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Abstract- The outcome of inoperable rectal cancer treatment by chemotherapy, radiotherapy, and targeted 

therapy are still unfavorable. Carbogen is a combination of 98% oxygen and 2% carbon dioxide proven 

effective as chemoradiosensitizer. The aim of this study is to know the effect of concurrent carbogen and 

chemoradiotherapy in locally advanced rectal cancer by measuring the shrinkage of the tumor volume. The 

design of this study was randomized true experimental 2 groups pre and post-test-controlled design. Samples 

were patients with locally advanced rectal cancer. MRI of the pelvis before and 4-8 weeks after the 

chemoradiation were examined. A total of 28 subjects were randomized to 14 patients who received 

concurrent chemoradiation with carbogen (treatment group) and 14 patients chemoradiation (control) The 

tumor shrinkage in the treatment group (13.08 to 6.08 cm3) was significantly higher compared to the control 

group (18.00 to 12.83 cm3). Supplementation of carbogen to standard treatment chemoradiation for locally 

advanced rectal cancer significantly shrinkage the tumor volume. 
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Introduction 
 

Rectal cancer is the eighth most common cancer 

worldwide and also in Indonesia, according to the latest 

GLOBOCAN (1). Reliable statistics on deaths from 

colon and rectal cancers separately were not available 

due to 40% of deaths from rectal cancer are 

misclassified as colon cancer on death certificates (2). In 

2017, there will be an estimated 39,910 cases of rectal 

cancer diagnosed in the US (3). About 43% of rectal 

cancer patients were diagnosed during an early stage 

with life expectancy 67%, and more than 50% were 

diagnosed at locally advanced (4). Surgery alone in 

rectal cancer treatment has resulted in a 25% local 

failure rate and 40 to 50% long-term survival for T3/T4 

with positive lymph node, whereas adding 

chemoradiation still local failure rates of 10 to 15% and 

long-term survival rates of 50 to 60% (5). reduce life 

expectancy to be 47-65 % on stage III and 6-48% on 

stage IV (6). There is no data on rectal cancer life 

expectancy in Indonesia until nowadays. 

Chemoradiation is the standard therapy for 

inoperable locally advanced rectal cancer before 

surgery. Chemotherapy, given together with radiation, 

aims to increase the effectiveness of radiation (7,8). 

Improving surgical technique by using the concept of 

total excision of the mesorectum rectal cancer patient 

has improved the outcome. However, the risk of local 

relapse is still 5-20% (9,10), while preoperative 

chemoradiation with capecitabine achieved pathologic 

complete response in 16-28%, and 39-50% downstaging 

of patients (11).  

Many efforts have been given to improve the 

effectiveness of chemoradiation, i.e., preoperative 

chemoradiation by using capecitabine and oxaliplatin. 

The result was not significantly improved even though 
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there is a higher side effect from radiation with 

capecitabine and oxaliplatin, and pathologic complete 

response was 19,2% compared to 13,9% for patients 

with chemoradiation only (12). Preoperative 

chemoradiation capecitabine with targeted therapy 

bevacizumab showed pathologic complete response in 

25% patients and 37,5% downstaging, with adverse 

effect, i.e., grade 3 intestinal bleeding (in 25% of 

patients), diarrhea (25%), perianal pain (25%) and 

anemia (12.5%) (13). 

Tumor hypoxia has been considered the cause of 

radiotherapy failure. Oxygen is necessary for free 

radicals such as hydroxyl radicals (-OH), hydrated 

electrons, hydrogen atoms (H+), and hydrogen peroxide 

(H2O2) caused by radiation to facilitate the free radicals 

entering the nucleus and disrupting the DNA. The free 

radicals from peroxides resulting in cell death or 

apoptosis (14,15). In the absence of oxygen, DNA can 

be restored to its preirradiated condition by hydrogen 

donation from endogenous antioxidants causing bad 

tissue response from radiation (14,16,17). Improving 

oxygen concentration in tumor tissue by using 

hyperbaric oxygen (HBO) was evidently beneficial; 

however, the application of HBO concurrently with 

radiotherapy is not yet available (18,19).  

Carbogen, a gas combination of oxygen 98% and 

carbon dioxide 2%, has been investigated as a modulator 

of hypoxia in the tumor models. Carbogen is simple and 

easy to be administered simultaneously with fractionated 

radiotherapy and could improve tumor oxygenation by 

increasing the amount of dissolved oxygen in plasma 

and raise the systemic blood pressure. The study showed 

that (chemo) radiation combined with carbogen as 

radiosensitizer and nicotinamide as a vasodilator is 

effective in increasing response therapy and safe as a 

cervical cancer treatment (20). This idea was supported 

by a study on the mouse sarcoma model showing that 

concurrent 6 liters/hour of carbogen for 5-15 minutes 

during radiation treatment increased tumor oxygenation 

and radiation response (21).  

The aim of this study is to evaluate the effectiveness 

of supplementation carbogen in vivo as 

chemoradiosensitizer to standard chemoradiation in 

locally advanced rectal cancer by measuring the 

shrinkage of the tumor volume. 

 

Materials and Methods 

 

This study was a clinical randomized controlled trial 

using pre and post-test design comparing the effect of 

carbogen supplementation on the shrinkage of the tumor 

volume in locally advanced rectal cancer patients treated 

with standard chemoradiation. All the stage II and III 

rectal cancer patients that had not yet undergone the 

surgical resection were randomly grouped as treatment 

group or control group. All the participants' age ranged 

from 18 to 70-year-old with clinical stage II and III 

rectal cancer with normal hemoglobin level (minimum 

10 gr%), had a good physical examination, and were 

eligible for MRI examination. While the exclusion 

criteria were patients that underwent resection directly 

or presented with metastatic disease or exhibited disease 

recurrence, had distant metastasis, had an allergy to 

capecitabine, and had radiotherapy interruption more 

than 1 month. Ethical clearance was obtained from The 

Medical Research Ethical Committee of the Faculty of 

Medicine Diponegoro University and Dr. Kariadi 

General Hospital. All participants gave written informed 

consent in accordance with Institutional Review Board 

guidelines.   

The treatment group received standard 

chemoradiation with carbogen, while the control group 

received only standard chemoradiation. Carbogen with 

flow 8 liters per minute was given through facemask for 

10-11 minutes, starting 4 minutes before the radiation 

and continued during the radiation in the treatment 

room. Radiation with dose 2 Gy/fraction was given with 

a total dose of 50Gy. Capecitabine 825 mg/m2 orally 

was given during the radiation and followed by repeated 

capecitabine 1250 mg/m2/day for 2 weeks, followed by 

one week without capecitabine until MRI examination. 

The outcome of the therapy response was measured by 

the shrinkage of tumor volume on 4-8 weeks after 

complete chemoradiation among two groups.  

MRI examination was done before and after the 

treatment to measure the tumor volume using Modified 

Response Evaluation Criteria in Solid Tumors (RECIST) 

1.1. on a treatment planning system, Eclipse® (Varian) 

tools. The percentage shrinkage of tumor volume was 

the difference between volume tumor pre-irradiation 

with post-irradiation divided by pre-irradiation volume 

X 100% (22). 

Data were analyzed using SPSS, version 20.0 for 

Windows (SPSS Inc., and Chicago, Illinois, USA). The 

level of significance was pre-set at 0.05. Normally 

distributed variables were summarized using means and 

standard deviations (SD), while skewed data in volume 

were reported as median and inter-quartile range and 

statistical analysis was done using non-parametric chi-

square and Mann-Whitney. Categorical variables were 

presented using proportions and percentages. 
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Results 
 

A total of 40 patients with locally advanced rectum 

cancer were enrolled in this study from February 2017 - 

December 2018. However, twelve patients were 

excluded from the current study (two patients exhibited 

metastasis, three patients showed progressive disease, 

one patient exhibited capecitabine allergy, and six 

patients had no MRI data due to emergency radiation 

indicated by tumor bleeding. A total of 28 (15 males and 

13 females) patients with locally advanced rectum 

cancer were included in this study. There were no 

adverse effects, i.e., dyspnea, nausea, vomitus, and 

diarrhea during chemoradiation in both groups. A delay 

to treatment time more than 15 days was unexpectedly 

occurred due to anemia in three patients in the treatment 

group and five patients in the control group. The 

characteristic of the patients was displayed in table 1. 

The shrinkage of the tumor volume, as the main 

therapy response, was obtained in the majority of 

patients in the treatment group. Both groups showed 

significant shrinkage of tumor volume after the 

treatment, as shown in Table 2. The shrinkage of the 

tumor volume in the control group was significantly 

lower compared to the treatment group (P=0.024). 

Furthermore, the tumor volume after the treatment was 

significantly lower in the treatment group (Figure 1 and 

Table 2). 

Only one patient (6.7%) from the treatment group 

achieved complete response while none from the control 

group. Furthermore, there were more patients who had a 

partial response in the treatment group (60%) compared 

to the control group (40%), as described in Table 3. 

 

Table 1. Characteristics of the patients 

 
Treatment Group 

(n=14) 

Control Group 

(n=14) 
P 

Sex n (%) 
Male 7 (50.0%) 8 (57.1%) 1.000a 

Female 7 (50.0%) 6 (42.9%)  

Age (years) 52.14 ± 12.08 45 ± 11.79 0.153b 

Histopathology of the 

cancer n (%) 

Well differentiated 

Adenocarcinoma  
11 (78.6%) 6 (42.9%) 

0.149c 

Moderate 

differentiated 

Adenocarcinoma  

2 (14.3%) 5 (35.7%) 

Mucinous 

adenocarcinoma  
1 (7.1%)  

 
Clear cell carcinoma  2 (14.3%) 

Signet cell carcinoma  1 (7.1%) 

Hemoglobin 12.74 ± 1.10 12.06 ± 1.09 0.376b 

Overall Treatment Time (OTT) 43.71 ± 9.77 43.86 ± 9.01 0.968b 
aFischer's Exact test, independent t-test, cChi-square test 

 

 
Figure 1. MRI imaging of pre (red circle) and post (blue circle) chemoradiation with carbogen inpatient with locally advanced rectal cancer.  

 

 

Table 2. The tumor volume difference between groups before and after the 

treatment 

Tumor Volume,  

Median (min-max) cm3 

Treatment  Group 

(n=14) 

Control Group 

(n=14) 
P 

 Pre Chemoradiation 12.73 (2.88-26.16) 15.37 (1.78 – 53.44) 0.198a 

 Post Chemoradiation 3.41; 0.1-23.57 10.28 (1.68-39.19) 0.046a 

P 0.001b 0.116b  

Shrinkage Volume (%) 63.53 (1.71-97.91) 30.03 (-150.50 – 78.50) 0.024a 
a Mann-Whitney test; bWilcoxon test 
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Table 3. Treatment Response. 

Treatment Response Treatment Group 
(n=14) 

Control Group 
(n=14) 

Complete Response 1 (6.7%) 0 

Partial Response 9 (60%) 5 (40%) 

No Response 4 (26.7%) 8 (53.3%) 

Progressive 0 1 (6.7%) 

 

Discussion 
 

Preoperative chemoradiotherapy is the standard 

treatment in rectal cancer with the mesorectal or 

surrounding organ involvement. In our institution, the 

standard chemoradiotherapy is external radiotherapy 

with a total dose of 50 Gy within 25 fractions, delivered 

concurrently with capecitabine (7,8). Tumor volume 

shrinkage is one of the successful indicators in response 

to radiotherapy (22). In the present study, we found that 

the treatment group exhibits a significant shrinkage of 

tumor volume compared to the control group.  

Increased chemoradiotherapy response was provided 

by adding carbogen in rectal cancer patients who 

received standard chemoradiotherapy. To our 

knowledge, this is the first study of the effect of 

carbogen as an adjuvant in radiotherapy for locally 

advanced rectal cancer. Several studies using carbogen 

and nicotinamide were performed in cervical cancer, 

bladder cancer, colorectal cancer, and head and neck 

cancer. The addition of carbogen and nicotinamide in 

radiotherapy showed the improvement of the treatment 

response, especially in patients that have a 

contraindication for chemotherapy. Therapy with 

carbogen and nicotinamide was safe, although, some 

patients exhibited the nicotinamide intolerance 

(10,19,20). Nausea and vomiting appeared in patients 

who underwent head and neck radiation in conjunction 

with nicotinamide (23). Our study showed a 

significantly higher tumor volume shrinkage in the 

treatment group without additional toxicity. Subjects 

were comfortable after underwent chemoradiotherapy 

with additional carbogen, as also shown in several 

previous studies (20,24).  

Various efforts have been made to improve 

radiotherapy response, such as oral 5-Fluorouracil (5-

FU) chemotherapy administration (11,25). An oxygen 

diffusion modifier by carbogen administration and tissue 

perfusion enhancer by drugs such as nicotinamide were 

also performed to improve the radiotherapy response 

(19,20). Another modality that was shown to be 

effective in improving radiotherapy response was 

anemia correction (26). Carbogen has been reported to 

modulate a re-oxygenation event that resulted in an 

increased radiation response during radiotherapy (27). 

Apoptosis due to single-strand breaks (SSBs) and 

double-strand breaks (DSBs) of DNA was postulated as 

the effect of radiation that improved with carbogen 

administration (27,28). In the presence of DNA damage 

response (DDR), DNA damage due to reactive free 

radical occurred by radiation were fixed by oxygen and 

resulted in cell death, which is the target of cancer 

treatment (29). Fractionated irradiation with carbogen 

supplementation, may reduce the tumor volume, and 

also increase the tumor blood flow and facilitate drug 

access to the tumor (30).  

Capecitabine is a prodrug of 5-FU, is a well-known 

radiosensitizer that can be given together with radiation 

to increase radiation sensitivity. The incorporation of 5-

FU into DNA and RNA as fluoro-deoxyuridine 

contributes to its cytotoxicity (31). 5-FU inhibits 

thymidylate synthase and depletes the pool of nucleotide 

triphosphates, leading to cell cycle redistribution, DNA 

fragmentation, and cell death. Radiosensitization also 

correlates with a decrease in the rate and extent of repair 

of radiation-induced DSB and the susceptibility to 

radiation (30). Indeed, the reduction in tumor volume 

after treatment with multimodality may result in 

improved blood supply to the tumor, leading to 

reoxygenation of the tumor and increased 

radiosensitivity and chemosensitivity. This study 

becomes relevant because most of the patients came in a 

locally advanced stage, and the recurrence rate after 

treatment is still high. 

Our study limitations were the small sample size and 

a long waiting time for MRI examination, on average, 1 

month. However, we managed to perform the MRI 

examination before chemoradiation and 4 until 8 weeks 

after chemoradiation. A further study to determine the 

survival rate and disease recurrences is needed. 

In summary, carbogen represents a great opportunity 

to increase chemoradiation responses. The 

administration of supplementation carbogen and 

chemoradiation in rectal cancer was safe and 

significantly reduced the tumor volume in locally 

advanced rectal cancer. 
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