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Background: Oxidative stress plays a significant role in the pathogenesis of hematological malignancies. Vita- Dr. Giilden SINCAN
min C, known for its antioxidant properties, has garnered attention in this context. Therefore, we investigated Atatiirk University Yakutiye Research Hos-

vitamin C levels in patients with hematological malignancies and evaluated the relationship between vitamin
C levels and response to treatment.

Materials and Methods: Our study examined 150 cases of hematological malignancies and 30 healthy cases.
The vitamin C levels of patients with hematological malignancies were compared with those of the healthy
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group.
Results: Vitamin C levels in cases of acute myeloblastic leukemia (n=30) (p<0.001), acute lymphoblastic leuke-

mia (n=30) (p<0.001), Hodgkin lymphoma (n=30) (p<0.001), diffuse large B-cell ymphoma (n=30) (p<0.001), Received / Gelis tarihi: 24.03.2024
and multiple myeloma (n=30) (p<0.001) were significantly lower compared to healthy individuals. There was

a significant relationship between vitamin C levels and the response to treatment in cases with acute myelo- Accepted / Kabul tarihi: 23.09.2024

blastic leukemia, acute lymphoblastic leukemia, Hodgkin lymphoma, diffuse large B-cell lymphoma, and mul-
tiple myeloma (p=0.020, p=0.020, p=0.040, p<0.001, p<0.001, respectively). In Hodgkin and non-Hodgkin lym-
phoma cases, a negative correlation was found between vitamin C levels and LDH and beta-2 microglobulin
levels (p=0.001; p=0.008; p=0.017; p=0.019, respectively).

Conclusions: Our study underscores the lower levels of vitamin C in patients with hematological malignancies
compared to healthy individuals. Furthermore, the findings suggest that vitamin C levels could serve as a po-
tential biomarker for predicting the response to treatment in these cases.
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Amag: Oksidatif stres, hematolojik malignitelerin patogenezinde 6nemli bir rol oynamaktadir. Antioksidan
ozellikleri ile bilinen C vitamini, bu baglamda dikkat ¢ekmektedir. Bu nedenle, ¢alismamiz hematolojik malig-
nitelerde C vitamini seviyelerini arastirmayi ve C vitamini duzeyi ile tedaviye yanit arasindaki iliskiyi deger-
lendirmeyi amaglamistir.

Materyal ve Metod: Calismamizda 150 hematolojik malignite vakasi ve 30 saghkl vaka incelendi. Hematolojik
malignite vakalarinin C vitamini seviyeleri, saglikli grup ile kargilastirildi.

Bulgular: Akut miyeloblastik [6semi (n=30) (p<0.001), akut lenfoblastik Isemi (n=30) (p<0.001), Hodgkin len-
foma (n=30) (p<0.001), diffiz blyuk B-hicreli lenfoma (n=30) (p<0.001) ve multipl miyelom (n=30) (p<0.001)
vakalarinda C vitamini seviyeleri, saglikli bireylerle karsilastirildiginda anlamli derecede dugukti. Akut miyelo-
blastik 16semi, akut lenfoblastik I6semi, Hodgkin lenfoma, diffuiz biyiik B-hiicreli lenfoma ve multipl miyeloma
vakalarinda C vitamini seviyeleri ile kemoterapiye yanit arasinda anlamli bir iliski bulundu (sirasiyla p=0.020,
p=0.020, p=0.040, p<0.001, p<0.001). Hodgkin lenfoma ve non-Hodgkin lenfoma vakalarinda, C vitamini se-
viyeleri ile laktat dehidrogenaz ve beta-2 mikroglobulin seviyeleri arasinda negatif bir korelasyon bulundu
(sirastyla r=-0.59, p=0.001; r=-0.47, p=0.008; r=-0.43, p=0.017; r=-0.42, p=0.019).

Sonug: Calismamiz, hematolojik malignitelerde saglikli bireylerle karsilastirildiginda C vitamini seviyelerinin
daha dustk oldugunu vurgulamaktadir. Ayrica, bulgular, C vitamini seviyelerinin bu vakalarda kemoterapiye
yaniti dngormek icin potansiyel bir biyobelirteg olarak hizmet edebilecegini onermektedir.

Anahtar Kelimeler: Hematolojik maligniteler, C vitamini, Oksidatif stres
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Introduction

The etiopathogenesis of hematological malignancies rema-
ins elusive, but oxidative stress is considered a key contribu-
tor to oncohematologic cancer development (1). This imba-
lance between reactive oxygen radicals and antioxidant de-
fenses leads to an excess of reactive oxygen radicals, causing
oxidative damage to proteins, lipids, and DNA (2). Oxidative
stress induces oxidative modifications of proteins, lipid pe-
roxidation, and DNA damage. Reactive oxygen radicals influ-
ence cell proliferation by affecting signaling pathways such
as Ras/mitogen-activated protein kinase, nuclear factor k-
light-chain-enhancer of activated B cells, phosphatidylinosi-
tol 3-kinase/protein kinase B, and by increasing the release
of vascular endothelial growth factor (3). Oxidative stress
triggers the genetic expression of inflammatory cytokines,
chemokines, and cell cycle regulatory molecules (1). All of
these factors contribute to carcinogenesis by promoting cell
proliferation and migration (4,5).

Hematopoietic cells are particularly susceptible to oxidative
stress (6). Chronic inflammation fueled by oxidative stress,
is a key driver in the etiopathogenesis of hematological ma-
lignancies (1). Oxidative stress has been implicated in the
development of lymphomas, myeloma, and leukemias (7-
10). In lymphoma, increased reactive oxygen radicals due to
hypoxic conditions create a favorable microenvironment for
cancer cell growth (10). In multiple myeloma, oxidative
stress perpetuates an inflammatory tumor microenviron-
ment and accelerates genetic mutations.

Vitamin Cis an essential, water-soluble vitamin with antioxi-
dant properties that protects DNA from damage caused by
free radicals (11). Humans cannot produce vitamin C, so it
must be obtained through the diet (12). Vitamin C serves as
a cofactor for the enzymes required in hydroxylation reacti-
ons, maintaining metal ions within these enzymes in a redu-
ced state to activate them and exhibit antioxidant effects
(23). It also inhibits the formation of carcinogens like nitro-
samines (14). The relationship between vitamin C and can-
cer is not yet fully understood. Vitamin C deficiency is more
common in cancer patients, and this may be due to oral in-
take disorders in cancer patients (15). Additionally, metabo-
lism disorders related to vitamin C, such as decreased bioa-
vailability and increased vitamin C use, can occur in cancer
patients (16). The effects of vitamin C treatment on cancer
yield conflicting results (17,18). Vitamin C is also effective in
reducing symptoms associated with cancer, such as loss of
appetite, weakness, and insomnia (19).

Oxidative stress is a well-recognized contributor to the pat-
hogenesis of acute lymphoblastic leukemia (ALL), acute
myeloblastic leukemia (AML), chronic myeloid leukemia
(CML), and myelodysplastic syndrome (MDS) (20-23). Vita-
min C is an antioxidant vitamin. However, the relationship
between vitamin C levels and outcomes in hematological
malignancies remains unclear. This study aimed to investi-
gate vitamin C levels and their association with treatment
response in patients with hematological malignancies.

The Vitamin C Level in Hematological Malignancies

Materials and Methods

Ethical approval for this study was obtained from the Clinical
Research Ethics Committee of Atatirk University School of
Medicine  (date:  02.06.2022, approval number:
B.30.2.ATA.0.01.00/460). An informed consent form was
obtained from all participants.

The study included patients from the hematology clinic and
outpatient clinic of Atatiirk University School of Medicine
Hospital who were newly diagnosed with AML, ALL, multiple
myeloma (MM), Hodgkin Lymphoma (HL), and diffuse large
B-cell lymphoma (DLBCL). Additionally, 30 healthy individu-
als were included as a control group. Control subjects were
free from chronic systemic diseases, infections, and inflam-
matory conditions and were selected from patients under-
going routine blood tests in the internal medicine outpatient
clinic. Hematological malignancies were diagnosed accor-
ding to international guidelines (24-26). Initial treatment
response was assesed as follows: Hodgkin lymphoma pati-
ents received 2 cycles of doxorubicin+vinblastine+dacarba-
zine+bleomycin (ABVD), DLBCL patients received 4 cycles of
rituximab+cyclophosphamide+doxorubicin+vincris-
tine+prednisone (RCHOP), MM patients received 4 cycles of
bortezomib+cyclophosphamide+dexamethasone (vecD),
AML patients received 1 cycle of cytarabine+anthracycline
(7+43), ALL patients under 35 years received ALL-Berlin-
Frankfurt-Miinster (BFM) induction therapy, and ALL pati-
ents over 35 years received 1 cycle of hyperfractionated cyc-
lophosphamide, vincristine, doxorubicin, and dexametha-
sone (Hyper-CVAD) treatment.

Response to treatment in HL and DLBCL cases was evaluated
according to the International Harmonization Project crite-
ria (27). If all FDG-avid lesions showed complete regression
on post-treatment PET-CT and bone marrow biopsy was ne-
gative, it was considered a complete response. If there was
more than a 50% reduction in lesion size and at least one
lesion showed FDG uptake, it was considered a partial res-
ponse. The disease was considered progressive if there were
new FDG-avid lesions, more than a 50% increase in lesion
size with FDG uptake, or new/relapsed bone marrow invol-
vement. Response to treatment in MM cases was evaluated
according to the criteria of the International Myeloma Wor-
king Group (28). Response to treatment in AML cases was
evaluated according to the criteria revised by the European
Leukemia Net group in 2022. Complete remission was defi-
ned as: bone marrow blasts < 5%, no blasts in peripheral
blood, no extramedullary disease, absolute neutrophil count
>1,000/uL, and platelet count = 100,000/uL (25).

To determine the vitamin C levels, 10 ml of blood was col-
lected from each subject and centrifuged at approximately
3000 RPM for 5 minutes. The isolated plasma was stored at
-80°C until analysis. After thawing under appropriate condi-
tions, all plasma samples were analyzed in a single session
at the Medical Biochemistry Laboratory of Atatlirk Univer-
sity Health Research and Application Center. A commercial
human vitamin C ELISA kit (96 tests, BT-LAB) was used accor-
ding to the manufacturer’s protocol.
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Routine laboratory tests performed on all patients included
a complete blood count, sedimentation rate, C-reactive pro-
tein (CRP), and a comprehensive biochemical panel. Additi-
onal tests for beta-2 microglobulin, immunoglobulin levels,
protein electrophoresis, and immunofixation electrophore-
sis were conducted in patients with lymphoma and MM. Ge-
netic testing was performed on all patients according to in-
ternational guidelines in the medical genetics laboratory
(25,26). The results of these routine tests were obtained
from the hospital database.

Lymphoma staging was conducted according to the Ann Ar-
bor staging system (29). All DLBCL patients underwent bone
marrow biopsy to assess bone marrow involvement. For HL
patients, bone marrow involvement was initially evaluated
with positron emission tomography-computed tomog-
raphy (PET-CT). If PET-CT was negative for bone marrow in-
volvement, a bone marrow biopsy was subsequently perfor-
med.

Statistical analyses was conducted using SPSS 20.0 (SPSS,
Chicago, IL, United States). Normality of data distribution
was assessed using the Kolmogorov-Smirnov test. Descrip-
tive statistical methods were used to evaluate data. Inde-
pendent sample T-test was used for two-group comparisons
with normal distribution, while the Mann-Whitney U test
was used for two-group comparisons without normal distri-
bution. One-way analysis of variance (ANOVA) was utilized

Table 1. Distribution of Age and Gender in Groups

The Vitamin C Level in Hematological Malignancies

for comparing quantitative variables among more than two
groups with normal distribution, and the Kruskal-Wallis test
with Dunn's post-hoc test for non-normally distributed data.
The correlation between quantitative variables was evalua-
ted using Pearson and Spearman correlation analyses. Sta-
tistical significance was accepted at p<0.05.

Results

In our study, we examined a total of 30 HL, 30 DLBCL, 30
MM, 30 AML, and 30 ALL patients, as well as 30 healthy in-
dividuals. The groups were not similar in terms of age
(p=0.018) but were similar in terms of gender distribution
(p=0.820) (Table 1). The vitamin C levels of the HL
(59.62+26.12), DLBCL (56.05+6.39), MM (47.37+18.17), AML
(54.25421.16), and ALL (62.6%20.97) subgroups were signifi-
cantly lower than the control group (113.54+29.17)
(p<0.001). However, the vitamin C levels among the hema-
tological malignancy subgroups did not significantly differ
from each other.

The relationship between disease stage, bulky disease, B
symptoms, bone marrow infiltration, performance status,
extranodal involvement, treatment response and vitamin C
levels in HL patients shown in Table 2. A negative correlation
was found between vitamin C levels and both lactate dehyd-
rogenase and beta-2 microglobulin values (r=-0.59, p=0.001;
r=-0.47, p=0.008).

Diffuse Large B- . . Acute Acute
Hodgkin Lymp-  Multiple . .
Parameters cell Myeloid Lymphoblastic Control Group
homa Myeloma R . Value
Lymphoma Leukemia Leukemia
Age (Mt SD) 52.8+12.1 45.7+12.6 54.1+7.5 49.03+£10.97 44.034£17.27 46.08113.4 0.018
Female n(%) 14 (46.7%) 15 (50%) 16 (53.3%) 14 (46.7%) 16 (53.3%) 15 (50%) 0.820
Male n(%) 16 (53.3%) 15 (50%) 14 (46.7%) 16 (53.3%) 14 (46.7%) 15 (50%) )
M- Mean; SD- Standart Deviation
Table 2. The Relationship Between Clinical Characteristics of Hodgkin Lymphoma Cases and Vitamin C.
Parameters Vitamin C level P value
Early Stage- Favorable 79.4+20.21
Hodgkin Lymphoma Risk Group Early Stage Unfavorable 66.11+13.75 0.006
Advanced Stage 48.95+17.8
Stage 1 67.33+£16.31
Stage 2 64.22+25.56
Ann-Arbor Stage Stage 3 60.9247 59 0.042
Stage 4 34.92+17.16
Present 54.2+5.04
Bulky Mass Absent 64.65 +13.6 0.050
Present 52.45+25.23
B Symptoms Absent 69.09+14.03 0.040
. . Present 53.1247.2
Bone Marrow Infiltration Absent 62.58+23.09 0.040
Complete Remission 67.42120.14
Response to Treatment Partial Remission 55.48+15.68 0.028
Progressive Disease 38.4+20.68
ECOG O 77.37+26.77
ECOG Performance Status ECOG 1 63.12+14.68 0.013
ECOG 2 55.83+7.94
Present 51.1+14.77
Extranodal Involvement Absent 62.21422.8 0.040
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The relationship between vitamin C levels and disease stage,
bulky mass, B symptoms, bone marrow involvoment, perfor-
mance status, response to treatment, revised international
prognostic score, and extranodal involvement in the DLBCL
group was presented in Table 3. A negative correlation was
found between vitamin C levels and LDH and beta-2 microg-
lobulin values (r=-0.43, p=0.017; r=-0.42, p=0.019, respecti-
vely).

The Vitamin C Level in Hematological Malignancies

The relationship between vitamin Clevels and disease stage,
bone lesions and fractures, performance status, and res-
ponse to treatment in the MM group was presented in Table
4. Vitamin Clevels were negatively correlated with sedimen-
tation rate, beta-2 microglobulin, plasma cell percentage in
bone marrow, and globiilin level (r=-0.51, p=0.004; r=-0.34,

p=0.030; r=-0.48, p=0.040; r=-0.6, p=0.020, respectively).

Table 3. The Relationship Between Vitamin C Levels and Clinical Findings in Diffuse Large B-Cell Lymphoma Cases.

Parameters Vitamin C level P Value
Stage 1 61.48+5.47
Stage 2 55.48+4.9
Ann Arbor Stage Stage 3 54024571 0.020
Stage 4 52.5+6.52
Present 50.16 +1.63
Bulky Mass Absent 60.82+1.14 0.030
Present 44.04+1.83
B Symptoms Absent 61.211.47 0.020
) . Present 43.32+1.33
Bone Marrow Infiltration Absent 55.5041 35 0.030
Complete Remission 59.52+6.37
Response to Treatment Partial Remission 56.3+2.35 0.020
Progressive Disease 48.32+5.85
ECOG O 61.5816.66
ECOG 1 55.5+5.44
ECOG Performance Status £COG 2 a+4.64 0.030
ECOG 3 52.0616.38
1 63.7+3.45
Revised IPI Score 2 54.36+3.77 <0.001
3 48.32+5.85
Present 50.11+5.58
Extranodal Involvement Absent 57534577 0.008

Table 4. The Relationship Between Vitamin C Levels and Clinical Findings in Multiple Myeloma Cases.

Parameters Vitamin C level P Value
Present 29.73+24.55
Bone Fracture Absent 51.77 +13.55 0.006
. Present 43.45+18.9
Bone Lesion Absent 60.2445.75 0.030
International Staging System Stage 1 61.54+5.18
i eing Sy Stage 2 57.18+4.11 <0.001
s Stage 3 37.65+17.62
Complete Remission 54.88+17.83
Partial Remission 49.8+11.84
R to Treat t 0.040
esponse to freatmen Very Good Partial Response 43.36+19.37
Progressive Disease 20.1549.8
ECOG O 59.05+4.31
ECOG 1 55.245.6
ECOG Performance Status £COG 2 50.12454.14 0.040
ECOG 3 42.74+20.5

The relationship between vitamin C levels and European
Leukemia Net risk assessment, performance status, and
response to treatment in the AML group was shown in
Table 5. A negative correlation was observed between vi-
tamin C levels and LDH, uric acid, and blast count in bone
marrow (r=-0.8, p=0.040; r=-0.7, p=0.050, r=-0.6, p=0.040,
respectively).

The relationship between vitamin C levels and central ner-
vous system involvement, B or T-cell ALL, ALL risk group,
performance score, and response to treatment in the ALL
group was presented in Table 6. Vitamin C levels were ne-
gatively correlated with the blast count in the bone mar-
row and LDH values (r=-0.67, p=0.001; r=-0.58, p=0.020,
respectively).
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Table 5. The Relationship Between Vitamin C Levels and Clinical Status in Acute Myeloid Leukemia Group.

Parameters Vitamin C level P Value
Favorable 66.84+11.75
European Leukemia Net Risk Group intermediate 50.9+26.6 0.010
Adverse 39.55+13.84
Complete Remission 66.79+11.87
Response to Treatment Not in Complete Remission 37.84+19.5 <0.001
ECOG 0 64.31+17.77
ECOG Performance Status ECOG 1 56.361£19.2 0.027
ECOG 2 35.18+20.91

Table 6. The Relationship Between Clinical Features of Acute Lymphoblastic Leukemia Group and Vitamin C Levels.

Parameters Vitamin C level P Value
Present 58.09+15.54
Central Nervous System Involvement Absent 5162 $28.5 0.040
B-ALL 68.9+17.3
ALL subtype T-ALL 55.37£22.5 0.070
. High-risk group 46.33+24.36
ALL risk group Non-high risk group 64.4+17.2 0.010
Complete Remission 76.38+8.57
R to Treati t <0.001
esponse to freatmen Not in Complete Remission 50.54421.32
ECOG 0 64.9+18
ECOG Performance Status ECOG 1 60.68+24.6 0.040
ECOG 2 53.78+17.7

Discussion

Previous studies have reported lower vitamin C levels in pa-
tients with solid organ malignancies (30). Low vitamin C le-
vels have also been reported in hematological malignancies
such as leukemia, lymphoma, and myeloma (31-35).
However, there is a lack of sufficient research on vitamin C
levels in patients with hematological malignancies and its
clinical and prognostic significance. Our findings corrobo-
rate previous research by demonstrating lower vitamin C
levels in patients with hematological malignancies compa-
red to healthy controls. Furthermore, the identification of
significant correlations between vitamin C levels and speci-
fic prognostic markers suggests its potential as a predictive
biomarker for treatment response.

Previous studies have reported decreased serum vitamin C
levels in leukemia patients, attributed to increased white
blood cell consumption and elevated hyaluronidase activity
(31). Our findings align with these reports, demonstrating
lower serum vitamin C levels in AML and ALL patients com-
pared to healthy controls. Furthermore, the observed ne-
gative correlation between serum vitamin C levels and
bone marrow blast count in both AML and ALL patients sup-
ports the hypothesis that increased blast cell proliferation
contributes to vitamin C depletion.

In non-Hodgkin lymphoma patients, especially those with
bulky masses, low vitamin Clevels have been reported (33).
The presence of a bulky mass, LDH, and beta-2 microglobu-
lin levels are parameters associated with disease burden in
lymphoma and myeloma patients. In our study, we found
that patients with bulky masses in HL and DLBCL had lower
vitamin C levels. Additionally, we observed a negative cor-
relation between vitamin C levels and beta-2 microglobulin
and LDH values in HL and DLBCL patients, as well as a nega

tive correlation between vitamin C levels and beta-2 mic-
roglobulin levels in MM patients. In leukemia patients, we
found a negative correlation between vitamin C levels and
LDH values. The proposed mechanism by which vitamin C
exerts its anti-tumor effects involves inducing hydrogen pe-
roxide accumulation, leading to tumor cell growth inhibi-
tion and apoptosis (36). Consequently, lower vitamin C le-
vels may correlate with a higher tumor burden.

Ottone et al. reported no association between vitamin C le-
vels and genetic mutations, cytogenetic findings, or 2017
ELN risk classification in AML patients (34). Conversely, our
study identified a negative correlation between vitamin C
levels and the 2022 ELN risk classification in AML cases. This
discrepancy may be attributed to the different methodolo-
gies employed for vitamin C level assessment, with our
study utilizing an ELISA kit and Ottone et al. using isocratic
high-performance liquid chromatography.

T-cell ALL has a worse prognosis compared to B-cell ALL. In
our study, we also found that vitamin C levels were lower
in patients with T-cell ALL compared to those with

B-cell ALL. Furthermore, we observed that high-risk ALL pa-
tients had lower vitamin C levels compared to others. Vita-
min C has antioxidant properties. In ALL, the production of
reactive oxygen species increases and antioxidant system
functions deteriorate. Low vitamin C levels can lead to inc-
reased oxidative stress in ALL, causing the disease to prog-
ress. Additionally, low vitamin C levels can lead to epigene-
tic changes in ALL cells, contributing to the pathogenesis of
T-cell ALL.Therefore, it seems that patients with acute leu-
kemia and a worse prognosis have lower vitamin C levels,
making it a potential prognostic biomarker.

High doses of vitamin C inhibit cell migration and angioge-
nesis (37). It has been reported that vitamin C treatment
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disrupts tumor growth and eliminates cancer stem cells.
Therefore, in our article, we evaluated the relationship
between vitamin Clevels and extramedullar involvement in
lymphoma cases. In our study, we found that vitamin C le-
vels were negatively correlated with extranodal involve-
ment and disease stage in patients with HL and DLBCL, sup-
porting the notion that serum vitamin C levels could be
used as a marker for disease burden.

Vitamin C deficiency can lead to symptoms such as fatigue,
weakness, and musculoskeletal ischemic pain by increasing
inflammation (38). These symptoms can affect the perfor-
mance status of individuals. In our study, we also found that
vitamin C levels were correlated with the Eastern Coopera-
tive Oncology Group (ECOG) performance score in patients
with hematological malignancies.

Since vitamin C cannot be synthesized by humans and must
be obtained through the diet, low serum vitamin C levels
are often associated with oral intake disorders, particularly
in cases with solid organ cancers. However, in patients with
hematological malignancies, low serum vitamin C levels are
often attributed to different mechanisms (31-35). In our
study, we found that vitamin C levels were lower in patients
with AML, ALL, HL, DLBCL, and MM compared to healthy
individuals.

The effectiveness of vitamin C therapy in patients with he-
matological malignancies cases has yielded conflicting re-
sults. In our study, we found that vitamin C levels were cor-
related with response to treatment in all patients. There-
fore, further studies are needed to investigate the efficacy
of vitamin C therapy among the treatment of hematological
malignancies.
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