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What is already known on 
this topic?

• Vitamin D, a fat-soluble vita-
min that supports healthy
bone mineralization, has been
shown to inhibit the prolif-
eration of breast, melanoma,
prostate, and colorectal can-
cer cells.

• Vitamin D deficiency is also
a significant issue in hemato-
logic diseases, particularly in
Hodgkin lymphoma (HL).

• Vitamin D supplementation
may enhance the effectiveness
of chemotherapy on tumor
cells.

What this study adds to 
this topic?

• Patients with HL tend to have
low pretreatment vitamin D
levels, which decline further
in advanced stages.

• Low levels of vitamin D are
linked to a higher disease bur-
den in HL. Severe deficiency
is associated with shorter pro-
gression-free survival.

• Supplementing vitamin D with 
chemotherapy can reduce
B symptoms and improve
treatment adherence in HL
patients.

Abstract
Objective: Pretreatment serum 25-hydroxyvitamin D (25(OH)D) levels in Hodgkin Lymphoma (HL) patients 
were investigated.

Methods: Serum 25(OH)D levels in newly diagnosed HL patients were compared with those of a non-
cancer control group. None of the participants were taking vitamin D supplements before the study.

Results: A total of 120 individuals were enrolled (60 HL patients and 60 controls). The mean 25(OH)D level 
was 11 ± 8.52 µg/L in the patient group and 26.85 ± 10.52 µg/L in the control group (P < .005). Females 
had lower 25(OH)D levels in the patient group (8.93 ± 3.7 µg/L vs. 14.76 ± 9.4 µg/L, P = .001). The mean 
25(OH)D level did not differ according to sex in the control group (28.4 ± 9.6 µg/L in males vs. 24.4 ± 11.9 
µg/L in females, P = .17). Thirty-one (51.7%) patients had advanced-stage disease. The mean 25(OH)D level 
was lower in patients with advanced-stage disease (10.7 ± 4.22 µg/L vs. 15.48 ± 11.02 µg/L, P = .035). 
Patients with an initial presentation of B symptoms, bulky disease, or splenic involvement had lower 25(OH)
D levels (P = .025, .01, and .009, respectively). Progression-free survival was shorter (62 vs. 108 months, P 
= .002) in patients with severe deficiency (<10 µg/L).

Conclusion: Pretreatment vitamin D levels are low in HL and decrease as the disease burden increases. 
Progression-free survival was shorter in patients with severe deficiency.

Keywords: 25-hydroxy vitamin D, advanced stage, Hodgkin lymphoma, progression-free survival, vitamin 
D deficiency

Introduction
Vitamin D is a fat-soluble vitamin, and its primary function is to increase calcium absorption in 

the gut to maintain proper calcium and phosphate levels in the blood and support healthy bone 
mineralization.1 While it is naturally present in a few foods, the main source of vitamin D in humans 
is the skin’s production of vitamin D. Besides maintaining calcium homeostasis, vitamin D also influ-
ences cell growth and differentiation in normal tissue and cell adhesion and death in tumor cells.2 
Recent studies indicate that vitamin D deficiency is associated with an increased risk of chronic and 
autoimmune diseases, and specific cancers.3-7 Certain studies suggest that low levels of vitamin D 
correlate with unfavorable prognostic factors in cancer patients.8-11 Vitamin D has been shown to 
suppress the growth of breast, melanoma, prostate, and colorectal cancer cells, and taking vitamin 
D supplements may enhance the effectiveness of chemotherapy against tumor cells.12

The most appropriate laboratory test for measuring vitamin D levels is serum 25-hydroxyvitamin 
D (25(OH)D) measurement. Low levels of 25(OH)D have been associated with increased incidence 
and worse prognosis in breast, lung, and colorectal cancers, as well as lymphomas.13-15 Hodgkin 
lymphoma (HL) is a type of cancer that affects the lymphatic and immune systems. Factors such as 
geography, socioeconomic status, human immunodeficiency virus and Epstein–Barr virus infection, 
and family history are known to increase the risk of HL.16 While vitamin D deficiency has been 
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linked to a poor prognosis in some non-Hodgkin lymphomas, few 
studies have examined its impact specifically in HL.17-19

The authors aimed to assess serum 25(OH)D levels in newly 
diagnosed HL patients before treatment and compare these with 
levels in a healthy control group. The secondary goal was to inves-
tigate the relationship between disease characteristics (e.g., stage, 
splenic involvement, and B symptoms) and the severity of defi-
ciency in the patient cohort.

Methods
Patients diagnosed with HL and treated at the hematology clinic 

were evaluated between January 2014 and December 2022. 
The data were collected retrospectively from patient files and 
the hospital’s electronic record system. Patients aged 18 years 
or older with classical HL who had pretreatment serum 25(OH)
D levels measured and did not receive vitamin D replacement 
were included. At the time of diagnosis, the age, sex, Ann Arbor 
stage, pretreatment serum 25(OH)D level, presence of B symp-
toms, bulky disease, and spleen involvement for each patient were 
recorded. The control group was randomly selected from age- and 
sex-matched individuals admitted to the internal medicine clinic 
for routine checkups. They were tested for their 25(OH)D levels, 
were not taking any vitamin D supplements, had no malignant 
disease, and had demographic characteristics similar to those 
of HL patients. Serum 25(OH)D levels were measured using the 
Roche Cobas e801 device with electrochemiluminescence immu-
noassay. Severe vitamin D deficiency was defined as a 25(OH)D 
level below 10 µg/L. Moderate deficiency was defined as a level 
between 10-19.9 µg/L, and mild deficiency was defined as a level 
between 20-30 µg/L. Individuals with a 25(OH)D level greater 
than 30 µg/L were considered not deficient.

To investigate the relationship between serum vitamin D lev-
els and disease prognostic factors, patients with early-stage and 
advanced-stage HL, those with and without spleen involve-
ment, and those with and without B symptoms were compared. 
Progression-free survival (PFS) was defined as the time from diag-
nosis to progression or death, and overall survival (OS) was defined 
as the time from diagnosis to death from any cause.

The study was approved by the local ethics committee of the 
University of Health Sciences, Sultan 2. Abdulhamid Han Training 
and Research Hospital, (Approval No.: 3/17; Date: February 10, 2023) 
and was conducted in accordance with the Helsinki Declaration. 
Written informed consent was obtained from all participants.

Statistical Analyses
SPSS v.22 (IBM SPSS Corp.; Armonk, NY, USA) was used for 

all statistical analyses and figure creation. Data normality was 
assessed using the Kolmogorov–Smirnov test. Normally distributed 
parameters were reported as mean (SD), whereas non-normally 
distributed parameters were reported as median (25th-75th per-
centiles). Significance testing of non-normally distributed data was 
performed using nonparametric tests. Differences between groups 
were compared with the chi-square test for categorical variables. 
Continuous variables were compared using an independent-
samples t-test. The Pearson correlation coefficient was used to 
assess the association between normally distributed continuous 
variables, while the Spearman correlation coefficient was used for 
non-normally distributed continuous variables. The Kaplan–Meier 
method and the log-rank test were used for survival estimation. 
Multivariate Cox regression analysis was conducted to identify 
independent prognostic factors for OS in HL patients. All analyses 
were 2-tailed, and the type 1 error was less than or equal to 5%.

Results
A total of 120 individuals were enrolled in the study (60 patients 

with HL and 60 age- and sex-matched controls). The cohort 
characteristics are summarized in Table 1. The mean 25(OH)D 
level was 11 ± 8.52 µg/L in the patient group and 26.85 ± 10.52 
µg/L in the control group (P < .005). Twenty-four (40%) individu-
als in the control group had normal 25(OH)D levels, whereas 2 
patients (3.3%) had normal levels (P < .001). Severe deficiency 
was detected in 25 patients (42.7%) and 4 controls (6.7%) (P = 
.001) (Table 2). Despite being predominantly male in both groups, 
females in the patient group had lower 25(OH)D levels (8.93 ± 
3.7 µg/L vs. 14.76 ± 9.4 µg/L; P = .001) (Figure 1a). The mean 
25(OH)D level did not differ according to sex in the control group 
(28.4 ± 9.6 µg/L in males vs. 24.4 ± 11.9 µg/L in females, P = .17). 
Thirty-one patients (51.7%) had advanced-stage disease (stage III 
and IV disease) at the time of diagnosis. The mean 25(OH)D level 
was lower in patients with advanced-stage disease (10.7 ± 4.22 
µg/L vs. 15.48 ± 11.02 µg/L, P = .035) (Table 3). Patients with 
an initial presentation of B symptoms, bulky disease, or spleen 
involvement had lower 25(OH)D levels than those without these 
findings (P = .025, .01, and .009, respectively) (Figure 1b, Table 3). 
Considering the whole cohort, early-stage female patients had the 
lowest 25(OH)D levels (Figure 2, Table 4). The mean 25(OH)D 
levels of female patients did not differ significantly by stage (8 ± 
3.9 µg/L in the early stage vs. 9.6 ± 3.5 µg/L in the advanced stage, 
P = .402). The mean 25(OH)D level of male patients was lower in 
the advanced stage (18.3 ± 11.5 vs. 11.2 ± 4.5, P = .015) (Table 4). 
The correlation analysis did not reveal an association between age 
and 25(OH)D levels in either group (P = .692 for the patient group 
and P = .21 for the control group). Progression-free survival was 
shorter (62 vs. 108 months, P = .002) in patients with severe defi-
ciency (<10 µg/L). Overall survival did not differ between groups 
(Figure 3).

Seventeen patients progressed during the study period, and 13 of 
them died. Multivariate Cox regression analysis was performed to 
identify independent prognostic factors for overall survival. When 
age, sex, stage, B symptoms, bulky disease, splenic involvement, 
and vitamin D level were included as covariates, age was a strong 
and independent predictor of increased mortality risk (HR 1.07, 
95% CI 1.03-1.12, P = .001). For vitamin D levels, the HR was <1 
(0.83; P = .046), indicating that, independent of other clinical vari-
ables, the risk of death decreases with increasing vitamin D levels. 
This result was interpreted to mean that each 1-unit increase in 
vitamin D was associated with approximately a 16%-17% reduc-
tion in relative risk.

Table 1.  Cohort Characteristics According to the Groups

Parameters Patient (n = 60) Control (n = 60) P

Sex (F / M) 18 / 42 19 / 41 –

Age 
(median / range)

32.5 (19-82) 37 (19-81) .887

25(OH)D (µg/L)*
(mean + SD)

11 ± 8.52
​

26.85 ± 10.52
​

<.001

25(OH)D (µg/L)*
(median /Q1-Q3)

8.05-15.37
​

20.82-34.62 <.001

P < .05 (significant); P-value based on t-test.
F, female; M, male. 
*Laboratory normal reference range for 25(OH)D: 30-100 µg/L.
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Discussion
The significant role of 25(OH)D in maintaining serum calcium 

levels and bone homeostasis is well established. Additionally, 
research suggests that 25(OH)D has a cancer-suppressing effect 
by influencing cellular differentiation, proliferation, apoptosis, and 
angiogenesis.20,21 The study demonstrated that 25(OH)D levels at 
diagnosis were significantly lower in patients with HL than in con-
trols. Additionally, HL patients with advanced disease, B symp-
toms, bulky disease, and splenic involvement exhibited lower 
25(OH)D levels.

Vitamin D strongly binds to the vitamin D receptor (VDR). Renné 
et al found that VDR expression is higher in HL tumor cells than 
in non-Hodgkin lymphoma (NHL) cells (80% vs. 17%, respec-
tively).22 Although VDR expression is low in diffuse large B-cell 
lymphoma cells, vitamin D treatment has been shown to reduce 
tumor growth.23 Borchmann et al showed that the cytotoxic effect 
of chemotherapeutic agents, such as doxorubicin and etoposide, 
increased when combined with physiological doses of vitamin D 
in HL cell culture.8 Another theory suggests a connection between 
the EBV and VDR. Around 40% of HL cases are affected by EBV. 
Yenamandra et  al demonstrated that the EBV-encoded protein 
EBNA3 can bind VDR. They found that the interaction between 
EBNA3 and VDR inhibits vitamin D’s antiproliferative and apop-
totic effects in lymphoma cells.24 Based on this finding, patients 
with HL are likely to benefit from vitamin D replacement therapy. 
The relationship between low vitamin D levels and the develop-
ment or progression of HL is still uncertain. The existing literature 
does not definitively answer whether low vitamin D contributes to 
HL or if HL itself leads to reduced serum vitamin D levels. While 
some studies have investigated the risk of developing NHL in rela-
tion to low vitamin D levels, their findings have been very incon-
sistent.25 Unfortunately, vitamin D deficiency is often overlooked 
in clinical practice because healthcare professionals primarily 
focus on the disease and chemotherapy. Therefore, it is recom-
mended that serum 25(OH)D levels be measured at the time of HL 

Table 2.  25(OH)D Level by the Degree of Deficiency in Patients and 
Controls

25(OH)D Deficiency 
Status Patient (n) (%) Control (n) (%) P

Severe (<10 µg/L) 25 (42.7) 4 (6.7) .001

Moderate (10-19.9 µg/L) 24 (40) 9 (15) .001

Mild (20-30 µg/L) 9 (15) 23 (38.3) .001

No deficient (>30 µg/L) 2 (3.3) 24 (40) <.001

P < .05 (significant); P-value based on chi-square test.
Laboratory normal reference range for 25(OH)D: 30-100 µg/L.

Figure 1.  a. 25(OH)D level in the patient group according to sex (P = .001) b. 25(OH)D level in the patient group according to spleen 
involvement (P = .009).

Table 3.  Comparison of the Patient Group According to the Disease Characteristics

Parameters Number of patients (%) Serum 25(OH)D level* P

Stage Early 29 (48.3) Advanced 31 (51.7) Early 15.48 ± 11.02 Advanced 10.7 ± 4.22 ​.035

Disease burden Present Absent Present Absent ​

  B symptoms 35 (58.3) 25 (41.7) 10.69 ± 5.35 16.26 ± 10.9 .025

  Bulky disease 5 (8.3) 55 (91.7) 7.24 ± 3.49 13.53 ± 8.66 .01

  Spleen involvement 12 (20) 48 (80) 9.43 ± 3.35 13.90 ± 9.18 .009

Sex – – Female Male –

​ – – 8.93 ± 3.7 14.76 ± 9.4 .001

*Mean ± SD.
Laboratory normal reference range for 25(OH)D: 30-100 µg/L.
P < .05 (significant); P-value based on t-test.
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diagnosis and that appropriate replacement therapy be provided to 
patients with deficiency.

Male sex is considered a poor prognostic factor in HL.26 However, 
it was found that the mean 25(OH)D level among female patients 
was lower than that among male patients. As a hypothesis, regional 
clothing styles may have reduced direct exposure to sunlight. This 
could explain why mean 25(OH)D levels were lower in women 
than in men in the cohort.

In the study, it was found that patients with B symptoms had 
lower serum 25(OH)D levels compared to those without B symp-
toms. B symptoms result from pro-inflammatory cytokines such 
as TNF-α, interleukin-1, and interleukin-6 produced by HL tumor 
tissue.26 It is well known that serum 25(OH)D concentration is 
inversely proportional to serum proinflammatory cytokines.27 
Additionally, reduced ECOG performance or disease-related 
symptoms that lead to immobilization can affect 25(OH)D due to 
reduced nutrition and reduced exposure to direct sunlight. Based 
on these findings, vitamin D replacement for patients, particularly 
those with advanced disease or presenting with B symptoms, can 
be recommended.

J.-Q. Qin et al investigated the impact of pretreatment vitamin 
D levels on prognosis in 77 patients with HL. They found that 
patients with 25(OH)D deficiency had significantly lower PFS 
and OS (P < .001 for both) than those without deficiency. In a 
multivariate Cox analysis, 25(OH)D deficiency was found to be 

an independent prognostic factor, associated with a disadvantage 
in both PFS (HR 3.323, 95% CI 1.527-7.229, P = .002) and OS 
(HR 5.819, 95% CI 1.322-25.622, P = .020).19 The researchers 
suggested that serum 25(OH)D levels could be a valuable prog-
nostic indicator in HL. The study yielded similar results, showing 
that patients with severely deficient vitamin D had shorter PFS (62 
vs. 108 months, P = .002). There was no difference in OS in the 
patient group (median OS not reached). A recent meta-analysis 
also indicated that lower vitamin D levels are associated with 
poorer overall and progression-free survival in myeloid and lym-
phoid malignancies.28

Several limitations to the study should be noted. These include 
the relatively small sample size and retrospective design. The small 
sample size is attributable to the inclusion of only patients with 
Hodgkin lymphoma who had their vitamin D levels measured 
before treatment. It’s essential to note that exposure to sunlight is 
a significant environmental factor that can affect human vitamin D 
levels. The study did not account for the season at the time serum 
25(OH)D levels were measured in patients and the control group. 
As part of the general clinical approach, vitamin D supplementa-
tion has been provided to all patients with vitamin D deficiency 
since 2014. In this cohort, only 2 patients had normal 25(OH)D 
levels; the others began oral or parenteral vitamin D supplementa-
tion concurrent with chemotherapy. Because all patients with low 
vitamin D levels receive vitamin D supplementation, it was not 
possible to compare patients with low levels who received supple-
mentation with those who did not. The relatively small number 
of patients also limits these evaluations. Additionally, the effect 
of supplementation on outcomes cannot be commented on, nor 
assess the effectiveness of oral versus parenteral replacement in 
the deficient group. Despite this, based on the previous experi-
ence with HL patients followed in the clinic before 2014, it was 
observed that vitamin D supplementation during chemotherapy 
improves treatment adherence.

Figure 2.  The mean 25(OH)D level in the patient group according 
to sex and disease stage.

Table 4.  The Mean Serum 25(OH)D Level According to Sex and Disease 
Stage in the Patient Group

Patients

Early Stage Advanced Stage

P25(OH)D level (n, mean±SD)

Female (n = 18) 8 (8 ± 3.9) 10 (9.6 ± 3.5) .402

Male (n = 42) 21 (18.3 ± 11.5) 21 (11.2 ± 4.5) .015

Total (n = 60) 29 (15.48±11.02) 31 (10.7 ± 4.22) .035

Laboratory normal reference range for 25(OH)D: 30-100 µg/L.

Figure 3.  Progression-free survival and overall survival according to 25(OH)D level in the patient group.
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The study revealed that pretreatment vitamin D levels in patients 
with HL are low and decrease with increasing disease burden. 
Severe vitamin D deficiency is associated with shorter progres-
sion-free survival. These findings suggest that vitamin D may be 
involved in the onset and/or progression of HL. Due to the ret-
rospective design of the study, causality cannot be inferred, and 
vitamin D deficiency may be a consequence rather than a driver of 
advanced disease. Further molecular studies are necessary to bet-
ter understand this relationship. Pretreatment serum 25-hydroxyvi-
tamin D levels may be a prognostic factor in patients with newly 
diagnosed HL, alongside Ann Arbor staging, B symptoms, sex, age, 
and sedimentation rate.

Based on the results, it is suggested that serum 25(OH)D be 
measured at the time of initial HL diagnosis. Vitamin D replace-
ment can be recommended to deficient patients concomitantly 
with chemotherapy, especially to those with advanced disease or 
presenting with B symptoms.
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