
ISSN: 0005-2523 

Volume 62, Issue 09, November, 2022 

  

4757 
 

The Effects of Concurrent Carbogen and Nicotinamide 

with Chemotherapy on HIF-1α and VEGF Serum in 

DLBCL Patients 
 

Eko Adhi Pangarsa1, Daniel Rizky1*, Ridho M. Naibaho2, Sigit P. Kurniawan3, Budi Setiawan1, Damai 

Santosa1, Catharina Suharti1 

 

Hematology-Medical Oncology Division, Internal Medicine Department, Faculty of Medicine, Diponegoro 

University/Dr. Kariadi Hospital, Semarang, Indonesia1 

Hematology-Medical Oncology Division, Internal Medicine Department, Faculty of Medicine, Mulawarman 

University, A. M. Parikesit General Hospital, A. W. Sjahranie General Hospital, East Kalimantan, 

Indonesia2 

Hematology-Medical Oncology Division, Internal Medicine Department, Faculty of Medicine, Lambung 

Mangkurat University/Ulin General Hospital, Banjarmasin, and Hadji Boejasin General Hospital, Tanah 

Laut, Indonesia3 

 

Corresponding Author: 1* 

 

Keywords: 
 

  ABSTRACT  
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 To investigate the effect of additional Carbogen Nicotinamide (CON) to 

standard R-CHOP chemotherapy on HIF-1α and VEGF serum in 

DLBCL patients with tumor hypoxia. This is an interim analysis of an 

open-label clinical trial conducted at Dr. Kariadi Hospital Semarang. 

Newly diagnosed DLBCL patients with HIF-1α overexpression ≥10% 

were included and randomized into study group (R-CHOP plus 

nicotinamide and carbogen 10 liter/min) and control group (R-CHOP). 

From July-December 2021, 20 patients were enrolled and randomized. 

No significant differences in baseline clinical and laboratory parameters 

between both groups. Significant reductions were found in both HIF-1α 

(p=0.031) and VEGF (p=0.022) serum levels post-chemotherapy in the 

study group, however, no significant difference was found in the control 

group. CON (p=0.035; OR 9.3, 95%CI=1.2-72.9) and bulky tumor at 

presentation (p=0.012; OR 15.7, 95%CI=1.7-141.4) were significantly 

associated with the reduction of VEGF serum. The addition of CON in 

DLBCL patients could reduce the HIF-1α and VEGF serum levels 

significantly. Further studies are needed to confirm the positive effects 

of this intervention. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. Introduction 

Lymphoma is a malignant neoplasm derived from the lymphoid cellular system. Non-Hodgkin lymphoma is 

a malignancy disorder arising from the immune system's cells and may manifest primarily as 
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lymphadenopathy or solid tumors. The classification of non-Hodgkin lymphoma is complex and is still 

developing, with more than 50 different subtypes listed in the updated classification from the World Health 

Organization. Non-Hodgkin lymphoma (NHL) is mainly located in the lymph nodes or other locations of 

lymph nodes, including the spleen, bone marrow, skin, gastrointestinal tract, and other organs. Diffuse large 

B-cell lymphoma (DLBCL) is the most common type of NHL, accounting for 30-40% [1]. DLBCL 

represents a heterogeneous group of aggressive lymphoid neoplasm originating from the malignant B cell 

transformation in the germinal center and presents different genetic, phenotypic, and clinical behaviors. It 

also represents the most in the NHL population [2- 4]. 

 

In the 1950s, Tomlinson and Gray first found a hypoxic condition in human tumors [5]. According to the 

definition, hypoxia is usually a status in which the tissue’s oxygen level is under the physiological level. 

Hypoxia may be caused by a condition of a lack of oxygen and may occur in inflamed, infected, or injured 

tissues. This condition will induce the alteration of transcription, post-transcription, and post-translation of 

cells regulated by a transcription factor, hypoxia-inducible factor (HIF) [6], [7]. The gold standard for 

determining oxygen tension is electrode measurements. This method's drawback is that it is unable to 

distinguish between various cell types and regions with varying levels of cell viability [8]. Generally, a pO2 

level under 10 mmHg will lead to the activation of HIF and other adaptive molecular pathways to maintain 

cellular function [9]. 

 

HIF is an essential regulator that is widely discussed in various studies and pathological conditions, 

especially hypoxia. HIF is a key modulator of transcription response against hypoxic stress; this response 

may be physiological or pathological. In the last few years, significant advancement has been made in the 

understanding of molecular changes occurring in the adaptive condition against hypoxia, and HIF has been 

found as the central element of this process [7]. The HIF transcription factor family consists of HIF-1, HIF-

2, and HIF-3. All of these factors contain an alpha-subunit sensitive to oxygen and stable in normoxic 

conditions. Hypoxia-inducible factor-1α (HIF-1α) and HIF-2α are the most studied among the HIF-subunit 

α [10], [11]. 

 

In the normal tissue oxygenation condition, HIF-1α or HIF-2α will be hydroxylated by prolyl hydroxylases 

(PHD) and bind to the Hippel-Lindau (vHL) protein which will degrade into ubiquitin-proteasomal 

molecules [5], [10], [12]. Recent research indicates that HIF-1 may contribute to the etiology of cancer. In 

the hypoxic core of a rapid growing, weakly vascularized solid tumors, where the partial pressure of oxygen 

<10 mmHg, HIF-1 can be stabilized [13]. In hypoxia, HIF-1α will translocate to the nucleus and binds with 

HIF-1β and modulate gene expression that benefits tumor development, such as activating the cycle cell, 

preventing apoptosis, increasing proliferation, and stimulating angiogenesis [11], [14], [15]. 

 

Angiogenesis is an essential physiological process needed during the embryonal stage. Currently, it is 

believed that endothelial and stem cell progenitors of the blood cells are derived from the hemangioblast 

cells during embryogenesis [16]. After this initial blood vessel formation, endothelial cells will grow 

rapidly, forming new blood vessels. Cytokines stimulation such as Vascular Endothelial Growth Factor 

(VEGF) as the main regulator of angiogenesis is crucial in that it will cause the endothelial cells to migrate 

from the main blood vessels to the adjacent stromal tissues. Hypoxia is the main modulator of angiogenesis, 

where the VEGF gene is one of the transcription targets of HIF-1α and HIF-2α [17]. 

 

Since hypoxic tumors are also known to cause aggressive, resistance to chemotherapy, aggressive tumor 

growth, and metastases phenotypes, several attempts have been studied to reduce tumor hypoxia. Carbogen 

inhalation (95% oxygen 5% carbon dioxide) and nicotinamide (CON) have been used as a radiosensitizer in 
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cancer, this intervention has long been studied and provided benefits in increasing both systemic and tissue 

oxygenation compared to controls [18- 21]. Carbon dioxide components in carbogen gas will assist and 

maintain tumor blood flow by stimulating vasodilation and increasing oxygen delivery by shifting the 

hemoglobin-oxygen dissociation curve to the right [22]. Nicotinamide is an amide of vitamin B3; acute 

hypoxia of the tumor may occur due to intermittently closing of blood vessels, leading to the fluctuation in 

the tumor microcirculation. Nicotinamide improves tumor hypoxia through the improvement in these 

intermittently closing blood vessels. The combination of carbogen inhalation and nicotinamide is proven to 

be able in improving tumor hypoxia [23]. 

 

2. Material and methods 

 

2.1 Study Setting 

This open-label-trial, interim analysis was conducted at Dr. Kariadi Hospital Semarang. Patients with a 

confirmed DLBCL aged 18-60 years old and had tumor hypoxia confirmed by the immunohistochemistry 

staining of tissue HIF-1α of ≥10% and never received previous chemotherapy or radiotherapy were 

included in the study. This study aimed to investigate the effect of additional carbogen gas mixture and 

nicotinamide (CON) to standard R-CHOP chemotherapy on tumor hypoxia and angiogenesis level shown 

by transcriptional factor HIF-1α and VEGF serum examination. Clinical information such as age, stage, cell 

of origin phenotype (Hans criteria), International Prognostic Index (IPI), staging, extranodal involvement, 

and tumor size was obtained. Ethical approval for this study was obtained from the Health Research Ethics 

Committee of the RSUP Dr. Kariadi, Semarang on February 8th, 2021 (approval number: 736/EC/KEPK-

RSDK/2021) with research license number: DP.02.01/I.II/2366/2021. The registry of this study is 

ISRCTN77237304. All participants provided written informed consent prior to enrolment in the study. All 

experiments were performed following relevant guidelines and comply with the Declaration of Helsinki. 

 

2.2 Patient Selection and Data Collection 

From July-December 2021, 49 patients with DLBCL in Dr. Kariadi General Hospital were screened, and 20 

patients met the inclusion and exclusion criteria; simple randomization was conducted into the study group 

(n=10) and control group (n=10) (Figure 1). The inclusion criteria: 1) Newly diagnosed DLBCL, 2) HIF-1α 

tissue overexpression with nuclear staining >10% [24], 3) Age 18-65 years old, Performance state ECOG 0-

2 or Karnofsky scale >70%, 4) Written informed consent obtained. The exclusion criteria: 1) Abnormal 

thorax radiology/spirometry, 2) History of cardiovascular disease, 3) History of cerebrovascular accident, 4) 

Heart failure, 5) Diabetes with uncontrolled glycemic status and evidence of microangiopathy, 6) Liver 

function test abnormality, 7) Renal function test abnormality, and 8) Pregnant. Before this study was 

conducted, all patients had been informed about the study details in an individual interview. The informed 

consent must be signed by the patient before. 

 

2.3 Study Protocol 

Participants were divided into two groups, the study group: R-CHOP (chemotherapy Rituximab 375 

mg/m2, day-1, Cyclophosphamide 750 mg/m2, day-1, Doxorubicin 50 mg/m2, day-1, Vincristine 1.4 

mg/m2, day-1, and Prednisone 60 mg/m2 in day 1-5) + carbogen gas mixture and nicotinamide (CON), and 

the control group, which only received R-CHOP. The following study group protocols were administered. 

Patients were given nicotinamide 2 grams orally 2-3 hours before chemotherapy. The drugs were prepared 

by the researcher, provided in the hospital, and self-administered in front of the researchers. To avoid 

nausea, nicotinamide was crushed and diluted in fruit-flavored drinks ± 200 mL. Carbogen inhalation was 

initiated 10 minutes before starting until completion of chemotherapy; patients were positioned in semi-

fowler (semi-sitting) or supine. Carbogen (oxygen 95% mixed with CO2 5%) was administered using a 
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non-rebreathing mask with 10 LPM with an additional nose clip. HIF-1α and serum VEGF examinations 

were conducted in all participants in both groups before and 7 days after one cycle of chemotherapy. 

 

2.4 Laboratory Measurements 

HIF-1α IHC examination was conducted as follows: Sections of tumor tissues (4 µm thickness) were 

deparaffinized, and peroxidase was quenched with methanol and 3% hydrogen peroxide (1:1) for 30 min at 

80˚C. The sections were immersed in citrate buffer, followed by microwaving for antigen retrieval (3x5 

min). After neutralization with endogenous peroxidase using 3% H2O2 for 5 min at room temperature, 

sections were preincubated with 5% blocking serum for 1 h and then incubated with primary antibodies 

overnight at room temperature (mouse anti-human HIF-1α monoclonal antibody was diluted to 1:80). 

Following washing with 0.01 M PBS (pH=7.4), the sections were incubated with HRP labeled secondary 

antibodies (diluted 1:200) at room temperature for 15 min and washed in PBS. Finally, the sections were 

incubated with streptavidin peroxidase reagent for 15 min at room temperature and washed in PBS again. 

The color was developed via a 15 min incubation with DAB solution, and the sections were weakly 

counterstained with hematoxylin at room temperature for 1 min. Normal IgG was substituted for the 

primary antibody as a negative control (equivalent concentration to the respective test antibody). The slides 

were observed under a light microscope at x400 magnification. Level of HIF expression was classified as 

absent (0%), low (1–10%), moderate (11–49%), or high (50–100%). 

 

The blood sample was obtained in the Inpatient Ward of Dr. Kariadi Semarang General Hospital. VEGF 

and HIF-1α examinations were conducted in the GAKI laboratory of Diponegoro University/Diponegoro 

University Faculty of Medicine Hospital. The procedures of sample extraction and storage, reagent 

preparation, testing procedure, and measurement result were in accordance with the set instruction from the 

manufacturer Quantikine® ELISA Human VEGF and HIF-1α R&D System, Inc. Minneapolis, USA. 

 

2.5 Statistical Analysis 

Two-sided statistical tests (paired t-test or Wilcoxon Signed Rank test) were applied to analyze the 

difference between HIF-1α and VEGF serum before and after chemotherapy in the study and control 

groups. Chi-Square tests or other non-parametric tests were performed to investigate the correlation 

between tumor hypoxia and angiogenesis parameters with other independent parameters. Data were 

analyzed using SPSS for Windows version 21.0 program, with p-value < 0.05 considered statistically 

significant. 

 

3. Results 

From July-December 2021, 49 patients with DLBCL in Dr. Kariadi General Hospital were screened, and 20 

patients were enrolled in this study. Demographic data of both groups are shown in (Table 1). The overall 

median age was 56.6 years (min-max, 21-65 years old) and there was no significant difference in age in the 

study or control group. 70% of the participants were men, and 75% had a good performance status (ECOG 

0-1). 90% of the participants in the study group and 70% of the participants in the control group were in the 

advanced stage, respectively. All the participants in the study group and 90% in the control group had B-

symptoms. 70% of the participants in the study group and 40% in the control group had bulky disease. 

There was no statistically significant difference in the degree of HIF-1α expression between two groups, 

50% in study group and 40% in control group were in high HIF-1α expression group. 
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Figure 1. Study Consort 

Abbreviations: CON, Carbogen and Nicotinamide; HIF-1α, Hypoxia Inducible Factor-1α 

 

There was no significant difference between the median pre-chemotherapy level of HIF-1α, 45.8 pg/mL 

(33.7-255.3) in the study group and 40.9 pg/mL (30.0-57.0); p=0.703. In the post-chemotherapy evaluation, 

the median level of HIF-1α was decreased in both groups, however, there was no significant difference 

between those 2 groups; 35.8 pg/mL (27.4-69.1) in the study group and 38.0 pg/mL (33.7-47.5) in the 

control group; p=0.518. There was also no significant difference between the median pre-chemotherapy 

level of VEGF serum between the study, 46.5 pg/mL (7.7-117.6), and the control group, 53.6 pg/mL (3.3-

108.1); p=0.850. However, there was a significant difference between the median post-chemotherapy 

VEGF level between the study group, 21.5 pg/mL (9.2-54.5), and the control group, 84.6 pg/mL (4.7-

164.0); p=0.028. 
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Table 1. Patient Characteristics 

Variable 

All subjects 

(n=20) 

N (%) & Median 

(min-max) 

Study (n=10), 

Median (min-

max) 

Control (n=10), 

Median (min-

max) 

P 

Sex 

Male 

Female 

 

14 (70%) 

6 (30%) 

 

7 (70%) 

3 (30%) 

 

7 (70%) 

3 (30%) 

1.000* 

Age (y.o) 56.5 (21-65) 55 (24-60) 58 (21-60) 0.307⁋ 

ECOG 

0-1 

2 

 

15 (75%) 

5 (25%) 

 

8 (80%) 

2 (20%) 

 

7 (70%) 

3 (30%) 

1.000* 

Ann Arbor 

Staging 

Early 

Advanced 

 

 

4 (20%) 

16 (80%) 

 

 

1 (10%) 

9 (90%) 

 

 

3 (30%) 

7 (70%) 

0.255† 

B symptoms 

Yes 

No 

 

19 (95%) 

1 (5%) 

 

10 (100%) 

0 (0%) 

 

9 (90%) 

1 (10%) 

1.000† 

Bulky disease 

Yes 

No 

 

11 (55%) 

9 (45%) 

 

7 (70%) 

3 (30%) 

 

4 (40%) 

6 (60%) 

0.370† 

Extranodal 

Involvement 

Yes 

No 

 

 

9 (45%) 

11 (55%) 

 

 

4 (40%) 

6 (60%) 

 

 

5 (50%) 

5 (50%) 

1.000* 

Primary 

Extranodal  

Yes 

No 

 

 

7 (35%) 

13 (65%) 

 

 

3 (30%) 

7 (70%) 

 

 

4 (40%) 

6 (60%) 

1.000† 

NCCN IPI 

Score 

1-3 

4-8 

 

8 (40%) 

12 (60%) 

 

5 (50%) 

5 (50%) 

 

3 (30%) 

7 (70%) 

0.650† 

 

Cell of Origin 

GCB 

Non-GCB 

 

9 (45%) 

11 (55%) 

 

4 (40%) 

6 (60%) 

 

5 (50%) 

5 (50%) 

1.000† 

HIF 

Overexpression  

Moderate 

High 

 

 

11 (55%) 

9 (45%) 

 

 

5 (50%) 

5 (50%) 

 

 

6 (60%) 

4 (40%) 

 

1.000† 

BSA (m2) 1.57 (1.34-1.77) 
1.59 (1.34-

1.76) 
1.55 (1.40-1.77) 0.821⁋ 

Hemoglobin 

(g/dL) 
12.1 (10.1-13.9) 13 (10.1-13.9) 11.7 (10.3-13.9) 0.384⁋ 

LDH (U/L) 861 (368-1722) 942 (368- 809 (438-1,342) 0.940⁋ 
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1,722) 

HIF-1α Pre 

(pg/mL) 
42.6 (30-255.3) 

45.8 (33.7-

255.3) 
40.9 (30-57) 0.703⁋ 

HIF-1α Post 

(pg/mL) 
37.6 (27.4-69.1) 

35.8 (27.4-

69.1) 
38.0 (33.7-47.5) 0.518⁋ 

VEGF Pre 

(pg/mL) 
52.1 (3.3-117.6) 

46.5 (7.7-

117.6) 
53.6 (3.3-108.1) 0.850⁋ 

VEGF Post 

(pg/mL) 
33.9 (4.7-164) 21.5 (9.2-54.5) 84.6 (4.7-164) 0.028⁋ 

*Chi-Square Test 
†Fisher Exact Test 
⁋Mann Whitney Test 

 

Abbreviations: BSA, Body Surface Area; ECOG, Eastern Cooperative Oncology Group; GCB, Germinal 

Center B-cell Like; HIF-1α, Hypoxia Inducible Factor-1α; IPI, International Prognostic Index; LDH, 

Lactate Dehydrogenase; VEGF, Vascular Endothelial Growth Factor 

 

Using the non-parametric Wilcoxon paired test, significant reductions were found in both HIF-1α (p=0.031) 

and VEGF (p=0.022) serum levels in the study group. No significant difference was found between pre- and 

post-chemotherapy HIF-1α (p=0.173) and VEGF (0.202) serum levels in the control group (Table 2 & 

Figure 2). 

 

Table 2. Paired Wilcoxon Test for HIF-1α and VEGF Serum Pre- and Post-Chemotherapy 

Variable Study Group (n=10) Control Group (n=10) 

 
Negative 

Ranks 

Positive 

Ranks 
P* Negative 

Ranks 

Positive 

Ranks 
P* 

VEGF Post-Pre 

Chemoterapy 
8 (80%) 2 (20%) 0.022 3 (30%) 7 (70%) 0.202 

HIF-1α Post-

Pre 

Chemotherapy 

7 (70%) 3 (30%) 0.031 6 (60%) 4 (40%) 0.173 

*Wilcoxon Test 

Abbreviations: HIF-1α, Hypoxia Inducible Factor-1α; VEGF, Vascular Endothelial Growth Factor 
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Figure 2. Reduction of HIF-1α and VEGF Serum Pre- and Post-Chemotherapy 

Red, Pre-chemotherapy; Green, Post-Chemotherapy, Line, 95% Confidence Interval. Abbreviations: HIF-

1α, Hypoxia Inducible Factor-1α; VEGF, Vascular Endothelial Growth Factor 

 

Table 3. Univariate Analyses of Risk Factors for HIF-1α and VEGF Serum Reduction 

Variable 

VEGF Reduction 

P 

HIF-1α Reduction 

P Yes 

N=11 

No 

N=9 

Yes 

N=13 

No 

N=7 

Group 

Study  

Control  

8 (80%) 

3 (30%) 

2 (20%) 

7 (70%) 
0.035† 

7 (70%) 

6 (60%) 

3 (30%) 

4 (40%) 
0.500† 

Sex 

Male 

Female 

7 (63.6%) 

4 (36.4%) 

7 (77.8%) 

2 (22.2%) 
0.426† 

9 (69.2%) 

4 (30.8%) 

5 (71.4%) 

2 (28.6%) 
0.664† 

Stage 

Early 

Advanced 

2 (18.2%) 

9 (81.8%) 

2 (22.2%) 

7 (77.8%) 
0.625† 

3 (23.1% 

10 (76.9%) 

1 (14.3%) 

6 (85.7%) 
0.561† 

Bulky 

Yes 

No 

 

9 (81.8%) 

2 (18.2%) 

 

2 (22.2%) 

7 (77.8%) 

 

0.012† 

 

8 (61.5%) 

5 (38.5%) 

 

3 (42.9%) 

4 (57.1%) 

 

0.370† 

Extranodal 

Involvement 

Yes 

No 

7 (63.6%) 

4 (36.4%) 

2 (22.2%) 

7 (77.8%) 
0.080† 

5 (38.5%) 

8 (61.5%) 

4 (57.1%) 

3 (42.9%) 
0.370† 

NCCN IPI 

1-3 

4-8 

4 (36.4%) 

7 (63.6%) 

4 (44.4%) 

5 (55.6%) 
0.535† 

5 (38.5%) 

8 (61.5%) 

3 (42.9%) 

4 (57.1%) 
0.608† 

Cell of Origin 

GCB 

Non-GCB 

6 (54.5%) 

5 (45.5%) 

3 (33.3%) 

9 (66.7%) 
0.311† 

6 (46.2%) 

7 (53.8%) 

3 (42.9%) 

4 (57.1%) 
0.630† 

HIF-1α       
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Overexpression 

Moderate 

High 

 

8 (72.7%) 

3 (27.3%) 

 

3 (33.3%) 

6 (66.7%) 

0.175†  

9 (69.2%) 

4 (30.8%) 

 

2 (28.6%) 

5 (71.4%) 

0.162† 

Abbreviations: GCB, Germinal Center B-cell Like; HIF-1α, Hypoxia Inducible Factor-1α; IPI, International 

Prognostic Index; VEGF, Vascular Endothelial Growth Factor 

 

Table 3 summarizes the variables affecting the decrease of HIF-1α and VEGF serum levels. From 

univariate analysis with the reduction of VEGF level as the dependent variable, study group (p=0.035; OR 

9.3, 95%CI=1.2-72.9) and bulky tumor status (p=0.012; OR 15.7, 95%CI=1.7-141.4) were significantly 

associated with the reduction of VEGF serum. However, for the reduction of HIF-1α serum as the 

dependent variable, there was no significant difference between each variable with the reduction of HIF-1α 

serum. 

 

 
Figure 3. Spearman Rank Correlation 

Abbreviations: BSA, Body Surface Area; HIF-1α, Hypoxia Inducible Factor-1α; LDH, Lactate 

Dehydrogenase; VEGF, Vascular Endothelial Growth Factor 

 

Based on the Spearman correlation test (Figure 3), a significant negative correlation was found between the 

hemoglobin and baseline VEGF levels with a correlation coefficient of r=-0.70; p<0.001. In this study, we 

found no significant correlation between the HIF-1α and baseline serum VEGF levels or with other 

variables. 2 patients in the study groups had CTCAE v5.0 grade 1 flushing and resolved completely after a 

few hours. Overall, there were no significant major toxicities in the study group. 

 

4. Discussion 

Although the addition of rituximab to the CHOP regimen has significantly improved the survival of 

DLBCL, more than 30% of patients will eventually relapse and have progression. Tumor hypoxia is known 

to have an essential impact on cancer growth, metastasis, and chemo-radiation resistance, leading to cancers 

that are difficult to control. Tumor hypoxia has long been known as the main limitation in cancer treatment. 

A hypoxia-related transcription factor, HIF-1α has been reported to be related to the drug resistance in 

DLBCL, but the mechanism remains uncertain [5]. 

 

Many previous studies have shown a poor prognostic significance of HIF-1α in several solid tumors, such 

as esophageal carcinoma, oral squamous cell carcinoma, lung cancer, and glioma [25- 27]. This study is the 
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first study to evaluate the effect of CON on HIF-1α and VEGF serum in DLBCL patients. This interim 

analysis showed that the combination of carbogen inhalation and nicotinamide could significantly reduce 

serum HIF-1α levels in the study group. Until recently, the role of HIF-1α serum in predicting the outcome 

of cancer patients still uncertain. However, a study in NSCLC patients receiving chemoradiotherapy (CRT) 

showed a decrease of serum HIF-1α, this phenomenon may be useful for predicting the efficacy of CRT 

[28]. 

 

However, in patients with DLBCL, the overexpression of HIF-1α indeed showed a better prognosis 

compared to patients with normoexpression of HIF-1α. This might be explained by the expression of HIF-

1α can also be induced by reactive oxygen species (ROS). ROS could also increase the expression of CD20, 

leading to a better response to the rituximab-containing regimen in these patients [29]. These studies 

collectively showed a link between high HIF-1α expression and a patient’s prognosis. Although it is still 

uncertain that the reduction of HIF-1α might have a clinically significant outcome, however, we believe 

HIF-1α may be a useful biological marker for prognostication and targeted treatment in the future [30]. 

 

Vascular endothelial growth factor (VEGF) plays a crucial role in the progression of numerous tumor types, 

including Non-Hodgkin’s lymphoma (NHL). First, vascular permeability is increased by VEGF, which is 

linked to decreased medication delivery and tumor cell metastasis. VEGF can also play a significant role in 

angiogenesis and lymphangiogenesis. Second, VEGF causes antiapoptotic genes, such as BCL-2, to become 

active, protecting tumor cells from apoptosis. Third, VEGF collaborates with a variety of signaling 

molecules to support tumor cell survival, including angiopoietins, ephrins, hepatocyte growth factor, HIF, 

IL-6, and endostatin. Additionally, it has been shown that VEGF overexpression is a sign of a poor 

prognosis for hematological malignancies and several solid tumors [31], [32]. This study showed a 

significant reduction of serum VEGF in 80% of participants in the study group compared to only 30% in the 

control group. Furthermore, a significant reduction of median VEGF pre- and post-chemotherapy in the 

study group was also found. In the control group, there was an increase in median VEGF level after 1 cycle 

of chemotherapy, although the result was not statistically significant. Multiple studies have investigated the 

role of VEGF as a prognostic factor in DLBCL patients, however, the results remain inconclusive. 

However, a VEGF overexpression was correlated with poorer prognostic in NHL patients [32]. We believe, 

the determination of serum VEGF level has the potential to serve as a biomarker and add prognostic 

information in DLBCL patients. This result also show a proven benefit of improving tumor hypoxia will be 

followed by reduction of VEGF level, thus might result a better outcome. 

 

Based on the univariate analyses of risk factors for HIF-1α and VEGF serum reduction, both of study group 

and bulky tumors had been associated with a significant reduction in serum VEGF levels. This study’s 

result was in line with a previous study [20] that resulted in improvements in pO2 tumors after the addition 

of carbogen and nicotinamide. As tumor hypoxia improves, the transcription process of the VEGF gene 

may be reduced, as evidenced by the significant decrease in VEGF levels in the study group. The greater 

the tumor’s bulk might be associated with the tumor’s accelerated proliferation, therefore, when a new 

tumor has grown to a size of a few millimeters in diameter (approximately 106 cells), the production of new 

capillary blood vessels is necessary to allow the tumor-cell population to continue growing [33]. Rapid 

proliferation of the tumor will exceed the oxygen supply and decrease blood flow brought on by the 

proliferation of aberrant blood arteries feeding the tumor. Tumor condition has also been shown to promote 

angiogenesis [34]. However, there was no significant association between the examined variables with the 

proportion of participants with reduced serum HIF-1α levels. This might be due to the lack of study sample, 

and a full analysis has not been conducted yet. 
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In the correlation test between the numeric variables with baseline HIF-1α and VEGF serum levels, a 

significant negative correlation was found between hemoglobin and baseline VEGF levels (r=-0.70; 

p<0.001). This result is in line with a study by [35] who showed a negative correlation between anemia with 

intratumoral hypoxia and increased serum VEGF levels. Our study did not obtain a significant correlation 

between HIF-1α levels with baseline serum VEGF. This might occur because of lack of the sample size and 

the activation of VEGF is not solely regulated by HIF-1α. VEGF is also can be activated by other 

transcription factors, such as AP-1 and SP-1. Several other oncogenes such as V-SRC and BCL-2, which 

are frequently increased in non-Hodgkin lymphoma, are also able to increase transcription of the VEGF 

gene indirectly [36]. 

 

5. Conclusion 

Although this study is still an interim analysis, we found that the addition of carbogen inhalation and 

nicotinamide in patients with DLBCL with tumor hypoxia could reduce the HIF-1α and serum VEGF levels 

significantly. According to this study, this combination treatment might be able to improve tumor hypoxia 

and lead to a better outcome. This study has several limitations; the combination of carbogen inhalation and 

nicotinamide was only administered in the first cycle due to time and cost limitations. Further studies are 

necessary, with larger sample size, to precisely confirm the positive effects of this intervention. 
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