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Abstract

Purpose Although the multimodal cancer treatment techniques have greatly improved over the years, irradiation-induced late
gastrointestinal toxicity remains a great concern as it may highly affect the quality of life of a patient. The aim of this study was to
define the prevalence of late gastrointestinal toxicities.

Methods Electronic databases of Cochrane Library, Embase, Web of Science, CENTRAL and PubMed were searched until
September 2019. We used the following keywords: radiotherapy, radiation therapy, irradiation, rectal cancer, gastrointestinal
toxicity, adverse effects, late effects, pelvic radiation and pelvic radiation disease.

Results Nine studies were included into this review out of 4785 that were preidentified as potentially relevant. Overall prevalence
of severe (Grade 3 or higher) late irradiation-induced gastrointestinal toxicities was up to 19%. Most frequent toxicities of any
grade were reported to be diarrhoea (up to 35%), faccal incontinence (22%), incontinence to gas (71%), rectal bleeding (9%),
rectal pain (13%) and obstruction (7.4%). Preoperative treatment approaches and more advance radiotherapy techniques such as
intensity-modulated and image-guided radiotherapy (IMRT) and volumetric modulated arc therapy (VMAT) turn out to result in
lower late gastrointestinal toxicity rates.

Conclusion After great improvements in rectal cancer treatment, late gastrointestinal toxicity after radiotherapy is experienced
less frequent and less severe; however, it remains a great concern associated with worse quality of life.

Keywords Rectal cancer - Late gastrointestinal toxicity - Radiotherapy - Quality of life

Introduction

What does this paper add to the literature?

Our systematic review shows that radiotherapy in rectal cancer treatment
has a long-term negative effect on bowel function. Up to 30% of patients
experience late postradiotherapy effect: diarrhoea, faecal incontinence

Colorectal cancer remains one of the most frequently diag-
nosed cancers and the second leading cause of death for both

(22%), incontinence to gas, rectal bleeding, rectal pain and obstruction. men and women worldwide [1]. Rectal cancer is treated with a
combined modality therapy that includes surgery, radiation
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treatment, focusing on gastrointestinal toxicity. The intention
is to define the prevalence and severity of late irradiation-
induced gastrointestinal symptoms and compare different
treatment techniques.

Materials and methods

We performed this systematic review according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement [3].

Literature search and inclusion criteria

Two authors searched independently electronic databases of
Cochrane Library, Embase, Web of Science, CENTRAL and
PubMed until September 2019. Search string for Medline and
Embase were used: radiotherapy and/or radiation therapy and/
or irradiation and/or rectal cancer and/or gastrointestinal tox-
icity and/or adverse effects and/or late effects and/or pelvic
radiation and/or pelvic radiation disease.

Studies on both preoperative and postoperative external
beam radiotherapy were included, while articles on brachy-
therapy were excluded.

This review focuses on studies published in the English
language between January, 1995, and September, 2019.

The inclusion criteria were as follows: (1) original studies;
(2) studies that analysed late radiotherapy toxicity to gastroin-
testinal tract and (3) patients who underwent treatment only
for rectal cancer;

Exclusion criteria were as follows: (1) studies where other
pelvic cancers were included, (2) unable to separate other
cancers or toxicity to other organs and (3) articles or abstracts
written in non-English.

The disagreement was solved by consensus or a third re-
viewer. Data from included studies was extracted into a
datasheet and pretested to prove its suitability. In addition,
references and abstracts were searched.

Definition of late gastrointestinal toxicity

Radiotherapy causes early onset gastrointestinal symptoms
that may remain for long years as late adverse effects of the
treatment. The cut-off to separate the timing of acute and late
toxicity in overviewed publications was considered to be
3 months counting from the start of treatment. In accordance
with literature, the most common standards used to evaluate
toxicity caused by radiotherapy were the national cancer insti-
tute Common Terminology Criteria for Adverse Events
(CTCAE) [4] classification, the Radiation Therapy
Oncology Group and the European Organization for
Research and Treatment of Cancer (RTOG/EORTC) [5] radi-
ation morbidity scoring scheme and scoring system of late
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effects of radiations on normal tissues (LENT SOMA scale)
[6].

The updated version (CTCAE v4.0) contains lower GI ad-
verse events such as diarrhoea, fistula, haemorrhage, necrosis,
obstruction, perforation, stricture/stenosis and ulcer. Also, the
site of the symptom is noted as ‘anal’ or ‘rectal’. Toxicity in
CTCAE is graded as mild (Grade 1), moderate (Grade 2),
severe (Grade 3), life-threatening (Grade 4) or death (Grade
5). The Radiation Therapy Oncology Group and the European
Organization for Research and Treatment of Cancer
(RTOG/EORTC) radiation late morbidity scoring scheme
evaluates toxicity that occurs 90 days after the start of the
treatment. The RTOG/EORTC criteria grade severity by
symptoms from none (Grade 0) to severe (Grade 4). LENT
SOMA scale is used for irradiation-induced toxicity assess-
ment by evaluating the severity and frequency of the symp-
toms (from Grade 1 to Grade 4) subjectively, objectively, an-
alytically by the means of medical examination and grading
the management used for these adverse effects. Toxicity of
Grade 3 and higher are regarded as high.

We applied ten review criteria that had been previously
developed by Gill and Feinstein [7] and refined by Moons
et al. [8].

Results
Search results

There were 4785 potentially relevant studies identified ac-
cording to the predefined search strategy. A total of 3978
studies remained because of elimination of 807 duplicates.
After reading abstracts of the articles that remained, 3892 were
excluded since they were not fulfilling the criteria and not
eligible for the topic; therefore, 86 studies remained. After
review, 77 articles were excluded because of different reasons:
30 articles were unavailable, 18 studies appeared to be irrele-
vant for the topic, 15 studies were published in other language
than English and 14 studies were impossible to separate data
in pelvic cancer. Therefore, nine studies were suitable for the
included criteria (Fig. 1).

Incidence of late gastrointestinal toxicity

Overviewed studies report that up to 19% of all rectal cancer
patients after the radiotherapy treatment suffer from late gas-
trointestinal toxicity symptoms of Grade 3 or higher that clear-
ly worsens the quality of life (Table 1). Most frequently men-
tioned late adverse symptoms include diarrhoea (up to 35%),
faecal incontinence (22%), incontinence to gas (71%), rectal
bleeding (9%), rectal pain (13%) and obstruction (7.4%).
Although small bowel obstruction is not the most frequently
met side effect, it is considered to be most complicated as it
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Fig. 1 Flowchart diagram on late
radiotherapy toxicity after rectal
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-’ 10 irrelevant
16 language other
than English
15 insufficient data
v

9 studies were included into the systematic review

requires closer observation and interventional procedures [9,
10].

Side effects of radiotherapy are best illustrated by the stud-
ies that compare groups of irradiated patients with non-irradi-
ated. Norwegian study comparing male patients with rectal
cancer treated either with pre- or postoperative
(chemo)radiotherapy and control group that underwent sur-
gery alone found a statistically significant difference in late
gastrointestinal toxicity experienced by the two groups of pa-
tients without stoma. Bowel movements were statistically
more frequent in irradiated group compared with non-
irradiated patients (19% and 3%, respectively, of Grade>3
and 54% and 20%, respectively, of Grade 2). Also, loose
stools were more frequently reported in irradiated group with
36% compared with non-irradiated with 16%. The prevalence
of other toxicity symptoms that included mucus in the stools
(12% and 5%), rectal pain (13% and 6%), blood in the stools
(9% and 4%), anal stricture (10% and 6%) and incontinence
for solid stools (15% and 5%) and gas (71% and 58%) was
higher but not statistically different in compared groups. Also,
no significant difference was found in toxicity comparing pre-
operative radiotherapy with postoperative treatment as well as
comparing patients who underwent chemoradiotherapy with
those treated without chemotherapy. Late adverse gastrointes-
tinal effects induced by radiation strongly correlate with lower
quality of life scores where social life is mostly affected [11].

A study form Sweden and Norway presented no statistical-
ly significant differences between the chemoradiotherapy and
radiotherapy alone, although higher prevalence of toxicity
was noted in chemoradiotherapy group regarding bowel ob-
struction (28% compared with 15%, p=0.27) and rectal or
abdominal pain (50% compared with 30%, p =0.10). The
proportion of patients with stoma in compared groups did
not differ significantly. Incontinence for patients without sto-
ma was slightly higher in chemoradiation group but not sta-
tistically significant: for liquid stools 58% in CRT group and
38% in RT group, for gas 75% and 56% respectively [12].
Later, the study on the follow-up of the patients reported a
higher mean scale score of diarrhoea in radiotherapy group
(25) compared with chemoradiotherapy group (20), and that
has a statistically significant difference compared with the
normal population (p < 0.05). However, no significant differ-
ence was revealed for mean scale scores for constipation (12
vs 16, p =0.30), appetite loss (2 vs 6, p = 0.28) and nausea and
vomiting (2 vs 4, p=0.27) comparing radiotherapy and che-
moradiotherapy groups and also compared with the normal
population [13].

A prospective study on comparison of preoperative chemo-
radiotherapy and postoperative chemoradiotherapy for rectal
cancer validates a standard approach for today and reveals a
statistically significant lower incidence of high-grade late tox-
icity in the group which underwent chemoradiation before the
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surgery (p =0.002) inflicting the later treatment approach as
superior. The total severe late toxicity reported in preoperative
CRT group was 7% in comparison with 13% in postoperative
group. In the postoperative CRT group, 3% of patients had a
bowel obstruction that needed a surgical intervention, 6% de-
veloped anastomotic stenosis and 2% developed fistulas,
whereas in the preoperative group, 1% of patients developed
obstruction, 1% developed stenosis and 1% developed fistula
[10].

Korean retrospective study compared younger and elderly
rectal cancer patients treated with neoadjuvant chemoradiation
where the cut-off between the observed groups was 70 years
old. The elderly patients experienced more high-grade late
gastrointestinal radiation-induced side effects (2.6% in youn-
ger arm vs 4.5% in elderly arm) that included rectal bleeding,
fistula and pelvic abscess; however, the study found no sig-
nificant difference between the groups [14]. High tolerability
of radiation treatment of elderly patients is supported by stud-
ies by Tougeron et al. [15] and Choi et al. [16].

Study on intensity-modulated and image-guided radiother-
apy with and without a simultaneous integrated boost, re-
vealed high-grade (Grade > 3) late gastrointestinal toxicity in
9% of all rectal cancer patients, where 57 patients out of 108
received radiotherapy with a boost on a tumour. One patient in
the no-boost group experienced Grade 5 diarrhoea, while
Grade 5 fistula between small bowel and bladder was ob-
served in a patient who received treatment with a boost. The
study reported diarrhoea of Grade > 1 in 52% patients in no-
boost group and 46% in boost group (p=0.49) and small
bowel obstruction of Grade>1 in 5% and 16% of patients,
respectively (p =0.06); however, no statistically significant
difference between the groups was found [17].

The comparison of more advanced radiotherapy treatment
techniques, a volumetric modulated arc therapy (VMAT) and
conventional 3D conformal radiotherapy (3DCRT) reported
VMAT to causes less gastrointestinal late toxicity. Proctitis
of Grade 3 and higher was reported for 3% of patients in
VMAT group vs 8% in 3DCRT group, while any grade of
enteritis was 0% and 6%, respectively. Rates of the 2-year
period of time free from radiation-induced toxicity were
81% and 91% for 3DCRT and VMAT patients, respectively
[18].

Evaluation according to the criteria

The evaluation of methodological and conceptual quality or
rigour according to the criteria of Gill and Feinstein [7, 8]
(Table 2) revealed that none of the studies defined quality of
life while evaluating; two (22%) of the nine studies state the
measured domains in evaluating quality of life (criterion 2). In
the single study (11%), a specific reason for the choice of
instrument to measure QOL (criterion 3) was given. In one
(11%) of the studies, results were aggregated from multiple

items and domains into a single composite score illustrating
global quality of life (criterion 4). Evaluation of the studies
showed that criteria 5—10 were not fulfilled; none of the stud-
ies distinguished overall and health-related quality of life and
provided an option for the participants to select additional
items that are important to them.

Based on the wide heterogeneity of included studies, the
meta-analysis could not be performed.

Discussion

Our systematic review showed that radiotherapy leads to se-
vere late gastrointestinal toxicity. Most frequently diarrhoea,
rectal pain, bleeding and incontinence affect the life of rectal
patients after the treatment. Reduced ability to defer defeca-
tion and incontinence to loose stools induced by irradiation
worsen the quality of life the most by impairing social
functions.

Measures such as antidiarrheal medication, sanitary pads
and a particular diet may improve quality of life by preventing
faecal incontinence. Surgical interventions such as sphincter-
sparing surgery that preserves rectal function and stoma for-
mation would also be an option to prevent patients from faecal
incontinence and, therefore, could improve the social life and
whole quality of life. Previously, stoma has related a negative
effect for the quality of life; however, a reviewed study
showed no difference in any function scale and quality of life
scores between patients with stoma and without [11].

Total radiation dose exposed to irradiated normal tissue
correlates with the severity of adverse gastrointestinal effects.
VMAT and IMRT allow better target volume coverage and
organ at risk sparing, compared with other techniques, specif-
ically 3DCRT, leading to less damage to irradiated normal
tissue, and therefore could cause less severe toxicity, yet
VMAT-induced late toxicity is insufficiently studied [18].
IMRT and IGRT with a SIB boost approach to rectal cancer
allow to boost dose to target and minimize the irradiation
volume for normal tissue, precisely small bowel and bladder
that are most sensitive to radiation and are dose-limiting fac-
tors. Despite the advance and promising concept of radiother-
apy approach, Engels et al. conclude that this treatment should
not be chosen routinely for rectal cancer patients as it does not
lower late toxicity rates [17]. Also, a proper patient selection
and imaging for the planning of the radiotherapy should not be
underestimated as it lowers the possibility to overtreat and
helps to minimize the irradiation volume to surrounding tissue
or avoid unnecessary irradiation [9, 11, 19].

Preoperative radiotherapy has become a standard approach
for rectal cancer treatment as it shrinks the tumour in volume
and decreases its seeding in surrounding tissues, and tumour
oxygenation is better during the preoperative irradiation com-
pared with the postoperative approach. This leads to better
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surgical results, overall lower toxicities and high tolerability
for rectal cancer patients regardless of their age [14, 20].

The treatment including chemotherapy in addition to radio-
therapy is supposed to lead to greater rates and enhanced gas-
trointestinal toxicities, although Breendengen et al. suggest
that late bowel toxicity should not be directly assigned to
chemotherapy as it can be partly related to better survival rates
of patients with advanced rectal tumours [13].

Our systematic review has obvious limitations: some stud-
ies of retrospective nature, limited numbers of followed-up
patients and a high proportion of them lost during years, low
statistical power and potential biases. Moreover, prolonged
observation, uniform and adequate evaluation of late toxicities
are required to make reliable conclusions.

Conclusion

Radiotherapy as a mean of rectal cancer treatment decreases
the local recurrence rate without increasing the survival; how-
ever, it causes a lot of adverse effects that remain long years
after the irradiation. Development of radiotherapy techniques
and profound pretreatment imaging and planning are expected
to cause less gastrointestinal side effects; however, more im-
provements and investigations have to be carried out in the
future in order to treat rectal cancer patients more efficiently,
with the intention to preserve gastrointestinal functions and
maintain a high quality of life.
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