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Abstract

Background and Aim: Hepatocellular carcinoma (HCC) is a life-threat-
ening condition of the liver, often concurrent with vitamin D deficiency. In
this study, we investigated the relationship between HCC patients’ vitamin
D levels and overall survival.

Materials and Methods: We retrospectively enrolled patients that were
being followed on their HCC diagnosis. We collected and examined data
on patients’ 25-OH vitamin D levels one month before diagnosis or at any
point thereafter. We took levels below 10 ng/mL to indicate severe deficien-
cy, levels between 10 ng/mL and 20 ng/mL to indicate moderate deficiency,
and levels between 20 ng/mL and 30 ng/mL to indicate mild deficiency. We
then analyzed the effects of vitamin D levels on patients’ survival for each
of these brackets.

Results: We included 85 patients in our survival analyses. We found 9 ng/
mL to be the significant cutoff vitamin D level for survival. Vitamin D lev-
els were lower in cases of advanced disease. Univariate analysis showed
that advanced Barcelona Clinic Liver Cancer (BCLC) grades, vitamin D
levels below 9 ng/mL, and alpha-fetoprotein (AFP) levels above 400 ng/dL
had a negative significant effect on survival. Multivariate analysis showed
that only advanced BCLC grades and AFP levels above 400 ng/dL had a
negative significant effect.

Conclusion: In our study’s cohort, HCC grades and AFP levels had a sub-
stantial negative impact on patients’ overall survival. We found no connec-
tion, however, between vitamin D levels and overall survival.
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Introduction

Liver cancer is a crucial health issue, as it is the fifth most common
cancer and the second most frequent cause of cancer-related death
worldwide. Hepatocellular carcinoma (HCC) can be found in near-
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ly 90% of primary liver cancer cases.!'?] At the time of diagnosis,
it is typically accompanied by cirrhosis, which tends to arise from
excessive alcohol consumption or chronic viral hepatitis B or C.B!
Close medical surveillance following a cirrhosis diagnosis increases
the probability of early HCC detection, and it therefore also increases
overall survival.l*]

The main goal of HCC treatment is to increase patients’ overall survival
and quality of life. Besides early diagnosis, there are several factors
influencing survival, including nutrition. Malnutrition is commonly re-
lated to cancer at large and HCC in particular, having a negative impact
on survival and quality of life.l’) Given that it is a potential cause of
cirrhosis and HCC, it is important to identify it and correct patients’
dietary deficiencies.

Vitamin D affects bone mineral metabolism and has an immunomod-
ulatory effect, so its deficiency impacts the pathophysiology of malig-
nancies and is commonly found in HCC patients, whose treatment and
survival it may also negatively affect.® The vitamin has further been
found to inhibit the growth of HCC cell lines (especially HepG2 and
Hep3B lines) in rats and humans.[”? Moreover, it has been shown to
increase cell fraction at the G /G, phase and decrease cell fraction at the
S phase, and it is thought to cause cell cycle arrest at G /G .1

Our aim is to investigate the relationship between vitamin D levels and
overall survival in HCC patients.

Materials and Methods
Participants

We retrospectively enrolled the patients that were being followed up on
their HCC diagnosis in our gastroenterology outpatient clinic between
September 2010 and June 2016. HCC was diagnosed after establishing
hypervascularity in the arterial phase and washout in the portal venous
or delayed phases using dynamic contrast-enhanced computed tomog-
raphy, magnetic resonance imaging, or histopathological examination
of liver tissue from the primary lesion or the metastasis of the primary
lesion. Following the European Association for the Study of the Liver
(EASL) guidelines, the biopsy and histopathological examination were
performed on all patients without an existing cirrhosis diagnosis.?!

A treatment plan was crafted after a detailed examination of each pa-
tient by a multidisciplinary team, including a hepatobiliary surgeon, a
nuclear medicine specialist, a radiologist, an oncologist, and a gastro-
enterologist. HCC patients considered early-stage per the Milan crite-
ria were included in the national liver transplantation waiting list, and
surgical resection or local ablative therapies were performed during
the waiting period if needed. Radiofrequency ablation, trans-arterial
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chemoembolization (TACE), or a systemic treatment were performed
on intermediate- and advanced-stage HCC patients. End-stage HCC pa-
tients received best supportive care with close monitoring. All patients
were treated and monitored following the most current EASL guide-
lines available at the time.[*

Our study’s inclusion criteria were an HCC diagnosis established
through a radiologic or histopathological examination, a minimum age
of 18, and a record of 25-OH vitamin D levels measured one month
before diagnosis or at any point thereafter. Exclusion criteria were the
concurrence with HCC of primary malignancy and missing data on vi-
tamin D levels.

All procedures performed in studies involving human participants were
in accordance with the ethical standards of the institutional and/or na-
tional research committee and with the 1964 Helsinki declaration and
its later amendments or comparable ethical standards. This study was
approved by the Ethical Committee for Scientific Research of our uni-
versity (Approval Date: 15 July 2016, Approval Number: 09.2016.418).

Data Collection Procedure

We took vitamin D levels below 10 ng/mL to indicate severe de-
ficiency (SD), levels between 10 ng/mL and 20 ng/mL to indicate
moderate deficiency (MoD), and levels between 20 ng/mL and 30
ng/mL to indicate mild deficiency (MiD). In addition, we accepted
levels above 30 ng/mL as normal. We analyzed and compared the
effects of vitamin D levels among patients in these four groups. We
collected data on patients’ sociodemographic traits, vitamin D levels,
etiologies of HCC, Barcelona Clinic Liver Cancer (BCLC) grades,
treatments, follow-up duration, and survival, as well as data from
hematological, histopathological, and radio-diagnostic studies. These
data were drawn from hardcopy patient files and the hospital’s elec-
tronic database. We took follow-up to end on the day in which the
data were collected for surviving patients, and on the date of death
for diseased patients.

Vitamin D Measurement

We measured 25-OH vitamin D concentrations using the electrochemi-
luminescence immunoassay method, using a Beckman Coulter 800 de-
vice and 25-OH vitamin D kits.

Statistical Analysis

Descriptive statistics included frequencies, percentages, means, and
standard deviations. We used a Kaplan-Meier and Cox regression for
the survival analysis. We selected our variables using a forward likeli-
hood ratio method in our Cox regression analysis. We used the Kruskal-
Wallis test to draw comparisons among more than two groups, accept-
ing p-values below 0.05 as significant.

Results

Out of 265 patients initially considered for this study, we had to ex-
clude 180 patients from this study due to missing vitamin D level
measurements one month before the diagnosis or during the fol-
low-up period (Fig. 1). The mean patient age was 60.45 years, and
66 patients (77.6%) were male. The mean follow-up duration was
51.44+6.45 months, and the mean survival after HCC diagnosis was
15.62+12.93 months. 32 (37.7%) patients died during the follow-up

98

265 patients

| 160 patients had no
existing vitamin D level

85 patients

Vitamin D Vitamin D Vitamin D Vitamin D
<10 ng/mL >10 ng/mL, >20 ng/mL, >30 ng/mL
<20 ng/mL <30 ng/mL
27 patients 32 patients 13 patients 19 patients
(24.7%) (87.7%) (15.2%) (22.4%)

Figure 1. Flow chart of this study.

Table 1. Sociodemographic and clinical data of hepatocellular
carcinoma patients

n %

Age (years) (MeantSD) 60.45+9.54
Follow-up duration (months) (Mean+SD) 51.44+6.45
Sex

Male 66 77.6

Female 19 22.4
Etiology of HCC

Hepatitis B 52 61.2

Hepatitis C 10 11.7

Cryptogenic cirrhosis 14 16.5

Alcoholic cirrhosis 6 7.0

Other 3 3.6
Cirrhosis status

Cirrhotic 81 95.2

Non-cirrhotic 2 2.4
Child classification

Child A 49 57.6

Child B 20 23.5

Child C 6 71
Treatment

TACE 29 34.1

RFA 34 40.0

Surgical resection 9 10.5

Liver transplantation 11 12.9

Systemic chemotherapy 11 12.9

Other 18 20.9
Number of treatment

Single treatment 52 61.1

Multiple treatments 24 28.2

SD: Standard deviation; HCC: Hepatocellular carcinoma; RFA: Radiofrequency
ablation; TACE: Transarterial chemoembolization.

period. The mean vitamin D level was 17.5+11.29 ng/mL (Table 1).
Twenty-one patients (24.7%) had SD, 32 patients (37.7%) had MoD,
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Figure 2. Vitamin D effects on HCC survival in four groups.
HCC: Hepatocellular carcinoma.

and 13 patients (15.2%) had MiD. We found no difference in vitamin
D levels’ effect on survival among these four groups (Fig. 2). We
found 9 ng/mL to be a significant cutoff vitamin D level for survival
in our cohort (p=0.030).

When comparing vitamin D levels across Child-Pugh (CP) grades, we
found that they were lower in advanced grades (p=0.035). In addition,
we also found that they decreased in advanced BCLC grades (p=0.043).

Our univariate analysis showed that advanced BCLC grades, vitamin
D levels below 9 ng/mL, and alpha-fetoprotein (AFP) levels above
400 ng/dL had a negative significant effect on survival. Our multivar-
iate analysis showed that only advanced BCLC grades and AFP levels
above 400 ng/dL had a significant effect on survival (Table 2).

Discussion

We found vitamin D levels to be lower when HCC was concurrent with
advanced cirrhosis or an advanced BCLC grade. However, we found no
connection between survival and vitamin D levels. Only HCC grades
and AFP levels affected survival in our cohort.

Vitamin D deficiency is common in chronic liver diseases (CLDs), and
vitamin D levels are negatively associated with liver function.!'”! In

line with the above, we found that vitamin D levels were lower in cases
of advanced cirrhosis per the CP score. Vitamin D deficiency has also
been connected to hepatic dysfunction, and no difference in vitamin D
levels has been detected according to CLD etiology. Vitamin D levels
have been found to be significantly lower for higher CP grades,!"2!
which also matches our study’s findings. In addition, vitamin D levels
have been recorded to decrease in HCC patients, and deficiency has
been correlated with disease severity.!'” Our study once again yielded
results that are compatible with these data.

AFP levels play a key role in HCC diagnosis and follow-up, and they
are important in early detection. They are also a predictor of survival.
Levels above 400 ng/dL have been found to have a negative signifi-
cant impact on survival in patients treated with TACE.[") Moreover, an
increase in AFP levels is a significant predictor of survival without a
cutoff.[" We concordantly found that AFP levels above 400 ng/dL were
anegative, statistically significant prognostic factor. BCLC grades have
been widely used to define treatment options, and they correlate with
the advance of the disease. Advanced stages relate to a more negative
prognosis, a fact that our study also arrived at.['™

In answer to our main hypothesis, we did not find an impact of vitamin
D levels on HCC patients’ overall survival. In contrast to our results, a
previous prospective study has shown that vitamin D levels below 10
ng/mL impact overall survival negatively in HCC patients when com-
pared to levels between 10 and 20 ng/mL and over 20 ng/mL.1*! Also,
in line with our results, another prospective study has shown that total
and free vitamin D levels had no impact on overall survival, as well
as, higher serum bioavailable vitamin D levels had a positive impact
to the overall survival.l'¥ However, in our study, vitamin D levels be-
low 10 ng/mL did not have a negative impact on overall survival when
compared with levels above 10 ng/mL. Our retrospective study design
may account for this difference. We recorded vitamin D levels a month
before patients’ HCC diagnosis and at any point thereafter, and we had
no data on vitamin D replacement status.

Our study’s retrospective design was, in fact, its main limitation. Oth-
er limitations included the absence of data on vitamin D replacement
status and repetitive data on vitamin D levels. A greater population size
would have also yielded more reliable results.

Conclusion

In conclusion, our study suggests that HCC grade and AFP levels sub-
stantially affect HCC patients’ overall survival, but there appears to be
no connection between vitamin D levels and overall survival. Further
studies involving a larger sample size and a prospective design should
shed new light on this topic.

Table 2. Multivariate analysis of the affecting factors on survival in

hepatocellular carcinoma patients

Univariate analysis

Multivariate analysis

HR Cl (95%) p HR Cl (95%) p
Male Sex 1.134 0.490-2.624 0.770
Age <65 years 1.636 0.808-3.314 0.172
BCLC Grade 1.166 1.224-2.268 0.001* 1.974 1.377-2.830 <0.001*
Vitamin D <9 ng/ml 2137 1.010-4.519 0.047*
AFP >400 ng/dl 3.119 1.512-6.436 0.002* 5.530 2.366-12.925 <0.001*

AFP: Alpha-fetoprotein; BCLC: Barcelona Clinic Liver Cancer; Cl: Confidence interval; HR: Hazard ratio; *: p<0.05 aacepted as significant.
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