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Benefits of High-Dose Vitamin D in 
Managing Cutaneous Adverse Events 
Induced by Chemotherapy and 
Radiation Therapy

Maya L. Muldowney, BA; Bridget E. Shields, MD

The use of chemotherapy and radiation for cancer treatment can 
result in cutaneous adverse events (AEs) such as toxic erythema 
of chemotherapy (TEC) and radiation-induced dermatitis. High-
dose vitamin D supplementation has been suggested to potentially 
improve and shorten recovery for these AEs, primarily based on data 
from case reports and case series. In this article, we discuss the role 
of vitamin D in the most prevalent cancers (breast and colorectal 
cancer) and changes in vitamin D levels after chemotherapy or radia-
tion treatments. We also summarize reports on high-dose vitamin D 
supplementation for treating chemotherapy-induced and radiation-
induced skin toxicity. Larger studies and randomized controlled trials 
are essential to clarify the roles of vitamin D in malignancy and in 
cutaneous AEs associated with cancer treatment. The existing stud-
ies we reviewed lack standardized dosing regimens and exhibited 
heterogeneity across study populations, making it challenging to 
draw generalizable conclusions. 

V itamin D (VD) regulates keratinocyte proliferation 
and differentiation, modulates inflammatory path-
ways, and protects against cellular damage in the 

skin.1 In the setting of tissue injury and acute skin inflam-
mation, active vitamin D—1,25(OH)2D—suppresses sig-
naling from pro-inflammatory chemokines and cytokines 
such as IFN-γ and IL-17.2,3 This suppression reduces pro-
liferation of helper T cells (TH1, TH17) and B cells, decreas-
ing tissue damage from reactive oxygen species release 
while enhancing secretion of the anti-inflammatory cyto-
kine IL-10 by antigen-presenting cells.2-4

Suboptimal VD levels have been associated with 
numerous health consequences including malignancy, 
prompting interest in VD supplementation for improv-
ing cancer-related outcomes.5 Beyond disease prognosis, 
high-dose VD supplementation has been suggested as 
a potential therapy for adverse events (AEs) related to 
cancer treatments. In one study, mice that received oral 
vitamin D3 supplementation of 11,500 IU/kg daily had 
fewer doxorubicin-induced cardiotoxic effects on ejection 
fraction (P<.0001) and stroke volume (P<.01) than mice 
that received VD supplementation of 1500 IU/kg daily.6 

In this review, we examine the impact of chemoradia-
tion on 25(OH)D levels—which more accurately reflects 
VD stores than 1,25(OH)2D levels—and the impact 
of suboptimal VD on cutaneous toxicities related to 
chemoradiation. To define the suboptimal VD thresh-
old, we used the Endocrine Society’s clinical practice 

PRACTICE POINTS
•  High-dose vitamin D supplementation may be

considered in the management of cutaneous injury
from chemotherapy or ionizing radiation.

•  Optimal dosing has not been established, so patients
given high-dose vitamin D supplementation should
have close clinical follow-up; however, adverse events
from high-dose vitamin D supplementation have not
been reported.
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guidelines, which characterize suboptimal 25(OH)D lev-
els as insufficiency (21–29 ng/mL [52.5–72.5 nmol/L]) 
or deficiency (<20 ng/mL [50 nmol/L])7; deficiency can 
be further categorized as severe deficiency (<12 ng/mL  
[30 nmol/L]).8 This review also evaluates the evidence for 
vitamin D3 supplementation to alleviate the cutaneous 
AEs of chemotherapy and radiation treatments.

Effects of Chemotherapy on Vitamin D Levels
A high prevalence of VD deficiency is seen in various 
cancers. In a retrospective review of 25(OH)D levels in 
2098 adults with solid tumors of any stage (6% had meta-
static disease [n=124]), suboptimal levels were found in 
69% of patients with breast cancer (n=617), 75% with 
colorectal cancer (n=84), 72% with gynecologic cancer 
(n=65), 79% with kidney and bladder cancer (n=145), 
83% with pancreatic and upper gastrointestinal tract 
cancer (n=178), 73% with lung cancer (n=73), 69% with 
prostate cancer (n=225), 61% with skin cancer (n=399), 
and 63% with thyroid cancer (n=172).5 Suboptimal VD 
also has been found in hematologic malignancies. In a 
prospective cohort study, mean serum 25(OH)D levels 
in 23 patients with recently diagnosed acute myeloid 
leukemia demonstrated VD deficiency (mean [SD], 18.6 
[6.6] nmol/L).9 Given that many patients already exhibit a 
baseline VD deficiency at cancer diagnosis, it is important 
to understand the relationship between VD and cancer 
treatment modalities.5 

In the United States, breast and colorectal cancers 
were estimated to be the first and fourth most common 
cancers, with 313,510 and 152,810 predicted new cases in 
2024, respectively.10 This review will focus on breast and 
colorectal cancer when describing VD variation associated 
with chemotherapy exposure due to their high prevalence.

Effects of Chemotherapy on Vitamin D Levels in Breast 
Cancer—Breast cancer studies have shown suboptimal 
VD levels in 76% of females 75 years or younger with any 
T1, T2, or T3; N0 or N1; and M0 breast cancer, in which 
38.5% (n=197) had insufficient and 37.5% (n=192) had 
deficient 25(OH)D levels.11 In a study of female patients 
with primary breast cancer (stage I, II, or III and T1 with 
high Ki67 expression [≥30%], T2, or T3), VD deficiency 
was seen in 60% of patients not receiving VD supplemen-
tation.12,13 A systematic review that included 7 studies of 
different types of breast cancer suggested that circulating 
25(OH)D may be associated with improved prognosis.14 
Thus, studies have investigated risk factors associated 
with poor or worsening VD status in individuals with 
breast cancer, including exposure to chemotherapy and/
or radiation treatment.12,15-18 

A prospective cohort study assessed 25(OH)D lev-
els in 95 patients with any breast cancer (stages I, 
II, IIIA, IIIB) before and after initiating chemother-
apy with docetaxel, doxorubicin, epirubicin, 5-fluoro-
uracil, or cyclophosphamide, compared with a group 
of 52 females without cancer.17 In the breast cancer 
group, approximately 80% (76/95) had suboptimal and  

50% (47/95) had deficient VD levels before chemo-
therapy initiation (mean [SD], 54.1 [22.8] nmol/L). In 
the comparison group, 60% (31/52) had suboptimal and 
30% (15/52) had deficient VD at baseline (mean [SD], 
66.1 [23.5] nmol/L), which was higher than the breast 
cancer group (P=.03). A subgroup analysis excluded  
participants who started, stopped, or lacked data on  
dietary supplements containing VD (n=39); in the 
remaining 56 participants, a significant decrease in 
25(OH)D levels was observed shortly after finishing che-
motherapy compared with the prechemotherapy base-
line value (mean, −7.9 nmol/L; P=.004). Notably, 6 
months after chemotherapy completion, 25(OH)D levels 
increased (mean, +12.8 nmol/L; P<.001). Vitamin D lev-
els remained stable in the comparison group (P=.987).17

Consistent with these findings, a cross-sectional 
study assessing VD status in 394 female patients with 
primary breast cancer (stage I, II, or III and T1 with high 
Ki67 expression [≥30%], T2, or T3), found that a history 
of chemotherapy was associated with increased odds 
of 25(OH)D levels less than 20 ng/mL compared with 
breast cancer patients with no prior chemotherapy (odds 
ratio, 1.86; 95% CI, 1.03-3.38).12 Although the study data 
included chemotherapy history, no information was pro-
vided on specific chemotherapy agents or regimens used 
in this cohort, limiting the ability to detect the drugs most 
often implicated. 

Both studies indicated a complex interplay between 
chemotherapy and VD levels in breast cancer patients. 
Although Kok et al17 suggested a transient decrease in VD 
levels during chemotherapy with a subsequent recovery 
after cessation, Fassio et al12 highlighted the increased 
odds of VD deficiency associated with chemotherapy. 
Ultimately, larger randomized controlled trials are needed 
to better understand the relationship between chemo-
therapy and VD status in breast cancer patients.

Effects of Chemotherapy on Vitamin D Levels in Colorectal 
Cancer—Similar to patterns seen in breast cancer, a sys-
tematic review with 6 studies of different types of colorec-
tal cancer suggested that circulating 25(OH)D levels may 
be associated with prognosis.14 Studies also have investi-
gated the relationship between colorectal chemotherapy 
regimens and VD status.15,16,18,19 

A retrospective study assessed 25(OH)D levels in  
315 patients with any colorectal cancer (stage I–IV).15 
Patients were included in the analysis if they received 
less than 400 IU daily of VD supplementation at baseline. 
For the whole study sample, the mean (SD) VD level was 
23.7 (13.71) ng/mL. Patients who had not received che-
motherapy within 3 months of the VD level assessment 
were categorized as the no chemotherapy group, and the 
others were designated as the chemotherapy group; the 
latter group was exposed to various chemotherapy regi-
mens, including combinations of irinotecan, oxaliplatin, 
5-fluorouracil, leucovorin, bevacizumab, or cetuximab. 
Multivariate analysis showed that the chemotherapy 
group was 3.7 times more likely to have very low VD 
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levels (≤15 ng/mL) compared with those in the no che-
motherapy group (P<.0001).15

A separate cross-sectional study examined serum 
25(OH)D concentrations in 1201 patients with any newly 
diagnosed colorectal carcinoma (stage I–III); 91% of 
cases were adenocarcinoma.18 In a multivariate analysis, 
chemotherapy plus surgery was associated with lower 
VD levels than surgery alone 6 months after diagnosis 
(mean, −8.74 nmol/L; 95% CI, −11.30 to −6.18 nmol/L), 
specifically decreasing by a mean of 6.7 nmol/L (95% CI, 
−9.8 to −3.8 nmol/L) after adjusting for demographic 
and lifestyle factors.18 However, a prospective cohort 
study demonstrated different findings.19 Comparing  
58 patients with newly diagnosed colorectal adenocarci-
noma (stages I–IV) who underwent chemotherapy and 
36 patients who did not receive chemotherapy, there was 
no significant change in 25(OH)D levels from the time of 
diagnosis to 6 months later. Median VD levels decreased 
by 0.7 ng/mL in those who received chemotherapy, while 
a minimal (and not significant) increase of 1.6 ng/mL was 
observed in those without chemotherapy intervention 
(P=.26). Notably, supplementation was not restricted in 
this cohort, which may have resulted in higher VD levels 
in those taking supplements.19

Since time of year and geographic location can influ-
ence VD levels, one prospective cohort study controlled 
for differential sun exposure due to these factors in their 
analysis.16 Assessment of 25(OH)D levels was completed 
in 81 chemotherapy-naïve cancer patients immediately 
before beginning chemotherapy as well as 6 and 12 weeks 
into treatment. More than 8 primary cancer types were 
represented in this study, with breast (34% [29/81]) and 
colorectal (14% [12/81]) cancer being the most common, 
but the cancer stages of the participants were not detailed.  
Vitamin D levels decreased after commencing chemo-
therapy, with the largest drop occurring 6 weeks into 
treatment. From the 6- to 12-week end points, VD 
increased but remained below the original baseline level 
(baseline: mean [SD], 49.2 [22.3] nmol/L; 6 weeks: mean 
[SD], 40.9 [19.0] nmol/L; 12 weeks: mean [SD], 45.9 
[19.7] nmol/L; P=.05).16 

Although focused on breast and colorectal can-
cers, these studies suggest that various chemotherapy 
regimens may confer a higher risk for VD deficiency 
compared with VD status at diagnosis and/or prior to 
chemotherapy treatment. However, most of these studies 
only discussed stage-based differences, excluding analy-
sis of the variety of cancer subtypes that comprise breast 
and colorectal malignancies, which may limit our ability 
to extrapolate from these data. Ultimately, larger random-
ized controlled trials are needed to better understand the 
relationship between chemotherapy and VD status across 
various primary cancer types.

Effects of Radiation Therapy on Vitamin D Levels
Unlike chemotherapy, studies on the association between 
radiation therapy and VD levels are minimal, with most 

reports in the literature discussing the use of VD to 
potentiate the effects of radiation therapy. In one cross-
sectional analysis of 1201 patients with newly diagnosed 
stage I, II, or III colorectal cancer of any type (94% were 
adenocarcinoma), radiation plus surgery was associated 
with slightly lower 25(OH)D levels than surgery alone for 
tumor treatment 6 months after diagnosis (mean, −3.17; 
95% CI, −6.07 to −0.28 nmol/L). However, after adjust-
ment for demographic and lifestyle factors, this decrease 
in VD levels attributable to radiotherapy was not statisti-
cally significant compared with the surgery-only cohort 
(mean, −1.78; 95% CI, −5.07 to 1.52 nmol/L).18

Similarly, a cross-sectional study assessing VD sta-
tus in 394 female patients with primary breast cancer  
(stage I, II, or III and T1 with high Ki67 expression [≥30%], 
T2, or T3), found that a history of radiotherapy was not 
associated with a difference in serum 25(OH)D levels 
compared with those with breast cancer without prior 
radiotherapy (odds ratio, 0.90; 95% CI, 0.52-1.54).12 From 
the limited existing literature specifically addressing 
variations of VD levels with radiation, radiation therapy 
does not appear to significantly impact VD levels.

Vitamin D Levels and the Severity of Chemotherapy- 
or Radiation Therapy–Induced AEs
A prospective cohort of 241 patients did not find an 
increase in the incidence or severity of chemotherapy-
induced cutaneous toxicities in those with suboptimal 
1,25(OH)2D3 levels (≤75 nmol/L).20 Eight different pri-
mary cancer types were represented, including breast 
and colorectal cancer; the tumor stages of the par-
ticipants were not detailed. Forty-one patients had nor-
mal 1,25(OH)2D3 levels, while the remaining 200 had 
suboptimal levels. There was no significant association 
between serum VD levels and the following dermatologic 
toxicities: desquamation (P=.26), xerosis (P=.15), muco-
sitis (P=.30), or painful rash (P=.87). Surprisingly, nail 
changes and hand-foot reactions occurred with greater 
frequency in patients with normal VD levels (P=.01 and 
P=.03, respectively).20 Hand-foot reaction is part of the 
toxic erythema of chemotherapy (TEC) spectrum, which 
is comprised of a range of cytotoxic skin injuries that 
typically manifest within 2 to 3 weeks of exposure to the 
offending chemotherapeutic agents, often characterized 
by erythema, pain, swelling, and blistering, particularly 
in intertriginous and acral areas.21-23 Recovery from TEC 
generally takes at least 2 to 4 weeks and may necessitate 
cessation of the offending chemotherapeutic agent.21,24 
Notably, this study measured 1,25(OH)2D3 levels instead 
of 25(OH)D levels, which may not reliably indicate body 
stores of VD.7,20 These results underscore the complex 
nature between chemotherapy and VD; however, VD lev-
els alone do not appear to be a sufficient biomarker for 
predicting chemotherapy-associated cutaneous AEs. 

Interestingly, radiation therapy–induced AEs may be 
associated with VD levels. A prospective cohort study of 
98 patients with prostate, bladder, or gynecologic cancers 
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(tumor stages were not detailed) undergoing pelvic radio-
therapy found that females and males with 25(OH)D lev-
els below a threshold of 35 and 40 nmol/L, respectively, 
were more likely to experience higher Radiation Therapy 
Oncology Group (RTOG) grade acute proctitis compared 
with those with VD above these thresholds.25 Specifically, 
VD below these thresholds was associated with increased 
odds of RTOG grade 2 or higher radiation-induced proc-
titis (OR, 3.07; 95% CI, 1.27-7.50 [P=.013]). Additionally, 
a weak correlation was noted between VD below these 
thresholds and the RTOG grade, with a Spearman cor-
relation value of −0.189 (P=.031).25

One prospective cohort study included 28 patients 
with any cancer of the oral cavity, oropharynx, hypo-
pharynx, or larynx stages II, III, or IVA; 93% (26/28) 
were stage III or IVA.26 The 20 (71%) patients with 
suboptimal 25(OH)D levels (≤75 nmol/L) experienced a 
higher prevalence of grade II radiation dermatitis com-
pared with the 8 (29%) patients with optimal VD levels  
(χ 2

2 =5.973; P=.0505). This pattern persisted with the 
severity of mucositis; patients from the suboptimal 
VD group presented with higher rates of grades II 
and III mucositis compared with the VD optimal group  
(χ 2

2 =13.627; P=.0011).26 Recognizing the small cohort 
evaluated in the study, we highlight the importance of 
further studies to clarify these associations. 

Chemotherapy-Induced Cutaneous Events 
Treated with High-Dose Vitamin D
Chemotherapeutic agents are known to induce cellular 
damage, resulting in a range of cutaneous AEs that can 
invoke discontinuation of otherwise effective chemother-
apeutic interventions.27,28 Recent research has explored 
the potential of high-dose vitamin D3 as a therapeutic 
agent to mitigate cutaneous reactions.29,30

A randomized, double-blind, placebo-controlled 
trial investigated the use of a single high dose of oral   
25(OH)D to treat topical nitrogen mustard (NM)–induced 
rash.29 To characterize baseline inflammatory responses 
from NM injury without intervention, clinical measures, 
serum studies, and tissue analyses from skin biopsies 
were performed on 28 healthy adults after exposure 
to topical NM—a chemotherapeutic agent classified 
as a DNA alkylator. Two weeks later, participants were 
exposed to topical NM a second time and were split 
into 2 groups: 14 patients received a single 200,000-IU 
dose of oral 25(OH)D while the other 14 participants 
were given a placebo. Using the inflammatory markers 
induced from baseline exposure to NM alone, posttreat-
ment analysis revealed that the punch biopsies from the 
25(OH)D group expressed fewer NM-induced inflamma-
tory markers compared with the placebo group at both 
72 hours and 6 weeks following NM injury (72 hours:  
12 vs 17 inflammatory markers; 6 weeks: 4 vs 11 inflam-
matory markers). Notably, NM inflammatory markers 
were enriched for IL-17 signaling pathways in the pla-
cebo biopsies but not in the 25(OH)D intervention group. 

This study also identified mild and severe patterns of 
inflammatory responses to NM that were independent 
of the 25(OH)D intervention. Biomarkers specific to 
skin biopsies from participants with the severe response 
included CCL20, CCL2, and CXCL8 (adjusted P<.05). 
At 6 weeks posttreatment, the 25(OH)D group showed 
a 67% reduction in NM injury markers compared with a 
35% reduction in the placebo group. Despite a reduction 
in tissue inflammatory markers, there were no clinically 
significant changes observed in skin redness, swelling, 
or histologic structure when comparing the 25(OH)D- 
supplemented group to the placebo group at any time 
during the study, necessitating further research into the 
mechanistic roles of high doses VD supplementation.29

Although Ernst et al29 did not observe any clinically 
significant improvements with VD treatment, a case series 
of 6 patients with either glioblastoma multiforme, acute 
myeloid leukemia, or aplastic anemia did demonstrate 
clinical improvement of TEC after receiving high-dose 
vitamin D3.30 The mean time to onset of TEC was noted 
at 8.5 days following administration of the inciting che-
motherapeutic agent, which included combinations of 
anthracycline, antimetabolite, kinase inhibitor, B-cell lym-
phoma 2 inhibitor, purine analogue, and alkylating agents. 
A combination of clinical and histologic findings was 
used to diagnose TEC. Baseline 25(OH)D levels were not 
established prior to treatment. The treatment regimen for  
1 patient included 2 doses of 50,000 IU of VD spaced 1 week 
apart, totaling 100,000 IU, while the remaining 5 patients 
received a total of 200,000 IU, also split into 2 doses given 
1 week apart. All patients received their first dose of VD 
within a week of the cutaneous eruption. Following the 
initial VD dose, there was a notable improvement in pain, 
pruritus, or swelling by the next day. Reduction in erythema 
also was observed within 1 to 4 days.30

No AEs associated with VD supplementation were 
reported, suggesting a potential beneficial role of high-
dose VD in accelerating recovery from chemotherapy-
induced rashes without evident safety concerns.

Radiation Therapy–Induced Cutaneous Events 
Treated with High-Dose Vitamin D
Radiation dermatitis is a common and often severe 
complication of radiation therapy that affects more than 
90% of patients undergoing treatment, with half of these 
individuals experiencing grade 2 toxicity, according to 
the National Cancer Institute’s Common Terminology 
Criteria for Adverse Events.31,32 Radiation damage to 
basal keratinocytes and hair follicle stem cells disrupts 
the renewal of the skin’s outer layer, while a surge of free 
radicals causes irreversible DNA damage.33 Symptoms of 
radiation dermatitis can vary from mild pink erythema 
to tissue ulceration and necrosis, typically within 1 to  
4 weeks of radiation exposure.34 The resulting dermatitis 
can take 2 to 4 weeks to heal, notably impacting patient 
quality of life and often necessitating modifications or 
interruptions in cancer therapy.33
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Prior studies have demonstrated the use of high-
dose VD to improve the healing of UV-irradiated skin. 
A randomized controlled trial investigated high-dose  
vitamin D3 to treat experimentally induced sunburn in 20 
healthy adults. Compared with those who received a pla-
cebo, participants receiving the oral dose of 200,000 IU of  
vitamin D3 demonstrated suppression of the pro- 
inflammatory mediators tumor necrosis factor α (P=.04) 
and inducible nitric oxide synthase (P=.02), while expres-
sion of tissue repair enhancer arginase 1 was increased 
(P<.005).35 The mechanism of this enhanced tissue repair 
was investigated using a mouse model, in which intra-
peritoneal 25(OH)D was administered following severe 
UV-induced skin injury. On immunofluorescence micros-
copy, mice treated with VD showed enhanced autophagy 
within the macrophages infiltrating UV-irradiated skin.36 
The use of high-dose VD to treat UV-irradiated skin in 
these studies established a precedent for using VD to heal 
cutaneous injury caused by ionizing radiation therapy.

Some studies have focused on the role of VD for 
treating acute radiation dermatitis. A study of 23 patients 
with ductal carcinoma in situ or localized invasive ductal 
carcinoma breast cancer compared the effectiveness of 
topical calcipotriol to that of a standard hydrating oint-
ment.37 Participants were randomized to 1 of 2 treat-
ments before starting adjuvant radiotherapy to evaluate 
their potential in preventing radiation dermatitis. In 87% 
(20/23) of these patients, no difference in skin reaction 
was observed between the 2 treatments, suggesting that 
topical VD application may not offer any advantage over 
the standard hydrating ointment for the prevention of 
radiation dermatitis.37

Benefits of high-dose oral VD for treating radiation 
dermatitis also have been reported. Nguyen et al38 docu-
mented 3 cases in which patients with neuroendocrine 
carcinoma of the pancreas, tonsillar carcinoma, and 
breast cancer received 200,000 IU of oral ergocalciferol 
distributed over 2 doses given 7 days apart for radia-
tion dermatitis. These patients experienced substantial 
improvements in pain, swelling, and redness within a 
week of the initial dose. Additionally, a case of radiation 
recall dermatitis, which occurred a week after vinorel-
bine chemotherapy, was treated with 2 doses totaling  
100,000 IU of oral ergocalciferol. This patient also had 
improvement in pain and swelling but continued to have 
tumor-related induration and ulceration.39

Although topical VD did not show significant benefits 
over standard treatments for radiation dermatitis, high-
dose oral VD appears promising in improving patient 
outcomes of pain and swelling more rapidly than current 
practices. Further research is needed to confirm these 
findings and establish standardized treatment protocols.

Final Thoughts
Suboptimal VD levels are prevalent in numerous can-
cer types. Chemotherapy often is associated with acute, 
potentially transient worsening of VD status in patients 

with breast and colorectal cancer. Although 25(OH)D 
levels have not corresponded with increased frequency 
of  chemotherapy-related dermatologic AEs, suboptimal 
25(OH)D levels appear to be associated with increased 
severity of radiation-induced mucositis and dermatitis.20,25,26 
The use of high-dose VD as a therapeutic agent shows 
promise in mitigating chemotherapy-induced and radia-
tion therapy–induced rashes in multiple cancer types with 
reduction of inflammatory markers and a durable anti-
inflammatory impact. Although the mechanisms of cel-
lular injury vary among chemotherapeutic agents, the 
anti-inflammatory and tissue repair properties of VD may 
make it an effective treatment for chemotherapy-induced 
cutaneous damage regardless of injury mechanism.2-4,35 
However, reports of clinical improvement vary, and further 
objective studies to classify optimal dosing, administration, 
and outcome measures are needed. The absence of reported 
AEs associated with high-dose VD supplementation is 
encouraging, but selection of a safe and optimal dosing regi-
men can only occur with dedicated clinical trials. 
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