, or placebo at
an allocation ratio of 3:2. Patients at the International University
of Health and Welfare Hospital (Ohtawara, Tochigi prefecture,
Japan) surgically treated for digestive tract cancer between the
esophagus and the rectum are usually discharged 5 to 14 days af-
ter the operation and visit the outpatient clinic 1to 2 weeks later
if there are no major complications. Therefore, in this study, pa-
tients who did not meet exclusion criteria were randomized and
started supplementation at the first outpatient visit between 2 and
4 weeks after operation. The trial protocol was approved by the
ethics committee of the International University of Health and
Welfare Hospital. Written informed consent was obtained from
each patient who decided to participate before surgery. There was
no external data and safety monitoring committee for this study.
The full protocol for this trial is available in Supplement 1.

Participants
The inclusion criteria included a histopathological diagnosis
of epithelial carcinoma of the digestive tract (esophagus, stom-

JAMA April 9,2019 Volume 321, Number 14

Effect of Vitamin D Supplementation on Relapse-Free Survival in Patients With Digestive Tract Cancers

Key Points

Question Does vitamin D supplementation improve survival
among patients with digestive tract cancers?

Findings In this randomized clinical trial that included 417 patients
with digestive tract cancers (from esophagus to rectum), the
5-year relapse-free survival rate for those randomized to

vitamin D, 2000 IU/d, vs placebo was 77% vs 69%, a difference
that was not statistically significant.

Meaning Vitamin D supplementation did not improve
relapse-free survival among patients with digestive tract cancer.

ach, small intestine, colon, and rectum), clinical stages I to III;
aged 30 to 90 years at entry; diagnosis and initial surgery at
the International University of Health and Welfare Hospital;
not taking vitamin D supplements or active vitamin D; and no
history of urinary tract stones. The exclusion criteria com-
prised tumors that were not resectable by surgery, serious post-
operative complications before starting supplementation,
pathological diagnosis other than epithelial carcinoma (such
as malignant lymphoma and sarcoma), and pathological stage
0 or IV. Collaborating surgeons preoperatively described the
trial to eligible patients and their families at outpatient clin-
ics and asked them to participate in the trial. All clinical data
were collected at the International University of Health and
Welfare Hospital and monitored at the Division of Molecular
Epidemiology, Jikei University School of Medicine.

Randomization and Blinding

Computer-generated and centrally administered randomiza-
tion used permuted blocks of 5. Participants were random-
ized in a 3:2 ratio without stratification. Increasing the likeli-
hood of randomization to the vitamin D group was done in an
effort to increase willingness to participate. With the excep-
tion of M..U. and the staff of the data monitoring center at the
Jikei University School of Medicine, who prepared the bottles
of vitamin D or placebo according to randomization assign-
ments, all other surgeons, the clinical research coordinator,
and participants at the International University of Health and
Welfare Hospital were blinded to group assignment.

Intervention

At the first outpatient visit after surgery, enrolled patients were
randomly assigned toreceive either vitamin D; supplementation,
20001U/d, or placebo, and were asked to take the study medica-
tion from that day until the end of the trial. Both study medica-
tions were purchased from Zenyaku Pharmaceutical Co Ltd,
Tokyo, Japan.

Outcomes

The primary outcome was relapse-free survival, defined as
elapsed time from the date of randomization (ie, time from start-
ing the study medication to the earliest date of cancer relapse or
death due to any cause). Secondary outcomes comprised over-
all survival, defined as elapsed time from the date of random-
ization (ie, time from starting the study medication to the date
of death due to any cause), as well as incidence of relapse, cancer-
specific death, and noncancer death. Safety outcomes comprised
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bone fractures, urinary stones, serious events requiring admis-
sion, and new (de novo) cancer arising in organs other than the
site of the primary cancer after starting study medication.

Follow-up

Patients were periodically examined as outpatients by computed
tomography, magnetic resonance imaging, positron emission to-
mography, and other procedures to exclude cancer relapse as re-
quired by a surgeon in charge. This generally occurred every
month for the first 6 months, every 2 months for the second 6
months, and every 3 months thereafter until 5 years. After 5 years,
follow-up continued to occur every 3 to 6 months depending on
apatient’s condition as judged by the surgeon in charge. A clini-
cal research coordinator interviewed participants about self-
reported adherence at every visit to the outpatient clinic of the
International University of Health and Welfare Hospital. The co-
ordinator sometimes made telephone calls to participants to con-
firm their health condition and adherence, and again confirmed
their adherence when she provided a new bottle of trial medi-
cation every 6 months. Moreover, levels of 25(0OH)D were mea-
sured annually in blood samples to determine changes in the
vitamin D and placebo groups. Preoperative and postoperative
chemotherapy was administered to patients with stage Il and III
esophageal cancer. Postoperative chemotherapy was admin-
istered to patients with stage II and III gastric cancer' and all
patients with stage IIT colorectal cancer.'® Local radiation or
molecular-targeting therapy was combined with chemotherapy
for selected patients with relapse. When vitamin D supplemen-
tation was medically required for conditions such as bone frac-
ture or osteoporosis, trial supplementation was stopped, but the
patients were followed up until the end of the study.

Vitamin D Measurements

Serum levels of 25(0H)D were measured using radioimmuno-
assay (SRL Inc, Hachioji, Tokyo, Japan) as previously described”
and every year (within the same calendar month) after starting
supplements. Using 19 serum samples obtained from a differ-
ent cohort, blinded duplicates were tested for this 25(0OH)D assay
and the correlation coefficient was 0.92.

SNP Analyses of Vitamin D Receptor

and Vitamin D Binding Protein

Analyses were conducted of particular SNPs associated with the
vitamin D receptor. These included FokI (rs2228570); BsmI
(rs1544410); CDX2 (rs11568820); Apal (1s7976091); and Taql
(rs731236) because they have been reported to be associated with
function of the vitamin D receptor.'® Moreover, among SNPs of
vitamin D binding protein, DBP1 (rs7041) and DBP2 (1s4588) were
chosen because these SNPs are missense mutations that influence
serum levels of 25(0H)D.'>!* DNA was extracted from peripheral
blood samples and stored at -80°C. DNA fragments were ampli-
fied by polymerase chain reaction. The SNPs were determined by
direct sequencing, for which the detailed methods were described
in a previous article!® and in eAppendix 1in Supplement 1.

Sample Size
When raw data from the cohort of 257 patients with colorectal can-
cer were studied at the Jikei University School of Medicine,” 5-year
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relapse-free survivalin the highest quartile of 25(OH)D levels was
calculated to be 13% better than in the lowest quartile. Consid-
ering approximate survival data for digestive tract cancer in Japan,
the 5-year relapse-free survival rates would be 75% and 62% in
the vitamin D and placebo groups, respectively, with a 2-side typeI
error of .05 and a power of 80%, assuming a 1% loss to follow-up.
It was estimated that 400 patients with digestive tract cancers di-
vided in a 3:2 ratio would be sufficient to detect this difference.
Assuming that 80 patients per year could participate in this trial,
the accrual period was estimated to be 5 years to enroll 400 par-
ticipants. With final patient follow-up 2 years after enrollment,
the total duration of the planned trial was 7 years.

Statistical Analysis

All patients who underwent randomization were included in this
analysis. Relapse- and death-related outcomes were assessed ac-
cording to randomization group whether or not supplements were
taken, whereas adverse events were assessed only in patients who
continued to take the supplements (per protocol). The effects of
vitamin D and placebo on risk of relapse or death and total deaths
were estimated using Nelson-Aalen cumulative hazard curves for
outcomes. A Cox proportional hazards model was used to deter-
mine hazard ratios (HRs) and 95% confidence intervals. Subgroups
were prespecified according to 25(0H)D levels at baseline—low
(<20 ng/mL), middle (20-40 ng/mL), or high (>40 ng/mL)—and
by SNPs of vitamin D receptor and vitamin D binding protein. Pa-
tients with missing data for 25(0OH)D levels at baseline were not
included in the subgroup analyses. To clarify whether vitamin D
supplementation significantly affected these subgroups, Pvalues
for interaction were analyzed based on a Cox regression model
thatincluded treatment allocation, baseline 25(0OH)D group, and
treatment allocation and baseline 25(0H)D group multiplied to-
gether as an interaction variable by 2-way interaction tests com-
paring the low and middle subgroups; the high-baseline-level sub-
group was not included because of the small number of patients
in that subgroup. Values with a 2-sided P < .05 were considered
statistically significant. However, because of the potential for
type I error due to multiple comparisons, findings for subgroup
analyses should be interpreted as exploratory.

All data were analyzed using Stata version 14.0 (StataCorp).
Annual interim analyses were planned after entry of 200 pa-
tients. Statistical significance at the interim analysis was set at
P<.001 according to Peto stopping boundaries?°® because it uses
constant but stringent stopping levels independent of the num-
ber of interim analyses that could not be exactly predicted.

There were a number of post hoc analyses. First, the pro-
portional hazards assumption was tested using Schoenfeld
residuals.?! Second, to evaluate the effects of vitamin D supple-
mentation on relapse, cumulative incidence functions were ap-
plied by considering patient deaths due to causes other than
relapse as a competing risk; competing risk regression was per-
formed using subdistribution HRs and 95% confidence
intervals.? Third, because patients in the vitamin D group were
older and had more stage I disease than in the placebo group,
HRs were adjusted by age quartiles or stage I disease status.
Fourth, multiple imputation was performed with a Markov
chain Monte Carlo technique using multivariable normal re-
gression repeated 50 times for missing 25(OH)D data using
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Figure 1. Patient Flow Through the AMATERASU Trial

439 Patients assessed for eligibility

22 Excluded
15 Declined to participate
5 Did not meet inclusion criteria
2 Other reasons

(" 417 Randomized

251 Randomized to receive vitamin D

251 Received vitamin D as 166 Received placebo as
randomized randomized

v v

1 Lost to follow-up within 6 mo 19 Stopped study medication
23 Stopped study medication 10 Nonmedical reasons

166 Randomized to receive placebo

14 Nonmedical reasons 2 Withinly
3 Withinly 7 Betweenland2y
9 Betweenland2y 1 After2y
2 After2y 9 Medical reasons

9 Medical reasons 4 Within1y
4 Within1y 5 Betweenland2y
5 Betweenland2y
v v

251 Included in primary analysis ‘ ‘ 166 Included in primary analysis

patient age and sex and serum levels of calcium, alkaline phos-
phatase, and parathyroid hormone.

Fifth, subgroup analyses for cancer site, stages, major pathol-
ogy, sex, body mass index, and age were performed. Sixth, be-
cause levels of 25(0OH)D were not increased among all patients
randomized to vitamin D supplementation, participants were
stratified by their mean 25(0OH)D levels over the course of the trial,
including at baseline and during annual blood sampling, inde-
pendent of vitamin D supplementation (<20, 20 to <30, 30 to <40,
4010 <50, or 250 ng/mL). Nelson-Aalen cumulative hazard curves
of relapse or death were drawn by these stratified groups (eFig-
urel, Aand B, and eTable 1in Supplement 2). Seventh, changes
in the median levels of serum 25(0OH)D and calcium from base-
line to 1year in each group was analyzed using Wilcoxon signed
rank test; change ratios at 1 year were compared between the vi-
tamin D and placebo groups using the Mann-Whitney test.

. |
Results

Study Population

There were 3 interim analyses, but the trial was continued un-
til the number of entries exceeded 400 because the stopping rule
was not met. Figure 1shows the flow of the 417 patients with di-
gestive tract cancers who were randomized to receive vitamin D
supplementation (n = 251[60%]) or placebo (n = 166 [40%]) be-
tween January 2010 and April 2016. At amedian 23.5 (interquar-
tile range [IQR], 13-44) days after operation, participants were
randomized and started study medication. All surviving patients
were followed up until February 2018 except 1 patient who was
lost to follow-up at 1 month (follow-up rate, 99.8%). The num-
ber of participants who stopped trial medication for nonmedi-
calreasons, including the 1 patient lost to follow-up, was 15 (6.0%)
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in the vitamin D group and 10 (6.0%) in the placebo group
(Figure 1). In addition, 9 (3.6%) in the vitamin D group and 9
(5.4%) in the placebo group stopped trial medication for medi-
cal reasons such as swallowing disorder, fracture and osteopo-
rosis, and urinary stones. Therefore, 10.3% of participants
stopped taking study medication before censoring, but all 417 pa-
tients were included in the efficacy analyses.

The median and maximum follow-up periods respectively
were 3.5 (IQR, 2.3-5.4) years and 7.6 years in the vitamin D group
and 3.5 (IQR, 2.3-5.0) years and 7.4 years in the placebo group.
Table 1shows the characteristics of the patients, all of whom were
Japanese. Of the 417 participants, 34% were women. The median
age was 66 years and the median body mass index was 22. Per-
centages of cancer sites were as follows: esophagus, 9.6%; stom-
ach, 41.7%; small bowel, 0.5%; and colorectal, 48.2%. Disease
stages were I, IT, and ITT in 44%, 26%, and 30% of patients, respec-
tively. The median age of patients was 67 (IQR, 61-75) years in the
vitamin D group and 64 (IQR, 58-71) years in the placebo group.
The percentage of patients with stage I disease was 46% in the
vitamin D group and 40% in the placebo group.

Effects of Vitamin D Supplementation
Relapse or death occurred in 50 patients (20%) taking vita-
min D and 43 patients (26%) taking placebo. Among the par-
ticipants, 37 (15%) of 251 in the vitamin D group and 25 (15%)
of166 in the placebo group died. Relapse, cancer-specific death,
and noncancer death respectively occurred in 41 (16%), 27
(11%), and 10 (4%) patients in the vitamin D group and in 36
(22%), 16 (10%), and 9 (5%) patients in the placebo group.
The primary outcome of 5-year relapse-free survival in the
vitamin D group vs placebo group was 77% vs 69%. Vitamin D
supplementation did not significantly reduce risk of relapse
or death compared with placebo (HR, 0.76; 95% CI, 0.50-1.14;
P = .18) (Figure 2A). The secondary outcome of 5-year overall
survival was 82% in the vitamin D group vs 81% in the pla-
cebo group (HR for death, 0.95; 95% CI, 0.57-1.57; P = .83)
(Figure 2B). Hazard ratios for cancer-specific death and non-
cancer death are shown in Table 2.

Associations With Prespecified Subgroups:

25(0OH)D Levels and SNPs

Patients were divided into prespecified subgroups according
tolow (<20 ng/mL [n = 173]), middle (20-40 ng/mL [n = 232]),
or high (>40 ng/mL [n = 5]) serum levels of 25(OH)D at base-
line. Because of the small number of patients in the high-
baseline-level subgroup, further analyses within this sub-
group were not conducted. Vitamin D supplementation
increased median 25(0OH)D levels from 26.5 (IQR, 23-30) ng/mL
to 45 (IQR, 36-57) ng/mL after 1 year in the middle-baseline-
level subgroup, whereas they increased from 16 (IQR,
13-18) ng/mL to 36 (IQR, 27-47) ng/mL in the low-baseline-
level subgroup (eFigure 2 in Supplement 2).

In the middle-baseline-level subgroup, 5-year relapse-
free survival was significantly higher in the vitamin D group
than in the placebo group (85% vs 71%; HR for relapse or death,
0.46;95% CI, 0.24-0.86; P = .02) (Figure 3A). There was no sig-
nificant difference for relapse-free survival in the low-baseline-
level subgroup (HR, 1.15; 95% CI, 0.65-2.05) (Figure 3B). There
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Table 1. Participant Characteristics

Table 1. Participant Characteristics (continued)

No. (%) of Participants®

No. (%) of Participants®

Vitamin D Placebo Vitamin D Placebo

Characteristics (n=251) (n =166) Characteristics (n =251) (n =166)

Male 173 (69) 103 (62) Single-nuc!eotide

Female 78(31) 63 (38) polymorphism

Fokl
Age quartile, y
cC 92 (38) 57 (36)
35-59 51(20) 50 (30)
cT 117 (48) 75 (48)
60-65 55(22) 41 (25)
1T 36 (15) 25(16)
66-73 63 (25) 48 (29)
Bsm/
74-90 82 (33) 27 (16)
AA 14 (6) 8(5)

Body mass index

quartile® AG 42 (18) 23(15)
15.0-19.7 63 (25) 36 (22) GG 175 (76) 119 (79)
19.8-21.8 62 (25) 43 (26) Cdx2
21.9-23.7 59 (24) 45 (27) GG 89 (39) 49 (33)
23.8-37.3 65 (26) 41 (25) GA 103 (45) 77 (51)

History of 9(4) 7(4) AA 38(17) 24 (16)

other cancers

. Apal

Comorbid

conditions GG 96 (42) 69 (46)
Hypertension 103 (41) 58 (35) GT 104 (45) 61 (40)
Diabetes 44 (18) 24 (14) T 31(13) 20(13)
mellitus

i Taql
Endocrine 33(13) 18 (11)
disease 1T 172 (74) 115 (77)
Cardiovascular 22(9) 9(5) TC 54 (23) 31(21)
disease
Chronic kidney 5(2) 1(1) cc > ) +E)
disease DBP1
Asthma 3(1.2) 0(0.0) T 134 (58) 82 (55)
Orthopedic 1(0.4) 1(0.6) TG 87 (38) 57 (39)
disease

Site of cancer GG 10 (4) 9 (6)
Esophagus 22(9) 18 (11) ZER2
Stomach 106 (42) 68 (41) e 115 (50) 8154
Small bowel 1(0.4) 1(0.6) o ) SER)
Colorectal 122 (49) 79 (48) s ) ——

Cancer stage 2 Percentages may not sum to 100% because of rounding.
| 115 (46) 67 (40) b Calculated as weight in kilograms divided by height in meters squared.

< Neuroendocrine tumor (n=4); adenoid cystic carcinoma (n=1); unclassified (n=1).
Il 63 (25) 48 (29)
] 73 (29) 51(31)

Pathology was a significant 2-way interaction between the middle and
Adenocarcinoma 226 (90) 147 (88) low subgroups (P = .04 for interaction). Overall survival was
Squamous cell 22 (9) 16 (10) not significantly different between the vitamin D and pla-
carcinoma cebo groups in both the middle subgroup (HR for death, 0.60;
i 3(1) 30) 95% CI, 0.28-1.30) (Figure 3C) and the low subgroup (HR for

Baseline death, 1.36; 95% CI, 0.66-2.81) (Figure 3D) (P = .13 for interac-

25-hydroxyvitamin D . .

level, ng/mL tion). Subgroup analyses between the middle and low sub-
Low: <20 102 (41) 71 (44) groups for cancer-specific death and noncancer death are
Middle: 20-40 142 (58) 90 (56) shown 1n;ab1e 2. b 5
High: >40 4(1.6) 1(0.6) Slgl’ll icant as§0c1at10ns Were not seen between sub-

groups of SNPs (eFigure 3, A-U, in Supplement 2).
Adjuvant 88 (35) 60 (36)
chemotherapy
) Post Hoc Analyses
(continued) . . .
Results of the proportional hazards assumption test were not sig-
nificant, supporting validity of the Cox proportional hazards
jama.com JAMA April 9,2019 Volume 321, Number 14
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Figure 2. Effect of Vitamin D Supplementation on Outcomes
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Nelson-Aalen cumulative hazard curves are shown for (A) relapse or death and

(B) total deaths. In panel C, the cumulative incidence of relapse is compared between
the vitamin D and placebo groups by considering patient deaths due to causes
other thanrelapse as the competing risk. Median observation times for relapse or death
were, for placebo, 3.0 (interquartile range [IQR], 1.9-4.5) years, and for vitamin D,
3.3(IQR, 1.9-5.3) years; for total deaths, for placebo, 3.5 (IQR, 2.3-5.0) years,
andforvitamin D, 3.5 (IQR, 2.3-5.4) years; and for relapse by competing-risk analysis,
for placebo, 3.0 (IQR, 1.9-4.5) years, and for vitamin D, 3.3 (IQR, 1.9-5.3) years.

models used in the analyses. There were 7 patients with missing
25(0OH)D levels, and results using multiple imputation were con-
sistent with the primary results (eTable 2 in Supplement 2).

JAMA April 9,2019 Volume 321, Number 14

Effect of Vitamin D Supplementation on Relapse-Free Survival in Patients With Digestive Tract Cancers

Using methods for competing-risk analysis, the cumula-
tive incidence of relapse was compared, and there was no sig-
nificant difference (subdistribution HR, 0.75; 95% CI, 0.48-
1.17; P = .21) (Figure 2C). In the subgroup with middle baseline
levels of 25(0H)D, the cumulative incidence of relapse was sig-
nificantly lower in the vitamin D group than in the placebo
group (subdistribution HR, 0.44; 95% CI, 0.21-0.89; P = .02)
(Table 2). There was no significant difference for the cumula-
tive incidence of relapse in the low-baseline-level subgroup
(subdistribution HR, 1.18; 95% CI, 0.64-2.19). There was a sig-
nificant 2-way interaction between the middle- and low-
baseline-level subgroups (P = .04 for interaction).

Because patients were older in the vitamin D group than
in the placebo group (Table 1), HRs were adjusted by age quar-
tile. In this adjusted analysis, the cumulative hazard of re-
lapse or death was significantly less in the vitamin D group
compared with the placebo group, with an adjusted HR of 0.66
(95% CI, 0.43-0.99; P = .048). In contrast, the cumulative haz-
ard of death was not significantly different, with an adjusted
HR of 0.81 (95% CI, 0.48-1.36; P = .42). Patients with stage I
cancer were more prevalent in the vitamin D group; analyses
adjusted for stage I disease status did not show any signifi-
cant differences.

Interactions between vitamin D supplementation and the
following subgroups were examined, but no significant asso-
ciations were found: men vs women (eFigure 4, A and B, in
Supplement 2); age 65 years or younger vs older than 65 years
(eFigure 5, A and B, in Supplement 2); body mass index less
than 25 vs 25 or higher (eFigure 6, A and B, in Supplement 2);
site of cancer: esophageal, gastric, or colorectal (eFigure 7, A-C,
in Supplement 2); disease stage: I, I, or III (eFigure 8, A-C, in
Supplement 2); and adenocarcinoma vs nonadenocarcinoma
(eFigure 9, A and B, in Supplement 2).

Median 25(0OH)D levels increased significantly in the vi-
tamin D group, from 21 (IQR, 16-27) ng/mL to 41 (IQR,
33-55) ng/mL (P < .001), but did not change significantly in the
placebo group, from 21 (IQR, 15-27) ng/mL to 20 (IQR, 15-27)
ng/mL (P = .91). The change ratio of 25(OH)D level was 87% in
the vitamin D group vs 0% in the placebo group 1 year after
starting study medication (P < .001). Levels of 25(0OH)D in the
vitamin D group remained high over 4 years of trial follow-
up, while those in the placebo group remained low (eFigure 2
in Supplement 2). Analyses by mean 25(0H)D level during the
trial are shown in eTable 1 and eFigure 1, A and B. Changes in
median serum calcium levels were not significantly different
in the vitamin D group (from 9.3 [IQR, 8.9-9.6] mg/dL to 9.3
[IQR, 9.1-9.6]1 mg/dL; P = .09) or in the placebo group (from 9.3
[IQR, 9.0-9.6] mg/dL to 9.3[IQR, 9.1-9.5] mg/dL; P = .44). The
change ratio of calcium was 0% in both the vitamin D and pla-
cebo groups (P = .10).

Adverse Events

In the per-protocol analysis of participants continuing to take
study medication until censoring, fractures occurred in 3 pa-
tients (1.3%) in the vitamin D group and 5 patients (3.4%) in
the placebo group; urinary stones occurred in 2 (0.9%) vs O pa-
tients, respectively (Table 3). No patients developed hyper-
calcemia during the follow-up period.
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Table 2. Effect of Vitamin D Supplementation on Relapse, Cancer-Specific Death,

and Noncancer Death?®

Baseline Serum 25-Hydroxyvitamin D Level, ng/mL P Value
Total Study for
Outcomes Population <20 20-40 Interaction
Relapse .04
Subdistribution HR 0.75(0.48-1.17) 1.18 (0.64-2.19) 0.44 (0.21-0.89)
(95% Cl)
P value 21 .59 .02
Cancer-specific death .35
HR (95% ClI) 1.09 (0.58-2.01) 1.45(0.63-3.38) 0.78(0.29-2.10)
P value .80 .38 .63
@ Hazard ratio (HR) values greater
RIS 2l than Tindicate that vitamin D
HR (95% Cl) 0.70(0.29-1.73) 1.11 (0.26-4.65) 0.39(0.11-1.39) supplementation was associated
Pvalue 44 39 15 with a decreased probability

of the outcome.

Figure 3. Subgroup Analysis
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Nelson-Aalen cumulative hazard curves are shown for relapse or death in the
subgroups of (A) middle (20-40 ng/mL) and (B) low (<20 ng/mL) serum
hydroxyvitamin D (25[OH]D) baseline levels and for total deaths in the
subgroups of (C) middle and (D) low serum 25(0OH)D baseline levels. There were
only 5 patients with high (>40 ng/mL) 25(OH)D baseline levels; this group was
not evaluated. Numbers at risk for panel C are not given because of weighting.
Median observation times for relapse or death in the middle 25(0OH)D subgroup

were, for placebo, 3.4 (interquartile range [IQR], 1.9-4.5) years, and for
vitamin D, 3.8 (IQR, 2.4-5.3) years; and in the low 25(0OH)D subgroup, for
placebo, 2.8 (IQR, 1.8-4.4) years, and for vitamin D, 2.5 (IQR, 1.6-5.2) years.
Median observation times for total deaths in the middle 25(0H)D subgroup
were, for placebo, 3.5 (IQR, 2.3-5.0) years, and for vitamin D, 3.8 (IQR, 2.5-5.4)
years; and in the low 25(0H)D subgroup, for placebo, 3.4 (IQR, 2.1-5.0 years),
and for vitamin D, 3.3 (IQR, 1.9-5.4) years.
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Table 3. Safety Outcomes

No. (%) of Participants

Per Protocol®

Adherent Until Censoring

Adherent for 1y

By Randomization Group”

Outcomes VitaminD (n = 227)  Placebo (n = 147)  VitaminD (n = 243)  Placebo (n = 160) Vitamin D (n = 251)  Placebo (n = 166)
Fracture 3(1.3) 5(3.4) 3(1.2) 6(3.8) 3(1.2) 6(3.6)

Urinary stones 2(0.9) 0(0.0) 4(1.6) 2(1.3) 4(1.6) 4(2.4)

Severe adverse events® 19 (8.4) 9(6.1) 20(8.2) 13(8.1) 21(8.4) 15 (9.0)

Cancer de novo® 15 (6.6) 8(5.4) 16 (6.6) 9 (5.6) 16 (6.4) 9(5.4)

2 Safety outcomes were analyzed per protocol (ie, patients who continued to take
study medication until censorship or for more than 1year) because per-protocol
analysis is considered to be more sensitive for safety outcomes. One participant
lost to follow-up in the vitamin D group was considered nonadherent.

® Analyzed according to randomization group independent of adherence.

© Adverse events that resulted in admission.

d Cancer that appeared de novo in organs other than the site of the primary
cancer after starting study medication.

|
Discussion

Among patients with digestive tract cancer, vitamin D supple-
mentation, compared with placebo, did not reduce risks of re-
lapse or death, death due to any cause, or relapse.

A similar RCT that included 155 patients found that 1200 IU/d
of vitamin D supplementation did not improve relapse-free sur-
vival or overall survival of patients with non-small cell lung
cancer.?> However, a meta-analysis of 64 observational stud-
ies with a total of 44 165 patients with cancer found higher
25(0OH)D levels to be associated with better progression-free and
overall survival.?* In addition, a meta-analysis of individual par-
ticipant data from 8 cohort studies in Europe and the United
States found higher cancer mortality in patients in the lowest
quintiles of 25(0OH)D levels among people with a history of
cancer.? Discrepancies between the results of these RCTs and
meta-analyses of observational studies suggest that higher
25(0H)D levels can be largely confounded by healthy lifestyles®
that include daily physical activity.?”2®

The recent VITAL study, an RCT that also used a vitamin D
dosage of 2000 IU/d for primary prevention of cancer, enrolled
25 871 participants without a history of cancer. In that study, there
was no reduction in risk of cancer mortality, but a post hoc analy-
sis suggested a possible benefit of vitamin D after exclusion of early
follow-up data.?® A meta-analysis®® of 3 other RCTs®>!*2 found
that vitamin D supplementation was significantly associated with
lower total cancer mortality, even though each individual trial had
nullresults. The study population in the current trial included dis-
tinct entities with biological and clinical differences—eg, esoph-
ageal cancer, gastric cancer, or colorectal cancer; stage I, II, or I1I
cancer; and adenocarcinoma and nonadenocarcinoma. However,
the power may have been too low to detect differences in these
subgroups. It may therefore be useful to include the data in this
trial in an individual patient data meta-analysis.

In the current study, vitamin D was effective only in a sub-
group of patients with middle (20-40 ng/mL) serum 25(0H)D
levels at baseline. However, this finding must be considered
exploratory and interpreted with caution in the context of the
null findings for the primary outcome measures in the total
population, as well as the potential for type I error due to mul-
tiple comparisons. It was hypothesized that vitamin D would
be effective in the subgroup with low 25(0H)D at baseline, as
was observed in an RCT for a subgroup of patients with lung

JAMA April 9,2019 Volume 321, Number 14

cancer (although with a nonsignificant interaction test).?* It
is possible that the optimal range of serum 25(0H)D levels with
respect to survival may be quite different among types of can-
cers. In addition, the supplement dosage of 2000 IU/d in the
trial may have been insufficient to increase vitamin D levels
sufficiently in the subgroup with low 25(0OH)D levels.

Findings regarding adverse events must also be consid-
ered exploratory because the study was not designed with suf-
ficient power to detect significant differences. However, the
relatively high dosage of vitamin D did not appear to be asso-
ciated with frequent adverse events.

Limitations

This trial has several limitations. First, the study population in-
cluded patients with a mixture of cancers with biological and
clinical differences. Although post hoc subgroup analyses were
performed for each tumor type and stage and for adenocarcinoma
vs nonadenocarcinoma, the sample size may have been too small
to detect significant differences in each subgroup. Second, pa-
tients were periodically examined (every 1-6 months) as outpa-
tients by computed tomography, magnetic resonance imaging,
positron emission tomography, and other procedures to exclude
cancer relapse as deemed necessary. This variability in follow-
up mode and timing may have led to inaccuracy in measured time
torelapse. Third, approximately 10% of the participants stopped
taking study medication during the trial, and adherence was
based only on patient self-report, which may have caused a bias
toward null results. Fourth, only 5 patients had high levels of
25(0OH)D at baseline, too few to allow statistical evaluation. Fifth,
the prespecified 25(0OH)D cutoffs of 20 ng/mLand 40 ng/mL were
based on published reports of primary prevention of incident can-
cer, but these cutoff points might be inappropriate in a clinical
trial of secondary prevention of cancer relapse and death. Sixth,
7 patients had missing 25(0OH)D levels, although multiple impu-
tation produced consistent results. Seventh, radiological images
were not reviewed centrally by a blinded independent third party,
although the trial was double blinded.

. |
Conclusions

Among patients with digestive tract cancer, vitamin D supple-
mentation, compared with placebo, did not result in signifi-
cant improvement in relapse-free survival at 5 years.
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