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Introduction
The unchecked growth of hematopoietic cells is the cause of 
Hematological malignancies (HM). About 67% of all HM 
diagnoses in Canada are leukemia and lymphoma, with 
comparable proportional numbers in the US and other 
countries.1-3 Whereas lymphomas start in lymph nodes 
and other tissues, leukemias start in the bone marrow.4 
Myeloproliferative diseases and multiple myeloma (MM) 
are less prevalent. Leukemia classification is based on 
which cell lineage is involved: myeloid or lymphoid. This 
condition is further subcategorized based on the stage of 
cellular transformation and the growth rate of neoplastic 
cells. Leukemia originating from developing immune 
cells are generally fast growing and are referred to as 
acute, while leukemia originating in cells at more mature 
stages are slow growing when untreated and referred 
to as chronic.5 The four primary leukemia subtypes—
acute lymphoblastic leukemia (ALL), acute myelogenous 
leukemia (AML), chronic myeloid leukemia (CML), and 
chronic lymphocytic leukemia (CLL)—are derived from 
these classifications. Initially, bone marrow malfunction 
is linked to leukemia’s clinical manifestations, such as 
infections brought on by low neutrophil counts or bruising 

and bleeding brought on by thrombocytopenia. When the 
bone marrow is full, leukemia cells can enter the lymph 
nodes and cause lymphadenopathy, or they can enter the 
liver, spleen, and circulation.5 

The two types of lymphomas are Hodgkin’s (HL) and 
non-Hodgkin’s (NHL), with NHL accounting for 90% of 
all lymphomas.6 The presence of multinucleated Reed-
Sternberg cells is a characteristic of HL 7. Based on the 
location of the cell’s genesis, NHL is a diverse collection of 
lymphomas. T or Natural Killer (NK) cells are responsible 
for the remaining instances, with B lymphocytes 
accounting for the bulk (85–90%)6 (Figure 1). In two-
thirds of instances, lymphoma manifests as a painless 
lymphadenopathy that typically affects a cervical lymph 
node and has the potential to grow rapidly. Additionally 
prevalent are constitutional symptoms, including fever, 
anorexia, and weight loss.6,8 

Calcitriol (1α,25(OH)2D3), the physiologically active 
form of vitamin D, is produced by a carefully regulated 
multi-step process.9 Vitamin D2 (ergocalciferol) and 
vitamin D3 (cholecalciferol) are the two primary 
forms of vitamin D that are created from ergosterol by 
UV-B light. Human skin’s epidermis can also create 
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7-dehydrocholesterol when exposed to UV-B rays.10,11 
When cholecalciferol is metabolized in the liver by 
25-hydroxylase, 25-hydroxycholecalciferols [25(OH)D3, 
calcidiol, or circulating vitamin D] is created (Figure 2). 
This is the form of vitamin D that circulates in the blood. The 
kidney’s 25-hydroxyvitamin D3-1α-hydroxylase produces 
the physiologically active 1α, 25-hydroxycholecalciferol 
[1,25(OH)2D3, calcitriol, or active form of vitamin D].12,13 
Once in the bloodstream, calcitriol attaches to the vitamin 
D-binding protein (VDBP) and moves to the kidney, bone, 
and gut, among other target organs, to regulate calcium 
and phosphate uptake, mobilization, and reabsorption.10 

Numerous cellular processes linked to cancer, including 
differentiation, proliferation, angiogenesis, apoptosis, 
and the spread of cancer cells, are regulated by vitamin 
D.14,15 Through the activation of cyclin-dependent kinase 
inhibitors, including p21 and p27, and the downregulation 
of cyclins, calcitriol inhibited the proliferation of cancer cells 
by triggering cell cycle arrest and impeding the advancement 
of the cell cycle.16,17 Calcitriol triggers apoptosis by causing 

antiapoptotic and proapoptotic proteins, including caspases 
and members of the B-cell Leukemia/Lymphoma 2 protein 
(BCL-2) family.18,19 Therefore, by blocking the synthesis of 
proangiogenic molecules, such as matrix metalloproteinases 
and vascular endothelial growth factors (VEGFs), vitamin 
D-induced apoptosis may aid in its anticancer effect and 
inhibit angiogenesis in growing tumors.20 By inhibiting the 
synthesis of proinflammatory cytokines and chemokines, 
calcitriol’s anti-inflammatory activities may contribute to its 
preventative benefits on cancer.20 The purpose of this study 
was to examine the role and levels of vitamin D in major 
blood malignancies, such as AML, ALL, CML, CLL, HL, 
and important non-HL, because there is a lack of reliable 
information on the disease’s relationship to vitamin D.

Vitamin D and Acute Lymphoblastic Leukemia (ALL)
Acute lymphoblastic leukemia (ALL) is the most prevalent 
kind of childhood malignancy, making up about 80% of 
pediatric leukemias.21 According to several publications, 
most leukemia patients are VD3-deficient when they 

Figure 1. Classification of blood malignancies

Figure 2. Vitamin D3 synthesis from sun exposure and food
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are diagnosed.22,23 Given the known role of vitamin D in 
immune regulation and cancer biology, its impact on ALL 
progression has been investigated in both in vivo and in 
vitro studies.

A 2020 study examining BCR-ABL Arf−/− ALL 
demonstrated that vitamin D status influences disease 
progression and survival, with vitamin D deficiency 
affecting immune cell dynamics, including increased 
frequencies of regulatory T cells (Tregs).24 Consistent with 
these findings, previous studies have reported a positive 
correlation between CD4⁺, forkhead box P3 (FOXP3)-
positive regulatory T cells (Tregs), and ALL progression.25 
In vitro experiments further showed that vitamin D may 
enhance the proliferation of BCR-ABL ALL cells in the 
presence of bone marrow stroma, suggesting a role in 
modulating the leukemic microenvironment. Clinically, 
vitamin D deficiency is common among newly diagnosed 
ALL patients and has been associated with adverse 
outcomes, including a higher risk of febrile neutropenia 
and infections.26 

These findings highlight the importance of vitamin 
D status in ALL progression and patient prognosis, 
warranting further investigation into its potential as a 
therapeutic target.

Vitamin D and Acute Myeloid Leukemia (AML) 
Acute myeloid leukemia (AML) is an aggressive 
hematopoietic malignancy with a very high mortality rate. 
Despite initial responses to standard chemotherapy, the 
prognosis is poor for most patients. Furthermore, older 
individuals, who comprise the majority of patients with 
AML, are mostly unfit for intensive cytotoxic therapy.27 

The active form of vitamin D, 1α,25-dihydroxyvitamin 
D3 (1,25D3), is a well-known inducer of monocyte/
macrophage differentiation and growth arrest in various 
subtypes of AML cells in culture.28,29 

In AML cases, frequent observation showed vitamin 
D deficiency in these patients, suggesting an intriguing 
potential role in disease pathogenesis.30 Also, higher serum 
vitamin D levels have been associated with improved 
prognosis in AML patients.31

For the first time, a study showed that vitamin D 
promotes autophagy in AML cells by inhibiting miR-17-
5p-induced Beclin-1 overexpression. MiR-17-5p may 
thus be useful as a novel biomarker for predicting AML 
therapeutic outcomes.32 Following previous studies, Xu 
et al demonstrated strong in vitro and ex vivo evidence 
to support the combination therapy of 1,25(OH)2D3 and 
5-Azacytidine (AZA) for AML treatment.33 The “Warburg 
Effect,” a phenomenon involving enhanced glycolysis, has 
been linked to a worse prognosis in leukemic blasts of acute 
myeloid leukemia (AML). Fructose-1,6-bisphosphatase 
(FBP1), an enzyme involved in gluconeogenesis, can also 
act as a tumor suppressor by inhibiting glycolysis and 
cancer cell growth. Overexpression of 1,25 VD3-induced 
FBP1 could be a potential therapeutic target to block this 
effect and reduce energy production in AML blasts.34 

These results imply that both the prognosis of AML and 

its treatment outcomes may be significantly influenced by 
the patient’s vitamin D levels.

Vitamin D and Chronic Lymphocytic Leukemia (CLL)
Chronic lymphocytic leukemia (CLL) is a prevalent, 
incurable leukemia in the US, affecting B, T, and natural 
killer cells. It results from uncontrolled B lymphocyte 
growth, crowding out healthy cells, and can cause bone 
marrow and peripheral blood pathology.35-37

An in vitro investigation revealed that vitamin D 
analogs induced p53-independent selective apoptosis in 
primary CLL cells.38 High vitamin D levels are indicative 
of a longer time to initial therapy in CLL, while vitamin D 
deficiency is proposed as a risk factor for the disease.38,39 

Studies demonstrated Vitamin D insufficiency was linked 
to lower TTFT (time to first treatment) and OS (overall 
survival) in CLL patients, which is consistent with the 
findings of a prior study.38,39 Also, according to a long-term 
retrospective study, vitamin D treatment for CLL patients 
in a watch-and-wait active surveillance is substantially 
linked to a longer TFS (at any age) and a longer TTFT for 
young patients (those aged ≤65).40

Vitamin D and Chronic Myeloid Leukemia (CML)
Chronic myeloid leukemia (CML) is a blood cancer 
caused by abnormal cell growth. It results from a 
genetic mutation in early cell development that causes a 
translocation between chromosomes 9 and 22, forming 
the Philadelphia chromosome. This causes the BCR gene 
to fuse with the ABL1 gene, creating a BCR-ABL1 fusion 
gene that leads to uncontrolled cell growth. Also, a protein 
with consistent tyrosine kinase activity is produced by this 
fused gene.41 CML, a rare form of leukemia, affects 15% of 
newly diagnosed cases in adults, affecting 1-2 individuals 
per 100,000. Both men and women are affected, and 
despite improved treatments, achieving a complete cure 
remains challenging, and relapses are common.42

Tyrosine kinase inhibitors (TKIs), such as imatinib and 
dasatinib, significantly enhance the survival and outlook 
of CML patients, demonstrating the efficacy of targeted 
therapies, although not all patients respond positively.43 

Due to the anticancer properties of vitamin D, it has been 
demonstrated that inecalcitol, an analog of calcitriol and 
a vitamin D3 receptor (VDR) agonist, and imatinib or 
dasatinib work in concert to kill some CML cell lines.44 
In line with these findings, significant vitamin D shortage 
was seen in long-term CML patients on imatinib mesylate 
treatment, suggesting that vitamin D levels and how they 
interact with imatinib mesylate may be crucial in the 
management of CML. However, randomized controlled 
clinical research by Arkapal Bandyopadhyay et al. revealed 
no appreciable advantage of vitamin D3 supplementation 
in CML patients’ early treatment responses.45 Following 
these results, Xu et al. demonstrated that BCR-ABL1–
driven CML progression requires VDR. They further 
showed that targeting VDR may help eradicate leukemia 
stem cells (LSCs) and inhibit CML cell proliferation, even 
in the absence of BCR-ABL mutations. Additionally, they 
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reported that DDIT4-mediated DNA damage induces 
senescence in chronic myeloid leukemia when the vitamin 
D receptor is lost.46

Vitamin D and Hodgkin’s Lymphoma (HL)
One of the most common lymphomas in the Western 
world is Hodgkin lymphoma (HL). Some HL patients 
have recurrent cancers that are challenging to cure, even 
though their overall prognosis is favorable. Vitamin D has 
long been thought to be a possible cancer therapy. The 
vitamin D receptor is the mechanism by which vitamin D 
works. In 2012, a study found that whereas normal, non-
neoplastic B cells and all B-NHLs examined had minimal 
or no expression of VDR, the great majority of HL patients 
had significant expression of the protein. VDR’s nuclear 
localization points to an active form of the protein in 
HL.47 But, Gharbaran et al. demonstrated that the HL cell 
lines used in their study showed low but varying levels 
of VDR expression, while VD3 and vitamin D3 analogs 
reduced growth and increased VDR accumulation.48 The 
relationship between vitamin D and Hodgkin lymphoma 
has not been extensively studied. A study found that 50% 
of patients were vitamin D-deficient before chemotherapy, 
with deficiency being more common in relapsed 
patients. Vitamin D status is an independent predictor 
of outcomes and may influence HL chemosensitivity. 
Supplementing vitamin D with cholecalciferol showed 
increased antiproliferative effects and improved tumor 
chemosensitivity compared to chemotherapy alone. Also, 
HL patients with vitamin D insufficiency have worse PFS 
(progression-free survival).

Vitamin D and Non-Hodgkin Lymphoma (NHL)
Vitamin D and Diffuse Large B-Cell Lymphoma (DLBCL)
Diffuse large B-cell lymphoma (DLBCL) is the most 
prevalent clinical subtype of aggressive non-Hodgkin 
lymphoma, causing over 40% of aggressive lymphomas. 
With over 150,000 new cases annually, 40% of DLBCL 
patients may experience relapse or refractory disease.49-51 
Han et al. demonstrated that, in the Pfeiffer cell line derived 
from diffuse large B-cell lymphoma (DLBCL), calcitriol 
in combination with rapamycin (RAPA) inhibited cell 
proliferation, increased the proportion of cells in the 
G1 phase, and enhanced cell-cycle arrest. They further 
showed that this combination suppressed the expression 
of VDR and 25-hydroxyvitamin D-24-hydroxylase 
(CYP24A1), the enzyme responsible for 1,25(OH)₂D₃ 
degradation.52 Numerous studies have demonstrated that 
DLBCL patients with vitamin D deficiency have worse 
EFS (event-free survival), PFS (progression-free survival), 
and OS (overall survival). Furthermore, greater OS and 
EFS were associated with higher Vitamin D levels in 
DLBCL patients.53-56 

Vitamin D and Follicular Lymphoma (FL)
Another type of B-cell lymphoma is follicular lymphoma 
(FL), an indolent lymphoid malignancy derived from 
germinal center B cells. Recent advances in FL treatment 

have significantly improved patient survival. However, 
FL remains an incurable disease, with some patient 
groups exhibiting early disease progression, histologic 
transformation, or an increased risk of treatment-related 
toxicity. Furthermore, as a relapsing disease, response 
rates and durations of disease control decline with each 
successive line of therapy.57 Several studies have shown 
that patients with vitamin D deficiency have worse 
progression-free survival (PFS), overall survival (OS), and 
event-free survival (EFS).58,59

Vitamin D and Mantle Cell Lymphoma (MCL)
Another subtype of B-cell NHL, mantle cell lymphoma 
(MCL), is an uncommon form of B-cell neoplasm that 
is typified by the proliferation of mature B-cells, usually 
expressing CD5. With a typical age of about 65, it primarily 
affects older men. Even though it is typically categorized as 
aggressive, it displays a variety of clinical behaviors.60 The 
predictive significance of VDD in patients with MCL was 
investigated by Xu et al. Following the studies of Xu and 
colleagues, for the first time, Brosseau et al. showed that 
combined lenalidomide/VD3 therapy causes cell death in 
MCL cells by inducing BH3-only BCL2-interacting killer 
(Bik) expression due to its promoter demethylation, a 
process akin to 5-azacytidine.61,62

Vitamin D and Marginal Zone Lymphoma (MZL)
Marginal zone lymphomas (MZL) account for 7% of all 
non-Hodgkin lymphomas, with 7,460 cases diagnosed 
in the USA in 2016.63-65 Their epidemiology and natural 
history are not well understood, though a family history 
of lymphoma is a notable risk factor. Infectious agents 
and autoimmune diseases such as Sjögren syndrome, 
systemic lupus erythematosus, and Hashimoto thyroiditis 
are among the genetic and environmental risk factors for 
extranodal MZL.65,66 

The primary circulation form of vitamin D (VitD), 
25(OH)2D3, has been implicated in the pathogenesis, 
progression, and treatment of hematological cancers, 
according to recent preclinical and epidemiological 
data. It has also been demonstrated that patients with 
hematological diseases have lower serum levels of Vitamin 
D3.67 In contrast to the findings of earlier research, 
Jonathan et al demonstrated that routine vitamin D 
supplementation has no function in improving the 
outcomes of rituximab therapy for indolent lymphoma, 
such as MZL.68 

Vitamin D and Burkitt’s Lymphoma (BL)
Burkitt’s lymphoma is a highly aggressive B-cell lymphoma 
and the most rapidly proliferating human cancer. It is 
common in children and adolescents but accounts for only 
1 to 2% of non-Hodgkin lymphomas in adults. Persons 
with Burkitt’s lymphoma typically have a dramatic clinical 
presentation, which warrants immediate evaluation, given 
the characteristically rapid growth of the lymphoma and 
spread to extranodal anatomical sites, including intra-
abdominal organs and the central nervous system (CNS).69
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The findings of a study suggest a mechanism in 
which vitamin D is required for innate immunity to 
overcome the ability of Burkett’s lymphoma cells to 
evade macrophage-mediated antitumoral responses. 
Also, this study underscores the importance of vitamin 
D for sustaining innate immunity and implies that the 
therapeutic activation of the vitamin D pathway may even 
result in triggering tumoricidal effector mechanisms of 
LAM (lymphoma-associated macrophages).70 Vitamin D3 
serum levels were linked to the highest NK = cell-mediated 
antibody-dependent cellular cytotoxicity (ADCC), 
according to Neumann et al.71 Actually, rituximab and 
obinutuzumab work primarily through NK-cell-mediated 
ADCC, and their effectiveness greatly increased in 
patients with vitamin D3 deficiency and insufficiency 
following vitamin D3 therapy. Specifically, rituximab had 
weaker ADCC activity than obinutuzumab. 

Thus, vitamin D3’s impact on NK-cell-mediated ADCC 
is significant and can enhance the therapeutic results 
of immunotherapies that use these antibodies. Bold 
et al72 demonstrated the immune-modulatory effects 
of calcitriol on activated NK-cells in vitro, which is 
consistent with these findings. More specifically, NK-cells 
derived from healthy volunteers that were co-cultivated 
with B-cell lymphoma DAUDI and U2932, activated with 
Interleukin-2, and treated with calcitriol by prolonged 
stimulation demonstrated a higher ADCC against these 
tumor cells.

Discussion
In economically developed parts of the world, 
hematological malignancies, or blood cancers, rank as 
the fifth most prevalent type of cancer. Traditionally, they 
are categorized by site based on whether the malignancy 
was initially found in the bone (myelomas), lymph nodes 
(Hodgkin and non-Hodgkin lymphomas), or blood 
(leukemias).

According to recent preclinical and epidemiological 
data, patients with hematological diseases have 
lower serum levels of vitamin D3 (VitD3), and the 
primary circulation form of VitD, 25(OH)2D3, may be 
important in the etiology, progression, and treatment 
of hematological cancers.67 We conclude that, across a 
variety of cancer types, including lymphomas, higher 
circulating levels of vitamin D are associated with 
improved overall survival (OS), reduced cancer-specific 
mortality, and better disease-free survival. In addition, 
in vitro studies have demonstrated the beneficial effects 
of vitamin D and its analogs. However, further research 
is required to better understand the clinical benefits of 
vitamin D supplementation in patients with lymphoma. 
Moreover, animal models and clinical trials investigating 
the effects of vitamin D analogs (VDAs) in these diseases 
are needed. Calcitriol has been shown to protect against 
various types of cancer.73 However, it does not impair ALL 
cell proliferation or survival; actually, calcitriol protected 
ALL cells from dexamethasone in a minor but reliable 
way. This raises concerns about potential adverse effects 

on leukemia treatment, especially in children with low 
vitamin D levels and osteopenia. Clinicians should exercise 
caution before administering high doses of vitamin D 
to leukemia patients.74 In accordance with the results 
of this study, Malecka et al. showed that patients who 
had greater levels of 25(OH)D in their serum had more 
severe thrombocytopenia and required transfusions more 
frequently. These patients also had greater incidences of 
hyperdiploid karyotype and B-cell leukemia.75 As a result, 
the role of vitamin D in ALL patients is controversial and 
requires further study.

Regarding the function of vitamin D in AML, there 
are two main obstacles: 1. vitamin D’s hypercalcemic 
effects in these patients, and 2. Certain subtypes of 
AML are sensitive to vitamin D. Therefore, to overcome 
these obstacles, vitamin D administration should be 
considered after molecular identification of the disease 
type. Additionally, vitamin D analogs should be used to 
mitigate potential adverse effects.

Conclusion
The active metabolite 1,25-dihydroxyvitamin D3 
stimulates cellular differentiation, suppresses proliferation, 
and triggers apoptosis in acute leukemias (ALL and 
AML) by means of vitamin D receptor (VDR)-mediated 
transcriptional regulation. A higher tumor burden, a 
worse response to treatment, and an advanced disease 
stage are all associated with low vitamin D levels in chronic 
leukemias (CLL and CML). Based on these findings, 
we demonstrate that a broad strategy that incorporates 
a plant-based diet, sufficient physical activity,76 and/
or eventually vitamin D supplementation may be useful 
to combat blood malignancies, such as leukemia and 
lymphoma, and, more broadly, non-communicable 
diseases and their comorbidities.

Authors’ Contribution
Conceptualization: Abolfazl Jalilvand, Nesa Rashidi.
Supervision: Nesa Rashidi.
Writing–original draft: Abolfazl Jalilvand, Mohammadhossein 
Kouhpaeenejad, Leila Faeli, Nesa Rashidi.
Writing–review & editing: Abolfazl Jalilvand, Mohammadhossein 
Kouhpaeenejad, Leila Faeli, Nesa Rashidi.

Competing Interests
The authors declare no conflict of interest.

Ethical Approval
Not Applicable.

Funding
None.

Intelligence Use Disclosure
This article has not utilized artificial intelligence (AI) tools for 
research and manuscript development, as per the GAMER reporting
guideline.

References
1.	 Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal 

A. Global cancer statistics 2018: GLOBOCAN estimates of 
incidence and mortality worldwide for 36 cancers in 185 
countries. CA Cancer J Clin 2018;68(6):394–424. doi:10.3322/

https://doi.org/10.3322/caac.21492


Biomed adv. 2026;3(2)

Vitamin D and hematologic malignancies

69

caac.21492
2.	 Hodgson CS. Blood Cancer Statistics in Canada 2016. Available 

from: https://www.scribd.com/document/407651852/Blood-
Cancer-in-Canada-Facts-Stats-2016

3.	 American Cancer Society. Cancer Facts & Figures 2019. 
Atlanta (GA): American Cancer Society; 2019. 

4.	 Kumar V AA, Aster JC, Perkins JA. Robbins & Cotran Pathologic 
Basis of Disease 2015.

5.	 rigoropoulos NF, Petter R, Van ‘t Veer MB, Scott MA, Follows 
GA. Leukaemia update. Part 1: diagnosis and management. 
Bmj 2013;346:f1660. doi:10.1136/bmj.f1660

6.	 Shankland KR, Armitage JO, Hancock BW. Non-Hodgkin 
lymphoma. Lancet 2012;380(9844):848–57. doi:10.1016/
s0140-6736(12)60605-9

7.	 Nagpal P, Akl MR, Ayoub NM, Tomiyama T, Cousins T, 
Tai B, et al. Pediatric Hodgkin lymphoma: biomarkers, 
drugs, and clinical trials for translational science and 
medicine. Oncotarget 2016;7(41):67551–73. doi:10.18632/
oncotarget.11509

8.	 Gallamini A, Hutchings M, Ramadan S. Clinical 
presentation and staging of Hodgkin lymphoma. 
Semin Hematol 2016;53(3):148–54. doi:10.1053/j.
seminhematol.2016.05.005

9.	 Christakos S, Dhawan P, Verstuyf A, Verlinden L, Carmeliet 
G. Vitamin D: Metabolism, Molecular Mechanism of Action, 
and Pleiotropic Effects. Physiol Rev 2016;96(1):365–408. 
doi:10.1152/physrev.00014.2015

10.	 Heaney RP. Vitamin D in health and disease. Clin J Am Soc 
Nephrol 2008;3(5):1535–41. doi:10.2215/cjn.01160308

11.	 Jäpelt RB, Jakobsen J. Vitamin D in plants: a review of 
occurrence, analysis, and biosynthesis. Front Plant Sci 
2013;4:136. doi:10.3389/fpls.2013.00136

12.	 Jones G, Prosser DE, Kaufmann M. Cytochrome P450-
mediated metabolism of vitamin D. J Lipid Res 2014;55(1):13–
31. doi:10.1194/jlr.R031534

13.	 Schuster I. Cytochromes P450 are essential players in 
the vitamin D signaling system. Biochim Biophys Acta 
2011;1814(1):186–99. doi:10.1016/j.bbapap.2010.06.022

14.	 Bhoora S, Punchoo R. Policing Cancer: Vitamin D Arrests 
the Cell Cycle. Int J Mol Sci 2020;21(23):9296. doi:10.3390/
ijms21239296

15.	 Díaz L, Díaz-Muñoz M, García-Gaytán AC, Méndez I. 
Mechanistic Effects of Calcitriol in Cancer Biology. Nutrients 
2015;7(6):5020–50. doi:10.3390/nu7065020

16.	 Fernández-Barral A, Bustamante-Madrid P, Ferrer-Mayorga 
G, Barbáchano A, Larriba MJ, Muñoz A. Vitamin D Effects on 
Cell Differentiation and Stemness in Cancer. Cancers (Basel) 
2020;12(9):2413. doi:10.3390/cancers12092413

17.	 Jeon SM, Shin EA. Exploring vitamin D metabolism 
and function in cancer. Exp Mol Med 2018;50(4):1–14. 
doi:10.1038/s12276-018-0038-9

18.	 Irani M, Seifer DB, Grazi RV, Irani S, Rosenwaks Z, Tal R. 
Vitamin D Decreases Serum VEGF Correlating with Clinical 
Improvement in Vitamin D-Deficient Women with PCOS: A 
Randomized Placebo-Controlled Trial. Nutrients 2017;9(4). 
doi:10.3390/nu9040334

19.	 Roffe-Vazquez DN, Huerta-Delgado AS, Castillo EC, 
Villarreal-Calderón JR, Gonzalez-Gil AM, Enriquez C, et 
al. Correlation of Vitamin D with Inflammatory Cytokines, 
Atherosclerotic Parameters, and Lifestyle Factors in the Setting 
of Heart Failure: A 12-Month Follow-Up Study. Int J Mol Sci 
2019;20(22):5811. doi:10.3390/ijms20225811

20.	 Rizzoli R. Vitamin D supplementation: upper limit for safety 
revisited? Aging Clin Exp Res 2021;33(1):19–24. doi:10.1007/
s40520-020-01678-x

21.	 Madhusoodhan PP, Carroll WL, Bhatla T. Progress and Prospects 
in Pediatric Leukemia. Curr Probl Pediatr Adolesc Health Care 
2016;46(7):229–41. doi:10.1016/j.cppeds.2016.04.003

22.	 Sinha A, Avery P, Turner S, Bailey S, Cheetham T. Vitamin D 

status in paediatric patients with cancer. Pediatr Blood Cancer 
2011;57(4):594–8. doi:10.1002/pbc.22963

23.	 Naz A, R NQ, T SS, Mahboob T. Vitamin D levels in patients of 
acute leukemia before and after remission-induction therapy. 
Pak J Med Sci 2013;29(1):10–4. doi:10.12669/pjms.291.2764

24.	 Annu K, Cline C, Yasuda K, Ganguly S, Pesch A, Cooper 
B, et al. Role of Vitamins A and D in BCR-ABL Arf-/- Acute 
Lymphoblastic Leukemia. Sci Rep 2020;10(1):2359. 
doi:10.1038/s41598-020-59101-4

25.	 Manlove LS, Berquam-Vrieze KE, Pauken KE, Williams RT, 
Jenkins MK, Farrar MA. Adaptive Immunity to Leukemia 
Is Inhibited by Cross-Reactive Induced Regulatory T 
Cells. J Immunol 2015;195(8):4028–37. doi:10.4049/
jimmunol.1501291

26.	 Penkert RR, Jones BG, Tang L, Su Y, Jeha S, Yang J, et al. 
Association of Vitamin A and D Deficiencies with Infectious 
Outcomes in Children Undergoing Intensive Induction 
Therapy for Acute Lymphoblastic Leukemia. J Pediatr 
2024;273:114148. doi:10.1016/j.jpeds.2024.114148

27.	 Walter RB, Estey EH. Management of older or unfit patients 
with acute myeloid leukemia. Leukemia 2015;29(4):770–5. 
doi:10.1038/leu.2014.216

28.	 Studzinski GP, Harrison JS, Wang X, Sarkar S, Kalia V, Danilenko 
M. Vitamin D Control of Hematopoietic Cell Differentiation 
and Leukemia. J Cell Biochem 2015;116(8):1500–12. 
doi:10.1002/jcb.25104

29.	 Cao H, Xu Y, de Necochea-Campion R, Baylink DJ, Payne KJ, 
Tang X, et al. Application of vitamin D and vitamin D analogs 
in acute myelogenous leukemia. Exp Hematol 2017;50:1–12. 
doi:10.1016/j.exphem.2017.01.007

30.	 Maurya S, Tripathi AK, Verma SP. Preinduction Serum Vitamin 
D3 Levels and Induction Chemotherapy Remission Rates in 
Patients with Acute Leukemia. Nutr Cancer 2022;74(10):3527–
32. doi:10.1080/01635581.2022.2077389

31.	 Seyedalipour F, Mansouri A, Vaezi M, Gholami K, Heidari 
K, Hadjibabaie M, et al. High Prevalence of Vitamin D 
Deficiency in Newly Diagnosed Acute Myeloid Leukemia 
Patients and Its Adverse Outcome. Int J Hematol Oncol Stem 
Cell Res 2017;11(3):209–16.

32.	 Wang W, Liu J, Chen K, Wang J, Dong Q, Xie J, et al. Vitamin 
D promotes autophagy in AML cells by inhibiting miR-17-
5p-induced Beclin-1 overexpression. Mol Cell Biochem 
2021;476(11):3951–62. doi:10.1007/s11010-021-04208-z

33.	 Xu Y, Payne K, Pham LHG, Eunwoo P, Xiao J, Chi D, et 
al. A novel vitamin D gene therapy for acute myeloid 
leukemia. Transl Oncol 2020;13(12):100869. doi:10.1016/j.
tranon.2020.100869

34.	 Xu Y, Hino C, Baylink DJ, Xiao J, Reeves ME, Zhong JF, et 
al. Vitamin D activates FBP1 to block the Warburg effect 
and modulate blast metabolism in acute myeloid leukemia. 
Biomark Res 2022;10(1):16. doi:10.1186/s40364-022-00367-
3

35.	 Dighiero G, Hamblin TJ. Chronic lymphocytic leukaemia. 
Lancet 2008;371(9617):1017–29. doi:10.1016/s0140-
6736(08)60456-0

36.	 Boelens J, Lust S, Vanhoecke B, Offner F. Chronic lymphocytic 
leukaemia. Anticancer Res 2009;29(2):605–15.

37.	 Zelenetz AD, Gordon LI, Wierda WG, Abramson JS, Advani 
RH, Andreadis CB, et al. Chronic lymphocytic leukemia/small 
lymphocytic lymphoma, version 1.2015. J Natl Compr Canc 
Netw 2015;13(3):326–62. doi:10.6004/jnccn.2015.0045

38.	 Molica S, Digiesi G, Antenucci A, Levato L, Mirabelli R, Molica 
M, et al. Vitamin D insufficiency predicts time to first treatment 
(TFT) in early chronic lymphocytic leukemia (CLL). Leuk Res 
2012;36(4):443–7. doi:10.1016/j.leukres.2011.10.004

39.	 Shanafelt TD, Drake MT, Maurer MJ, Allmer C, Rabe KG, 
Slager SL, et al. Vitamin D insufficiency and prognosis in 
chronic lymphocytic leukemia. Blood 2011;117(5):1492–8. 
doi:10.1182/blood-2010-07-295683

https://doi.org/10.3322/caac.21492
https://www.scribd.com/document/407651852/Blood-Cancer-in-Canada-Facts-Stats-2016
https://www.scribd.com/document/407651852/Blood-Cancer-in-Canada-Facts-Stats-2016
https://doi.org/10.1136/bmj.f1660
https://doi.org/10.1016/s0140-6736(12)60605-9
https://doi.org/10.1016/s0140-6736(12)60605-9
https://doi.org/10.18632/oncotarget.11509
https://doi.org/10.18632/oncotarget.11509
https://doi.org/10.1053/j.seminhematol.2016.05.005
https://doi.org/10.1053/j.seminhematol.2016.05.005
https://doi.org/10.1152/physrev.00014.2015
https://doi.org/10.2215/cjn.01160308
https://doi.org/10.3389/fpls.2013.00136
https://doi.org/10.1194/jlr.R031534
https://doi.org/10.1016/j.bbapap.2010.06.022
https://doi.org/10.3390/ijms21239296
https://doi.org/10.3390/ijms21239296
https://doi.org/10.3390/nu7065020
https://doi.org/10.3390/cancers12092413
https://doi.org/10.1038/s12276-018-0038-9
https://doi.org/10.3390/nu9040334
https://doi.org/10.3390/ijms20225811
https://doi.org/10.1007/s40520-020-01678-x
https://doi.org/10.1007/s40520-020-01678-x
https://doi.org/10.1016/j.cppeds.2016.04.003
https://doi.org/10.1002/pbc.22963
https://doi.org/10.12669/pjms.291.2764
https://doi.org/10.1038/s41598-020-59101-4
https://doi.org/10.4049/jimmunol.1501291
https://doi.org/10.4049/jimmunol.1501291
https://doi.org/10.1016/j.jpeds.2024.114148
https://doi.org/10.1038/leu.2014.216
https://doi.org/10.1002/jcb.25104
https://doi.org/10.1016/j.exphem.2017.01.007
https://doi.org/10.1080/01635581.2022.2077389
https://doi.org/10.1007/s11010-021-04208-z
https://doi.org/10.1016/j.tranon.2020.100869
https://doi.org/10.1016/j.tranon.2020.100869
https://doi.org/10.1186/s40364-022-00367-3
https://doi.org/10.1186/s40364-022-00367-3
https://doi.org/10.1016/s0140-6736(08)60456-0
https://doi.org/10.1016/s0140-6736(08)60456-0
https://doi.org/10.6004/jnccn.2015.0045
https://doi.org/10.1016/j.leukres.2011.10.004
https://doi.org/10.1182/blood-2010-07-295683


Jalilvand et al

Biomed adv. 2026;3(2)70

40.	 Tadmor T, Melamed G, Alapi H, Gazit S, Patalon T, Rokach L. 
Vitamin D supplement for patients with early-stage chronic 
lymphocytic leukemia is associated with a longer time to 
first treatment. Blood Adv 2024;8(14):3840–6. doi:10.1182/
bloodadvances.2023011458

41.	 Abraham SA, Hopcroft LE, Carrick E, Drotar ME, Dunn 
K, Williamson AJ, et al. Dual targeting of p53 and c-MYC 
selectively eliminates leukaemic stem cells. Nature 
2016;534(7607):341–6. doi:10.1038/nature18288

42.	 Jabbour E, Kantarjian H. Chronic myeloid leukemia: 2020 
update on diagnosis, therapy and monitoring. Am J Hematol 
2020;95(6):691–709. doi:10.1002/ajh.25792

43.	 Turhan A, Ansah H, Hugues P, Debord C, Delansorne R, 
Guerci A, et al. Abstract 2633: Vitamin D3 analog inecalcitol 
synergizes with tyrosine kinase inhibitors (TKI) and selectively 
inhibit the growth of chronic myeloid leukemia (CML) 
progenitors: Development of a clinically applicable leukemic 
stem cell targeting strategy. Cancer Research 2015;75(suppl 
15):2633. doi:10.1158/1538-7445.AM2015-2633

44.	 Al-Ali L, Al-Ani RJ, Saleh MM, Hammad AM, Abuarqoub DA, 
Abu-Irmaileh B, et al. Biological evaluation of combinations 
of tyrosine kinase inhibitors with Inecalcitol as novel 
treatments for human chronic myeloid leukemia. Saudi Pharm 
J 2024;32(2):101931. doi:10.1016/j.jsps.2023.101931

45.	 Bandyopadhyay A, Palepu S, Dhamija P, Nath UK, Chetia 
R, Bakliwal A, et al. Safety and efficacy of Vitamin D(3) 
supplementation with Imatinib in Chronic Phase- Chronic 
Myeloid Leukaemia: an Exploratory Randomized Controlled 
Trial. BMJ Open 2023;13(8):e066361. doi:10.1136/
bmjopen-2022-066361

46.	 Xu Y, Qi W, Zheng C, Li Y, Lu Z, Guan J, et al. Loss of the 
vitamin D receptor triggers senescence in chronic myeloid 
leukemia via DDIT4-mediated DNA damage. J Mol Cell Biol 
2024;15(10):mjad066. doi:10.1093/jmcb/mjad066

47.	 Renné C, Benz AH, Hansmann ML. Vitamin D3 receptor 
is highly expressed in Hodgkin’s lymphoma. BMC Cancer 
2012;12:215. doi:10.1186/1471-2407-12-215

48.	 Gharbaran R, Zhang B, Valerio L, Onwumere O, Wong M, 
Mighty J, et al. Effects of vitamin D3 and its chemical analogs 
on the growth of Hodgkin’s lymphoma, in vitro. BMC Res 
Notes 2019;12(1):216. doi:10.1186/s13104-019-4241-0

49.	 Sehn LH, Salles G. Diffuse Large B-Cell Lymphoma. N Engl J 
Med 2021;384(9):842–58. doi:10.1056/NEJMra2027612

50.	 Liu W, Liu J, Song Y, Wang X, Mi L, Cai C, et al. Burden of 
lymphoma in China, 1990-2019: an analysis of the global 
burden of diseases, injuries, and risk factors study 2019. 
Aging (Albany NY) 2022;14(7):3175–90. doi:10.18632/
aging.204006

51.	 Carpìo C, Bouabdallah R, Ysebaert L, Sancho J-M, Salles 
G, Cordoba R, et al. Avadomide monotherapy in relapsed/
refractory DLBCL: Safety, efficacy, and a predictive gene 
classifier. Blood 2020;135:996-1007. doi:10.1182/
blood.2019002395

52.	 Han J, Tang Y, Zhong M, Wu W. Antitumor effects and 
mechanisms of 1,25(OH)2D3 in the Pfeiffer diffuse large 
B lymphoma cell line. Mol Med Rep 2019;20(6):5064–74. 
doi:10.3892/mmr.2019.10756

53.	 Bittenbring JT, Neumann F, Altmann B, Achenbach M, 
Reichrath J, Ziepert M, et al. Vitamin D deficiency impairs 
rituximab-mediated cellular cytotoxicity and outcome of 
patients with diffuse large B-cell lymphoma treated with but 
not without rituximab. J Clin Oncol 2014;32(29):3242–8. 
doi:10.1200/jco.2013.53.4537

54.	 Chen P, Cao Y, Duan X, Li J, Zhao W, Wang H. Bioavailable 
25(OH)D level is associated with clinical outcomes of patients 
with diffuse large B-cell lymphoma: An exploratory study. Clin 
Nutr 2021;40(1):157–65. doi:10.1016/j.clnu.2020.04.040

55.	 Wang WT, Liang JH, Wang L, Zhu HY, Xia Y, Fan L, et al. The 
prognostic value of 25-hydroxy vitamin D deficiency and 

its interaction with c-Myc expression in diffuse large B cell 
lymphoma. Ann Hematol 2020;99(10):2377–84. doi:10.1007/
s00277-020-04200-5

56.	 Drake MT, Maurer MJ, Link BK, Habermann TM, Ansell SM, 
Micallef IN, et al. Vitamin D insufficiency and prognosis in 
non-Hodgkin’s lymphoma. J Clin Oncol 2010;28(27):4191–8. 
doi:10.1200/jco.2010.28.6674

57.	 Zinzani PL, Muñoz J, Trotman J. Current and future therapies 
for follicular lymphoma. Exp Hematol Oncol 2024;13(1):87. 
doi:10.1186/s40164-024-00551-1

58.	 Kelly JL, Salles G, Goldman B, Fisher RI, Brice P, Press O, et 
al. Low Serum Vitamin D Levels Are Associated With Inferior 
Survival in Follicular Lymphoma: A Prospective Evaluation in 
SWOG and LYSA Studies. J Clin Oncol 2015;33(13):1482–90. 
doi:10.1200/jco.2014.57.5092

59.	 Tracy SI, Maurer MJ, Witzig TE, Drake MT, Ansell SM, 
Nowakowski GS, et al. Vitamin D insufficiency is associated 
with an increased risk of early clinical failure in follicular 
lymphoma. Blood Cancer J 2017;7(8):e595. doi:10.1038/
bcj.2017.70

60.	 López C, Silkenstedt E, Dreyling M, Beà S. Biological and 
clinical determinants shaping heterogeneity in mantle cell 
lymphoma. Blood Adv 2024;8(14):3652–64. doi:10.1182/
bloodadvances.2023011763

61.	 Xu DM, Liang JH, Wang L, Zhu HY, Xia Y, Fan L, et al. 
25-Hydroxy vitamin D deficiency predicts inferior prognosis 
in mantle cell lymphoma. J Cancer Res Clin Oncol 
2020;146(4):1003–9. doi:10.1007/s00432-020-03125-w

62.	 Brosseau C, Dousset C, Touzeau C, Maïga S, Moreau P, Amiot 
M, et al. Combination of lenalidomide with vitamin D3 induces 
apoptosis in mantle cell lymphoma via demethylation of BIK. 
Cell Death Dis 2014;5(8):e1389. doi:10.1038/cddis.2014.346

63.	 Reid R, Friedberg JW. Management of marginal zone 
lymphoma. Oncology (Williston Park) 2013;27(9):840, 2, 4.

64.	 Sriskandarajah P, Dearden CE. Epidemiology and 
environmental aspects of marginal zone lymphomas. Best 
Pract Res Clin Haematol 2017;30(1-2):84–91. doi:10.1016/j.
beha.2016.07.002

65.	 Cerhan JR, Habermann TM. Epidemiology of Marginal Zone 
Lymphoma. Ann Lymphoma 2021;5:1. doi:10.21037/aol-20-
28

66.	 Teras LR, DeSantis CE, Cerhan JR, Morton LM, Jemal A, Flowers 
CR. 2016 US lymphoid malignancy statistics by World Health 
Organization subtypes. CA Cancer J Clin 2016;66(6):443–59. 
doi:10.3322/caac.21357

67.	 Hohaus S, Tisi MC, Bellesi S, Maiolo E, Alma E, Tartaglia 
G, et al. Vitamin D deficiency and supplementation in 
patients with aggressive B-cell lymphomas treated with 
immunochemotherapy. Cancer Med 2018;7(1):270–81. 
doi:10.1002/cam4.1166

68.	 Friedberg JW, Brady MT, Strawderman M, Kahl BS, Lossos 
IS, Cohen JB, et al. Vitamin D in patients with low tumor-
burden indolent non-Hodgkin lymphoma treated with 
rituximab therapy (ILyAD): a randomized, phase 3 clinical 
trial. EClinicalMedicine 2024;78:102959. doi:10.1016/j.
eclinm.2024.102959

69.	 Roschewski M, Staudt LM, Wilson WH. Burkitt’s Lymphoma. 
N Engl J Med 2022;387(12):1111–22. doi:10.1056/
NEJMra2025746

70.	 Bruns H, Mougiakakos D, Fabri M, Pasemann S, Jitschin R, 
Amann K, et al. Vitamin D Triggers Killing of Burkitt Lymphoma 
Cells by Human Macrophages. Blood 2012;120:1035. 
doi:10.1182/blood.V120.21.1035.1035

71.	 Neumann F, Acker F, Schormann C, Pfreundschuh M, 
Bittenbring JT. Determination of optimum vitamin D3 
levels for NK cell-mediated rituximab- and obinutuzumab-
dependent cellular cytotoxicity. Cancer Immunol Immunother 
2018;67(11):1709–18. doi:10.1007/s00262-018-2224-y

72.	 Bold A, Gross H, Holzmann E, Smetak M, Birkmann J, Bertsch 

https://doi.org/10.1182/bloodadvances.2023011458
https://doi.org/10.1182/bloodadvances.2023011458
https://doi.org/10.1038/nature18288
https://doi.org/10.1002/ajh.25792
https://doi.org/10.1158/1538-7445.AM2015-2633
https://doi.org/10.1016/j.jsps.2023.101931
https://doi.org/10.1136/bmjopen-2022-066361
https://doi.org/10.1136/bmjopen-2022-066361
https://doi.org/10.1093/jmcb/mjad066
https://doi.org/10.1186/1471-2407-12-215
https://doi.org/10.1186/s13104-019-4241-0
https://doi.org/10.1056/NEJMra2027612
https://doi.org/10.18632/aging.204006
https://doi.org/10.18632/aging.204006
https://doi.org/10.1182/blood.2019002395
https://doi.org/10.1182/blood.2019002395
https://doi.org/10.3892/mmr.2019.10756
https://doi.org/10.1200/jco.2013.53.4537
https://doi.org/10.1016/j.clnu.2020.04.040
https://doi.org/10.1007/s00277-020-04200-5
https://doi.org/10.1007/s00277-020-04200-5
https://doi.org/10.1200/jco.2010.28.6674
https://doi.org/10.1186/s40164-024-00551-1
https://doi.org/10.1200/jco.2014.57.5092
https://doi.org/10.1038/bcj.2017.70
https://doi.org/10.1038/bcj.2017.70
https://doi.org/10.1182/bloodadvances.2023011763
https://doi.org/10.1182/bloodadvances.2023011763
https://doi.org/10.1007/s00432-020-03125-w
https://doi.org/10.1038/cddis.2014.346
https://doi.org/10.1016/j.beha.2016.07.002
https://doi.org/10.1016/j.beha.2016.07.002
https://doi.org/10.21037/aol-20-28
https://doi.org/10.21037/aol-20-28
https://doi.org/10.3322/caac.21357
https://doi.org/10.1002/cam4.1166
https://doi.org/10.1016/j.eclinm.2024.102959
https://doi.org/10.1016/j.eclinm.2024.102959
https://doi.org/10.1056/NEJMra2025746
https://doi.org/10.1056/NEJMra2025746
https://doi.org/10.1182/blood.V120.21.1035.1035
https://doi.org/10.1007/s00262-018-2224-y


Biomed adv. 2026;3(2)

Vitamin D and hematologic malignancies

71

T, et al. Immune activating and inhibiting effects of calcitriol on 
γδ T cells and NK cells. Immunobiology 2022;227(6):152286. 
doi:10.1016/j.imbio.2022.152286

73.	 Wei MY, Giovannucci EL. Vitamin D and multiple health 
outcomes in the Harvard cohorts. Mol Nutr Food Res 
2010;54(8):1114–26. doi:10.1002/mnfr.200900574

74.	 Antony R, Sheng X, Ehsanipour EA, Ng E, Pramanik R, Klemm 
L, et al. Vitamin D protects acute lymphoblastic leukemia 
cells from dexamethasone. Leuk Res 2012;36(5):591–3. 
doi:10.1016/j.leukres.2012.01.011

75.	 Malecka A, Hennig M, Jaworski R, Irga-Jaworska N. The 
Vitamin D Status in Children With Newly Diagnosed Acute 
Lymphoblastic Leukemia and Its Potential Impact on the 
Primary Symptoms of Leukemia and Course of Induction 
Treatment. J Pediatr Hematol Oncol 2023;45(1):e4–e8. 
doi:10.1097/mph.0000000000002579

76.	 Marini HR. Mediterranean Diet and Soy Isoflavones for 
Integrated Management of the Menopausal Metabolic 
Syndrome. Nutrients 2022;14(8):1550. doi:10.3390/
nu14081550

https://doi.org/10.1016/j.imbio.2022.152286
https://doi.org/10.1002/mnfr.200900574
https://doi.org/10.1016/j.leukres.2012.01.011
https://doi.org/10.1097/mph.0000000000002579
https://doi.org/10.3390/nu14081550
https://doi.org/10.3390/nu14081550

