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Simple Summary: In this study, the effect of vitamin D supplementation on pain, infections, fatigue
and quality of life in patients with advanced cancer with verified vitamin D deficiency was studied.
To this end, a randomized controlled trial, ‘Palliative-D’, was conducted, comparing the effect of
4000 IU vitamin D3 /day for 12 weeks to placebo in cancer patients admitted to palliative care. Pain
was assessed as change in opioid dose and infections measured as days on antibiotics. Vitamin
D-supplemented patients increased their opioid doses at a significantly slower rate than patients
receiving placebo, i.e., 0.56 pug less fentanyl/h per week with vitamin D treatment. Vitamin D reduced
self-assessed fatigue but did not affect antibiotic use or self-assessed Quality of life. The treatment
was safe and well-tolerated. In conclusion, correction of vitamin D deficiency may have positive
effects on pain and fatigue in palliative cancer patients.

Abstract: The aim of the ‘Palliative-D’ study was to test the hypothesis that correction of vitamin D de-
ficiency reduces opioid use in cancer patients admitted to palliative care. A multicenter randomized,
placebo-controlled, double-blind trial in three home-based palliative care facilities in Sweden was
performed. Patients with advanced cancer and 25-hydroxyvitamin D < 50 nmol/L were randomized
to vitamin D3 4000 IU/day or placebo for 12 weeks. The primary endpoint was the difference of
long-acting opioid use (fentanyl ug/h) between the groups during 12 weeks, based on four time
points. Secondary outcomes included changes in antibiotic use, fatigue and Quality of Life (QoL). A
total of 244 patients were randomized, and 150 patients completed the 12 weeks. The major reason
for drop-out was death due to cancer. The vitamin D-group had a significantly smaller increase
of opioid doses compared to the placebo-group; beta coefficient —0.56 (p = 0.03), i.e., 0.56 pug less
fentanyl/h per week with vitamin D treatment. Vitamin D-reduced fatigue assessed with ESAS was
—1.1 points after 12 weeks (p < 0.01). Antibiotic use or QoL did not differ significantly between the
groups. The treatment was safe and well-tolerated. In conclusion, correction of vitamin D deficiency
may have positive effects on opioid use and fatigue in palliative cancer patients, but only in those
with a survival time more than 12 weeks.
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1. Introduction

Vitamin D is a steroid hormone that maintains calcium homeostasis and skeletal
health [1]. Vitamin D has also been investigated for its effects on the immune and nervous
systems [2,3]. 25-hydroxyvitamin D (25-OHD) is used to assess an individual’s vitamin
D status in routine clinical settings [1]. Levels of 25-OHD lower than 50 nmol/L are
considered insufficient, and below 20 nmol/L as severely insufficient [4]. Vitamin D induces
the synthesis of antimicrobial peptides on mucosal surfaces, on the skin and in immune
cells, supporting the immune response to infections [5]. Vitamin D also reduces cytokine
release, dampens inflammatory T-cell responses and has been shown to downregulate
prostaglandin synthesis [6-9]. These findings provide a possible mechanistic explanation
for effects of vitamin D supplementation regarding infections and pain.

Previous randomized controlled trials have shown that vitamin D supplementation
reduced antibiotic use and respiratory tract infections [10-12].

Vitamin D supplementation has been studied in clinical cohorts experiencing different
types of pain, including musculoskeletal pain, migraine as well as visceral and neuropathic
pain, with both positive and negative results [2,13,14]. A recent study showed that patients
with vitamin D deficiency (25-OHD < 25 nmol/L) who had undergone surgery were at
increased risk for higher opioid use compared to those with normal vitamin D levels [15].
Previous trials have shown that vitamin D supplementation is beneficial only in patients
with low levels of 25-OHD at baseline [13,16]. Furthermore, patients diagnosed with cancer
have lower 25-OHD levels than healthy controls from the same latitude [17-21]. Interest-
ingly, vitamin D supplementation has been associated with decreased cancer mortality [22].

A cross-sectional observational study at our palliative care facility revealed that
lower levels of 25-OHD were associated with prescription of higher doses of opioids [17].
Based on this observation, we performed a pilot study, where 39 patients with vitamin D
deficiency were supplemented with vitamin D3 oil drops (4000 IU/day) for 12 weeks [23].
Compared to matched, untreated patients from the observational cohort, these patients
received lower opioid doses after one month, and had fewer days on antibiotic treatment
after three months. QoL assessed with Edmonton Symptom Assessment Scale (ESAS) [24]
improved significantly in the intervention group [23]. To test whether these results could
be reproduced in a randomized and placebo-controlled setting, we designed the ‘Palliative-
D’ study.

2. Materials and Methods
2.1. Study Design

‘Palliative-D” was a multicenter, double-blind parallel group, 1:1, randomized, placebo-
controlled trial performed at three palliative care facilities in Stockholm, Sweden. Detailed
information on the clinical units is provided in Supplementary Files. During the trial
period, four changes were made to the original design (Supplementary Files).

2.2. Ethical Statement

The study protocol was published before the start of the trial [25] and registered at
Clinicaltrial.gov: NCT03038516. The study was approved by the Regional Ethical Commit-
tee in Stockholm (Dnr 2017/405-31/1) and was conducted according to the declaration of
Helsinki. Written informed consent was obtained from all participants before any study
related procedure was performed.
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2.3. Participants

Included patients were admitted to one of the three recruiting palliative care facilities,
>18 years old, had advanced and/or metastatic cancer in palliative phase (any type of
cancer), a life expectancy of at least three months as assessed by one of the three study
physician and 25-OHD < 50 nmol/L. Ongoing oncological treatment was allowed, but
not with intention to cure. Exclusion criteria at screening were 25-OHD > 50 nmol/L,
hypercalcemia during the past two months; eGFR < 30 mL/h; a medical history of kidney
stones, sarcoidosis and/or primary hyperparathyroidism; current medication including
vitamin D > 400 IU/day, digoxin/digitoxin or thiazides; hypersensitivity to the study drug;
participation in other clinical trials involving medication; or other reasons for not being
able to complete the planned procedures. Ongoing opioid treatment at screening was
not required for participation in the trial. Written informed consent was obtained from
all participants before any study-related procedures were performed. Full inclusion and
exclusion criteria are given in the study protocol [25].

2.4. Randomization and Masking

Patients were randomly assigned 1:1 to vitamin D3 o0il drops (color and taste matched)
4000 IU/day or placebo (oil drops) for 12 weeks, dispensed in identical, sequentially num-
bered bottles. Randomization was performed using a computer-generated randomization
list to generate a permutated block randomization with a block size of four. Randomization
was not stratified. Trial masking for patients, trial staff and care providers continued until
data had been analyzed. Detremin 20,000 IU/mL (cholecalciferol solved in Miglyol oil)
and placebo (Miglyol oil) were prepared according to Good Manufacturing Practice by
Nextpharma. Eurofins LC2, a centralized randomization unit, was responsible for labeling,
blinding and randomization. Detremin was provided from Renapharma, Uppsala, Sweden,
and placebo was from Nextpharma, Limay, France.

2.5. Interventions

After written informed consent was collected, patients’ records were reviewed. Infor-
mation on age, sex, antibiotic treatment during the past 30 days, current dose of long-acting
opioid at the day of screening, ongoing oncological treatment and type of cancer was
retrieved. Blood samples were collected for analysis of 25-OHD (methods in Supplemen-
tary Files), CRP, albumin, creatinine and calcium, and for biobanking. Patients completed
the Edmonton Symptom Assessment Scale (ESAS) [24] and EORTC QLQ-C15-PAL [26],
described further in Supplementary Files.

Patients with 25-OHD < 50 nmol/L, no hypercalcemia and eGFR > 30 were eligible
for randomization. We informed all patients about their baseline 25-OHD-level. Data on
opioid dose and antibiotic use were collected once more at baseline.

Study visits were every fourth week (+/—7 days) in connection with regular weekly
visits in patients” homes (Figure S1). Each study visit included a blood sample for analysis
of albumin, calcium, creatinine and CRP, completion of ESAS and collection of data on
current opioid dose and antibiotic use during the past month. At the end of study (visit 3; 12
weeks), patients were once more asked to complete EORTC QLQ-C15-PAL, and additional
blood-samples were taken for measurement of 25-OHD (blinded for the study team) and
for storage in a biobank. Assessment of compliance is outlined in the Supplementary Files,
as are the procedures after the end of the study.

2.6. Outcomes

The predefined primary outcome was the mean difference in change in long-acting
opioid dose between the treatment arms, measured as fentanyl ug/hour during 12 weeks,
based on four time points: 0, 4, 8 and 12 weeks, and adjusted for baseline opioid-values.
In a secondary analysis, adjustments were made also for age, sex, oncological treatment,
baseline 25-OHD and colectomy. The null hypothesis was that the fentanyl dose would
increase with same rate in both groups, whereas the alternative hypothesis was that the
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fentanyl dose would increase faster in one of the groups. The choice of fentanyl dose as a
primary outcome was based on the positive results in the pilot study [23] and is further
described in the Supplementary Files.

Secondary outcomes were mean difference in change on antibiotic use, fatigue and
QoL, assessed with ESAS and EORTC QLQ-C15-PAL, and 25-OHD-levels between the
treatment arms after 12 weeks. Antibiotic use, as a proxy for infections, was measured as
the number of days with antibiotics in the previous 30 days. Fatigue was assessed with the
“tiredness” question in the ESAS form and with Question 11 in EORTC QLQ-C15-PAL. QoL
was assessed with the QoL-question in ESAS, and Question 15 in EORTC QLQ-C15-PAL.

Patients were withdrawn from the study if they developed hypercalcemia (albumin-
adjusted calcium > 2.60), if eGFR dropped below 30 mL/min, if they were prescribed
medications that were not allowed according to the study protocol, had poor compliance,
could no longer take the study drug, withdrew consent, were lost to follow-up or reported
serious or intolerable adverse events.

2.7. Monitoring of Adverse Events

Detremin has few and mild side effects, mostly nausea and diarrhea. Intoxication of
vitamin D may lead to hypercalcemia or in worst case renal failure, but this is extremely rare.
Daily doses of 4000 IU/day have not resulted in toxic 25-OHD concentrations in previous
studies [10,12,27]. According to the study protocol, only GI-symptoms, an increase in
creatinine levels, hypercalcemia and renal failure needed to be recorded as adverse events.

2.8. Sample Size

When calculating the sample size, we used results from relevant distributions in the
pilot study [23], and considered 20% to be a clinically relevant effect size. We aimed for a
targeting power of 80%, with a significance level of 0.05 (two sided) regarding the primary
outcome. The sample size of 190 patients resulted in an estimated power of 81.6%, and with
an expected dropout rate of 25%, the estimated sample size was concluded to be 254 [25].
Detailed information on sample size calculation is presented in Supplementary Files.

2.9. Statistical Analyses

Variables were summarized using median and interquartile range (Table S1). Primary
analysis was performed using linear mixed effect regression using information from three
time points: 4, 8 and 12 weeks, adjusting for the baseline value. The baseline values
were categorized (Table S2). Linear mixed models with person specific random intercepts
and slopes were used to control for the intra-person correlation inherent to repeated
measurements. The parameter of interest was the interaction of group and time, interpreted
as the average difference in weekly opioid dose change between groups. As secondary
analysis, adjustments were made for baseline opioid use, age, sex, oncological treatment,
colectomy and baseline 25-OHD levels (Table S3). Both intention-to-treat (ITT) and per-
protocol (PP) analyses were performed for the primary outcome in accordance with the
study protocol.

The difference in opioid doses at 12 weeks was analyzed using linear regression.
As with the primary analysis, two models were analyzed; unadjusted and adjusted. Es-
timation of confidence intervals (CI) was performed using normal approximation (see
Supplementary Files).

All secondary outcomes were analyzed at week 12 using only linear regression, as pre-
specified in the protocol. Adjustments were made as for the primary outcome. Antibiotic
treatment was categorized at baseline: 0, 1-7, 8-14 and 15-30 days.

Due to the high death rates during follow-up, several sensitivity analyses were per-
formed as described by Carpenter et al. [28].

The number needed to treat (NNT) was calculated using the reduction of at least
12 units of fentanyl, from baseline to the end of study at 12 weeks, as indicating a positive
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treatment effect. The difference in the percentage attaining the reduction of 12 units in both
groups was calculated and the inverse of the difference was taken to calculate the NNT.
To investigate mortality in the treatment groups, survival functions were estimated
using the Kaplan-Meier estimator and log-rank test for equality.
All analyses were performed in Stata 15 (StataCorp. 2017. Stata Statistical Software:
Release 15. College Station, TX: StataCorp LLC.). Multiple imputation was done using the
STATA command mimix [29].

3. Results

‘Palliative-D” was conducted between November 2017 and June 2020. A total of
530 patients were screened, and 244 patients were randomized to receive the study drug
(ITT population), 121 received vitamin D3 and 123 received a placebo (Figure 1). Inclusion
stopped early due to the COVID-19 pandemic, and 10 patients fewer than planned were
randomized. A total of 150 patients completed all 12 weeks of vitamin D (n = 67) or placebo
(n = 83) and constitute the PP population (Figure 1). The major reason for drop-out was
death due to cancer. Baseline demographics from the screened cohort (n = 530) have been
published previously [30].

A total of 244 patients were included in the ITT analysis, which was based on 769 ob-
servations and four time points over 12 weeks. Groups were well balanced at baseline (ITT:
Table 1 and PP: Table S1).

The ITT analysis did not show a significant difference between the slopes, beta coeffi-
cient —0.60 (95% CI —1.21; 0.02; p = 0.06), and in the adjusted analysis, beta —0.59 (95% CI
—1.20 to 0.03; p = 0.06) (Figure 2). The sensitivity analyses of different imputation models
are shown in Table S3.

However, in the PP analysis (1 = 150), based on 450 observations, the mean increase
in opioid doses in the vitamin D group was significantly smaller than in the placebo
group, beta coefficient —0.56 (95% CI —1.07; —0.05; p = 0.03), in both the unadjusted
and adjusted analysis, i.e., 0.56 pg less fentanyl/h and week with vitamin D treatment
(Figure 2), corresponding to 6.72 ug/h after 12 weeks. Thus, the null hypothesis that there
would be no difference between the slopes could be rejected in the PP analysis.

A separate non-longitudinal analysis performed on data after 12 weeks only also
showed significantly lower opioid doses in the vitamin D arm, —7.0 ug /h (p = 0.03)
(Table S4).

The number needed to treat (NNT) was calculated to be 12 patients for 12 weeks to
decrease the opioid dose with at least 12 ug fentanyl/hour in one patient. Self-assessed
pain did not differ between the two treatment arms during the study period, indicating
that opioid doses were adequately adjusted (Supplementary Files).

After 12 weeks of treatment, there was no significant difference in antibiotic use or
QoL between treatment arms (Figure 3).

The vitamin D group exhibited a significantly lower degree of fatigue assessed with
ESAS compared to the placebo group after 12 weeks; —1.1 point (p < 0.01) (Figure 3).
Fatigue assessed with EORTC QLQ-C15-PAL was not significantly different between the
groups (p = 0.06) (Figure 3).

Vitamin D treatment increased mean 25-OHD significantly, from 36 (+11) nmol/L to
81 (£26) nmol/L (p < 0.001), while mean 25-OHD in the placebo group remained stable
(Figure S2).

Overall survival was not a predefined endpoint in ‘Palliative-D,” but we observed
large drop-out rates that differed between treatment arms (Figure 1). Thus, we conducted
a post-hoc survival analysis (Figure S3). Notably, there was no difference in survival time
between the two treatment arms at any timepoint, after 4 weeks (p = 0.36), 8 weeks (p = 0.09)
or 12 weeks (p = 0.08).

The unadjusted raw data at each time point in the ITT and the PP study populations
for both primary and secondary outcomes are presented in the Supplementary Files. There
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was now a significant difference between the treatment arms regarding any outcome after
4 or 8 weeks (Figures S4 and S5).

There was no difference in calcium, creatinine, albumin or CRP levels between the
two treatment arms throughout the study (Figures S6 and S7).

One patient developed renal failure during the study and the code was broken in this
case. Unmasking of the treatment allocation revealed that this patient had received placebo.
No other serious adverse events (SAE) were recorded. Treatment was well tolerated, with
two cases of mild hypercalcemia in the vitamin D group and two in the placebo group
(adverse events are shown in Table S5).

530 screened for eligibility 286 did not meet eligibility criterfa

® 268 due to S-25-0HD > 50 nmal/L
® 7 due to detericration or death

» s 32 declined study drug

+ 3 due to hypercalcemia

v * ddue tolow eGFR

+ 1changed to curative treatment

244 randomly assigned

¥ ' v

121 assigned to Vitamin D3 4000 IU/day 123 assigned to placebo

19 excluded during first 4 weeks

o 18 excluded during first 4 weeks
» 12 due to deterioration or death

e 2 daclinad further participation

¢ 1lacked compliance

» 2 were prescribed vitamin D outside
study

¢ 1dueto>7 days break [hospital stay)

¢ 1dustooncologist's wish

s 10 due to deterioration or death
s * Sdeclined further participation

e 2 lackad compliance
s 1due to hypercalcemia
s 1due toside effects {Gl)

102 evaluated after 4 weeks 104 evaluated after 4 weeks
25 excluded betwesn wesk 4 and 8 12 excluded between week 4 and &
» » 18 due to detericration or death p»| * 10due to deterioration or death
e 7declined further participation *  ldue o hypercalcemia
+  1due to new medication (thiazides)

77 evaluated after 8 weeks 92 evaluated after 8 weeks

9 excluded between wesk 8and 12
10 excluded between week 8 and 12
e 4 due to deterioration or death

o 2declined further participation
o 1lacked compliance
*  1lduetoloweGFR

b4

* 6 due todeterioration or death
»  2due to hypercalcemia
o 2due to> 7 days break (hospital stay)

A h 4

67 evaluated after 12 weeks 83 evaluated after 12 weeks

Figure 1. Flow chart of the included and excluded patients in the ‘Palliative-D’ study.
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Table 1. Baseline characteristics of randomized patients in the ‘Palliative-D’ study.
Variabel o =Alzl4 4 \/(11:111111;1;) (I; li:;;);) p-Value
Age, median (IQR), years 68 (61-75) 68 (61-76) 68 (61-75) 0.64
Male, n (%) 120 (49) 62 (51) 58 (47) 0.61
Female, 1 (%) 124 (51) 59 (49) 65 (53) 0.61
No active oncological treatment, 1 (%) 78 (32) 37 (31) 41(33) 0.68
Chemotherapy, 1 (%) 118 (48) 58 (48) 60 (49) 0.90
Hormonal therapy, n (%) 28 (11) 18 (15) 10 (8) 0.11
Target therapy, n (%) 20 (8) 8(7) 12 (10) 0.49
25-OHD, median (IQR), nmol/L 38 (28-45) 39 (28-45) 38 (28-45) 0.83
Fentanyl dose, median (IQR), ug/h 0 (0-25) 0(0-37) 0 (0-25) 0.44
Prescribed long-acting opioid No. (%) 128 (52) 61 (50) 55 (45) 0.44
No. days on antibiotics, median (IQR), g/L 0 (0-3) 0 (0-1) 0 (0-3) 0.89
Albumin, median (IQR), g/L 30 (26-34) 30 (26-34) 30 (27-33) 0.88
Calcium, median (IQR), mmol/L 2.30 (2.21-2.38) 2.30 (2.19-2.36) 2.29 (2.23-2.38) 0.25
Creatinine, median (IQR), umol/L 70 (58-74) 68 (58-83) 71 (58-86) 0.54
CRP, median (IQR), mg/L 9 (3-31) 10 (3-27) 9 (3-31) 0.97
Colectomy No. (%) 31 (13) 17 (14) 14 (11) 0.57
ESAS fatigue, median (IQR) 4 (2-6) 4 (2-6) 4 (2-6) 0.88
ESAS QoL, median (IQR) 4 (2-6) 4 (2-6) 4 (2-6) 0.54
A fatigue, 3(2-3) 3(2-9) 3(2-3) 087
EORTC Q;SAE?EFSI%QB QoL, 4 (3-5) 4 (3-5) 4 (3-5) 031
Type of cancer, No. patients
Brain 2 1 1 >0.99
Breast 26 11 15 0.53
Upper gastrointestinal 59 30 29 0.88
Lower gastrointestinal 56 28 25 0.64
Gynecological 24 12 12 >0.99
Head and Neck 1 0 1 >0.99
Hematological 6 5 1 0.12
Lung 42 19 23 0.61
Melanoma 4 2 2 >0.99
Prostate 21 13 8 0.26
Sarcoma 3 1 3 0.62
Urinary tract 3 1 5 0.21

In the treatment group, two patients had two types of cancers (lung cancer + sarcoma and prostate cancer + upper GI cancer), and in
the placebo, group two patients had two types of cancer (lung cancer + urinary tract cancer and upper GI cancer + prostate cancer).
Systemic oncological treatment includes chemotherapy, targeted therapy, immunotherapy or a combination thereof. CI: Confidence
interval, S-25-OHD: S-25-hydroxyvitamin D, ESAS: Edmonton Symptom Assessment Scale (range 0-10), EORTC QLQ-C15-PAL: European
Organization for Research and Treatment of Cancer Quality of Life Questionnaire C15 Palliative (fatigue Q 11 range 1-4, QoL Q 15
range 1-7), QoL: Quality of Life Q: Question. A Mann-Whitney U test was used for continuous variables and Fisher’s exact test for

categorical variables.
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Opioids Favour vitamin-D Favour placebo
Unadjusted ITT 1 —e—
ITT-analysis
(n=244)  Adjusted ITT —e—
Unadjusted PP e
PP-analysis
10 adpstedied ——

T T T T T T T T T
20 -15 -10 -05 00 05 10 15 20
Beta coefficient (95% CI)

Figure 2. Main analysis: forest plots with beta coefficient and 95% CI over the opioid use in the
‘Palliative-D’ study. The intention-to-treat (ITT) analyses include all 244 randomized patients, and
the Per Protocol (PP) analysis is based on the 150 patients that completed the 12-week study period
(vitamin D 4000 IE/day n = 67 and placebo n = 83). Adjustments were made for the baseline in all
analyses and for age, sex, oncological treatment, baseline 25-hydroxyvtaim D and colectomy in the

“adjusted model”.

Favour vitamin-D Favour placebo
Antibiotics 1 ' .= i
ESAS fatigue - ! . '
less fatigue
EORTC fatigue =
—e—
ESAS QoL - % = .
improved QoL
EORTC Qol - 5 :
I —"
T T T T
-2 -1 0 1

Beta coefficient (95% CI)

———— Unadjusted @ +——— Adjusted

Figure 3. Secondary outcomes: forest plot with beta coefficient and 95% CI over the antibiotic
consumption, fatigue and QoL assessed with ESAS and EORTC QLQ-C15-PAL in the ‘Palliative-D’
study. The analysis is based on the Per Protocol (PP) analysis of the 150 patients completing the
12-week study period (vitamin D 4000 IE/day n = 67 and placebo n = 83). Adjustments were made
for the baseline in all analyses and for age, sex, oncological treatment, baseline 25-hydroxyitamin D
and colectomy in the “adjusted model.” The scale of EORTC QLQ-C15-PAL has been reversed so the
negative value of beta is an improvement in QoL, in line with all the other outcomes where negative

value shows improvement.
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4. Discussion

Here, we show that correction of vitamin D deficiency is safe and may have positive
effects on opioid use and fatigue. After 12 weeks, the mean opioid dose (fentanyl) in the
vitamin D group was 6.7 ug/h lower than in the placebo group. NNT analysis revealed
that 12 patients had to be treated for 12 weeks to obtain a reduction for one patient with
the clinically relevant dose 12 pug/h (smallest available fentanyl patch).

Vitamin D-supplemented patients exhibited less fatigue compared to the placebo group,
with a reduction of >1 ESAS point, a change that is assessed as clinically relevant [31,32].
However, vitamin D supplementation had no effect on antibiotic use. No difference in
QoL between groups could be observed. As expected, vitamin D treatment significantly
increased 25-OHD levels.

A strength of the ‘Palliative-D’ study is the study design. RCTs are difficult to conduct
in palliative care [33-37], and thus, most data from palliative care facilities are based on
observational or case-control studies [38]. Furthermore, data are comprehensive, with very
few missing data points in patients completing the study. The mean increase in 25-OHD
after 12 weeks of vitamin D treatment (42 nmol/L) was somewhat larger than in the pilot
study (33 nmol/L), indicating good compliance. Since we included patients with all types
of advanced cancer with varying remaining life span, generalizability of the results may
be broad. Significant results regarding opioid dose and fatigue were obtained, although
only 150 patients, 40 fewer than planned, completed all 12 weeks. Vitamin D treatment in
this group proved safe and well tolerable, and screening for 25-OHD deficiency would be
feasible considering analytical costs.

The major limitation of this study was the large drop-out rate, with fewer patients
completing all 12 weeks in the intervention group, resulting in loss of power and increased
risk of both Type I and type II errors. The large drop-out rate highlights the difficulties
in performing clinical trials in late-stage cancer patients and for even trained palliative
care professionals to estimate remaining life span in patients with advanced cancer, often
overestimating survival time [39,40].

There was a larger drop-out rate in the vitamin D arm, especially between 4 and
8 weeks, although overall survival did not differ significantly between the two treatment
arms at any time point. Still, it cannot be entirely ruled out that vitamin D in some way was
detrimental, leading to higher drop-out rate in the vitamin D arm, although the mechanistic
basis for such an effect remains unclear. However, it should be noted that vitamin D has
not been shown to have a negative effect in other cancer-trials [41,42]. In the large VITAL
study on 25,871 healthy subjects > 50 years old randomized to vitamin D3 2000 IE/day
or placebo with a median follow-up time of 5.3 years, vitamin D actually reduced the
incidence of metastatic or fatal cancer [41]. Overall, we believe that vitamin D is safe when
given to cancer patients in the palliative phase, although careful monitoring for potential
side-effects is recommended.

The observed effect size of —6.7 ug/h fentanyl per patient after 12 weeks might be
of limited clinical importance. However, the results presented here underscore a new
conceptual advancement that vitamin D may have direct mechanistic effects on the opioid
system in humans. As such, vitamin D supplementation should be explored in cancer pain,
since it may provide a safe and accessible way to reduce opioid use.

It should also be noted that the study population was predominantly Caucasian. Thus,
the results might not be generalizable to more diverse patient populations.

The potential mechanism for a beneficial effect of vitamin D on opioid use remain
elusive. Current evidence mainly supports effects of vitamin D on immune response, and
thus, possibly inflammatory pain [6,8,9]. However, in a rat model for hyperalgesia, vitamin
D was shown to reduce pain via induction of opioid-associated genes in the cerebrum
and spinal cord [43]. Interestingly, a recent study showed that patients with vitamin D
deficiency were more likely to have a diagnosis of an opioid use disorder [44]. In the same
study, a direct mechanistic link between vitamin D signaling and opioid analgesia was
provided by using several mouse models [44].
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To the best of our knowledge, this is the first large RCT on vitamin D supplementation
in advanced cancer patients measuring the effect of vitamin D on pain, infections, fatigue
and QoL. Though there is continuous interest in the role of vitamin D in cancer prevention
and treatment [22,45-48], data on the topic of vitamin D supplementation in symptom
management of cancer patients are scarce and have often been collected from smaller
cohorts and/or using a case-control design [18,23].

The results presented here suggest that vitamin D may improve fatigue, a symptom
notoriously difficult to treat pharmacologically [49,50]. The findings are in accordance with
our cross-sectional study of all screened patients at baseline in the ‘Palliative-D’ cohort
(n = 530), showing a correlation between low 25-OHD and fatigue severity, especially
in men [30]. The decreased need of opioids in the vitamin D group might contribute to
decreased fatigue, as might decreased inflammatory immune response and prostaglandin
synthesis [6,8,9]. However, a significant effect on fatigue was evident only when assessed
with ESAS (p < 0.01) and not with EORTC QLQ-C15-PAL (p = 0.06). Thus, this finding
should be interpreted with caution.

We did not observe effects of vitamin D supplementation on self-assessed QoL, in line
with a previous study in patients with advanced cancer [51]. Although reduced pain and
fatigue may contribute to better QoL, it may still not be enough to affect the overall life
situation of these patients.

5. Conclusions

In conclusion, correction of vitamin D deficiency in cancer patients admitted to pallia-
tive care is safe, well-tolerated and may have a positive effect on opioid use and fatigue,
but only in those with a survival time more than 12 weeks.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/ cancers13153707 /s1, Supplementary methods and results. Table S1: Baseline characteristics
of patients who completed 12 weeks of intervention in the ‘Palliative-D’ study (= per protocol
population), Table S2: Beta coefficients for the adjusted variables at baseline in the longitudinal
model for opioid dose (primary outcome) in the ITT analysis, Table S3: Sensitivity analysis for the
longitudinal linear mixed model, unadjusted ITT, Table S4: Effect of vitamin D 4000 IU/day after
12 weeks (non-longitudinal analysis) on opioid dose, antibiotic use, fatigue and quality of life (QoL)
compared to placebo in the per-protocol analysis, Table S5: Adverse events in the ‘Palliative-D’ study
in all randomized patients, Table S6: Opioid conversion table, Figure S1: Schematic Figure of data
collection in the ‘Palliative-D’ study, Figure S2: 25-hydroxyvitamin D levels (25-OHD) in plasma at
baseline and after 12 weeks of treatment, Figure S3: Kaplan-Meier plot of survival time, Figure S4:
ITT population: raw data. i.e., not adjusted for baseline. Change in opioid doses, antibiotic use,
fatigue and QoL, Figure S5: PP population: raw data. i.e., not adjusted for baseline. Change in
opioid doses, antibiotic use, fatigue and QoL, Figure S6: ITT population: raw data. i.e., not adjusted
for baseline. Levels of albumin-adjusted calcium, C-reactive protein (CRP), albumin and creatinine.
Figure S7: PP population: raw data, i.e., not adjusted for baseline. Levels of albumin-adjusted
calcium, C-reactive protein (CRP), albumin and creatinine.

Author Contributions: Conceptualization, M.H.E,, P.B. and L.B.-B.; methodology, M.H.E,, CK., M.N.,
AW, ].B,, PB. and L.B.-B.; validation, M.H.F,, CK,, C.S., M.N. and L.B.-B.; formal analysis, A.W. and
L.B.-B.; investigation, M.HL.E,, C.K., C.S., M.N. and L.B.-B.; resources, L.B.-B.; data curation, M.H.E,,
CK, CS., MN. and L.B.-B.; writing—original draft preparation, M.H.F. and L.B.-B.; writing—review
and editing, M.H.F,, CK,, C.S.,, M.N., AW, ].B,, PB. and L.B.-B.; visualization, M.H.F., A.W. and
L.B.-B.; supervision, ].B., P.B. and L.B.-B.; project administration, M.H.F,, CK. and L.B.-B.; funding
acquisition, L.B.-B. All authors have read and agreed to the published version of the manuscript.

Funding: This study was financially supported by grants from the Stockholm County Council
(SLL20160036 and SLL20180320), Swedish Cancer Society (CAN 2017/233 and CAN2018/316),
Stockholms Sjukhems Jubileumsfond, ASIH Stockholm Sodra and ASIH Stockholm Norr. The
funders of this trial took no part in study design, data collection, data interpretation, writing or
reviewing of the manuscript.


https://www.mdpi.com/article/10.3390/cancers13153707/s1
https://www.mdpi.com/article/10.3390/cancers13153707/s1

Cancers 2021, 13, 3707 11 of 13

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and approved by the Regional Ethics Committee in Stockholm (Dnr
2017/405-31/1); date of approval: 7 April 2017.

Informed Consent Statement: Written informed consent was obtained from all subjects involved in
the study before any study related procedure was performed.

Data Availability Statement: Raw data are available from the corresponding author upon request.

Acknowledgments: The authors want to express their sincere gratitude to all patients participating
in this study. The authors also want to thank all staff at ASIH Stockholm Sodra, ASIH Stockholm
Norr and Stockholms Sjukhem for their kind help with performing the study. We also want to thank
Mats Hellstrom for skillful work with the eCRF and Laura Plant (MSc, PhD) for critical reading
and language revision of the manuscript and Tina Nyman Olsson for their skillful work as study
nurse between November 2017 to January 2018. We also thank Renapharma for kindly providing the
study drug.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Holick, M.E. Vitamin D deficiency. N. Engl. |. Med. 2007, 357, 266-281. [CrossRef] [PubMed]

2. Wrzosek, M.; Lukaszkiewicz, J.; Wrzosek, M.; Jakubczyk, A.; Matsumoto, H.; Piatkiewicz, P.; Radziwon-Zaleska, M.; Wojnar, M.;
Nowicka, G. Vitamin D and the central nervous system. Pharmacol. Rep. PR 2013, 65, 271-278. [CrossRef]

3. Zasloff, M. Fighting infections with vitamin D. Nat. Med. 2006, 12, 388-390. [CrossRef] [PubMed]

4. Ross, A.C; Manson, ].E.; Abrams, S.A.; Aloia, J.F.; Brannon, PM.; Clinton, S.K.; Durazo-Arvizu, R.A.; Gallagher, ].C.; Gallo, R.L,;
Jones, G.; et al. The 2011 report on dietary reference intakes for calcium and vitamin D from the Institute of Medicine: What
clinicians need to know. J. Clin. Endocrinol. Metab. 2011, 96, 53-58. [CrossRef] [PubMed]

5. Wang, T.T,; Nestel, EP,; Bourdeau, V.; Nagai, Y.; Wang, Q.; Liao, J.; Tavera-Mendoza, L.; Lin, R.; Hanrahan, ].W.; Mader, S.; et al.
Cutting edge: 1,25-dihydroxyvitamin D3 is a direct inducer of antimicrobial peptide gene expression. J. Immunol. 2004, 173,
2909-2912. [CrossRef]

6. Gendelman, O; Itzhaki, D.; Makarov, S.; Bennun, M.; Amital, H. A randomized double-blind placebo-controlled study adding
high dose vitamin D to analgesic regimens in patients with musculoskeletal pain. Lupus 2015, 24, 483-489. [CrossRef]

7.  Hewison, M. Antibacterial effects of vitamin D. Nat. Rev. Endocrinol. 2011, 7, 337-345. [CrossRef]

8.  Hewison, M. Vitamin D and immune function: An overview. Proc. Nutr. Soc. 2012, 71, 50-61. [CrossRef]

9.  Liu, PT,; Stenger, S.; Li, H.; Wenzel, L.; Tan, B.H.; Krutzik, S.R.; Ochoa, M.T.; Schauber, J.; Wu, K.; Meinken, C.; et al. Toll-like
receptor triggering of a vitamin D-mediated human antimicrobial response. Science 2006, 311, 1770-1773. [CrossRef]

10. Bergman, P; Norlin, A.C.; Hansen, S.; Rekha, R.S.; Agerberth, B.; Bjorkhem-Bergman, L.; Ekstrom, L.; Lindh, J.D.; Andersson, J.
Vitamin D3 supplementation in patients with frequent respiratory tract infections: A randomised and double-blind intervention
study. BMJ Open 2012, 2. [CrossRef]

11. Jolliffe, D.A.; Camargo, C.A,, Jr.; Sluyter, ].D.; Aglipay, M.; Aloia, ].F.; Ganmaa, D.; Bergman, P.; Bischoff-Ferrari, H.A.; Borzutzky,
A.; Damsgaard, C.T.; et al. Vitamin D supplementation to prevent acute respiratory infections: A systematic review and
meta-analysis of aggregate data from randomised controlled trials. Lancet Diabetes Endocrinol. 2021, 9, 276-292. [CrossRef]

12.  Martineau, A.R.; Jolliffe, D.A.; Hooper, R.L.; Greenberg, L.; Aloia, J.F.; Bergman, P.; Dubnov-Raz, G.; Esposito, S.; Ganmaa, D.;
Ginde, A.A.; et al. Vitamin D supplementation to prevent acute respiratory tract infections: Systematic review and meta-analysis
of individual participant data. BM]J 2017, 356, i6583. [CrossRef]

13. Helde-Frankling, M.; Bjorkhem-Bergman, L. Vitamin D in Pain Management. Int. ]. Mol. Sci. 2017, 18, 2170. [CrossRef] [PubMed]

14. Wu, Z,; Camargo, C.A,, Jr.; Malihi, Z.; Bartley, ]J.; Waayer, D.; Lawes, CM.M.; Toop, L.; Khaw, K.T.; Scragg, R. Monthly
vitamin D supplementation, pain, and pattern of analgesic prescription: Secondary analysis from the randomized, double-blind,
placebo-controlled Vitamin D Assessment study. Pain 2018, 159, 1074-1082. [CrossRef] [PubMed]

15. Kim, Y,; Zhang, F; Su, K,; LaRochelle, M.; Callahan, M.; Fisher, D.; Wharam, J.F; Asgari, M.M. Perioperative Serum 25-
Hydroxyvitamin D Levels as a Predictor of Postoperative Opioid Use and Opioid Use Disorder: A Cohort Study. J. Gen. Intern.
Med. 2020, 35, 2545-2552. [CrossRef]

16. Heaney, R.P. Vitamin D—Baseline status and effective dose. N. Engl. ]. Med. 2012, 367, 77-78. [CrossRef] [PubMed]

17. Bergman, P.; Sperneder, S.; Hojjer, ].; Bergqvist, J.; Bjorkhem-Bergman, L. Low vitamin d levels are associated with higher opioid
dose in palliative cancer patients—Results from an observational study in sweden. PLoS ONE 2015, 10, e0128223. [CrossRef]
[PubMed]

18. Bjorkhem-Bergman, L.; Bergman, P. Vitamin D and patients with palliative cancer. BMJ Support. Palliat. Care 2016, 6, 287-291.
[CrossRef]

19. Dev, R,; Del Fabbro, E.; Schwartz, G.G.; Hui, D.; Palla, S.L.; Gutierrez, N.; Bruera, E. Preliminary report: Vitamin D deficiency in

advanced cancer patients with symptoms of fatigue or anorexia. Oncologist 2011, 16, 1637-1641. [CrossRef] [PubMed]


http://doi.org/10.1056/NEJMra070553
http://www.ncbi.nlm.nih.gov/pubmed/17634462
http://doi.org/10.1016/S1734-1140(13)71003-X
http://doi.org/10.1038/nm0406-388
http://www.ncbi.nlm.nih.gov/pubmed/16598282
http://doi.org/10.1210/jc.2010-2704
http://www.ncbi.nlm.nih.gov/pubmed/21118827
http://doi.org/10.4049/jimmunol.173.5.2909
http://doi.org/10.1177/0961203314558676
http://doi.org/10.1038/nrendo.2010.226
http://doi.org/10.1017/S0029665111001650
http://doi.org/10.1126/science.1123933
http://doi.org/10.1136/bmjopen-2012-001663
http://doi.org/10.1016/S2213-8587(21)00051-6
http://doi.org/10.1136/bmj.i6583
http://doi.org/10.3390/ijms18102170
http://www.ncbi.nlm.nih.gov/pubmed/29057787
http://doi.org/10.1097/j.pain.0000000000001189
http://www.ncbi.nlm.nih.gov/pubmed/29494417
http://doi.org/10.1007/s11606-020-06001-y
http://doi.org/10.1056/NEJMe1206858
http://www.ncbi.nlm.nih.gov/pubmed/22762324
http://doi.org/10.1371/journal.pone.0128223
http://www.ncbi.nlm.nih.gov/pubmed/26018761
http://doi.org/10.1136/bmjspcare-2015-000921
http://doi.org/10.1634/theoncologist.2011-0151
http://www.ncbi.nlm.nih.gov/pubmed/21964001

Cancers 2021, 13, 3707 12 of 13

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Morton, A.; Hardy, J.; Morton, A.; Tapuni, A.; Anderson, H.; Kingi, N.; Shannon, C. Vitamin D deficiency in patients with
malignancy in Brisbane. Support. Care Cancer Off. ]. Multinatl. Assoc. Support. Care Cancer 2014, 22, 2223-2227. [CrossRef]
[PubMed]

Shi, L.; Nechuta, S.; Gao, Y.T.; Zheng, Y.; Dorjgochoo, T.; Wu, J.; Cai, Q.; Zheng, W.; Lu, W.; Shu, X.O. Correlates of 25-
hydroxyvitamin D among Chinese breast cancer patients. PLoS ONE 2014, 9, e86467. [CrossRef]

McCullough, M.L.; Zoltick, E.S.; Weinstein, S.J.; Fedirko, V.; Wang, M.; Cook, N.R ; Eliassen, A.H.; Zeleniuch-Jacquotte, A.; Agnoli,
C.; Albanes, D.; et al. Circulating Vitamin D and Colorectal Cancer Risk: An International Pooling Project of 17 Cohorts. J. Natl.
Cancer Inst. 2019, 111, 158-169. [CrossRef]

Helde-Frankling, M.; Hoijer, J.; Bergqvist, J.; Bjorkhem-Bergman, L. Vitamin D supplementation to palliative cancer patients
shows positive effects on pain and infections-Results from a matched case-control study. PLoS ONE 2017, 12, 0184208. [CrossRef]
Watanabe, S.M.; Nekolaichuk, C.L.; Beaumont, C. The Edmonton Symptom Assessment System, a proposed tool for distress
screening in cancer patients: Development and refinement. Psycho Oncol. 2012, 21, 977-985. [CrossRef] [PubMed]
Helde-Frankling, M.; Bergqvist, J.; Klasson, C.; Nordstrom, M.; Hoijer, J.; Bergman, P.; Bjorkhem-Bergman, L. Vitamin D
supplementation to palliative cancer patients: Protocol of a double-blind, randomised controlled trial ‘Palliative-D’. BMJ Support.
Palliat. Care 2017, 7, 458-463. [CrossRef]

Groenvold, M.; Petersen, M.A.; Aaronson, N.K.; Arraras, ].I; Blazeby, ] M.; Bottomley, A.; Fayers, PM.; de Graeff, A.; Hammerlid,
E.; Kaasa, S.; et al. The development of the EORTC QLQ-C15-PAL: A shortened questionnaire for cancer patients in palliative
care. Eur. J. Cancer 2006, 42, 55-64. [CrossRef]

Norlin, A.C.; Hansen, S.; Wahren-Borgstrom, E.; Granert, C.; Bjorkhem-Bergman, L.; Bergman, P. Vitamin D3 Supplementation
and Antibiotic Consumption—Results from a Prospective, Observational Study at an Immune-Deficiency Unit in Sweden. PLoS
ONE 2016, 11, €0163451. [CrossRef]

Carpenter, ].R.; Roger, ] H.; Kenward, M.G. Analysis of longitudinal trials with protocol deviation: A framework for relevant,
accessible assumptions, and inference via multiple imputation. J. Biopharm. Stat. 2013, 23, 1352-1371. [CrossRef]

Cro, S.; Morris, T.P.; Kenward, M.G.; Carpenter, ].R. Reference-based sensitivity analysis via multiple imputation for longitudinal
trials with protocol deviation. Stata J. 2016, 16, 443—463. [CrossRef] [PubMed]

Klasson, C.; Helde-Frankling, M.; Sandberg, C.; Nordstrom, M.; Lundh-Hagelin, C.; Bjorkhem-Bergman, L. Vitamin D and
Fatigue in Palliative Cancer: A Cross-Sectional Study of Sex Difference in Baseline Data from the Palliative D Cohort. J. Palliat.
Med. 2021, 24, 433-437. [CrossRef] [PubMed]

Bedard, G.; Zeng, L.; Zhang, L.; Lauzon, N.; Holden, L.; Tsao, M.; Danjoux, C.; Barnes, E.; Sahgal, A.; Poon, M.; et al. Minimal
clinically important differences in the Edmonton symptom assessment system in patients with advanced cancer. J. Pain Symptom
Manag. 2013, 46, 192-200. [CrossRef] [PubMed]

Hui, D.; Shamieh, O.; Paiva, C.E.; Perez-Cruz, P.E.; Kwon, ] H.; Muckaden, M.A.; Park, M.; Yennu, S.; Kang, J.H.; Bruera,
E. Minimal clinically important differences in the Edmonton Symptom Assessment Scale in cancer patients: A prospective,
multicenter study. Cancer 2015, 121, 3027-3035. [CrossRef] [PubMed]

Aoun, S.M.; Nekolaichuk, C. Improving the evidence base in palliative care to inform practice and policy: Thinking outside the
box. J. Pain Symptom Manag. 2014, 48, 1222-1235. [CrossRef]

Chen, E.K,; Riffin, C.; Reid, M.C.; Adelman, R.; Warmington, M.; Mehta, S.S.; Pillemer, K. Why is high-quality research on
palliative care so hard to do? Barriers to improved research from a survey of palliative care researchers. J. Palliat. Med. 2014, 17,
782-787. [CrossRef]

Currow, D.C.; Wheeler, ].L.; Glare, P.A.; Kaasa, S.; Abernethy, A.P. A framework for generalizability in palliative care. ]. Pain
Symptom Manag. 2009, 37, 373-386. [CrossRef]

Hui, D.; Arthur, J.; Dalal, S.; Bruera, E. Quality of the supportive and palliative oncology literature: A focused analysis on
randomized controlled trials. Support. Care Cancer Off. . Multinatl. Assoc. Supportive Care Cancer 2012, 20, 1779-1785. [CrossRef]
Shelby-James, T.M.; Hardy, J.; Agar, M.; Yates, P.; Mitchell, G.; Sanderson, C.; Luckett, T.; Abernethy, A.P.; Currow, D.C. Designing
and conducting randomized controlled trials in palliative care: A summary of discussions from the 2010 clinical research forum
of the Australian Palliative Care Clinical Studies Collaborative. Palliat. Med. 2012, 26, 1042-1047. [CrossRef] [PubMed]
Bouga-Machado, R.; Rosario, M.; Alarcao, ]J.; Correia-Guedes, L.; Abreu, D.; Ferreira, J.J. Clinical trials in palliative care: A
systematic review of their methodological characteristics and of the quality of their reporting. BMC Palliat. Care 2017, 16, 10.
[CrossRef] [PubMed]

Hui, D.; Paiva, C.E.; Del Fabbro, E.G.; Steer, C.; Naberhuis, J.; van de Wetering, M.; Fernandez-Ortega, P.; Morita, T.; Suh, S.Y,;
Bruera, E.; et al. Prognostication in advanced cancer: Update and directions for future research. Support. Care Cancer Off. .
Multinatl. Assoc. Supportive Care Cancer 2019, 27, 1973-1984. [CrossRef]

Mandelli, S.; Riva, E.; Tettamanti, M.; Lucca, U.; Lombardi, D.; Miolo, G.; Spazzapan, S.; Marson, R. How palliative care
professionals deal with predicting life expectancy at the end of life: Predictors and accuracy. Support. Care Cancer Off. . Multinatl.
Assoc. Supportive Care Cancer 2021, 29, 2093-2103. [CrossRef]

Chandler, P.D.; Chen, W.Y.; Ajala, O.N.; Hazra, A.; Cook, N.; Bubes, V.; Lee, LM.; Giovannucci, E.L.; Willett, W.; Buring, J.E.;
et al. Effect of Vitamin D3 Supplements on Development of Advanced Cancer: A Secondary Analysis of the VITAL Randomized
Clinical Trial. JAMA Netw. Open 2020, 3, €2025850. [CrossRef] [PubMed]


http://doi.org/10.1007/s00520-014-2218-z
http://www.ncbi.nlm.nih.gov/pubmed/24664359
http://doi.org/10.1371/journal.pone.0086467
http://doi.org/10.1093/jnci/djy087
http://doi.org/10.1371/journal.pone.0184208
http://doi.org/10.1002/pon.1996
http://www.ncbi.nlm.nih.gov/pubmed/21671304
http://doi.org/10.1136/bmjspcare-2017-001429
http://doi.org/10.1016/j.ejca.2005.06.022
http://doi.org/10.1371/journal.pone.0163451
http://doi.org/10.1080/10543406.2013.834911
http://doi.org/10.1177/1536867X1601600211
http://www.ncbi.nlm.nih.gov/pubmed/29398978
http://doi.org/10.1089/jpm.2020.0283
http://www.ncbi.nlm.nih.gov/pubmed/32936046
http://doi.org/10.1016/j.jpainsymman.2012.07.022
http://www.ncbi.nlm.nih.gov/pubmed/23177724
http://doi.org/10.1002/cncr.29437
http://www.ncbi.nlm.nih.gov/pubmed/26059846
http://doi.org/10.1016/j.jpainsymman.2014.01.007
http://doi.org/10.1089/jpm.2013.0589
http://doi.org/10.1016/j.jpainsymman.2008.03.020
http://doi.org/10.1007/s00520-011-1275-9
http://doi.org/10.1177/0269216311417036
http://www.ncbi.nlm.nih.gov/pubmed/21844138
http://doi.org/10.1186/s12904-016-0181-9
http://www.ncbi.nlm.nih.gov/pubmed/28122560
http://doi.org/10.1007/s00520-019-04727-y
http://doi.org/10.1007/s00520-020-05720-6
http://doi.org/10.1001/jamanetworkopen.2020.25850
http://www.ncbi.nlm.nih.gov/pubmed/33206192

Cancers 2021, 13, 3707 13 of 13

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Wactawski-Wende, ].; Kotchen, ].M.; Anderson, G.L.; Assaf, A.R.; Brunner, R.L.; O’Sullivan, M.]J.; Margolis, K.L.; Ockene, ] K.;
Phillips, L.; Pottern, L.; et al. Calcium plus vitamin D supplementation and the risk of colorectal cancer. N. Engl. ]. Med. 2006, 354,
684-696. [CrossRef] [PubMed]

Poisbeau, P.; Aouad, M.; Gazzo, G.; Lacaud, A.; Kemmel, V.; Landel, V.; Lelievre, V.; Feron, E. Cholecalciferol (Vitamin D3)
Reduces Rat Neuropathic Pain by Modulating Opioid Signaling. Mol. Neurobiol. 2019, 56, 7208-7221. [CrossRef] [PubMed]
Kemeny, L.V,; Robinson, K.C.; Hermann, A.L.; Walker, D.M.; Regan, S.; Yew, Y.W,; Lai, Y.C.; Theodosakis, N.; Rivera, P.D.; Ding,
W.; et al. Vitamin D deficiency exacerbates UV /endorphin and opioid addiction. Sci. Adv. 2021, 7, eabe4577. [CrossRef]

Baron, J.A.; Barry, E.L.; Mott, L.A_; Rees, ].R.; Sandler, R.S.; Snover, D.C.; Bostick, RM.; Ivanova, A.; Cole, B.E; Ahnen, D.].; et al.
A Trial of Calcium and Vitamin D for the Prevention of Colorectal Adenomas. N. Engl. ]. Med. 2015, 373, 1519-1530. [CrossRef]
Manson, J.E.; Cook, N.R.; Lee, LM.; Christen, W.; Bassuk, S.S.; Mora, S.; Gibson, H.; Gordon, D.; Copeland, T.; D’Agostino, D.;
et al. Vitamin D Supplements and Prevention of Cancer and Cardiovascular Disease. N. Engl. |. Med. 2019, 380, 33—44. [CrossRef]
Ng, K.; Nimeiri, H.S.; McCleary, N.J.; Abrams, T.A.; Yurgelun, M.B.; Cleary, ].M.; Rubinson, D.A.; Schrag, D.; Miksad, R.; Bullock,
AlJ.; et al. Effect of High-Dose vs Standard-Dose Vitamin D3 Supplementation on Progression-Free Survival Among Patients With
Advanced or Metastatic Colorectal Cancer: The SUNSHINE Randomized Clinical Trial. JAMA 2019, 321, 1370-1379. [CrossRef]
Urashima, M.; Ohdaira, H.; Akutsu, T.; Okada, S.; Yoshida, M.; Kitajima, M.; Suzuki, Y. Effect of Vitamin D Supplementation on
Relapse-Free Survival Among Patients With Digestive Tract Cancers: The AMATERASU Randomized Clinical Trial. JAMA 2019,
321, 1361-1369. [CrossRef]

Klasson, C.; Helde Frankling, M.; Lundh Hagelin, C.; Bjorkhem-Bergman, L. Fatigue in Cancer Patients in Palliative Care-A
Review on Pharmacological Interventions. Cancers 2021, 13, 985. [CrossRef]

Miicke, M.; Cuhls, H.; Peuckmann-Post, V.; Minton, O.; Stone, P.; Radbruch, L. Pharmacological treatments for fatigue associated
with palliative care. Cochrane Database Syst. Rev. 2015, 2015, Cd006788. [CrossRef]

Martinez-Alonso, M.; Dusso, A.; Ariza, G.; Nabal, M. Vitamin D deficiency and its association with fatigue and quality of life in
advanced cancer patients under palliative care: A cross-sectional study. Palliat. Med. 2016, 30, 89-96. [CrossRef] [PubMed]


http://doi.org/10.1056/NEJMoa055222
http://www.ncbi.nlm.nih.gov/pubmed/16481636
http://doi.org/10.1007/s12035-019-1582-6
http://www.ncbi.nlm.nih.gov/pubmed/31001801
http://doi.org/10.1126/sciadv.abe4577
http://doi.org/10.1056/NEJMoa1500409
http://doi.org/10.1056/NEJMoa1809944
http://doi.org/10.1001/jama.2019.2402
http://doi.org/10.1001/jama.2019.2210
http://doi.org/10.3390/cancers13050985
http://doi.org/10.1002/14651858.CD006788.pub3
http://doi.org/10.1177/0269216315601954
http://www.ncbi.nlm.nih.gov/pubmed/26315460

	Introduction 
	Materials and Methods 
	Study Design 
	Ethical Statement 
	Participants 
	Randomization and Masking 
	Interventions 
	Outcomes 
	Monitoring of Adverse Events 
	Sample Size 
	Statistical Analyses 

	Results 
	Discussion 
	Conclusions 
	References

