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Abstract

Introduction. Rectal cancer is one of the most frequent human malignant neoplasms
and is the second most prevalent cancer of the large intestine. As one of the main public
health issues, colorectal cancer is the third most prevalent cancer in men and the second
most common cancer in women worldwide.

Purpose. To compare the pathological response, dose delivered to organs at risk (bladder,
femoral head, and bowel bag), and acute side effects of short-course RT versus long-
course RT in locally advanced rectal cancer.

Materials and methods. A prospective observational comparative study was done,
compared short-course and long-course RT in locally advanced rectal cancer. Forty
patients underwent volumetric-modulated arc therapy. Short course (25 Gy in 5 fractions)
and long course (50.4 Gy in 28 fractions) groups were assessed for pathological response,
organ doses, and side effects.

Results. Most patients were in cancer stage 3(80%), with no metastasis. Pathological
response after RT showed no significantassociation with RT course (P=0.633).Genitourinary
toxicity of grade 2 was noticed among the majority of patients in both groups with higher
percentages seen in the long-course group (80% vs. 70%), while Gastrointestinal tract
toxicity of grade 2 was higher in the long-course group (75% vs. 65%). Dose-volume
histogram constraints differed significantly for bladder and bowel. Long-course patients
had a higher bladder Dose-volume histogram (69.85 vs. 60.1) and bowel (15.6 vs. 7.25).
Conclusion. Both courses show similar risks of genitourinary and GIT toxicity, but short-
course course tends to be less toxic. The majority of the cases with both regimes reported
grade 2 GIT and GUT toxicity. Additionally, DVH constraints are significantly higher in the
long-course group for bladder, bowel, and femoral heads.

Keywords: rectal cancer, GIT toxicity, GUT toxicity, DVH, short-course RT, long-course RT
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Pesiome

BBegeHwme. Pak NpsaMoN KULWKK ABNAETCA OOQHUM M3 Hanbosee YacTbIX 3/1I0KaYeCTBEHHbIX
HOBOOOGPA30BaHNI 1 BTOPLIM MO PAaCNPOCTPAHEHHOCTM BUAOM paka TONCTON KULWWKW. AB-
NAACb OJHOW U3 OCHOBHbIX NPO6IEM OOLECTBEHHOIO 34PaBOOXPAHEHUSA, KONIOPEKTalb-
HbIA paK 3aHMMaET TPeTbe MeCTO MO PacnpPOCTPAHEHHOCTU CPean MY>KUNH 1N BTOpOe Me-
CTO Cpefau XeHLNH BO BCeEM MUpe.

Llenb. CpaBHWTb NaToNOrMyYecknin oTeeT, 03y 0OnyyeHra opraHoB prcka (MoueBoro ny-
3blpA, FONOBKN GefPEHHON KOCTU N KULWIEYHOrOo MeLlKa) 1 ocTpble No6oUHble 3¢deKTbl
KOpoTKoro Kypca PT no cpaBHeHMIo € gnnTenbHbIM Kypcom PT npu mecTHopacnpocTpa-
HEHHOM paKe NPAMON KULLKN.

Matepuanbi n metoppbl. [IpoBeeHO NPOCNEKTUBHOE 06CEPBaALMOHHOE CPABHUTENBHOE
nccnefoBaHme, B KOTOPOM CPaBHMBAIMCh KOPOTKOKYPCOBasa 1 ANMHHOKYpcoBas PT npwu
MEeCTHOPACNPOCTPaHEHHOM pake NpsAMon Kuwkm. Copoka nauneHTam 6Obina npoBeaeHa
ob6bemMHO-MoayNnMpoBaHHasA fyrosas Tepanus. B rpynnax kopotkoro (25 p B 5 dpakuymsx)
1 anuHHoro (50,4 Tp B 28 dppakumax) KypcoB oLeHVBany NaTonorMyeckunin oTBeT, opraH-
Hble 803bl U NOH6OYHbIE 3PPEKTDI.

PesynbraTbl. bOoNbLWMHCTBO NaLMeHTOB HaxoAWANCh Ha 3-i cTagmm paka (80%), 6e3 me-
TacTta3oB. [latonornyecknin oteet nocne PT He noKa3an 3HaunTebHOM CBA3M € Kypcom PT
(P=0,633). MouenonoBas TOKCMYHOCTb 2-TO Knacca Obina oTMeueHa y 6onblUMHCTBA Na-
LMeHTOB B 0b6eunx rpynnax, npuyem B rpynne ¢ AnutenbHbiM KypCcoMm nedyeHns oHa Obina
Bbiwwe (80% npoTne 70%), a TOKCUYHOCTb co cTopoHbl MKKT 2-ro knacca 6bin1a Bblille B rpyn-
ne C ANUTENbHbBIM KYpcoM neveHuna (75% npotus 6 %). Tnctorpammbl «go3a — 06bem» 3Ha-
YNTENIbHO OTINYANNCH AS1IA MOYEBOTO NYy3bIPA U KALWEYHMKA. Y MauneHToB C AINTeNbHbIM
KYpCOM fleyeHuns rmcTorpamMmma «o3a — obbem» Obina Bbille Aaa MoueBoro ny3bipa (69,85
npotus 60,1) n KnweyHmka (15,6 npotms 7,25).

BbiBoabl. O6a Kypca UMeIOT CXOXUI PUCK TOKCUUYHOCTY CO CTOPOHbI MOYENonoBon Cu-
ctembl 1 KKT, HO KOPOTKIMI KYpC, Kak MpaBuio, MeHee TOKCUYeH. B 6onblumHCTBe criyyaes
NpY NCMONb30BaHNN 060UX PEXMMOB OTMeYaNacb TOKCUYHOCTb 2-FO Kinacca CO CTOPOHbI
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KKT n KnweyHrka. Kpome Toro, B rpynne ¢ AIMTeNbHbIM KypCOM 3HauMTesIbHO BblLle Mo-
ka3atenu [1BI ana moueBoro ny3blps, KULWEYHNKA 1 TONOBKN GeApeHHON KOCTU.
KnioueBble cnoBa: pak NpAMON KMLWKKU, TOKCUYHOCTb CO CTOPOHbI MKKT, TOKCMYHOCTb CO
CTOPOHbI KnLeyHuKa, 1B, kopoTkokypcosas PT, gnutenbHasa PT

B INTRODUCTION

Rectal cancer is one of the most frequent human malignant neoplasms and is the
second most prevalent (28%) cancer of the large intestine, following proximal colon
cancers (42%) [1]. As one of the main public health issues, colorectal cancer is the third
most prevalent cancer in men and the second most common cancer in women worldwide,
with an overall probability of 4.7% to 5% [2]. It is also the third-highest cause of cancer
mortality among men and women in the USA [1].

CRCs appear to be more prevalent in developed countries around the world at
present. Australia and New Zealand have the highest estimated rates (44,8 and 32,2 per
100,000 men and women, respectively), while Western Africa has the lowest (4,5 and
3.8 per 100,000) [2]. In the past decade, the overall incidence rate has decreased by roughly
3% per year due to greater accessibility to and utilisation of screening and standard
treatment. Despite a significant decline in the incidence of rectal canceramong adults aged
65 and older (-1.5% for 50-64 years and 4.3% for ages above 65), this rate has increased
by 1.8% annually among adults below the age of 50. In contrast to proximal and distal
colon malignancies, the median age at diagnosis of rectal cancer is significantly younger
(63 years for men and 65 years for women) [1].

Overall, rectal cancer has a 5-year survival rate of 66.5%. In addition, survival rates do
not vary greatly by gender, with a mortality rate of about 30-40%, which is higher in men
than women, although this disparity fluctuates at different ages. Race and ethnicity could
impact the mortality rate; for example, recent reports from the US indicate that the death
rate among blacks is more than double that of Asians and Pacific Islanders [3].

For resectable rectal tumours, surgery is the primary treatment option. Depending on
the location and stage of the tumour, surgical resection may be conducted alone or in
conjunction with other neoadjuvant and/or adjuvant therapies. Locally advanced rectal
cancer can be defined in a variety of ways [4].

For locally advanced rectal cancer, preoperative CCRT is recommended because it
can improve oncological outcomes [5]. The standard of care with locally advanced rectal
cancer has been multidisciplinary treatment consisting of neoadjuvant CCRT (NACRT)
followed by total mesorectal excision (TME) [6]. Neoadjuvant options include short course
RT alone [7], short course RT with chemotherapy [8, 9], or long course CCRT prior to or
after systemic therapy [10, 11]. Approximately 20% of patients accomplish pathological
complete response (pCR) following NACRT [12]; however, with the recent PRODIGE
and RAPIDO trials, this rate has increased to 28% [13]. In Europe, short-course RT is the
treatment of choice [14], whereas long-course CCRT is favoured in the United States [15].

The study aimed to compare the pathological response, dose delivered to organs at
risk (bladder, femoral head, and bowel bag), and acute side effects of short-course RT
versus long-course RT in locally advanced rectal cancer using the VMAT technique.
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B MATERIALS AND METHODS

Study setting

This study was conducted at the Baghdad Center for RT. From 1st of Jan 2022 to
31th of Dec 2023. This was a prospective observational, comparative study, conducted
to compare the pathological response, dose delivered to organs at risk (bladder, femoral
head, and bowel bag), and acute side effects of short-course RT versus long-course RT in
locally advanced rectal cancer using the VMAT technique.

Population
The studied population included 40 patients with a diagnosis of locally advanced
rectal cancer who had undergone RT by using the Volumetric-modulated arc therapy
(VMAT) planning technique.
Patients were allocated randomly into two groups:
— The group | (long course) (n=20) who treated with a prescribed dose of 50.4 Gy in
28 fractions.
— The group Il (short course) (n=20) who treated with a dose of 25 Gy in 5 fractions.

Inclusion criteria

Histologically confirmed rectal carcinoma.

Locally advanced rectal carcinoma T3, T4, and any T with N positive.
Lower border within 15 cm from the anal verge.

Magnetic resonance imaging (MRI) confirmed clinical diagnosis.

Exclusion criteria

T1,T2, NO.

Evidence of distant metastases.

Recurrent rectal cancer.

Unknown clinical or pathological T and N category.

Missing follow-up data or patients’ refusal to participate.

Eligible patients received either short-course RT or long-course CCRT as neoadjuvant
therapy. Short Course was defined as five fraction RT to a total dose of 25 Gy over five days,
(without CCRT as part of their treatment course), followed by 4 cycles of chemotherapy
(capox/folfox) and then surgery (more than 4 weeks). Long Course comprised a total
of 50-50.4 Gy in 25-28 fractions administered 5 days per week for the duration of RT
concomitantly with capecitabine-based chemotherapy, followed by surgery 4-6 weeks
later. Follow-up data were collected based on clinical examinations were done.

Procedure

Data was collected included age, sex, and residency. Clinical characteristics included
the stage, the neoadjuvant therapy details, and the type of surgical method. The patients
received the RT according to their groups using the VMAT is a form of external beam RT
therapy used to treat cancer [16]. After RT, they were followed up to be assessed using the
following parameters: Dose-volume histogram constraint for the organs at risk (bladder,
femoral head, and bowel bag) [17].

Due to different protocols and different fractionated dose (hypofractionation and
conventional fractionation), the mean dose of organ at risk in the two arms was converted
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to BED (biological equivalent dose): is a measure of the true biological dose delivered
by a particular combination of dose per fraction and total dose to a particular tissue
characterized by a specific o/ ratio and is commonly used for effective dose calculations.

BED =Total dose x (1 + (Fraction dose / af)),

o/ ratio - is the measure of tissue RT sensitivity, where the higher the ratio, the greater
the tissue sensitivity.

Acute RT toxicity for the genitourinary system and GIT system was assessed according
to the RTOG grading [18]. Pathological response assessment: pathological Complete
Response represents the absence of malignant cells on the specimen of rectal resection
in patients [19].

Ethical approval
All patients were given verbal and written consent, and they were asked permission to
make them part of the study.

Statistical analysis

Data was entered using computerized statistical software; Statistical Package for Social
Sciences (SPSS) version 26 was used. Quantitative data were presented as (meanzSD)
while qualitative data were presented as frequencies and percentages. The appropriate
statistical tests were performed, a Chi-square test was used for categorical variables and
two samples independent t-tests for the continuous variable. The level of significance
(p=<0.05).

B RESULTS

Socio-demographic characteristics

There are 40 patients included in this study. Twenty patients received the long course
and 20 patients received the short course. The mean age of patients in group 1 was
56.25 years and the mean for group 2 was 49.95 years. The percentage of females in
the long course (60%) was higher than males (40%). The residency was similar for both
groups, the majority of patients lived in urban areas. The smoking status was also assessed,
the highest percentage of participants were non-smokers (Table 1).

Table 1
The socio-demographic characteristics
Group 1, Group 2,
Variables Long course Short course P-value
(n=20) (n=20)
Age Mean +SD 56.25+12.1 49.95+12.8 0.119
Male 8(40) 13 (65)
Sex 0.113
Female 12 (60) 7 (35)
Rural 2 (10 2(10
Residency (0) (10) 1.00
Urban 18 (90) 18 (90)
X Non-smoker 16 (80) 11 (55)
Smoking 0.091
Smoker 4(20) 9 (45)
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Table 2

The cancer characters

Variables

M
Tumor distance
Surgery

Type of surgery

O |lWwW (N = O b~ WwW|N

Mean+SD
Yes
Anterior resection

Abdominoperineal
resection

Cancer characteristics

The cancercharactersare presentedinTable 2. Thereis nosignificant difference between
the tumor stage, the node, tumor distance and anterior resection and abdominoperineal

resection.

Pathological response after RT

The pathological response after RT is shown in Table 3. The complete response was
achieved among 10% of the patients in the first group and 15% of patients in the second

group.

Table 3

The pathological response after RT

Variables

Pathological response

Table 4

Complete

Partial

Group 1
(n=20)

1(5)

16 (80)
3(15)
3(15)

11 (55)
6(30)

0
20(100)
8.3+3.4
20(100)
6 (30)

14 (70)

Group 1
(n=20)

2(10)

18 (90)

The genitourinary and GIT toxicity post-treatment

Variables

Genitourinary toxicity

GIT toxicity

394

No
Grade 1
Grade 2
No
Grade 1
Grade 2

Group 1

(n=20)
0
4(20)
16 (80)
0
5(25)
15(75)

"Eurasian Journal of Oncology’, 2025, volume 13, N2 4

Group 2
(n=20)

0
16 (80)
4(20)

0

12 (60)
7 (35)
1(5)

20 (100)
9.3+3.7
20 (100)
2(10)

18 (90)

Group 2
(n=20)

3(15)
17 (85)

Group 2
(n=20)

3(15)
3(15)
14 (70)
3(15)
4(20)
13 (65)

P-value

0.565

0.249

NA
0.379
1.00

0.114

P-value

0.

633

P-value

Ref.
0.303
0.287
Ref.
0.370
0.284
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Table 5
The mean of DVH constrain
Group 1, Group 2,
Variables Long course Short course P-value
(n=20) (n=20)
Bladder 69.85+11.83 60.1£16.48 0.037
. Bowel 15.6+9.9 7.25+4.42 0.001
DVH constrain .
Right Femoral head | 24.65+8.96 19.70+7.89 0.05
Left femoral head 25.1+9.36 20.15+7.42 0.05

Genitourinary and GIT toxicity post-treatment

Table 4 show the genitourinary and GIT toxicity post-treatment. The genitourinary
toxicity of grade 2 was noticed among the majority of patients in both groups. The GIT
toxicity was mainly of grade 2 in both groups. However, a higher percentage was noticed
for group 1 was 75% in comparison to 65% in group 2.

Mean of DVH constrain

The DVH constrains of three regions are presented in Table 5. There is a significant
statistical difference in the DVH constrains of the bladder among both groups. Patients
who received long courses had a higher DVH of 69.85 in comparison group 2 (p=0.037).

Regarding the Bowel DVH, a mean of 15.6+9.9 in patients of the first group and
7.25+4.42 for the second group. There is a significant statistical difference in the DVH
constrains of bowel (p=0.001). There is a significant statistical difference in the DVH
constrains of right and left femoral heads (p=0.05). Higher DVH levels were noticed
among patients in group 1.

B DISCUSSION

This study found that there was no significant difference in the rates of pathological
response between the two different preoperative treatment methods. This aligns with the
findings of Wang et al., who also reported similar rates of complete pathological response
in both the short course and long course groups [20]. In a randomized study conducted by
Bujko et al., found no significant difference in the rate of complete pathological response
between the two groups [21].

The current research revealed that the short-course group had a superior pathological
complete response rate (15%) compared to the long-course group (10%). This might be
attributed to the fact that the short-course group was administered a higher dosage of
preoperative chemotherapy. In a recent meta-analysis conducted by Yu et al., it was shown
that the long course had a higher incidence of pathological full response compared to
the short course without chemotherapy. This suggests that chemotherapy may improve
the effectiveness of preoperative treatment [22]. In a study conducted by Bujko et al.,
revealed that the rates of full pathological response in the two groups were 16% and 12%,
respectively (P=0.17) [23]. Nevertheless, these findings contradict the results of Chapman
et al’s research, which indicated that the long-course group exhibited a higher likelihood
of achieving a pathological response (15% vs. 6%) compared to the short-course group
(all P<0.05) [24]. In a separate phase Il study conducted in China, known as the STELLAR
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trial, Jin et al. compared the effectiveness of short-course RT with long-course CCRT.
The findings revealed that the experimental group had a full pathological response rate
of 18.6%, while the control group had a rate of 5.4% (P=0.029) [25]. These results were
consistent with the findings of the present investigation.

We observed a larger proportion of toxicity in the long course group. This study aligns
with the conclusions of previous studies conducted by Yeh et al., and Guckenberger et al.
[26, 271.

According to our findings and DVH studies, individuals who had longer treatment
durations exhibited a notably greater Dose to the bladder, intestine, and femoral heads
compared to the group who got shorter courses. Based on the findings of Matsali et al.,
none of the RT techniques studied are anticipated to cause acute or late gastrointestinal
toxicity resulting from intestine exposure, urinary toxicity resulting from bladder exposure,
or problems in the femoral heads [28].

Regarding the bladder and long-course RT, there may be a higher risk of late toxicity
due to the cumulative effect of RT over a more extended treatment period. The bladder
may have time to repair and recover between fractions, potentially reducing the severity
of acute toxicity. However, with short-course RT, acute toxicity might be more pronounced
due to the higher dose per fraction, but the overall treatment duration is shorter. Late
toxicity could be reduced compared to long-course RT because of the shorter overall
treatment time [29]. Several articles published in Iraq about CRC [30-32], however no
article discussed advance treatment.

B CONCLUSIONS

A short course RT seems to be slightly more effective. Short-course therapy seems to
be less toxic. The DVH constrain is significantly higher among the long-course group than
the short-course group for bladder, bowel, and femoral heads.
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