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ADstract

Background: Multiple myeloma is a clonal plasma cell malignancy characterized by bone marrow infiltration, monoclonal protein production,
skeletal destruction, renal impairment, anemia, immune dysfunction, and recurrent relapse. Although advances in proteasome inhibitors,
immunomodulatory agents, monoclonal antibodies, autologous stem cell transplantation, bispecific antibodies, and chimeric antigen receptor
T-cell therapy have substantially improved survival, clinical outcomes remain heterogeneous. This variability has increased interest in
identifying accessible prognostic biomarkers that may complement established staging systems, cytogenetic risk profiles, and measures of
treatment response. Vitamin D deficiency is highly prevalent among patients with multiple myeloma and may be related to older age, reduced
sunlight exposure, nutritional impairment, renal dysfunction, glucocorticoid therapy, limited mobility, and the metabolic consequences of
active malignancy.

Vitamin D has important skeletal and extraskeletal functions relevant to multiple myeloma. Beyond regulating calcium and phosphate
homeostasis, it influences osteoclast and osteoblast activity, immune-cell differentiation, inflammatory signaling, cellular proliferation,
apoptosis, and interactions within the bone marrow microenvironment. Deficiency may therefore aggravate myeloma-related bone disease,
impair immune regulation, enhance inflammatory cytokine activity, and potentially support disease progression. Clinical studies have
associated low serum 25-hydroxyvitamin D concentrations with advanced disease stage, greater tumor burden, increased skeletal
complications, poorer functional status, reduced treatment response, shorter progression-free survival, and inferior overall survival. However,
these associations are not uniform across all populations and may be modified by ethnicity, renal function, disease activity, treatment exposure,
nutritional status, and variation in the thresholds used to define deficiency.

This review aims to critically evaluate the prognostic significance of vitamin D deficiency in multiple myeloma, summarize the biological
mechanisms that may link vitamin D status to disease behavior, and examine its relationship with bone disease, treatment outcomes,
transplantation, and survival. It also discusses the potential clinical value of routine vitamin D assessment and supplementation.

Vitamin D deficiency appears to be a clinically relevant and potentially modifiable factor in multiple myeloma. Nevertheless, current evidence
is largely observational and does not establish a direct causal relationship. Prospective studies and randomized trials are required to determine
whether correction of deficiency improves disease-specific outcomes beyond its established benefits for musculoskeletal health.
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Introduction
Multiple myeloma is a biologically heterogeneous plasma cell malignancy characterized by clonal bone
marrow infiltration, monoclonal immunoglobulin production, and progressive organ dysfunction. Its
principal clinical manifestations include anemia, renal impairment, hypercalcemia, osteolytic bone
disease, recurrent infections, and constitutional deterioration. The disease is usually preceded by
monoclonal gammopathy of undetermined significance and, in some patients, an intermediate
smoldering phase. Despite major therapeutic advances, multiple myeloma remains incurable in most
patients because treatment-resistant subclones and interactions within the bone marrow
microenvironment eventually promote relapse. [1]
The prognosis of multiple myeloma is conventionally assessed using disease stage, cytogenetic
abnormalities, serum biomarkers, patient fitness, renal function, treatment response, and minimal
residual disease status. The Revised International Staging System integrates serum B2-microglobulin,
albumin, lactate dehydrogenase, and selected high-risk cytogenetic abnormalities; however, substantial
variation in survival remains among patients within the same prognostic category. This heterogeneity
has stimulated interest in additional biomarkers that are inexpensive, reproducible, biologically relevant,
and potentially modifiable. Nutritional and metabolic abnormalities are especially attractive because
they may reflect tumor burden, systemic inflammation, organ dysfunction, and general physiological
reserve simultaneously. [2]
Vitamin D is a fat-soluble secosteroid whose biological activity extends beyond calcium and phosphate
regulation. Its active metabolite, 1,25-dihydroxyvitamin D, binds to the vitamin D receptor and
influences gene transcription in numerous tissues, including immune cells, osteoblasts, osteoclasts, and
bone marrow stromal cells. Through these pathways, vitamin D contributes to skeletal remodeling,
immune regulation, cellular differentiation, apoptosis, and inflammatory control. These functions are
directly relevant to multiple myeloma, in which malignant plasma cells depend on complex interactions
with stromal, immune, and bone cells for survival, proliferation, treatment resistance, and osteolytic
disease development. [3]
Vitamin D deficiency is common in patients with multiple myeloma. Contributing factors include
advanced age, limited sunlight exposure, reduced dietary intake, impaired mobility, renal dysfunction,
systemic inflammation, glucocorticoid exposure, and the metabolic consequences of active cancer. A
scoping review of the available literature reported that vitamin D deficiency affected a substantial
proportion of studied patients, although prevalence estimates varied according to population
characteristics, disease setting, season, laboratory method, and the serum 25-hydroxyvitamin D
threshold applied. This variability complicates comparisons among studies and highlights the need for
standardized definitions when evaluating vitamin D as a prognostic biomarker. [4]
Clinical investigations have associated deficient vitamin D levels with advanced disease stage, increased
bone marrow plasma cell infiltration, abnormal bone metabolism, skeletal morbidity, peripheral
neuropathy, reduced treatment response, and inferior survival. Nevertheless, findings have not been fully
consistent. Some studies suggest that vitamin D deficiency independently predicts poorer progression-
free or overall survival, whereas others indicate that the association may be influenced by ethnicity,
renal impairment, performance status, disease burden, or other unmeasured confounders. Vitamin D
deficiency may therefore represent a direct biological contributor to adverse outcomes, a surrogate
marker of aggressive disease and poor general health, or a combination of both mechanisms. [5]
The central research gap is the absence of definitive evidence establishing whether vitamin D deficiency
has an independent and causal effect on multiple myeloma outcomes. Most available studies are
retrospective, single-center, observational, or based on administrative data. They also differ in the timing
of vitamin D measurement, deficiency thresholds, patient ethnicity, treatment regimens, transplantation
status, and adjustment for established prognostic variables. Furthermore, evidence that vitamin D
supplementation improves myeloma-specific treatment response, progression-free survival, or overall
survival remains insufficient. This review therefore aims to critically examine the prevalence and
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determinants of vitamin D deficiency in multiple myeloma, its biological links with myeloma
pathophysiology, and its associations with disease severity, bone complications, treatment outcomes,
transplantation, and survival. It also evaluates the potential clinical role of vitamin D screening and
replacement while identifying priorities for future prospective and interventional research. [6]
Multiple Myeloma: Overview and Current Prognostic Landscape
Multiple myeloma (MM) is a hematologic malignancy characterized by the uncontrolled proliferation
of clonal plasma cells within the bone marrow, resulting in excessive production of monoclonal
immunoglobulins and progressive organ dysfunction. It accounts for approximately 10% of hematologic
malignancies and remains the second most common blood cancer worldwide. Although remarkable
therapeutic advances have transformed MM into a chronic yet treatable disease for many patients,
relapse remains inevitable in most cases because of persistent minimal residual disease, clonal evolution,
and the protective role of the bone marrow microenvironment. Consequently, identifying additional
prognostic biomarkers beyond conventional staging systems has become an important area of clinical
research. [7]
MM develops through a multistep process beginning with monoclonal gammopathy of undetermined
significance (MGUS), progressing to smoldering multiple myeloma (SMM), and eventually evolving
into symptomatic disease characterized by end-organ damage. While MGUS progresses at an average
rate of approximately 1% annually, SMM carries a substantially greater risk during the first five years
following diagnosis. This stepwise evolution reflects the gradual accumulation of cytogenetic
abnormalities, epigenetic alterations, and microenvironmental changes that ultimately promote
malignant plasma cell expansion and immune escape. Understanding these precursor stages is important
because biological factors, including vitamin D status, may influence disease progression long before
symptomatic MM develops. [8]
The clinical manifestations of MM are primarily explained by plasma cell infiltration and monoclonal
protein production. Patients commonly present with the CRAB features of hypercalcemia, renal
impairment, anemia, and osteolytic bone disease. Additional complications include recurrent infections,
peripheral neuropathy, hyperviscosity syndrome, extramedullary disease, and thromboembolic events.
Skeletal involvement is particularly important because approximately 80% of patients exhibit
osteopenia, lytic lesions, or pathological fractures at diagnosis, substantially impairing functional status
and quality of life. Since vitamin D plays a central role in bone remodeling and mineral homeostasis,
deficiency may further aggravate these complications. [9]
Modern prognostic assessment integrates both disease burden and disease biology. The Revised
International Staging System (R-ISS) combines serum P2-microglobulin, albumin, lactate
dehydrogenase, and high-risk cytogenetic abnormalities, including del(17p), t(4;14), and t(14;16). More
recently, additional abnormalities such as gain 1q and TP53 alterations have further refined risk
stratification. Nevertheless, patients classified within the same prognostic category frequently
demonstrate markedly different responses to therapy and survival outcomes, indicating that additional
biological and host-related factors contribute to prognosis. [10]
Host-related variables have increasingly been recognized as modifiers of clinical outcome in MM.
Advanced age, frailty, renal dysfunction, nutritional status, chronic inflammation, sarcopenia, and
metabolic disturbances influence tolerance to therapy, immune competence, and recovery following
treatment. Among these potentially modifiable factors, vitamin D deficiency has attracted growing
attention because of its high prevalence and its biological effects on bone metabolism, immune
regulation, inflammatory signaling, and tumor cell behavior. These observations provide the rationale
for investigating vitamin D as a complementary prognostic biomarker that may improve risk assessment
while representing a readily correctable clinical abnormality. [11]
Vitamin D Physiology and Biological Relevance in Multiple Myeloma
Vitamin D is a fat-soluble secosteroid hormone synthesized primarily in the skin following ultraviolet-
B exposure, with smaller amounts obtained through dietary intake. It undergoes sequential
hydroxylation in the liver to form 25-hydroxyvitamin D [25(OH)D], the principal circulating marker of
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vitamin D status, and subsequently in the kidneys to generate the biologically active metabolite, 1,25-
dihydroxyvitamin D (calcitriol). Calcitriol exerts its effects by binding to the vitamin D receptor (VDR),
a nuclear transcription factor expressed in osteoblasts, osteoclasts, immune cells, bone marrow stromal
cells, and plasma cells, thereby regulating hundreds of genes involved in mineral metabolism, immune
function, cellular differentiation, and apoptosis. [12]
Beyond maintaining calcium and phosphate homeostasis, vitamin D plays an essential role in preserving
skeletal integrity through coordinated regulation of bone formation and bone resorption. In multiple
myeloma, malignant plasma cells disrupt this balance by stimulating osteoclast activity while
suppressing osteoblast differentiation, leading to progressive osteolytic lesions. Vitamin D deficiency
may further amplify these abnormalities by impairing bone mineralization, increasing secondary
hyperparathyroidism, and promoting excessive bone turnover, thereby worsening skeletal morbidity and
fracture risk. [13]
The biological effects of vitamin D extend to both innate and adaptive immunity. Vitamin D suppresses
excessive inflammatory responses by reducing the production of cytokines such as interleukin-6,
interleukin-1p, and tumor necrosis factor-o. while promoting regulatory immune pathways. Since IL-6
is a critical growth and survival factor for myeloma cells, inadequate vitamin D levels may indirectly
facilitate disease progression through persistent inflammatory activation within the bone marrow
microenvironment. These immunomodulatory properties provide an important biological explanation
for the observed relationship between vitamin D deficiency and adverse clinical outcomes in MM. [14]
Experimental studies have further demonstrated that vitamin D influences tumor biology through
inhibition of cellular proliferation, induction of apoptosis, promotion of cellular differentiation, and
suppression of angiogenesis. Activation of the vitamin D receptor may also alter signaling pathways that
regulate plasma cell survival and interactions between malignant cells and bone marrow stromal cells.
Although these findings have been demonstrated mainly in laboratory and preclinical models, they
support the hypothesis that vitamin D deficiency may contribute to a microenvironment favorable for
myeloma growth and treatment resistance. [15]
Collectively, the pleiotropic actions of vitamin D on bone metabolism, immune regulation,
inflammation, and cellular proliferation provide a strong biological rationale for investigating its
prognostic significance in multiple myeloma. While current evidence does not establish a direct causal
relationship, these mechanisms support the possibility that vitamin D deficiency is more than a simple
nutritional abnormality and may actively influence disease behavior and clinical outcomes. [16]
Prevalence and Determinants of Vitamin D Deficiency in Multiple Myeloma
Vitamin D deficiency is highly prevalent in patients with multiple myeloma, with most studies reporting
deficiency or insufficiency in more than half of newly diagnosed patients. Although prevalence varies
depending on geographic location, ethnicity, season, laboratory methodology, and the serum 25(OH)D
threshold used, published data consistently demonstrate that vitamin D deficiency is considerably more
common in MM than in the general population. This high prevalence suggests that vitamin D deficiency
represents an important comorbidity that deserves routine clinical attention. [17]
Several disease-related and patient-related factors contribute to the development of vitamin D deficiency
in MM. Advanced age, reduced outdoor activity, poor nutritional intake, renal impairment, prolonged
corticosteroid therapy, chronic inflammation, obesity, and decreased physical performance all reduce
vitamin D synthesis or metabolism. Furthermore, renal dysfunction, which is common in MM, impairs
the conversion of 25(OH)D to its biologically active form, further aggravating deficiency. [18]
The disease itself may also influence vitamin D homeostasis. Progressive bone destruction, cytokine
dysregulation, and alterations within the bone marrow microenvironment may increase metabolic
demand while disrupting normal vitamin D signaling pathways. Elevated inflammatory cytokines,
particularly IL-6, may interfere with vitamin D metabolism and receptor activity, creating a reciprocal
relationship in which aggressive disease promotes deficiency while deficiency further enhances
inflammation and skeletal damage. [19]
Several observational studies have demonstrated that patients with lower serum vitamin D
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concentrations frequently exhibit more advanced disease characteristics at diagnosis, including higher
International Staging System (ISS) stage, elevated f2-microglobulin, greater bone marrow plasma cell
infiltration, and more extensive osteolytic disease. Although these findings do not establish causality,
they consistently support an association between vitamin D deficiency and greater disease burden. [20]
Because vitamin D deficiency is common, inexpensive to detect, and readily correctable, routine
measurement of serum 25(OH)D at diagnosis and during follow-up may provide valuable clinical
information. Standardized assessment could facilitate early identification of patients at increased risk
for skeletal complications and poor functional status while providing an opportunity for timely
nutritional intervention as part of comprehensive supportive care. [21]
Association Between Vitamin D Deficiency and Disease Severity
Growing evidence suggests that vitamin D deficiency is associated with a more aggressive clinical
phenotype in multiple myeloma. Patients with low serum 25(OH)D concentrations are more likely to
present with advanced ISS or R-ISS stage, elevated B2-microglobulin, higher lactate dehydrogenase
levels, greater plasma cell infiltration, and extensive skeletal involvement. These findings indicate that
vitamin D deficiency may reflect increased tumor burden and a more unfavorable biological profile at
diagnosis. [22]
Bone disease is one of the strongest clinical manifestations associated with vitamin D deficiency in MM.
Deficient patients have a higher frequency of osteolytic lesions, pathological fractures, vertebral
compression fractures, and chronic bone pain. Vitamin D deficiency further impairs calcium
homeostasis and bone remodeling, amplifying the imbalance between osteoclast activation and
osteoblast suppression that characterizes myeloma bone disease. Consequently, deficient patients often
experience greater skeletal morbidity and reduced quality of life. [23]
Vitamin D deficiency has also been associated with adverse laboratory parameters that reflect disease
activity and systemic illness. Several studies have reported correlations between low vitamin D levels
and anemia, hypoalbuminemia, impaired renal function, elevated inflammatory markers, and poorer
performance status. Although these abnormalities may partly result from advanced disease rather than
vitamin D deficiency itself, they reinforce the close relationship between vitamin D status and overall
disease severity. [24]
The biological basis for these clinical observations is supported by experimental evidence demonstrating
that vitamin D modulates inflammatory cytokines, immune-cell function, osteoclastogenesis, and bone
marrow stromal cell interactions. Deficiency may therefore promote a microenvironment favorable for
plasma cell survival, angiogenesis, immune escape, and progressive bone destruction, providing
mechanistic support for its association with aggressive disease. [25]
Despite these consistent associations, current evidence remains predominantly observational.
Differences in study design, vitamin D cut-off values, ethnicity, renal function, treatment exposure, and
seasonal variation limit direct comparison between studies. Therefore, vitamin D deficiency should
currently be regarded as a promising prognostic biomarker associated with disease severity rather than
an established independent determinant of aggressive myeloma. [26]
Prognostic Impact of Vitamin D Deficiency on Treatment Response and Survival
The relationship between vitamin D deficiency and clinical outcomes has become an area of increasing
interest in multiple myeloma research. Several observational studies have demonstrated that patients
with deficient serum 25(OH)D levels experience inferior therapeutic responses, shorter progression-free
survival (PFS), and reduced overall survival (OS) compared with patients who have sufficient vitamin
D levels. Although these findings are not entirely consistent across all cohorts, the overall evidence
suggests that vitamin D status may provide additional prognostic information beyond conventional
clinical and laboratory markers. [27]
Vitamin D deficiency has been associated with reduced rates of complete response and very good partial
response following first-line therapy. This observation may be explained by impaired immune
surveillance, persistent inflammatory activation, and altered interactions between myeloma cells and the
bone marrow microenvironment, all of which may reduce treatment sensitivity. Furthermore, deficient
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patients often present with poorer performance status and greater disease burden, factors that may further
compromise therapeutic efficacy. [28]
The prognostic significance of vitamin D appears particularly relevant in patients undergoing autologous
stem cell transplantation (ASCT). Emerging studies suggest that pre-transplant vitamin D deficiency
may delay immune reconstitution and be associated with inferior post-transplant clinical outcomes.
Although these observations require confirmation in larger prospective studies, they indicate that
optimization of vitamin D status before transplantation may represent a simple supportive intervention
worthy of further investigation. [29]
Not all studies have demonstrated an independent association between vitamin D deficiency and survival
after adjustment for established prognostic variables. Differences in ethnicity, treatment regimens, renal
function, vitamin D cut-off values, and study methodology likely contribute to these inconsistent
findings. Nevertheless, the reproducible association between vitamin D deficiency and adverse clinical
characteristics supports its potential role as an adjunctive prognostic biomarker rather than a replacement
for established staging systems. [30]
Overall, current evidence indicates that vitamin D deficiency identifies patients at greater risk of
unfavorable clinical outcomes, although causality remains unproven. Well-designed prospective
multicenter studies and randomized clinical trials are required to determine whether correction of
vitamin D deficiency can improve treatment response, prolong survival, or enhance quality of life in
patients with multiple myeloma. [31]
Mechanistic Basis Linking Vitamin D Deficiency to Multiple Myeloma Progression
Several biological mechanisms may explain the association between vitamin D deficiency and adverse
outcomes in multiple myeloma. Vitamin D receptor (VDR) activation regulates genes involved in cell-
cycle control, apoptosis, and differentiation. Experimental studies have shown that activation of VDR
suppresses myeloma cell proliferation while promoting apoptosis, suggesting that deficiency may
weaken these protective antitumor effects. [32]
The bone marrow microenvironment is fundamental to myeloma progression. Malignant plasma cells
interact continuously with stromal cells, osteoclasts, osteoblasts, endothelial cells, and immune cells
through cytokines and adhesion molecules. Vitamin D modulates these interactions by reducing IL-6,
TNF-a, and other pro-inflammatory mediators that promote plasma cell survival and drug resistance.
Deficiency may therefore create a microenvironment that favors tumor growth and disease progression.
[33]
Vitamin D also influences skeletal remodeling through the RANK/RANKL/osteoprotegerin pathway.
In MM, excessive RANKL activity stimulates osteoclastogenesis while suppressing osteoblast function,
resulting in progressive osteolytic lesions. Vitamin D deficiency amplifies this imbalance, contributing
to accelerated bone resorption, pathological fractures, hypercalcemia, and persistent skeletal morbidity.
[34]
Immune dysregulation represents another important mechanism. Vitamin D enhances innate immunity,
regulates T-cell differentiation, improves natural killer cell activity, and suppresses chronic
inflammation. Deficiency may impair antitumor immune surveillance, allowing malignant plasma cells
to evade immune-mediated elimination while promoting chronic inflammatory signaling within the bone
marrow niche. [35]
Although these mechanistic pathways strongly support a biological role for vitamin D in MM
progression, most evidence originates from experimental and observational studies. Further translational
and clinical research is required to determine whether correcting vitamin D deficiency can directly
modify these pathways and translate into improved patient outcomes. [36]
Therapeutic Implications and Future Perspectives
Given the high prevalence of vitamin D deficiency in patients with multiple myeloma, routine
assessment of serum 25(OH)D at diagnosis and during follow-up has become increasingly advocated as
part of comprehensive supportive care. Vitamin D measurement is inexpensive, widely available, and
may identify patients at increased risk for skeletal complications, impaired physical function, and
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potentially inferior clinical outcomes. Current evidence supports correction of deficiency primarily to
optimize bone health rather than as an established antimyeloma therapy. [37]

Vitamin D supplementation is recommended for deficient patients, particularly those receiving
bisphosphonates or denosumab for myeloma-related bone disease. Adequate vitamin D status facilitates
calcium homeostasis, reduces the risk of osteomalacia and secondary hyperparathyroidism, and may
improve musculoskeletal function. Careful monitoring of serum calcium and renal function remains
important because hypercalcemia may occur in patients with active myeloma or excessive
supplementation. [38]

Whether vitamin D supplementation improves progression-free survival, overall survival, or treatment
response remains uncertain. Most available evidence consists of retrospective studies, observational
cohorts, and small prospective investigations, while randomized controlled trials specifically evaluating
survival outcomes are lacking. Therefore, vitamin D replacement should currently be regarded as an
evidence-based supportive intervention rather than a disease-modifying treatment. [39]

Future research should prioritize large multicenter prospective studies using standardized definitions of
vitamin D deficiency and uniform measurement of serum 25(OH)D. Clinical trials should determine
whether early correction of deficiency influences minimal residual disease, response to novel therapies,
transplantation outcomes, progression-free survival, and overall survival. Further investigation into
vitamin D receptor polymorphisms, molecular biomarkers, and personalized supplementation strategies
may also improve patient stratification and optimize supportive management in multiple myeloma. [40]
Conclusion

Vitamin D deficiency is highly prevalent among patients with multiple myeloma and is consistently
associated with advanced disease, increased skeletal complications, and poorer clinical outcomes. Its
biological effects on bone remodeling, immune regulation, inflammatory signaling, and the bone
marrow microenvironment provide a plausible mechanistic basis for these associations. Although
current evidence supports vitamin D deficiency as a clinically relevant prognostic biomarker, most
available data remain observational and do not establish a causal relationship between deficiency and
adverse survival outcomes. Routine assessment and correction of vitamin D deficiency should therefore
be considered an important component of supportive care, particularly in patients with bone disease or
those receiving antiresorptive therapy, while adequately powered prospective studies and randomized
clinical trials are needed to determine whether vitamin D optimization can improve treatment response,
progression-free survival, and overall survival in multiple myeloma.

References

1. Rajkumar SV, Dimopoulos MA, Palumbo A, et al. International Myeloma Working Group updated criteria for the diagnosis of
multiple myeloma. Lancet Oncol. 2014;15(12).

2. Rajkumar SV. Multiple myeloma: 2022 update on diagnosis, risk stratification, and management. Am J Hematol.
2022;97(8):1086-1107.

Cowan AJ, Green DJ, Kwok M, et al. Diagnosis and management of multiple myeloma: a review. JAMA. 2022;327(5):464-477.

Padala SA, Barsouk A, Rawla P, Vakiti A, Kolhe R, Ajebo GH. Epidemiology, staging, and management of multiple myeloma.
Med Sci (Basel). 2021;9(1):3.

5. Hemminki K, Forsti A, Houlston R, Sud A. Epidemiology, genetics and treatment of multiple myeloma and precursor diseases.
Int J Cancer. 2021;149(12):1980-1996.

Corre J, Munshi NC, Avet-Loiseau H. Risk factors in multiple myeloma: is it time for a revision? Blood. 2021;137(1):16-19.

Zanwar S, Rajkumar SV. Current risk stratification and staging of multiple myeloma and related clonal plasma cell disorders.
Leukemia. 2025;39:2610-2617.

8. Lu X, Andersen EF, Banerjee R, et al. Guidelines for the testing and reporting of cytogenetic results for risk stratification of
multiple myeloma. Blood Cancer J. 2025;15(1):86.

9. Kumar SK, Callander NS, Adekola K, et al. NCCN Guidelines® Insights: Multiple Myeloma, Version 1.2025. J Natl Compr
Canc Netw. 2025;23(5):132-140.

10. Dimopoulos MA, Merlini G, Bridoux F, et al. Management of multiple myeloma-related renal impairment: recommendations
from the International Myeloma Working Group. Lancet Oncol. 2023;24(7).

Cuest.fisioter.2024.53(3):8121-8129 8127



Shimaa Abdelmoneem et al. Vitamin D Deficiency in Multiple Myeloma: Prognostic Significance,

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Biological Mechanisms, and Clinical Implications \:

Terpos E, Zamagni E, Lentzsch S, et al. Treatment of multiple myeloma-related bone disease: recommendations from the Bone
Working Group of the International Myeloma Working Group. Lancet Oncol. 2021;22(3).

Goldman-Mazur S, Kumar SK. Current approaches to management of high-risk multiple myeloma. Am J Hematol.
2021;96(7):854-871.

Moreau P, Kumar SK, San Miguel J, et al. Treatment of relapsed and refractory multiple myeloma: recommendations from the
International Myeloma Working Group. Lancet Oncol. 2021;22(3).

Monteith BE, Sandhu I, Lee AS. Management of multiple myeloma: a review for general practitioners in oncology. Curr Oncol.
2023;30(5):4382-4401.

Mirhosseini N, Psihogios A, McLaren MD, Seely D. Vitamin D and multiple myeloma: a scoping review. Curr Oncol.
2023;30(3):3263-3276.

Kulig P, Luczkowska K, Bielikowicz A, et al. Vitamin D as a potential player in immunologic control over multiple myeloma
cells: implications for adjuvant therapies. Nutrients. 2022;14(9):1802.

Innao V, Allegra A, Ginaldi L, et al. Reviewing the significance of vitamin D substitution in monoclonal gammopathies. Int J
Mol Sci. 2021;22(9):4922.

Bao L, Wang Y, Lu M, et al. Vitamin D deficiency linked to abnormal bone and lipid metabolism predicts high-risk multiple
myeloma with poorer prognosis. Front Endocrinol (Lausanne). 2023;14:1157969.

Isoda A, Miyazawa Y, Ishikawa T, et al. Prevalence and clinical outcomes of vitamin D deficiency among Japanese multiple
myeloma patients: a single-center observational study. Support Care Cancer. 2023;31(9):547.

Kim S, Cho H, Kim M, et al. The prognostic significance of vitamin D deficiency in Korean patients with multiple myeloma.
Clin Lymphoma Myeloma Leuk. 2024;24(3).

Gujarathi R, Lakhanpal MR, Chelikam N, et al. Prevalence, outcomes, and complications of vitamin D deficiency among patients
with multiple myeloma: nationwide burden of disease. J Investig Med. 2024;72(7):674-683.

Cui W, Liu J, Shen Y. Regarding the prognostic role of vitamin D deficiency in a Japanese multiple myeloma study. Support
Care Cancer. 2024;32(7):441.

Ito Y, Honda A, Kurokawa M. Impact of vitamin D level at diagnosis and transplantation on the prognosis of hematological
malignancy: a meta-analysis. Blood Adv. 2022;6(5):1499-1511.

Yellapragada SV, Fillmore NR, Frolov A, et al. Vitamin D deficiency predicts poor overall survival in White but not African
American patients with multiple myeloma. Blood Adv. 2020;4(8):1643-1646.

Gilden S, Erdem F. The effects of vitamin D level on bone lesions and prognostic factors in multiple myeloma. Meandros Med
Dent J. 2021;22(2):196-202.

Holick MF, Binkley NC, Bischoff-Ferrari HA, et al. Evaluation, treatment, and prevention of vitamin D deficiency: an Endocrine
Society clinical practice guideline. J Clin Endocrinol Metab. 2011;96(7):1911-1930.

Fotiou D, Dimopoulos MA, Kastritis E. Approach to contemporary risk assessment, prevention and management of thrombotic
complications in multiple myeloma. Cancers (Basel). 2022;14(24):6216.

Ludwig H, Terpos E, van de Donk NWCJ, et al. Prevention and management of adverse events during treatment with bispecific
antibodies and CAR T cells in multiple myeloma: a consensus report of the European Myeloma Network. Lancet Oncol.
2023;24(6).

Usmani SZ, Facon T, Hungria V, et al. Daratumumab plus bortezomib, lenalidomide and dexamethasone for transplant-ineligible
or transplant-deferred newly diagnosed multiple myeloma: the randomized phase 3 CEPHEUS trial. Nat Med. 2025;31(4):1195-
1202.

Bhutani M, Robinson M, Foureau D, et al. MRD-driven phase 2 study of daratumumab, carfilzomib, lenalidomide, and
dexamethasone in newly diagnosed multiple myeloma. Blood Adv. 2025;9(3):507-519.

Abdallah NH, Smith AN, Geyer S, et al. Conditional survival in multiple myeloma and impact of prognostic factors over time.
Blood Cancer J. 2023;13(1):78.

Bebnowska D, Hrynkiewicz R, Grywalska E, et al. Immunological prognostic factors in multiple myeloma. Int J Mol Sci.
2021;22(7):3587.

Huang J, Chan SC, Lok V, et al. The epidemiological landscape of multiple myeloma: a global cancer registry estimate of disease
burden, risk factors, and temporal trends. Lancet Haematol. 2022;9(9).

Lim C, Sinha P, Harrison SJ, Quach H, Slavin MA, Teh BW. Epidemiology and risks of infections in patients with multiple
myeloma managed with new generation therapies. Clin Lymphoma Myeloma Leuk. 2021;21(7):444-450.

Atkin C, Reddy-Kolanu V, Drayson MT, Sapey E, Richter AG. The prevalence and significance of monoclonal gammopathy of
undetermined significance in acute medical admissions. Br J Haematol. 2020;189(6):1127-1135.

Basali D, Chakraborty R, Rybicki L, et al. Real-world data on safety and efficacy of venetoclax-based regimens in
relapsed/refractory t(11;14) multiple myeloma. Br J Haematol. 2020;189(6):1136-1140.

Egan PA, Elder PT, Deighan WI, O'Connor SJM, Alexander HD. Multiple myeloma with central nervous system relapse.
Haematologica. 2020;105(7):1780-1782.

Cuest.fisioter.2024.53(3):8121-8129 8128



Shimaa Abdelmoneem et al. Vitamin D Deficiency in Multiple Myeloma: Prognostic Significance,
Biological Mechanisms, and Clinical Implications b

N

Wang X, Cheng L, Liu A, et al. Metabolomics approach reveals key plasma biomarkers in multiple myeloma for diagnosis,
staging, and prognosis. J Transl Med. 2025;23(1):163.

38.

39. Rizvi RS, Ali SM, Raza N, Dawood S, Parveen S. Prevalence of vitamin D deficiency in newly diagnosed multiple myeloma

patients. Pak J Health Sci. 2025;6:60-64.

40. Keruakous AR, Ghani N, Desai S, et al. Impact of pretransplant vitamin D deficiency on immune recovery and clinical outcomes

in multiple myeloma patients undergoing autologous stem cell transplantation. Front Immunol. 2025;16.

Cuest.fisioter.2024.53(3):8121-8129 8129



