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The impact of vitamin D on breast cancer treatment:
literature review

Mariia Fedosenko'

SUMARY

Background: Despite the progress in individualizing breast cancer therapy and achieving success in surgical
and systemic treatment, the mortality remains high, which requires the search for new targets that can have a
significant direct or indirect contribution to the development and prognosis of this disease. One such factor is
vitamin D, which is deficient in most parts of the world, and its serum and receptor status have been extensively
studied. Numerous studies have been published on the protective effects of vitamin D on breast cancer and other
malignancies, risk of development, and treatment outcomes, in particular, increasing the sensitivity of tumors to
systemic therapy, survival, and prognosis.

Methods: The authors analyzed and systematized research data on the predictive effect of vitamin D on the
prognosis and course of breast cancer, the manifestation of its “non-classical” effects in preclinical and clinical
studies, and assessed the possible practical application of the results obtained at the molecular-cellular level. The
results allow us to use vitamin D as an important marker for monitoring the skeletal system’s state during and
after breast cancer treatment. In addition, vitamin D and its analogues in combination with other cytostatic drugs
can help search for possible new therapeutic targets.

Conclusion: The presented results of vitamin D activity associated with the stages of carcinogenesis undoubtedly
open up prospects for finding new possibilities for the treatment and prevention of breast cancer, creating pros-
pects for further research to improve the prognosis and survival rates for such patients. The studied cytotoxic
effects expand the field of clinical research on the “non-classical” properties of vitamin D and allow the integra-

tion of data on a potential antitumor agent for many malignant tumors.
Keywords: breast cancer, vitamin D, vitamin D levels, drug combination, efficacy

INTRODUCTION

Vitamin D (VD) is known for its classical effects on the
regulation of bone metabolism. However, the non-clas-
sical effects attract broader scientific interest and serve
as a field of constant research and clinical research.
VD is one of the key antiproliferative and proapoptotic
agents at different stages of carcinogenesis, inhibits
angiogenesis, metastasis, invasion, and also stimu-
lates cell differentiation (1-3). Vitamin D deficiency is
observed in most of the world’s population, and its
serum and receptor status are widely studied as crit-
ical in many areas of medicine. Many studies have
been conducted on the protective effect of vitamin D
on breast cancer and other malignancies, the risk of
development, and treatment outcomes, in particular
increasing the response of tumors to systemic thera-
py, survival, and prognosis (4-7). The active circulating
form of VD (calcitriol, also called 1,25-dihydroxyvita-
min D3) suppresses cell proliferation by increasing the
synthesis of cyclin-dependent kinase (CDK) inhibitors
p21 and p27, inhibits mitogenic signaling by growth
factors such as IGF1 and EGF (abbreviations for IGF
and EGF), and modulates intracellular kinases (8, 9).
Calcitriol induces apoptosis indirectly by inhibiting
anti-apoptotic genes, such as BCL2, and promoting
pro-apoptotic genes, such as BAX (Ref missing) Cal-
citriol inhibits the formation of the vascular endothelial
growth factor (VEGF), tenascin C, .6 and B4 integrins,
and induces E-cadherin, which in turn regulate the pro-
cesses of invasion, angiogenesis and metastasis (10,
11). Calcitriol has been found to inhibit the expression
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of cyclooxygenase-2, thereby reducing the production
of inflammatory prostaglandins. The published data
were confirmed in vivo and in vitro and found that sup-
pressing prostaglandin synthesis by calcitriol leads to
decreased aromatase expression (5,12). There is evi-
dence of the inhibitory effect of VD on ERa receptors
and the indirect potential increase in tumor sensitivity
to drug therapy. A suppressive effect of VD was dis-
covered during the transcription in breast cancer cells,
surrounding adipose tissue, and preadipocytes, which
results in a decrease in aromatase expression (12, 13).
Numerous data and scientific advances regarding the
position of vitamin D and its metabolites in breast
cancer carcinogenesis have led to the search for new
combination antitumor regimens. VD and its analogues
have recently begun to be rapidly introduced into pre-
clinical studies aiming to improve a possible antitumor
effect along with other therapeutic agents.

The place of vitamin D in the carcinogenesis of tri-
ple-negative breast cancer, which is identified by the
absence of expression of estrogen and progesterone
receptors and a limited number of therapeutic targets,
deserves special attention. According to observational
and prospective studies, the largest number of patients
with this molecular subtype are observed with insuffi-
cient or deficient levels (14, 15). The data of preclinical
studies on cell lines of triple-negative breast tumors
indicated the presence of expression of vitamin D re-
ceptors (VDR) on their surface and that and the use of
1,25-dihydroxyvitamin D3 or its analogues can lead to
suppression of the process of tumor invasion, which
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leads to a decrease in metastatic potential (16-18). Also,
in vivo studies showed that the effect of calcitriol on tri-
ple-negative tumors leads to the stimulation of ERc. ex-
pression, which allows this effect to be interpreted as the
action of a potential agent that induces and enhances the
response to anti-estrogen therapy (19, 20).

The main effects of vitamin D in breast cancer patho-
genesis are schematically shown in Figure 1.

Given the potential of vitamin D analogues to slow tu-
mor progression by blocking various signaling path-
ways, numerous studies are currently exploring po-
tential chemotherapy drugs or other compounds that
could synergize with calcitriol analogues in combina-
tion therapies. This promising avenue of research is
generating significant interest in the medical communi-
ty. Preclinical studies indicate that vitamin D increases
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Figure 1. Vitamin D effects in breast cancer pathogenesis.

METHODS

This literature review aims to systematize existing stud-
ies that have examined the role of vitamin D in breast
cancer treatment. It reviewed preclinical and clinical
studies that reported the results of the use of calcitriol
and its analogues in models of breast carcinoma and
the latest published outcomes of intervention trials on
the use of vitamin D during systemic therapy, both in
neoadjuvant and adjuvant regimens.

The application of vitamin D and its analogues in com-
bination with anticancer therapy for breast cancer (pre-
clinical studies)

Inflamation

the sensitivity of breast tumors to hormone therapy.
Swami S. et al. revealed a significant antiproliferative
and cytostatic effect of calcitriol in combination with
aromatase inhibitors in a study on a xenograft model
of breast carcinoma in mice. It was also found that VD
can cause effects similar to selective aromatase mod-
ulators, particularly in the form of a decrease in the
expression of this enzyme in breast adipose cells, while
simultaneously enlarging it in the bone marrow (21).
The research by Filip-Psurska B. et al. similarly indi-
cates a potentiation of the effect of aromatase inhibi-
tors when using VD metabolites and their synthetic an-
alogues in cell models of ER-PR-positive breast cancer
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tumors (22). The opposite results are studies on the
antitumor effect of VD in combination with tamoxifen. It
has been established in vitro that using calcitriol does
not enhance the anticarcinogenic effect of selective es-
trogen receptor modulators (23).

Segovia-Mendoza M. et al. studied the effect of a com-
bination of VD and its analogues with tyrosine kinase
inhibitors on breast cancer cell lines. The study was
conducted on breast tumor cell lines producing EGFR
and/or HER2. The antiproliferative efficacy profile of
gefitinib in combination with calcitriol or its analogues
(calcipotriol and EB1089) was initially discovered. In
particular, it was found that all of the above biologically
active substances can inhibit proliferation in a dose-de-
pendent way, and the cumulative effectiveness was
higher than when using each drug separately. Also, the
authors studied the use of VD, its synthetic analogue
EB1089, in combination with lapatinib and neratinib. It
was found that the simultaneous use of all drug agents
enhances the antiproliferative effect, inhibits the growth
of cancer cells, the process of phosphorylation of the
MAPK/ERK and PI3K/Akt signaling pathways, and also
increases the expression of active caspase-3 (24, 25).
Achounna A. et al. continued to study the anticar-
cinogenic effect of calcitriol, in particular its analog
EB1089, in combination with lapatinib and with the se-
lective addition of antiestrogens (tamoxifen, fulvestrant)
in HER2-positive breast tumors. A particularity of this

study was that it was performed on both ER-positive/
HER2-positive and ER-negative/HER2-positive breast
cancer cell lines. The results revealed that EB1089
enhanced the inhibitory effect in two cell lines and re-
stored the antiproliferative response to antiestrogens
in ER-negative/HER2-positive cell lines. In addition,
EB1089 alone and in combination modulated ERa. pro-
tein expression and inhibited Akt phosphorylation (26).
Attia Y. et al. investigated the effect of vitamin D on car-
cinogenesis and resistance to paclitaxel. The expres-
sion levels of ALDH-1 (aldehyde dehydrogenase-1) and
MDR-1 (multi-drug resistance gene) were determined
as indicators to assess tumor resistance to a chemo-
therapeutic drug. The simultaneous use of calcitriol,
paclitaxel, and curcumin in the MCF-7 breast carcino-
ma model in vitro showed a synergistic cytotoxic effect
and increased antiproliferative activity. A decrease in
MDR-1 and ALDH-1 gene expression was also ob-
served. In vivo, concomitant triple therapy showed the
smallest tumor size and lower levels of MDR-1 and
ALDH-1. This study opens up new options for the po-
tential application of VD and its metabolites as agents
for overcoming resistance to chemotherapeutic drugs,
particularly paclitaxel, and increasing tumor sensitivity
to systemic therapy (27).

The results of the above studies are systematized in
Table 1.

Table 1. The results of the study review examining the combined antitumor activity of vitamin D.

VD compound/

Research group metabolites/ analogues

Combined

Study model Effect

compound

VD metabolite
(24R)-1.24-dihy-

The use of PRI-2191 and PRI-2205 in
combination with anastrozole potentiates

(Flzlga)—Psurska B.etal. (2021) ?;%Tyg? gu(e)c:Lcdlfﬁrsol MCF-7 Anastrozole the inhibition of tumor growth due to the
analogue 1.25(0H)2D3 bilateral inhibition of aromatase synthesis
(PRI—3205). and regulates ERo and VDR
) Calcitriol Aromatase Decreased aromatase expression and
Swami S. etal. (2011) (21) (1.25(0H)2) MCF-7 inhibitors ERe.
. . The use of calcitriol in combination with
\((gt;)m D. etal.(2021) %alzcg?&h)z) MCF-7 Tamoxifen tamoxifen does not enhance the antipro-
’ liferative and proapoptotic effects
Calcitriol
. (1.25(0H)2) 3 The use of calcitriol (and its analogues)
(S;f)owa Mendoza M. et al.(2015) Synthetic analogues: gggﬂRgZ;ZEMBCDF Gefitinib in combination with gefitinib enhances
Calcipotriol apoptosis and the antiproliferative effect
EB1089
The use of calcitriol and EB1089 in
Calcitriol SUM-229PE combination with lapatinib and neratinib
Segovia-Mendoza M. et al.(2017)  (1.25(0H)2) SK-BR-3 HCC1937 Lapatinib enhances the antiproliferative effect,
(25) Synthetic analogue: MD A-Mé-231 Neratinib inhibits cell growth, phosphorylation of
EB1089 MAPK/ERK and PI3K/Akt, and increases
the expression of active caspase
EB1089 enhances the inhibitory effect
BT-474 (ER-posi- Iann’fi;;;gli?fgrg?iSesé-s?)%;ientaost:r:;zstprigens
Achounna A. et al.(2024) EB1089 tive/HER2-positive)  Lapatinib in SK-BR-3.

(26) SK-BR-3 (ER-nega-  Antiestrogens
tive/HER2-positive)

EB1089 alone and in combination modu-
lates ERa protein expression and inhibits

Attia Y. et al.(2019) Calcitriol

@7) (1.25(0H)2) MCF-7

Akt phosphorylation

Triple therapy enhances the antiprolifer-
Paclitaxel ative effect, inhibits tumor growth, and
Curcumin causes a decrease in the expression

levels of the MDR-1 and ALDH-1 genes
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THE USE OF VITAMIN D IN COMBINATION
WITH ANTICANCER THERAPY FOR BREAST
CANCER (CLINICAL EXPERIENCE)

Clinical and observational studies have described the
use of vitamin D. Some studies have been carried out
on the use of vitamin D in the preoperative regimen, as
an adjuvant in combination with hormone therapy and
chemotherapy, and on the significance of monitoring
serum vitamin D status as an independent prognostic
factor during treatment.

The NEOZOTAC trial highlighted the importance of mea-
suring vitamin D levels before and after neoadjuvant
treatment for breast cancer. Also, it highlighted the need
to prevent its decline and the need for therapeutic adjust-
ments. It was a randomized clinical trial involving 250
patients with non-metastatic breast cancer who received
preoperative systemic treatment at 26 institutions in the
Netherlands between 2010 and 2012, as well as a group
of patients that included courses of systemic therapy
and zoledronic acid. According to the study protocol,
patients of the second group received vitamin D in the
amount of 400 IU and calcium in a dosage of 500 mg.
The initial level of vitamin D was obtained in 169 pa-
tients, and the level after completion of systemic therapy
courses in 91 patients. Median baseline and final vitamin
D levels were 58.0 nmol/L (+27.5) and 51.0 nmol/L
(x28.4), respectively. In patients receiving systemic
therapy alone, the median decrease in VD levels was 16
nmol/L (p = 0.003). No statistically significant reduction
in VD levels was found in women receiving vitamin D
and calcium supplementation. When conducting a mul-
tivariate analysis, there was no statistically significant
effect of initial vitamin D on the frequency of pathologi-
cally complete regressions (p = 0.92, OR 1.00, 95% Cl
0.97-1.03) or partial regressions of tumors (p = 0.66,
OR 1.00, 95% (C1 0.97-1.02) (28).

Chartron E et al. reported the results of a bicentric phase
I trial of high-dose vitamin D in patients with early breast
cancer. The study included 44 patients undergoing adju-
vant chemotherapy. To improve the blood levels of VD,
patients received 100,000 IU VD orally every 3 weeks
from day 1 of cycle 1to day 1 of cycle 5. The number of
patients achieving normalization of serum vitamin D lev-
els on day 1 of cycle 6 (D1C6) was considered the pri-
mary endpoint. In turn, secondary endpoints determined
safety, vitamin D and calcium levels at baseline and
during chemotherapy. At D1C6, 21 patients achieved
normalization of VD (47.7%, 95% Cl: 33.0-62.8). After
statistical analysis, the authors showed that high doses
of VD increase the time to normalization of serum VD on
D1C6. This result was achieved in 47% of patients. No
clinical toxicity associated with VD has been reported.
Asymptomatic grade 1 hypercalciuria was observed in
13 patients (29.5%). This led to the discontinuation of
high doses of oral VD in 10 and was accompanied by a
decrease in the concentration of VD in the blood serum.
After data analysis, no initial clinical factor predicted VD
normalization (29).

BoSkovic L. et al. emphasized the importance of vita-
min D as a preventive factor for osteoporosis and the
loss of bone density associated with aromatase inhibi-
tors. This prospective study included 438 women with
early breast cancer who received adjuvant endocrine
therapy with nonsteroidal aromatase inhibitors (88.4%
treated with anastrozole and 11.6% patients treated
with letrozole). The median duration of endocrine ther-
apy before inclusion in the study was 10.5 months.
Densitometry was performed in 180 (41.1%) patients.
Of the total cohort, 329 patients received vitamin D with
or without calcium, and 54 patients received bisphos-
phonates. According to densitometry, osteoporosis
was diagnosed in 24 patients (5.5%). It was also noted
that patients who took vitamin D with calcium had a
higher percentage of complaints about the skeletal sys-
tem, compared to patients who did not take it (24.76%
vS. 16.26%). This study highlights the importance of
skeletal monitoring in breast cancer patients, especially
during systemic treatment (30).

A study by Arul Vijaya Vani S. et al. (2016) showed
the importance of vitamin D supplementation during
endocrine therapy. This was a prospective study of 82
women taking letrozole for more than 2 months. All
participants had baseline vitamin D levels measured.
The deficient group (vitamin D level less than 10 ng/
mL) received 4000 IU vitamin D3 and 1000 mg calci-
um per day for 6 weeks; the deficiency group (vitamin
D 25 serum concentration ranged from 10 to 30 ng/
ml) received 2000 [U vitamin D3 and 1000 mg calci-
um per day for 12 weeks; the sufficient group (serum
25(0H) vitamin D concentration greater than 30 ng/mL)
was not observed without any supplementation for 12
weeks. After statistical analysis, a statistically signifi-
cant difference was found in the duration of endocrine
therapy, levels of calcium, parathyroid hormone, and
alkaline phosphatase between the subgroups. Taking
vitamin D3 and calcium has been found to increase
calcium and phosphorus levels. The Health Assess-
ment Questionnaire found that low serum concentra-
tions of 25-hydroxy vitamin D were associated with
more musculoskeletal symptoms. In conclusion, the
authors recommend taking vitamin D3 and calcium at
the concentrations described in the respective groups
for patients receiving letrozole, as this may allow the
correction of vitamin D levels and the improvement of
letrozole-induced symptoms (31).

The results of the above studies are systematized in
Table 2.
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Table 2. Results of clinical studies examining vitamin D importance during systemic anticancer treatment.

Research group Study group Study design  Investigation Outcomes
ﬁgr?-pmaetsltzgit?éngreast No statistically significant effect of
Charehbili A. et al. (2015) cancer receivin Randomized Measuring the initial level of the initial vitamin D on the frequency
(28) reoperative s gtemic clinical tria vitamin D of pathologically complete or partial
?reatra]ent Y regressions of tumors
Patients received 100.000 IU High doses of VD increase the time to
Chartron E etal. (2021) 44 patients receiving Bicentric VD orally every 3 weeks from  normalization of serum VD
(29) adjuvant chemotherapy  phase Il trial day 1 of cycle 1 to day 1 of 47% of patients achieved normal
cycle 5 blood level of VD on day1 of cycle 6
438 patients with
early breast cancer 329 patients received vitamin - ’
Boskovic L. et al. (2017)  patients receiving Prospective D with or without calcium; mgm{gm}s t?ne g?;gg{tcagﬁse?f Z‘;ﬂﬁ}gl
(30) adjuvant endocrine study 54 patients received bisphos- during s Stemic treatment P
therapy (nonsteroidal phonates g sy
aromatase inhibitors)
Measuring the initial level of
vitamin D: the deficient group
received 4000 IU vitamin D3
82 women receiving ?gf;gggg%ﬁ:ﬁé%epnecryday The authors recommend taking
Arul Vijaya Vani S. et al. adjuvant endocrine Prospective rou recei\}e d 2000 1U vita- vitamin D3 and calcium at the con-
(2016) (31) therapy for more than study ?nin 33 and 1000 ma calcium centrations described in the respective
2 months g groups for patients receiving letrozole

per day for 12 weeks;

the sufficient group was not
observed without any supple-
mentation for 12 weeks

CONCLUSION

The results of these studies increase scientific interest
in the potential prognostic and predictive role of vita-
min D in the carcinogenesis, progression and treatment
outcome of breast cancer. Although in vitro and in vivo
studies suggest the potential anticarcinogenic effects
of calcitriol in breast cancer, human studies may not
always be conclusive as the vitamin D status, its patho-
physiological pathways, and resulting prognostic/thera-
peutic positions are influenced by numerous factors that
are not consistently implemented in clinical studies.

The regular monitoring of serum vitamin D levels is a
crucial marker of skeletal health. While the use of vita-
min D in chemotherapy is a subject of active research,
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its role in adjuvant endocrine therapy is well-estab-
lished. Preventing vitamin D deficiency is of paramount
importance, as there is statistically reliable evidence
that vitamin D and calcium can alleviate symptoms
induced by aromatase inhibitors. It is essential to mea-
sure vitamin D levels both at the beginning and during
treatment to mitigate the risk of bone loss and fractures
associated with the effects of calcitriol.

This analytical review of the literature, which included
studies of various designs and samples, attempted to
systematize the results obtained in recent years on the
use of vitamin D in the treatment of breast cancer and
assess the possibilities of implementing them in clini-
cal practice.
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