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Abstract

Objectives: Lung cancer is the most common cause of cancer-related deaths worldwide. The use of tobacco and to-
bacco products is among the leading risk factors with proven association with lung cancer, although various environ-
mental and dietary factors have been also implicated. Vitamin D deficiency has been identified as a poor prognostic
factor in advanced stage colon cancer and breast cancer. The aim of the present study was to compare 25-hydroxyvita-
min D [25(0OH)D] levels between patients with non-small cell lung cancer (NSCLC) at the time of diagnosis and healthy
controls and to evaluate the differences in serum 25(OH)D levels across the subgroups and stages of NSCLC.
Methods: A total of 462 patients with NSCLC who were followed and treated in three participating centers were com-
pared retrospectively with and age- and sex-matched 462 healthy controls who underwent testing for serum calcium,
lactate dehydrogenase (LDH), magnesium, phosphorus, creatinine, and vitamin D levels in the between January 2016
and June 2018. The patients with NSCLC were further classified according to the histological subtype.

Results: The mean age was 63.46+8.86 years. The patient group was composed of 58 females (12.6%) and 404 males
(87.4%). Serum 25(0OH)D, calcium, LDH, and magnesium levels were significantly different between the patient and
the control group (p=0.0001, p=0.0001, p=0.0001, p=0.0001, respectively). Among patients with NSCLC, serum 25(0OH)
D was significantly lower in patients with adenocarcinoma subtype than in patients with squamous-cell carcinoma
subtype (p=0.001). There was a significant correlation between advanced stage with decreased serum 25(0H)D and
increased LDH levels (p=0.0001, p=0.0001, respectively).

Conclusion: The study is the most extensive study in our region in terms of the number of participating patients.
Demonstration of a difference in serum 25(0OH)D levels between histological subtypes also contributes to the literature.
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Lung cancer is the most common cause of cancer-relat- 80% of all patients with lung cancer.™ The use of tobacco
ed deaths worldwide and non-small cell lung cancer and tobacco productsisamong the leading risk factors with
(NSCLC) comprising a variety of histological subtypes such  proven association with lung cancer, although various envi-
as adenocarcinoma, Squamous-ce” carcinoma, |arge-ce|| ronmental and dietary factors have been also implicated.m

carcinoma and bronchoalveolar carcinoma accounts for In recent years, there is a growing evidence from epidemi-
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ological studies suggesting an association between vitamin
D deficiency and autoimmune diseases such as multiple
sclerosis, rheumatoid arthritis, diabetes mellitus, system-
ic lupus erythematosus, and inflammatory bowel disease.
Bl As it is well-known, inflammation is often associated to
carcinogenesis.” Vitamin D influences the development of
cancer through the modulation of inflammatory system by
regulating cytokine levels in the microenvironment of tu-
mor, inhibiting prostaglandins, activating mitogen-activat-
ed protein kinase phosphatase 5 (MPK5), inhibiting nuclear
factor kappa B (NF-KB) signaling pathway, and inhibiting im-
mune cells (i.e., macrophages, dendritic cells, T and B cells).”!

Serum vitamin D deficiency has been identified as a poor
prognostic factor in all gastrointestinal cancers, partic-
ularly in advanced stage colon cancer and breast cancer.
B However, the role it plays in lung cancer still remains to
be elucidated. The overall survival was found to be higher
in patients with Stage | and Il NSCLC who were operated
in summer and who received vitamin D-fortified diet than
in patients who were operated on in winter and who had
poor dietary intake.? Zhou et al.”’ reported that high plas-
ma vitamin D levels favorably affected survival in patients
with Stage lb and Il NSCLC, although this effect disap-
peared in patients with advanced disease. As opposed to
these data, Cheng et al.® found no relationship between
plasma vitamin D levels and lung cancer in the US popula-
tion.®’ However, there is a limited number of data regarding
the relationship between vitamin D status and subtypes of
NSCLC and disease stage.

Serum 25(0OH)D level below 20 ng/mL is defined as vitamin
D deficiency.®! In the present study, we aimed to compare
25(0OH)D levels between patients with NSCLC at the time of
diagnosis and healthy controls and to evaluate the differ-
ences in serum 25(0OH)D levels across the subgroups and
stages of NSCLC.

Methods

This retrospective study was approved by the Pamukkale
University, Non-interventional Clinical Trials Ethics Commit-
tee (Decree No: 70034/Date: October 15, 2018). The study
was conducted in accordance with the principles of the Dec-
laration of Helsinki. A total of 462 patients with NSCLC who
were followed and treated in three participating centers
were compared with blood test date, age- and sex-matched
462 healthy controls who underwent testing for serum calci-
um, lactate dehydrogenase (LDH), magnesium, phosphorus,
creatinine and vitamin D levels between January 2016 and
June 2018. Inclusion criteria for patients were: histopatho-
logically diagnosed as having NSCLC (adenocarcinoma,
squamous cell carcinoma, bronchoalveolar, or large cell lung

carcinoma). Who were already taking a vitamin D supple-
ment or active vitamin D and who had a history of urinary
tract stones both excluded from control and patient groups.

Statistical analysis was performed using the Statistical
Package for Social Sciences (SPSS) version 22.0 software
(IBM Corp., Armonk, NY, USA). Descriptive data were ex-
pressed in mean and standard deviation (SD) and number
and frequency. The Student’s t-test was used for continu-
ous variables and the Fisher’s exact test was used for cate-
gorical variables. A p value of <0.05 was considered statis-
tically significant.

Results

The mean age in the patient group (n=462) was 63.46+8.86
years (range, 28-85). The patient group was composed of
58 females (12.6%) and 404 males (87.4%). Histological
subtypes and disease stage at the time of diagnosis are
presented in Table 1. Serum 25(OH)D, calcium, LDH and
magnesium levels were significantly different between the
patient and the control group (Table 2). When the patients
with NSCLC were evaluated according to the histological
subtype, serum 25(0H)D was significantly lower in patients
with adenocarcinoma than in patients with squamous-cell
carcinoma (Table 3). In addition, since the number of pa-
tients in “other histology” group was less than the other
groups, comparisons between the groups were made
using Bonferroni corrections, with p<0.017 accepted as
significant for Table 3. When the patients were evaluated
according to the clinical disease stage, a significant correla-
tion was observed between advanced stage and decreased
serum 25(0OH)D and increased LDH levels (Table 4).

Discussion

Experimental studies have shown that circulating 25(0OH)D
decreases cellular proliferation and increases apoptosis in
NSCLC.®' It has been also shown that vitamin D inhibits the
growth of lung cancer metastases in experimental animal

Table 2. Histological subtypes and clinical stages of the patients

Characteristics Patients (n) Percentage (%)
Histology

Adeno 171 37.0

Squamous 243 52.6

Other 48 10.4
Stage

1 13 2.8

2 55 11.9

3 115 249

4 279 60.4
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Table 2. Laboratory parameters of the patient and control groups

Laboratory parameters Control Patients p value
MeanzSD Med (min-max) MeanzSD Med (min-max)

Vitamin D 26.9+8.7 26.5 (11.1-66.5) 16.5+9.8 14.29 (0-91.8) 0.0001"

Calcium 9.3£0.5 9.31(8.3-10.6) 9.5+0.8 9.4 (7.3-14.8) 0.0001"

Phosphorus 3.4£0.5 3.4(1.42-4.78) 3.46+1 3.4(1.4-9.2) 0.311

Lactate dehydrogenase 177.2+37.2 175 (98-480) 273.4+244.6 222.5 (100-4229) 0.0001"

Magnesium 2+0.2 1.99(1.13-34) 1.9+0.3 2(1-34) 0.0001"

Creatinine 0.9+0.2 0.9 (0.5-2.3) 0.9+0.3 0.85 (0.5-2.3) 0.632

*P<0.05 statistically significant. SD: Standard deviation; Med: Median; Min: Minimum; Max: Maximum.

Table 3. Laboratory parameters of the patients according to the histological subtype

Laboratory parameters Histology Mean+SD Median (min-max) p value
Vitamin D Adeno 15.5£10.44 13.7 (0-91.8) 0.001"
(adeno-squamous)
Squamous 16.93+8.89 15.9 (0-66.7)
Other 17.8£11.9 15.07 (3-70)
Calcium Adeno 9.43+0.61 9.4 (7.3-14) 0.103
Squamous 9.55+0.85 9.39(7.7-14.8)
Other 9.69+0.89 9.6 (7.6-13.4)
Phosphorus Adeno 3.51+0.97 3.4(1.8-9.2) 0.184
Squamous 3.4£1.05 3.4(1.35-9.17)
Other 3.56+0.76 3.6 (1.6-5.6)
Lactate dehydrogenase Adeno 268.84+122.27 227 (134-1161) 0.084
Squamous 273.31£308.46 214 (100-4229)
Other 290.48+206.82 226 (124-1297)
Magnesium Adeno 1.93+0.32 1.96 (1.02-3.35) 0.415
Squamous 1.95+0.2 2(1.3-2.62)
Other 1.95+0.27 2(1.3-2.5)
Creatinine Adeno 0.86+0.33 0.8 (0.39-3.03) 0.252
Squamous 0.9+0.24 0.89(0.37-1.9)
Other 0.87+0.38 0.79 (0.54-2.9)

*P<0.05 statistically significant. SD: Standard deviation; Min: Minimum; Max: Maximum.

models.'"” Furthermore, it has been demonstrated to pre-
vent the migration of tumor cells in lung cancer by inhibit-
ing angiogenesis."” Immunomodulator function of vitamin
D can play a role in preventing lung cancer. In lung cancer
cell lines, vitamin D upregulates the protein expression by
inhibiting mammalian target of rapamycin (mTOR) activity
and promotes autophagia of tumor cells."" In addition, it
prevents the development of lung cancer by upregulating
the expression of superoxide dismutase 1 and 2, the major
antioxidant defense system.l'? In the light of the available
data based on the experimental studies, vitamin D can be
suggested to have a protective effect against lung cancer.

Chemoprevention studies in breast and colon cancer have
revealed that vitamin D has an antitumor activity.!'? In a

meta-analysis by Zhang et al."™ involving 290,000 cases,
high vitamin D levels were shown to reduce the risk of NS-
CLC. However, this meta-analysis found no relationship be-
tween high vitamin D supplementation and a reduction in
the risk of NSCLC. In a meta-analysis by Liu et al." reported
that vitaminD-fortified diet significantly reduced the risk
of NSCLC and higher serum vitamin D level significantly
reduced NSCLC-related mortality. In a meta-analysis by
Muller et al."® involving 20 prospective cohort studies, pa-
tients with lung cancer, serum vitamin D levels measured
five years before the diagnosis of NSCLC did not differ from
those of age, sex, blood test date, race, and smoking sta-
tus-matched controls and the authors reported no rela-
tionship between serum vitamin D concentration and the
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Table 4. Laboratory parameters of the patients according to the disease stage

Laboratory parameters Stage MeanzSD Median (min-max) P
Vitamin D 1 26.07+7.83 23.19 (16.6-35.3) 0.0001"
2 22.62+13.42 21.85 (3.5-70)
3 19.28+10.26 18.9(3-91.8)
4 14.15+£7.96 12.3 (0-54.4)
Calcium 1 9.53+04 9.6 (8.74-10) 0.134
2 9.38+0.5 9.3(8.4-10.9)
3 9.64+0.82 9.5 (8.3-14)
4 9.49+0.81 9.3(7.3-14.8)
Phosphorus 1 3.32+0.65 3.4 (1.75-4.1) 0.723
2 3.36x0.52 3.3(2.1-4.6)
3 3.51£0.91 3.4(1.9-9.17)
4 3.46%1.11 3.4(1.35-9.2)
Lactate dehydrogenase 1 220+121.78 234 (157-676) 0.0001"
2 202.07+63.42 182 (110-496)
3 218.29+70.24 212 (100-541)
4 308.07£301.27 246 (108-4229)
Magnesium 1 1.99+0.18 2(1.5-23) 0.824
2 1.95+0.29 2(1.1-3.35)
3 1.93+0.24 2(1.3-2.5)
4 1.94+0.26 1.97 (1.02-3.1)
Creatinine 1 0.87+0.19 0.86 (0.62-1.2) 0.778
2 0.88+0.21 0.87 (0.39-1.6)
3 0.88+0.26 0.85(0.37-2.03)
4 0.89+0.32 0.85 (0.4-3.03)

*P<0.05 statistically significant. SD: Standard deviation; Min: Minimum; Max: Maximum.

risk of developing lung cancer. A possible relationship be-
tween vitamin D status and NSCLC still remains a hot topic
attracting the attention of researchers due to conflicting
results in the literature.

To date, experimental studies have evaluated the efficacy
of vitamin D in various subtypes of NSCLC. Serum vitamin
D suppressed the growth of tumor cells in squamous cell
lung cancer, whereas it showed no effect on adenocarci-
noma cell lines.'”! Similarly, vitamin D replacement study
in a mouse model with squamous cell carcinoma of the
lung showed that vitamin D reduced premalignant cellu-
lar proliferation, inflammation, and tumor proliferation.!®
However, the relationship between serum vitamin D status
and the subtypes of NSCLC in clinical practice has not been
evaluated. In our study, we found significantly lower vita-
min D levels in the adenocarcinoma subgroup than in the
squamous cell carcinoma subgroup. This finding can be at-
tributed to the fact that adenocarcinoma subtype is associ-
ated with a poorer prognosis than the squamous cell carci-
noma." The decrease in vitamin D levels which is inversely
associated with an increase in clinical stage at the time of
diagnosis also supports the findings of Wang et al.2®

In their study, Akiba et al.”"’ compared patients with NSCLC
who received vitamin D replacement for one year after tumor
surgery with the placebo group and found no significant dif-
ference than general population in terms of progression-free
survival (PFS) and overall survival (OS); however, they ob-
served a significant increase in the PFS and OS rates with
vitamin D replacement in the early-stage adenocarcinoma
patients. The most recent meta-analysis of 17 prospective
cohort studies involving 139,000 patients also suggested
that high serum vitamin D levels played a role in the preven-
tion of lung cancer.”? The risk of lung cancer decreased by
8% and the risk of mortality from lung cancer decreased by
7% for every 10 ng/mL increase in serum vitamin D levels.??

Nonetheless, there are some limitations to this study. In the
present study, we were only able to evaluate laboratory pa-
rameters at the time of diagnosis and, therefore, there is a
need for long-term follow-up and survival analysis. Howev-
er, the strength of our study is that, to the best of our knowl-
edge, this is the most extensive study in our geographic
region in terms of the number of participating patients. In
addition, demonstration of a difference in serum 25(0OH)D
levels among the histological subtypes may also contribute



to the growing body of knowledge in the literature.

In this study we found serum 25(0OH)D levels were signifi-
cantly lower in the patient group, and serum 25(OH)D was
significantly lower in patients with adenocarcinoma than
the squamous cell carcinoma.
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