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Summary

Purpose: Glioblastoma multiforme and anaplastic astrocy-
toma represent one of the most frequently occurring primary 
brain tumors with dismal survival rates. The aim of our 
study was to investigate whether values of homocysteine, 
folates and vitamin B12 can be prognostic markers in relapse 
diagnosis, treatment and monitoring of adult patients with 
malignant brain tumors. 

Methods: Twenty-seven patients from the Neurosurgical 
Clinic, Clinical Center of Serbia with diagnosed malignant 
brain tumors (anaplastic astrocytoma GR III and glioblas-
toma multiforme GR IV), were included in the study. The 
patients were divided in two groups according to the progres-
sion of disease, 15 with and 12 without progression. 

Results: Mean values of homocysteine were significantly 
higher in the group with progression compared to the group 
without malignant tumor progression, at the baseline point 
and after six months. Mean values of folate were similar 

across groups in all measurements, except in the 3rd month 
after surgery. Results regarding vitamin B12 were similar 
to folate, without any significance in group comparisons in 
the examined time points, as well as in vitamin B12 values 
change.

Conclusions: Our results pointed out that total homocyst-
eine in blood circulation appears to be a tumor marker for 
monitoring primary malignant brain tumor patients before 
and after surgery. The association of hyperhomocysteine-
mia with folate deficiency, also provides strong support for 
viewing hyperhomocysteinemia as a predictive marker for 
carcinogenesis. It is hoped that future research will continue 
to explore the clinical relevance of homocysteine as a tumor 
marker and a risk factor for astrocytoma and glioblastoma. 

Key words: brain tumor, folate, homocysteine, hyperhomo-
cysteinemia, vitamin B12

Introduction

 Glioblastoma multiforme (GBM), a grade (GR) 
IV glioma, represents the most frequently occur-
ring primary malignancy of the central nervous 
system (CNS) [1] and one of the most fatal can-
cers, leading to about 4% of deaths associated with 

cancer [2]. Regarding this, GBM is of the greatest 
challenges despite different aggressive pre- and 
postoperative treatment approaches, including 
surgical tumor mass removal, chemo- and radio-
therapy. The median survival time remains dismal, 

This work by JBUON is licensed under a Creative Commons Attribution 4.0 International License.



Homocysteine,folate and vitamin B12 in brain tumors 2601

JBUON 2020; 25(6): 2601

about 14 months after diagnosis, whereby 2-year 
survival rate is only 3-5% [3].
 Anaplastic astrocytoma (AA) is a primary brain 
tumor, diffusely infiltrating, malignant, astrocytic, 
most commonly seen in young patients. AA causes 
4% of all CNS malignant tumors and 10% of all 
gliomas. Comparing to GMB, the survival rate is 
longer, 3 years with conventional treatment and 
28% of 5-year survival rates [4].
 In recent years, the possible effects of homo-
cysteine (Hcy) and its metabolic compounds on the 
nervous tissue carcinomas has been shown. High 
growth rate is typical for malignant cells. Due to in-
creased processes of transmethylation and proteo-
synthesis, higher methionine (Met) concentrations 
are claimed. Met is essential for the synthesis of 
Hcy by transmethylation. Tumor cell proliferation 
is linked with elevated Hcy followed by inactiva-
tion of one-carbon metabolism and folate deple-
tion. Disability of tumor cells to transform Hcy to 
Met leads to increased Hcy levels. This potentially 
means that this parameter can be used as a one 
marker for carcinogenesis [5]. In addition to previ-
ous mentioned, a growing interest in Hcy role in 
neurological disorders has been shown. Further-
more, elevated values of Hcy were associated with 
lung [6] and colorectal carcinoma [7]. Alerts in the 
methionine cycle are also present in breast [8], pan-
creatic [9] and laryngeal cancer [10].
 Nevertheless, experimental data obtained from 
the studies conducted on human glioblastoma cell 
lines, indicate that these cells die in the case D,L-
Hcy application at a concentration of 50 μM. These 
findings suggest that Hcy in the condition of its el-
evated values, hyperhomocysteinemia (HHcy), can 
behave as a gliotoxic agent, capable of inducing the 
death of human glial cells, but there is a small num-
ber of studies that have addressed this issue [11].
 The serum Hcy concentration is a sensitive indi-
cator of the folate organism status, while the folate 
deficiency is often associated with HHcy whereby 
the folate intake can lower the Hcy level [12]. On 
the other hand, serum level of vitamin B12 can be 
used as a prognostic indicator of survival time in 
patients with metastatic carcinoma of the nervous 
tissue. The risk is higher due to higher vitamin B12 
levels, indicating that the level of vitamin B12 can 
be used as a diagnostic marker. Furthermore, rela-
tion between higher vitamin B12 level and a worse 
survival outcome was established [13].
 Deficiency of vitamins В9 and В12 is important 
cause of HHcy since these vitamins are involved 
in Hcy metabolism [14]. The folate deficiency leads 
to a reduction in the uracil corporation into DNA, 
which results in the instability of DNA molecule. 
Previous data indicates that folate supplementation 

can be used as an additional therapeutic agent in 
the glioma treatment in order to limit the level 
of DNA methylation since it leads to poorer prog-
nosis in patients with GBM [15]. Elevated serum 
Hcy level and folate deficiency are associated with 
increased overall risk of cancer [16].
 Taking into account all the above data, it can be 
noticed that the effect of Hcy, folates and vitamin 
B12 on the formation, development and treatment 
outcome of the patients with brain cancer is a very 
intriguing question. The answer requires additional 
experimental and clinical research. There are insuf-
ficient literature data about incidence of elevated 
Hcy levels in the blood, as well as folates and vi-
tamin B12 disorders in malignant brain tumors. 
Although the adverse effect of Hcy on neurons is 
well documented, knowledge about the impact of 
this amino acid on glial cells is missing. Consider-
ing the above mentioned the aim of our study was 
to investigate whether values of Hcy, folates and 
vitamin B12 can be prognostic markers in relapse 
diagnosis, treatment and monitoring of adult pa-
tients with malignant brain tumor. 

Methods 

Study population

 Twenty-seven patients from the Neurosurgical 
Clinic, Clinical Center of Serbia with diagnosed malig-
nant brain tumors (AA GR III and GBM GR IV), were 
included in the study. The patients were divided in two 
groups according to the progression of disease (clini-
cal and neurological deterioration due to elevated in-
tracranial pressure, headaches, nausea and vomiting as 
well as contralateral weakness), 15 with and 12 without 
progression. 
 The inclusion criteria were AA GR III and GBM GR 
IV, radiologically diagnosed (MRI) and pathohistologi-
cally confirmed. The exclusion criteria were treatment 
with chemo- or radiotherapy in the last two years prior 
to beginning of the study, as well as patients who were 
on chronic immunosuppressive therapy in any time for 
any reason. Furthermore, all patients with psychoor-
ganic syndrome were excluded. The degree of cognitive 
ability and the presence of dementia were established 
by Mini-Mental State Examination (MMSE).
 Illness assessments included a detailed anamnestic 
data, comorbidities and socio-economic data. All cur-
rent medications were recorded. Additionally, at the time 
of blood sampling the patients were free of any medi-
cation known to influence level of vitamin B6, B12 or 
homocysteine.
 The study was conducted in accordance to the prin-
ciples outlined in the Declaration of Helsinki and prin-
ciples of Good Clinical Practice (GCP). Written informed 
consent was obtained from all participants, and the study 
protocol was approved by the Ethics Committee of the 
Clinical Center of Serbia, prior to the onset of the study. 
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Blood sampling 

 The blood for the basic group characteristics, re-
garding blood cell count, lipids, liver function tests, kid-
ney function tests and inflammation parameters, was 
collected at the beginning of the study, before surgery. 
The blood for homocysteine, vitamin B12 and folates 
measurements, was collected in four time points, firstly 
preoperative and then one, three and six months after 
surgery. 
 Following at least a 10-h fasting period, blood was 
collected in Vacutainer tubes (BD Vacutainer Blood Col-
lection System) in a quiet, air-conditioned, temperature-
controlled room (22-24°C). 

Laboratory analyses

 Laboratory analyses of leukocytes, erythrocytes, 
platelets (Beckman Coulter LH780 analyzer), hemo-
globin (Cyanmethemoglobin method, Beckman Coulter 
LH780 analyzer), lipid profile (cholesterol, triglycerides-
Beckman Coulter AU680 analyzer), liver function (ala-
nine aminotransferase (ALT), aspartate aminotransferase 
(AST), alkaline phosphatase (ALP)-IFCC method, Beck-
man Coulter AU680 analyzer), urea (Enzymatic meth-
od, Beckman Coulter AU680 analyzer), creatinine (Jaffe 
method, Beckman Coulter AU680 analyzer), C-reactive 
protein (CRP) (Turbidimetric method, Beckman Coulter 
AU680 analyzer), fibrinogen (Clauss method, ACL TOP 
analyzer by Instrumentation Laboratory), procalcitonin 
(ECLIA, Cobas e 411, Roche Diagnostics, Mannheim, 
Germany), homocysteine (HPLC method); vitamin B12 

(Chemiluminescent paramagnetic microparticle im-
munoassay; Access2, Beckman Coulter, USA; folate 
(Competitive-binding receptor assay Access2, Beckman 
Coulter, USA), were performed in the Clinical Center of 
Serbia.

Statistics 

 The results are presented as count (%), mean ± 
standard deviation or median (25-75th percentile), de-
pending on data type and distribution. Groups were 
compared using parametric (t-test) and nonparametric 
(chi-square, Mann-Whitney U test) tests. Linear mix 
model was used to assess significant correlations of 
progression and change in the examined parameters. 
All p values less than 0.05 were considered significant. 
All data were analyzed using SPSS 20.0 (IBM Corp. Re-
leased 2011. IBM SPSS Statistics for Windows, Version 
20.0. Armonk, NY: IBM Corp.) and R 3.4.2. (R Core Team 
(2017). R: A language and environment for statistical 
computing. R Foundation for Statistical Computing, Vi-
enna, Austria. URL https://www.R-project.org/).

Results

Demographic and clinical characteristics 

 The study included 27 patients with AA GR III 
and GBM GR IV, 12 without progression and 15 
with progression. Basic characteristics of groups 
regarding, age, blood cell count, lipids, liver func-

Characteristics Progression p value

no yes

Age (yrs) 46.2±19.4 48.7±9.2 0.876a

Gender

Male, n (%) 6 (42.85) 8 (57.15)

Female, n (%) 6 (46.15) 7 (53.85)

Blood 0.919b

Leukocytes (109/L) 8.18±2.47 8.09±2.06 0.579b

Erythrocytes (1012/L) 4.55±0.54 4.41±0.76 0.199b

Hemoglobin (g/L) 138.3±5.3 131.9±17.6 0.752b

Platelets (109/L) 238.1±43.6 232.5±45.8 0.927b

Cholesterol (mmol/L) 6.22±0.88 6.25±0.72 0.412b

Triglycerides (mmol/L) 2.73±0.88 3.01±0.83 0.045a

AST (IU/L) 18.5 (13.5-22.5) 25.0 (18.0-52.0) 0.022a

ALT (IU/L) 32.0 (23.0-41.0) 55.0 (38.0-83.0) 0.671b

ALP (U/L) 80.0±22.6 75.9±25.8 0.608a

Urea (mmol/L) 5.65 (4.70-9.05) 7.30 (5.30-10.20) 0.179a

Creatinine (umol/L) 67.4 (62.3-74.6) 69.9 (67.5-79.9) 0.961a

C-reactive protein (mg/L) 1.55 (1.10-2.25) 1.90 (1.10-2.30) 0.416b

Fibrinogen (g/L) 3.38±1.21 3.06±0.82

Procalcitonin (ng/ml) 1.56±0.35 1.57±0.50 0.961b

The values are expressed as mean ± SD or median (range). AST: aspartate aminotransferase; ALT: Alanine aminotransferase; ALP: alkaline 
phosphatase. aMann-Whitney U test; bT-test

Table 1. Demographic and clinical characteristics in the group of patients with primary malignant brain tumors
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tion tests, kidney function tests and inflammation 
parameters are presented in Table 1.
 Patients were similar regarding age, blood 
count, lipids, inflammatory markers and kidney 
function. Significant difference between groups 
was in AST and ALT median values. The group of 
patients with progression of disease had signifi-
cantly higher median values of these parameters 
(Table 1). Pathological characteristics of tumors 
and a number of GBM and AA per group are pre-
sented in Table 2.

Levels of homocysteine, folate and vitamin B12

 The mean values of Hcy were significantly 
higher in the group with progression compared to 
the group without malignant tumor progression, at 

the baseline point and after six months. The mean 
change of Hcy during the entire follow up period 
was higher in the group without progression, but 
without significance regarding the difference be-
tween groups (Table 3). Using the linear mix model, 
significant interaction of progression x time was 
obtained (p=0.029). But it is obvious that the effect 
was mostly due to change between baseline and 
1 month, as well as 3 months and 6 months, not 
baseline and the last measurement.
 The mean values of folate were similar across 
groups in all measurements, except in the 3rd 
month after surgery. The mean change of folate 
from baseline to the end of follow up period was 
similar in both groups and no significant difference 
was obtained (Table 3). Using the linear mix model 

Progression p value

no yes

A) Homocysteine (μmol/l)

Preoperative 10.98±6.49 15.60±4.16 0.034b

1 month 11.21±3.18 13.37±4.47 0.170b

3 months 9.91±2.49 12.47±4.50 0.090b

6 months 7.63±1.45 13.80±6.28 0.002b

Δ preop. - 6 months 3.35±6.50 1.80±9.04 0.609b

B) Folate (μg/L)

Preoperative 3.56±2.60 2.31±0.83 0.494a

1 month 5.22±2.56 3.84±2.44 0.166a

3 months 6.12±1.62 4.29±1.85 0.012a

6 months 6.60±1.11 5.63±2.08 0.134a

Δ preop. - 6 months 3.04±2.93 3.32±2.11 0.778a

C) Vitamin B12 (μg/L)

Preoperative 299.3±115.9 490.5±398.6 0.102a

1 month 401.7±145.4 530.0±336.0 0.196a

3 months 465.4±131.4 557.3±337.6 0.807a

6 months 544.1±173.0 607.3±308.6 0.884a

Δ preop. - 6 months 244.8±223.4 116.9±261.1 0.190a

The values are expressed as mean±SD. aMann-Whitney U test, bT-test; Referent values: folate (3.9-26.8 μg/L); vitamin B12 (211-911 μg/L); 
homocysteine (4-14μmol/L). 

Table 3. Comparisons of the levels of A: homocysteine, B: folate, and C: vitamin B12 in patients with primary malig-
nant brain tumors preoperatively 1, 3 and 6 months after operation (groups taken as progression of tumor vs. absence 
of progression)

Gender Total number Without progression
n (%)

With progression
n (%)

Glioblastoma multiforme (GR IV)

Male 11 5 (45.45) 6 (54.55)

Female 10 4 (30) 6 (70)

Anaplastic astrocytoma (GR III)

Male 3 1 (33.33) 2 (66.67)

Female 3 2 (66.67) 1 (33.33)

Table 2. Pathological characteristics of tumors type found (% of total), stage/grade
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with transformed data (logarithmic transformation 
was used), no significant interaction of progression 
x time was obtained (p=0.554). 
 The results regarding vitamin B12 were simi-
lar to folate, but without any significance in group 
comparisons in the examined time points, as well 
as in vitamin B12 values change (delta) (Table 3). 
Using the linear mix model, no significance was 
obtained regarding interaction of progression x 
time (p=0.531). Data was transformed using loga-
rithmic transformation in order to obtain lower 
variability.
 The examined parameters in four time points 
are graphically presented in Figure 1. 

Discussion

 Hyperhomocysteinemia is a condition known 
as state of evaluated concentration of L-homocyst-
eine, above 15μM, whereby even mild HHcy (10-
30μM) increases the risk for cardiovascular diseas-
es, stroke and neurodegenerative diseases [11,17]. 
HHcy represents an imbalance in molecules and 
processes involved in the Hcy metabolism such as 
genetic abnormalities; folate, vitamin B6 and vita-
min B12 nutritional deficiencies; methionine rich 
diet, and renal function impairment [18].
 In our study, we aimed to examine whether Hcy 
can be used as a prognostic and predictive marker 
in patients with diagnosed primary brain tumors, 
AA and GBM. Preoperative levels of Hcy were high-
er in patients with disease progression compared to 
patients without progression, wherein the values 
of Hcy in the group with progression were above 
physiological range. Those results could be related 
with the previously mentioned fact that tumor cells 
have a disability to transform Hcy to methionine, 
leading to increased Hcy levels [4]. This state is sup-
ported by decreasing Hcy levels in these patients 
after surgery. However, the levels of the Hcy remain 
significantly higher in the patients with progres-
sion compared to patients without progression, 
even six months after surgery, but in the referent 
values. This potentially means that Hcy values 
measuring can be used as a marker for carcinogen-
esis and progression of disease in AA and GBM. 
Previous studies recognized Hcy as a potential tu-
mor biomarker for cancer patients during treatment 
monitoring, whereas HHcy can be a predictive risk 
factor for carcinogenesis [19]. Furthermore, accord-
ing to previous data, disturbed Hcy metabolism can 
be associated with the presence of cancer [20]. El-
evated and significant concentration of total Hcy 
have been found in many different types of carci-
nomas, showing a very important prognostic role 
of this molecule in carcinogenesis [7, 21-24].
 Moreover, in these patients, total concentra-
tion of Hcy can be predictive marker of cardiovas-
cular disorders considering the fact that Hcy has 
been recognized as a significant risk factor for ath-
erosclerosis, coronary artery disease, cerebrovascu-
lar disease, peripheral vascular disease, myocardial 
infarction, and cardiovascular-related morbidity 
and mortality [25]. In that manner, this should be 
considered as a possible marker for cardiovascu-
lar disorders prevention in this population of pa-
tients. Furthermore, intake of folate and vitamin 
B6 through diet or supplementation can reduce 
the risk for cardiovascular diseases [25], given the 
fact that folic acid and vitamin B complex have a 
role in the Hcy metabolism, and that Hcy level can 

Figure 1. Levels of homocysteine (A), folic acid (B), and 
vitamin B12 (C) in patients with primary malignant brain 
tumors preoperatively and 1, 3 and 6 months after opera-
tion (groups taken as progression of tumor vs absence 
of progression). The results are expressed as mean value 
(95% confidence interval/CI). P values between the followed 
groups are presented in Table 3.
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increase due to minor or major deficiency of these 
vitamins [26,27].
 Therefore, there is an inverse relation between 
plasma Hcy and folate. In our study, deficiency of 
folate was noticed. Values of this parameter were 
decreased in both groups before, with increased 
values after surgery as well as higher values in 
the group without disease progression, during the 
entire monitoring period. The lowest value of folate 
and the highest value of Hcy were observed pre-
operatively in the group with disease progression. 
Deficiency of folate additionally occurs in mild to 
moderate HHcy, associated with a variety of disor-
ders [18], including induced and accelerated car-
cinogenesis [28]. Folate deficiency and elevated se-
rum Hcy level are associated with increased overall 
risk of cancer [16]. 
 Decreased plasma folate levels are also as-
sociated with altered DNA methylation, which is 
present in many diseases, including cancer. Appro-
priate DNA methylation is important for normal 
genome development and regulation [29]. In many 
types of cancer, such as metastatic prostate cancer, 
chronic lymphocytic tumors, and hepatocellular 
carcinoma, global genomic hypomethylation has 
been associated with an increased risk of cancer 
[30]. Furthermore, regional hypomethylation of 
DNA sequences is noticed during the early stages 
of tumorigenesis as well as in hyperplasia and ab-
normal non-neoplastic tissue [30]. Folate deficiency 
has been implicated in the pathogenesis of differ-
ent carcinomas such as colorectal, breast, ovary, 
pancreas, brain, lung and cervix cancer [6,28,31]. 
However, in cancer patients, lower concentrations 
of folic acid are expected. The main reason for 
folate deficiency is because tumor cells need folate 
for de novo purine synthesis, whereby they have to 
draw folate from the blood [20]. 
 The folates deficiency combined with HHcy 
can be predictive and prognostic indicator for 
poorer prognosis and disease progression in pa-
tients with malignant brain tumors. Moreover, 
those values can be markers for the effectiveness 
of surgical treatment due to the fact that values 
of these parameters return to physiological range 
after surgery.
 The third examined parameter assumed to be 
a prognostic marker in patients with AA and GBM, 
was vitamin B12. In our study, there were no any 
difference in vitamin B12 values between the ob-
served groups, whereby values of this parameter 
were in physiological range. Previous data indi-
cates that cancer patients with elevated vitamin 
B12 levels have higher mortality compared to pa-
tients with normal levels of this vitamin [32]. These 
findings may have clinical significance for evaluat-

ing the prognosis of cancer patients [32], whereas 
a previous study found that in patients with the 
metastatic cancer, including neurological cancer, 
the serum vitamin B12 level can be used to pre-
dict survival time [13]. Furthermore, high vitamin 
B12 levels can be an unspecific marker for cancer 
[33,34]. On the other hand, there are different condi-
tions which indicate deficiency of vitamin B12, pri-
marily neurological or haematological abnormali-
ties, as well as poor dietary intake in malnourished 
patients, such as elderly and alcohol abusers [35]. 
 Thus, it can be assumed that folates can be 
more specific prognostic biomarkers in patients 
with malignant brain tumors, especially for those 
with progressive form of disease. Additionally, 
previous studies suggest that the serum B12 level 
might not be good tumor marker for other types 
of cancer such as hepatocellular carcinoma and 
it is not specific for this condition [36] as well as 
lung cancer [6], while other studies indicated cor-
relation between vitamin B12 and hepatocellular 
carcinoma [37]. Those results can characterize an 
unspecific role of vitamin B12 in carcinogenesis 
due to dissenting opinions about the possible role 
of vitamin B12 as a predictor of clinical character-
istics in patients with carcinoma. A previous study 
[38] on patients with neuroblastoma showed that 
neuroblastoma patients had slightly but not signifi-
cantly lower serum vitamin B12 levels compared to 
healthy subjects, but none of them had serum vita-
min B12 less than 150pg/ml, which represents defi-
ciency. These findings indicated that serum vitamin 
B12 levels were within normal limits and there was 
no evidence of vitamin B12 deficiency in the group 
of patients with neuroblastoma. Therefore, these 
results correlate with our study, where vitamin B12 
levels were in physiological range in patients with 
or without AA and GBM progression [38]. Besides, 
the fact that the level of vitamin B12 didn’t change 
in patients with malignant brain tumors, a previous 
study showed that even in patients with normal 
serum level, treatment with vitamin B12 can cor-
rect defects and have beneficial effects in patients 
with malignancy [39].

Conclusion

 In summary, our results pointed out that to-
tal Hcy in blood circulation appears to be a tumor 
marker for monitoring primary malignant brain tu-
mor patients before and after surgery. It also had a 
potential to be an early marker for carcinogenesis 
and progression of disease. The association of HHcy 
with folate deficiency also provides strong support 
for viewing HHcy as a predictive marker for car-
cinogenesis. It is hoped that future research will 
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continue to explore the clinical relevance of Hcy as 
a tumor marker and a risk factor for AA and GBM. 
 In addition, significantly higher Hcy and lower 
folate levels were found in plasma of patients with 
disease progression before surgery, compared to pa-
tients without progression, whereas there was no 
difference in B12 levels between the two groups. In 
order to evaluate the value of plasma Hcy and folate 
levels in malignant brain tumors as markers, further 
studies with larger number of patients are required.
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