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Summary eClinicalMedicine
Background There is a significant association between low vitamin D levels at diagnosis of indolent B-cell lymphomas 2024;78: 102959
and inferior overall survival (OS). To determine whether supplemental vitamin D improves event-free survival (EFS)  PUPlished Onfine xocx

in these patients, we conducted a comparative double-blind study of vitamin D3 vs. placebo. https://doi org/10.
1016/j.eclinm.2024.

102959
Methods In this phase 3, randomized, double-blind, placebo-controlled trial, patients with low tumor burden

follicular, marginal zone or small lymphocytic lymphoma, age 18 or older, with stage two or greater disease
and no prior systemic treatment were enrolled at 7 academic cancer centers. Patients were stratified by
histology and FLIPI (Follicular Lymphoma International Prognostic Index) score and randomized 2:1 to
receive 2000 IU vitamin D; or placebo daily beginning on day one with rituximab 375 mg/m? administered
weekly times four. 257 patients were assessed for participation: 24 were not eligible and 22 refused. Patients
with stable disease or disease progression at week 13 counted as events; responding patients continued
treatment with vitamin D or placebo until progression for up to three years. The primary endpoint was EFS,
defined as the time from randomization to lack of response at week 13, initiation of a new treatment, disease
progression or death. Secondary endpoints included week 13 response and OS. This trial is registered at
clinicaltrials.gov, NCT03078855.

Findings 206 evaluable patients (135 on vitamin D and 71 on placebo) were enrolled between September 2017 and
March 2022 with a median EFS follow-up of 19.6 months (IQR, 9.3-33.5). The median age was 62 years (IQR,
54-70); 118 (57%) female; 182 (89%) white. At week 13 the mean vitamin D level increased to 41.6 ng/mL (SD
10.1) in the vitamin D arm vs. remaining stable (31.3 ng/mL, SD 11.2) in the placebo arm. There was
insufficient evidence of a difference in EFS between the two arms (P = 0.26): three-year EFS in the vitamin D
arm was 47.7% (95% CI, 39.0-58.4) compared to 49.5% (95% CI, 37.6-65.0) in the placebo arm. There was no
difference in week 13 response between the arms (both 84%). Adverse events associated with vitamin D
supplementation were rare. The median OS follow-up was 35.1 months (IQR, 22.9-45.1), overall survival was
96.6% (95% CI, 93.1-98.6) and there was no significant difference between the vitamin D and placebo arms
(P = 0.47).

Interpretation As tested in this study, there is no benefit to routine vitamin D supplementation in patients with
indolent lymphoma treated with rituximab. These results have implications for ongoing and planned studies of
vitamin D supplementation in other malignancies.

*Corresponding author. Samuel Durand Professor of Medicine and Oncology, University of Rochester, 601 Elmwood Avenue, Box 704, Rochester, NY,
14642, USA.
E-mail address: Jonathan_Friedberg@urmc.rochester.edu (J.W. Friedberg).
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Research in context

Evidence before this study

The association between low vitamin D levels and poor
outcome in patients with newly diagnosed follicular
lymphoma treated with immunochemotherapy has been
previously published and validated in two large prospective
studies. Laboratory-based studies have also demonstrated
that vitamin D supplementation of deficient patients with
diffuse large B-cell lymphoma (DLBCL) can improve in vitro
antibody-dependent cell-mediated cytotoxicity, the major
mechanism of action of rituximab therapy, compared to pre-
supplemented samples. We searched PubMed for clinical trials
evaluating vitamin D supplementation in patients with
leukemia published between Jan 1, 1997 and Jun 1, 2024
using search terms “lymphoma”, “vitamin D" and
“cholecalciferol.” No prospective clinical trials tested whether
supplementation with vitamin D could improve outcomes in
patients with indolent, low tumor burden lymphoma were
conducted during this time. One ongoing study,
NCT01787409, is recruiting patients with DLBCL and chronic
lymphocytic lymphoma (CLL), however these patient

Introduction

Indolent B-cell lymphomas, including follicular lym-
phoma (FL), are the most prevalent lymphomas in the
United States (US) and in most circumstances remain
incurable with standard treatment approaches. The
therapeutic approach to indolent lymphoma is generally
individualized and is based on patient and disease fac-
tors at presentation. The most common presentation of
indolent lymphomas in the US is “low tumor burden”
disease, often defined as asymptomatic disease, non-
bulky lymphadenopathy and no cytopenias. Two large
randomized trials have suggested single agent rituximab
is an appropriate therapeutic option for this presenta-
tion, supported by expert opinion and consensus
guidelines." However, a subset of these lymphomas do
not respond to rituximab, and there is a continuous rate
of treatment failure, so low-cost and low-toxicity strate-
gies to improve outcome of rituximab treatment in this
setting are clearly needed.

In an international SWOG/LYSA (Lymphoma Study
Association) collaborative analysis of newly diagnosed
patients with FL uniformly treated with standard
chemotherapy (CHOP: cyclophosphamide, doxorubicin,
vincristine and prednisone) plus anti-CD20 therapy,
there was a significant association between low vitamin

populations are distinct, only vitamin D insufficient patients
are supplemented, and patients are treated with
immunochemotherapy or observation.

Added value of this study

Despite robust evidence that vitamin D deficient patients with
follicular lymphoma have worse prognosis compared to
patients with sufficient vitamin D levels, this is the first study
to evaluate if supplementation with vitamin D3 can improve
EFS in patients with low-tumor burden indolent lymphoma.

Implications of all the available evidence

As tested in this double-blind, randomized clinical trial, there
is no EFS or overall survival benefit to routine vitamin D
supplementation in patients with indolent, low-tumor burden
lymphoma treated with single agent rituximab. This could
have implications for the management of patients and for
ongoing and planned studies of vitamin D supplementation
in other malignancies.

D levels at diagnosis and inferior lymphoma outcomes
in two independent cohorts of patients.? The magnitude
of the observed negative survival association with low
vitamin D levels in these trials was stronger than the
individual clinical prognostic factors within the FLIPI
(Follicular Lymphoma International Prognostic Index)
score which is used clinically,’ and vitamin D level is the
strongest association reported of a pre-therapy prog-
nostic factor in FL. These results have been robustly
validated,* leading some to recommend supplementa-
tion with vitamin D after diagnosis of lymphoma.

Despite the strong evidence suggesting that low
vitamin D is negatively correlated with outcome in pa-
tients in many cancers,’ rigorous prospective random-
ized evaluation of vitamin D as an anti-neoplastic agent
is lacking. We designed the Indolent Lymphoma and
Vitamin D (ILyAD) randomized, placebo-controlled,
double-blind trial to definitely address whether modifi-
cation of vitamin D levels through supplementation
with vitamin D3 can improve outcomes in the setting of
rituximab therapy for indolent lymphomas. In addition,
using whole exome sequencing, we investigated poten-
tially relevant polymorphisms in vitamin D receptor,
vitamin D binding protein and putative biomarkers of
rituximab response.
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Methods

Study design and patients

Eligible patients had biopsy-proven, indolent lymphoma
with one of the WHO-defined histologies (Grade 1, 2 or
3a FL, small lymphocytic lymphoma [SLL, but not
chronic lymphocytic leukemia] marginal zone lym-
phoma [MZL]), measurable disease defined by Lugano
criteria,® no prior systemic lymphoma therapy, age >18
years, Ann Arbor stage > II. Previous radiation therapy
was permitted but radiation on study was considered an
event. Patients with FL must have had FDG-avid disease
and low tumor burden according to Groupe D’Etude des
Lymphomes Folliculaires (GELF) criteria.” Patients with
any of the following parameters were excluded to
minimize risk of vitamin D: osteoporosis requiring
prescription treatment, known symptomatic primary
hyperparathyroidism, hypercalcemia defined as calcium
above the institutional normal range, history of calcium-
related kidney stones, creatinine >1.5x institutional
normal range. Supplemental vitamin D was discouraged
but allowed at a maximum total dose of 1000 IU daily.
Sex information was obtained from medical records.
Study data were managed using Research Electronic
Data Capture (REDCap) tools hosted at the University of
Rochester.

Randomization and masking

Randomization was stratified by histology (follicular vs.
non-follicular) and by the FLIPI score within FL,
resulting in three strata: FL-high, FL-intermediate/low,
non-FL. If a patient’s histology was miscategorized at
enrollment, their randomization strata remained unal-
tered, but their corrected histology was used for sec-
ondary subgroup analyses. Within each stratum,
participants were 2:1 block-randomized with random
block sizes of three or six to maintain treatment:control
balance and preserve blinding. All study personnel were
blinded to the treatment assignment except one statis-
tician. Vitamin D3 and placebo were packaged, labeled
and distributed by the University of Rochester’s Clinical
Materials Service Unit. Randomization and subsequent
drug dispensing were performed at each site within the
customized REDCap Randomization Module.

Procedures

Randomization occurred prior to initiation of any
treatment, and baseline PET/CT imaging was required
within eight weeks of randomization. Local laboratory
tests to determine eligibility and FLIPI score were per-
formed within four weeks of randomization and
included CBC, creatinine, LDH, hepatitis B, calcium
and albumin. Baseline measurement of parathyroid
hormone (PTH) and 25(OH) vitamin D2 and D3, were
performed centrally at the University of Rochester Lab-
oratory (see Supplemental Methods). Saliva was
collected for the isolation of germline DNA and poly-
morphism analysis as described in the Supplemental
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Methods. Hepatitis C, HIV and phosphate data were
not collected.

Treatment included intravenous rituximab, or
approved biosimilar, at 375 mg/m?> (or subcutaneous
equivalent) once per week for a total of four doses. Pa-
tients were randomized in a double-blind, 2:1 fashion to
receive 2000 U vitamin Ds (cholecalciferol) or placebo
daily (BioTech Pharmacal Inc.) beginning on day one of
rituximab. Restaging PET/CTs were performed at week
13, a standard timepoint for evaluation of maximal rit-
uximab response.® Patients with a partial or complete
response continued on study with daily dosing of
vitamin D3 or placebo for up to 36 months or until
disease progression or a new treatment. Stable disease
or disease progression at week 13 counted as events and
patients were then off study. Study visits were con-
ducted every three months and included physical exam,
adverse event assessment, drug distribution and drug
reconciliation. Imaging by CT was performed annually.
In response to the COVID pandemic, telemedicine
remote visits were permitted when deemed appropriate
by investigators. Serum was collected at 13 weeks, 12
months, and 36 months for central measurement of
vitamin D; investigators were blinded to results.

Outcomes

The primary endpoint was EFS defined as the time
from randomization to lack of response at week 13,
initiation of a new treatment, disease progression
defined by Lugano criteria, or death. Secondary out-
comes included EFS by histology, EFS by baseline
vitamin D level, overall survival and response at week
13. Correlative studies evaluated polymorphisms in
genes involved in the vitamin D pathway and bio-
markers of response to rituximab using whole exome
sequencing of germline DNA. Adverse events were
assessed beginning on Day 1 through 30 days after the
last dose of vitamin D/placebo.

Statistics

Clinical characteristics and adverse events were sum-
marized via counts and proportions for categorical var-
iables and mean and standard deviation (SD) or median
and interquartile range for continuous variables. Lon-
gitudinal vitamin D levels by treatment arm were visu-
alized wusing side-by-side boxplots. The primary
endpoint was Event-Free Survival (EFS), defined as the
time from randomization to lack of response at week 13,
initiation of a new treatment, disease progression
defined by Lugano criteria, or death, right-censored at
the time of last follow-up. Since participants were
monitored by clinical evaluation for progression every
three months, yet some visits may have been early while
others may have been delayed, EFS data were coarsened
to a discrete time grid of 1.5-month increments prior to
fitting a grouped relative risk model with ties broken via
the exact conditional probability, equivalent to summing
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all terms of the marginal likelihood consistent with the
observed data.” EFS data were not coarsened to 1.5-
month intervals for the purposes of Kaplan—Meier
curve estimation or associated comparisons via log-
rank tests.

The primary analysis was based on a stratified
grouped relative risk (Cox) model, stratified by the
three randomization strata, thus allowing for separate
baseline hazard functions for FL-high, FL-intermedi-
ate/low, and non-FL. The primary histology-stratified
grouped Cox model was further parametrically
adjusted for two covariates: enrolling site (6-df) and age
at randomization (1-df, assuming linearity in the log-
hazard). The primary analysis was based on a 1-df
robust Wald test of treatment in the histology-
stratified grouped Cox model, adjusted for site and
age. Interactions of vitamin D supplementation with
randomization strata, median age (>62 years), sex,
baseline vitamin D (<20, 21-30, >30), and 11 pre-
specified genetic variants were investigated in second-
ary analyses, where the 5 smallest sites were pooled for
stability (3-df for site groups), and subgroup-specific
hazard ratios were summarized in a forest plot
including 90% confidence intervals (CI). Interactions
were tested using robust Wald tests.

Secondary endpoints included response at week 13
(binary) and overall survival (OS) (time from randomi-
zation to death from any cause, right-censored by time
of last follow-up). Planned exploratory analyses included
the subset of patients with FL and potential associations
of known vitamin D-related polymorphisms with out-
comes. All statistical analyses were conducted using
SAS v9.4 software.

Based on the RESORT trial,'"® we anticipated the
three-year EFS in the control arm would be 40%. We
hypothesized that vitamin D supplementation would
reduce the event rate by 45%: Hazard Ratio (HR) = 0.55,
corresponding with an increase in three-year EFS from
40% to 60.4%. Assuming a 10% loss to follow-up, a 2:1
randomized trial with 210 treated patients, 140 supple-
mented and 70 controls, provides 81% power to detect
HR = 0.55 using a two-sided o = 0.05 level test.

Ethics

The study was reviewed and approved at the coordi-
nating site by the University of Rochester Research
Subjects Review Board (RSRB00066593) and at each of
the six participating academic medical centers by their
institutional ethics review boards. Written consent was
obtained from all patients before enrollment and the
study was registered before enrolling patients
(ClinicalTrials.gov NCT03078855).

Role of the funding source

The funders had no role in the study design, data
collection, analysis, interpretation or writing of the
manuscript.

Results

Between September 7, 2017 and March 8, 2022, 211
patients were enrolled and randomized. Two patients
were later determined to be ineligible and three with-
drew prior to receiving vitamin D/placebo, leaving 206
patients for the primary analysis cohort: 135 random-
ized to vitamin D and 71 randomized to placebo (Fig. 1).

Demographics of study participants were balanced
between the arms and are detailed in Table 1. The ma-
jority of patients, 137 (66%) had FL; smaller numbers
had MZL or SLL. The median age at randomization was
62 years (IQR 54-70), 118 (57%) of patients were fe-
male, and 182 (89%) were white. The mean vitamin D
serum level at baseline was 33 ng/mL (range 6-80 ng/
mlL, SD 11.4). Approximately half of patients were tak-
ing some form of vitamin D supplementation up to the
protocol-defined limit of 1000 IU daily. Only 25 (13%) of
patients had baseline vitamin D < 20 ng/mL. PTH levels
were elevated in only six patients at baseline, with
modest inverse correlation with vitamin D levels
(Supplementary Figure S1).

At week 13 the mean vitamin D level increased to
41.6 ng/mL (SD 10.1) in the vitamin D arm vs.
remaining stable (31.3 ng/mL, SD 11.2) in the placebo
arm. These differences persisted at one- and three-year
timepoints (Supplementary Figure S2). Among the
206 eligible and treated patients (median follow-up of
19.6 months, IQR 9.3-33.5, with follow-up defined as
time to event or censoring, whichever occurs first), the
median EFS was 34.5 months (95% CI, 24—42 months).
Without adjusting for other patient characteristics, there
was insufficient evidence of a difference in EFS between
the two arms (P = 0.76): three-year EFS in the vitamin D
arm was 47.7% (95% CI 39.0-58.4) compared to 49.5%
(95% CI, 37.6-65.0) in the placebo arm (Fig. 2A).

Adjusting for site and age at randomization, and
stratifying by the three randomization strata, the esti-
mated HR for vitamin D supplementation from the
primary analysis was 1.28 (95% CI, 0.83-1.98, P = 0.26),
with insufficient evidence of benefit (HR < 1) or harm
(HR > 1). Excluding non-follicular patients, there
remained insufficient evidence of an effect of vitamin D
supplementation in the subgroup of FL patients
(n =137, HR = 1.49, P = 0.21). There was also insuffi-
cient evidence of an effect of vitamin D supplementa-
tion within clinically relevant baseline vitamin D level
subgroups (Fig. 2B, C, 2D) or within FL and non-FL
histologies (Supplementary Figures S3 and S4), as
evaluated by unadjusted logrank tests. Additional sub-
group analyses of patients with FL and low/intermedi-
ate, high, or intermediate/high FLIPI scores, patients
with stage 3 or 4 disease, and patients with baseline
vitamin D equal to or less than 40 ng/mL also showed
no effect of vitamin D supplementation on EFS
(Supplementary Figures S5-S9).

At week 13, 172 patients (84%) responded to treat-
ment using Lugano criteria, including a complete
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257 Patients assessed for eligibility

46 Excluded

22 Not eligible
24 Refused to participate

211 Randomized

139 Randomized to rituximab weekly x 4
and vitamin D 2000 IU daily
137 Received intervention as
assigned
2 Did not receive intervention
(withdrew)

72 Randomized to rituximab weekly x 4
and placebo daily
71 Received intervention as
assigned
1 Did not receive intervention

!

(withdrew)

53 Completed intervention
84 Discontinued intervention
22 Did not respond at Week 13
41 Disease progression after Week 13
4 Treated for second malignancy
12 Withdrew
3 Non-adherence/Investigator decision
1 New treatment without progression
1 Died on study

32 Completed intervention
39 Discontinued intervention
11 Did not respond at Week 13
19 Disease progression after Week 13
0 Treated for second malignancy
6 Withdrew
2 Non-adherence/Investigator decision
1 New treatment without progression
0 Died on study

I

I

135 Included in primary analysis
4 Excluded (2 ineligible, 2 did not
receive intervention)

71 Included in primary analysis
1 Excluded (did not receive
intervention)

Fig. 1: Flow of patients through the ILyAD randomized clinical trial.

response in 110 patients and a partial response in 62
patients. There was no difference in response between
the vitamin D and placebo arms (both 84%). As ex-
pected, response varied by subtype, detailed in
Supplementary Table S1.

Observed toxicity was as expected with rituximab
treatment. Adverse events of all grades occurring in
more than 5% of patients are shown in Table 2. Adverse
events of interest potentially associated with vitamin D
supplementation were rare and detailed in Table 3.
Hypercalcemia was observed in two patients, both in the
placebo arm. Incidental findings of renal calculi upon
imaging were found in three patients assigned to the
vitamin D arm. One additional patient on the vitamin D
arm experienced a symptomatic renal calculus and was
taken off study drug. Three participants assigned to
vitamin D experienced bone fractures; two in the setting

www.thelancet.com Vol 78 December, 2024

of trauma. Adverse events grades 3 through 5 which
occurred in more than one patient are shown in Table 4.
There was one death on study due to complications
from COVID infection. Six additional participants (three
vitamin D; three placebo) subsequently died after
completion of study participation. Among the 206
eligible and treated patients (median follow-up of 35.1
months, IQR 22.9-45.1, with follow-up defined as time
to death or censoring, whichever occurs first), the crude
OS rate was 96.6% (95% CI, 93.1-98.6%). There was no
significant difference between the vitamin D and pla-
cebo arms (P = 0.47, Supplementary Figure S10).
Polymorphisms in the vitamin D pathway' and
biomarkers of rituximab response'? were evaluated by
whole exome sequencing of germline DNA in 194 pa-
tients. There was no association of benefit from vitamin
D supplementation with polymorphisms of vitamin D
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Patient characteristics® Vitamin D Placebo
(N = 135) (N =71)
Age at randomization, years, Median (IQR) 62 (54-70) 64 (56-71)
Male 57 (42) 31 (44)
Race
White 120 (89) 62 (87)
African American 10 (7) 5(@7)
Other/Unknown race 5 (4) 4 (6)
Ethnicity
Hispanic 10 (8) 5(7)
Non-Hispanic 123 (92) 63 (93)
Unknown 2 3
Body Mass Index, kg/m?, Median (IQR) 29 (25-33) 29 (25-33)
<25 (normal) 31(23) 16 (23)
25-29 (overweight) 45 (33) 27 (38)
>30 (obese) 59 (44) 28 (39)
Histology
Marginal Zone Lymphoma 33 (24) 14 (20)
Small Lymphocytic Lymphoma 13 (10) 9 (13)
Follicular Lymphoma 89 (66) 48 (68)
FLIPI Low/Intermediate (0-2) 62 (70) 32 (67)
FLIPI High (3-5) 27 (30) 16 (33)
FL Grade 1 35 (39) 21 (44)
FL Grade 2 44 (49) 24 (50)
FL Grade 3a 10 (11) 3 (6)
Ann Arbor Stage
Stage Il 20 (15) 7 (10)
Stage Il 45 (33) 27 (38)
Stage IV 70 (52) 37 (52)
Baseline Vitamin D, ng/mL, mean [SD]” 33 [11] 33 [12]
<20 (deficient) 15 (12) 10 (14)
>20-30 (insufficient) 39 (30) 18 (26)
>30 (sufficient) 75 (58) 42 (60)
Baseline PTH > ULN (65 pg/mL)‘ 3(2) 3(4)
Taking vitamin D supplement/multivitamind 60 (44) 30 (42)

*Frequency (column percent) is reported unless otherwise specified. "Baseline vitamin D not measured in 6
patients in the vitamin D arm and 1 in the placebo arm. “Baseline PTH not measured in 8 patients in the vitamin
D arm and 2 in the placebo arm. “Total vitamin D supplementation <1000 IU daily permitted per protocol.

Table 1: Demographics table by arm.

receptor, vitamin D binding protein, CYP24A1 or bio-
markers potentially associated with rituximab response,
detailed in Fig. 3.

Discussion

We hypothesized that vitamin D supplementation could
represent an inexpensive, nontoxic strategy to improve
rituximab efficacy in patients with low tumor burden
indolent lymphoma. In our rigorous, double-blind, pla-
cebo-controlled study, we did not demonstrate a benefit
of vitamin D supplementation when added to rituximab
for either response or EFS. The observed event rate in
our trial, including higher responses in FL compared
with other indolent histologies, was in keeping with
other recently published trials.”'* Planned subgroup

analyses of patients with FL and patients with advanced
stage and low baseline vitamin D levels still failed to
demonstrate any benefit of this intervention.

Obtained mostly through sun exposure but also
available from food sources and dietary supplements,
vitamin D in humans is metabolized in the liver and
kidney to its active form, 1,25-dihydroxyvitamin D
(1,25(0OH),D). A provocative study in mice has shown
that disrupted vitamin D signaling alters the intestinal
microbiome, affecting immunity to cancer.” Clinical
evidence supports an association of improved survival in
patients with higher vitamin D levels at diagnosis in
several malignancies, and retrospective analyses have
demonstrated improved survival with higher levels of
vitamin D among patients with newly diagnosed diffuse
large B-cell lymphoma'® and longer treatment free sur-
vival in patients with chronic lymphocytic leukemia.”
Recent studies have also demonstrated that vitamin D
insufficiency is associated with lower response rates and
inferior OS in patients with aggressive B-cell lym-
phomas treated with chimeric antigen receptor T-cell
therapy.'® Pretreatment vitamin D deficiency is also
significantly associated with impaired progression-free
and OS in Hodgkin lymphoma.*

Unlike the case in solid tumors, expression of the
vitamin D receptor is absent in indolent lymphomas,*
and gene expression studies have shown vitamin D
deficiency does not induce changes in the transcrip-
tional program of non-Hodgkin lymphomas.” There-
fore, any role of supplementation in the setting of
indolent lymphoma would be an indirect effect on the
immune microenvironment. Antibody-dependent cell-
mediated cytotoxicity (ADCC) is the major mechanism
of rituximab action in patients with indolent lymphoma.
Supplementation with vitamin D has been shown to
improve rituximab-mediated cellular cytotoxicity in
blood samples from patients with vitamin D insuffi-
ciency.”” Vitamin D also modulates the activity of
CD4+T-cells, which promote follicle center cell prolif-
eration, and are critical to maintenance of the malignant
microenvironment of FL.*° A clinical trial of vitamin D
supplementation for patients with indolent lymphoma
was conducted in the pre-rituximab era using one
microgram daily of oral alfacalcidol, a vitamin D
analogue, and demonstrated a single-agent overall
response rate of 24%. Despite this rationale, we did not
demonstrate any impact of vitamin D supplementation.

In our study, the chosen dose of 2000 IU of vitamin
D3 is a standard daily dose that is readily available over
the counter in soft gels, capsules, tablets, and liquids.
This dose adequately supplements serum 25(OH)D
levels while maintaining a substantial margin of safety
below the upper level of intake (4000 IU) at which point
the potential risk for harm begins to increase. Two
thousand 1U daily has been shown to effectively raise
25(0OH)D levels over a prolonged period of administra-
tion without evidence of toxicity in previous human
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EFS by Arm

—— Vitamin D
—— Placebo
P=076

70

Event-free Survival (%)

0 T + T + T t T
0 6 12 18 24 30 36 2

Months Since Randomization
At Risk (Cum. Events)
Vitamin D 135 (0)
Placebo 71 (0)

93 (33)
50 (18)

58 (50)
26 (29)

20 (60)
10 (31)

c Baseline Vitamin D 21-30 ng/mL

—— Vitamin D
—— Placebo
P=026

Event-free Survival (%)

Baseline Vitamin D <=20 ng/mL

—— Vitamin D
—— Placebo
P=0-19

Event-free Survival (%)

—_—
404 ‘ ‘
304
204
10+
0 T t t T
0 6 12 18 24 30 36 42
Months Since Randomization
At Risk (Cum. Events)
Vitamin D 15 (0) 8(5) 5(7) 2(7)
Placebo 10 (0) 8(2) 52 2(2)
D Baseline Vitamin D >30 ng/mL

—— Vitamin D
= Placebo
P=066

Event-free Survival (%)

0 T + T + T t T

0 6 12 18 24 30 36 42

Months Since Randomization

At Risk (Cum. Events)
Vitamin D 39 (0)
Placebo 18 (0)

31(5)

21111 7.(15)
13(4) 78

109)

Months Since Randomization

At Risk (Cum. Events)
Vitamin D 0)
Placebo 42 (0)

51(21)
29 (11)

32(29)

11(35)
14 (18) 709

Fig. 2: Event-Free Survival by Arm. Event-free survival among eligible, treated patients (A) randomized to vitamin D (n = 135) or placebo
(n = 71) (B) in patients with baseline vitamin D less than or equal to 20 ng/mL, (C) in patients with baseline vitamin D 21-30 ng/mL and (D)
baseline vitamin D greater than 30 ng/mL. The dotted vertical lines represent protocol-directed imaging assessments at Week 13 and Months

12, 24 and 36. Reported P values are for the unstratified logrank test.

studies,” and this strategy and dose of vitamin D has
been utilized in other NIH-sponsored prospective clin-
ical trials in cancer populations.”

Robust prospective trials like ours evaluating the role
of vitamin D supplementation in cancer are limited in
number, and generally have been negative. A recent
single arm study in acute myeloid leukemia combined
vitamin D with chemotherapy and did not demonstrate
any benefit in OS.” A randomized double blind trial
comparing vitamin D supplementation (1200 IU daily)
vs. placebo after surgery for lung cancer failed to
demonstrate any significant difference in relapse free
survival or OS; in this study a subgroup of patients with
early stage adenocarcinoma and low baseline vitamin D
appeared to derive some benefit.”” A study evaluating
vitamin D (2000 IU daily) or placebo after surgery in
patients with gastrointestinal cancer similarly did not
result in significant improvement in relapse-free
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survival at five years.” Another study in patients with
colorectal cancer evaluating the addition of high dose or
standard dose vitamin D in combination with chemo-
therapy and bevacizumab resulted in no significant
difference in progression-free survival.®

Retrospective cohort and observational studies in
cancer have used varying definitions of vitamin D
insufficiency in correlation with outcome, precluding
the ability to determine an optimal level of vitamin D for
treatment response as appropriate thresholds for serum
vitamin D vary significantly between different patient
subgroups and desired outcomes. In our study, we
enrolled patients regardless of baseline vitamin D level,
which was blinded to treating physicians. We chose to
not limit study participation based on baseline serum
25(0OH)D levels for several reasons, including: 1) The
highest 25(OH)D level in our previous study of patients
with follicular lymphoma was 63 ng/mL,” minimizing
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Adverse event” Grade  Vitamin D Placebo Adverse event” Vitamin D Placebo
N =137 (%) N=72(%) N =137 N=72
Fatigue 1 38 (28) 17 (24) Anemia 1 1
2 3(2) 2 (3) COVID19 infection” 4 1
Infusion related reaction 1 10 (7) 5(7) Sepsis 1 1
2 40 (29) 17 (24) Bone fracture 2 0
3 0 (0) 1(1) Syncope 4 0
Injection site reaction 1 12 (9) 6 (8) Hypertension 3 1
> 32 3(4) Hypotension 1 1
Abdominal pain 1 10 (7) 3(4) Thromboembolism 2 0
2 1(1) 0 (0) ?Patients appear only once in each row based on the worst grade experienced in
Constipation 1 8 (6) 4(6) ?ach ?ategov. POne patient in the vitamin D arm experienced grade 5 COVID
infection while on study.
2 2(1) 0 (0)
Diarrhea 1 8 (6) 23) Table 4: Incidence of grade 3-5 adverse events occurring more than
2 0 (0) 2 (3) once.
Nausea 1 8 (6) 5(7)
2 2 (1) 2(3)
Infection—COVID-19 1 5 (4) 4 (6) concern for potential toxicity with our chosen dose of
2 302 4(6) 2000 IU daily; 2) we excluded patients with other clinical
3 302) 10) manifestations of low 25(OH)D levels, namely osteo-
5 1Q) 0(0) porosis requiring prescription treatment; 3) 25(OH)D
Upper respiratory infection 1 3(2) 203) levels vary substantially by season, race and BMI; 4) our
3 8 (6) 6©) intention in designing this study was to be as inclusive
Arthralgia 1 10 (7) 4(6) as possible to maximize generalizability across a broad
2 21 23) population of patients with indolent lymphoma. Our
Back pain 1 12 (9) 34 data demonstrate that patients randomized to vitamin D
2 32) 34 had higher levels by week 13, confirming compliance
Pain in extremity 1 8 (6) 4(6) and similar to observations from another study that
Headache 1 16 (12) 4(6) utilized the 2000 IU daily schedule.”® In evaluating
2 21 1) previously published ranges of defined vitamin D
3 1) 0 (0) insufficiency, the outcome of rituximab therapy in our
Cough 1 10 (7) 4(6) trial was not impacted by vitamin D supplementation
2 1) 00) even for patients with the lowest vitamin D levels at
Dyspnea 1 5 (4) 4 (6) study entry.
2 2@ 0 (0) Response to oral vitamin D supplementation may be
Pruritus 1 3(2) 4(6) dependent on certain VDR genotypes,*' for example,
2 403) 0(0) approximately 80% of the variation in vitamin D binding
Hypertension 1 6 (4) 1Q) protein concentration is explained by genetic variation
2 7 (5) 4(6) in the vitamin D-binding protein.”” In our study, using
3 3) 0(0) whole exome sequencing, we did not demonstrate any
o . subgroup who appeared to benefit from vitamin D
atients appear only once in each row. R K K X
supplementation. Only 15% of patients in this study
Table 2: Incidence of adverse events occurring in more than 5% of were Hispanic or Black, which limits the ability to draw
patients. conclusions about these populations.
Strengths of our study include the placebo-controlled
design, uniform treatment with rituximab, and a
P S Grade et [ i Placebo arm representative US patient population treated at seven
- cancer centers with varying latitude (Rochester, NY
Hypercalcemia 1 0 2 ° L ° . .
Renal calculi . 5 o 43.1566°N to Mlaml,' FL 25.7617°N). Wh1.1e these lati-
5 R o tudes are representative (?f thfe Us popu}latlon it should
be noted that countries with different latitudes may have
3 ! 0 different distributions of vitamin D levels which may
Bone fractures 2 1 0 . N
impact the generalization of our results. Notably, rela-
3 : 0 tively few patients in our study were vitamin D deficient
Table 3: Incidence of adverse events of interest to vitamin D as only 13% of patients had baseline vitamin D less than
supplementation. 20 ng/mL. This is in contrast to earlier studies and
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Subgroup Patients (%) Treatment Hazard Ratio (90% CI) within Subgroup Interaction p-value
« VitD Better - | - Placebo Better —
Overall 206 (100) ——
Strata (N=206) 0-88
Non-FL 70 34’ —_—
FL (Low/Int Risk) 95 46, e ——
FL (High Risk) 4 20, e
Age (N=: 015 011
<62 Yr 103 50;
>=62 Yr 103 50, ——
Sex (N=206) 038
Mal 88 (43, —
= Fﬁm%e” 118 57, —_——
ace (N= -
é\ack 15 (8 062
White 182 (92 —r
Ethnicity (N=201) 089
Hispanic 15 (7] —_—
Non-Hispanic 186 (93] —_—
BMI (N:2062) 0-86
< 30 kg/m? 119 58, —_—
>= 30 kg/m? 87 42 —_—
Baseline Vitamin D (N=199) 0-24
<=20 ng/mL 25 13,
21-30 ng/mL 57 29 —_——
> 30 ng/mL 17 (59 S
VDR/rs731236 (N=194) 0-63
0/0 82 (42 —_—
/1 88 45, —_—
11 24 12,
VDR/rs2228570 (N=194) 014
0/0 25 13 —
0/1 89 46, —_—
DBL/”71041 (N=194) &0 4
rs = .
41 (21 031
0/1 82 (42 —_—
11 71 (37 o —
DBL/rs4588 (N=194) 0-70
0/0 114 59, —_—
0-1/1 80 (41 . —
CYP24A1/rs2762934 (N=194) 0-71
0/0 138 72, ———
0-1/1 55 28, —_—
CYP24A1/rs6068816 (N=194) 0-58
0/0 159 82, —
0-111 35 18,
LEP/rs2167270 (N=194) 0-73
0/0 920 (46 —
0/1 78 40 —_—
11 26 13,
FCGR3A/rs396991 (N=194) 0-90
0/0 80 (41 —
/1 83 43, —_—
11 31 16, —_——
FCGR2A/rs1801274 (N=194) 0-47
0/0 50 26, ——
/1 93 48, —_—
11 51 26,
TNF/rs1800629 (N=194) 0-98
0/0 135 70% —_——
0-1/1 59 30, —_—
1L-10/rs3024509 (N=194 -
0/0 ( ) 166 586; JR P 0-89
0-1/1 28 14,

Fig. 3: Forest Plot of Subgroup Hazard Ratios. Plot of vitamin D intervention hazard ratios within patient characteristics at baseline. Genetic
polymorphisms in genes associated with the vitamin D pathway and response to rituximab are represented by 0/0 (no minor alleles), 0/1 (one
minor allele), 1/1 (two minor alleles), 0-1/1 (one or two minor alleles). Each histology-stratified grouped Cox model included indicators for
intervention, baseline characteristic, their interaction, indicators for the two highest enrolling sites, and continuous age. Significance of in-
teractions and confidence intervals were calculated in SAS based on robust Wald tests.

international studies showing much higher levels of
deficiency in patients diagnosed with lymphoma,” and
likely is a result from increased screening for vitamin D
deficiency and supplementation in the US, despite calls
to avoid over-screening and over-prescribing of supple-
mental vitamin D for the healthy population.” This
small number of patients with vitamin D deficiency
precludes a definitive statement as to benefit to sup-
plementation in this group. Our study used a target
hazard ratio of 0.55 resulting in our modest sample size.
This hazard ratio is similar to the effect observed when
adding lenalidomide to rituximab in patients with
relapsed follicular lymphoma.** A larger study may have
had the ability to detect a small benefit to vitamin D
supplementation, however, given the rarity of indolent
lymphoma, such a study would not be feasible given
limitations of eligible patients and funding restrictions.
Our study was conducted during the COVID pandemic
which may have influenced patients’ willingness to
participate in this study.

In conclusion, our study demonstrates the impor-
tance of prospective, double-blind, placebo-controlled
studies to definitively address the role of vitamin D
supplementation as therapy for cancer. Although there

www.thelancet.com Vol 78 December, 2024

was no toxicity signal, based upon our findings, there is
no role for routine vitamin D supplementation to
improve outcomes of rituximab therapy for indolent
lymphoma, as tested in this study, in the absence of
other indication or further data. The previously
demonstrated association of low vitamin D with
outcome in patients with indolent lymphoma treated
with rituximab appears to represent a surrogate for
illness and comorbidity rather than a modifiable pre-
dictive risk factor. Our results add to a limited literature
showing no benefit of vitamin D supplementation in
cancer therapy and have broad implications for ongoing
and planned supplementation studies in other
malignancies.
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