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Radiotherapy-induced damage to non-cancerous gastrointestinal mucosa has effects on
secretory and absorptive functions and can interfere with normal gastrointestinal physi-
ology. Nutrient absorption and digestion may be compromised. Dietary manipulation is
an attractive option with sound rationale for intervention. The aim of this review was to syn-
thesise published evidence for the use of elemental formulae, low or modified fat diets, fibre,
lactose restriction and probiotics, prebiotics and synbiotics to protect the bowel from gastro-
intestinal side effects during long-course, radical pelvic radiotherapy. Thirty original studies
(recruiting n 3197 patients) were identified comprising twenty-four randomised controlled
trials, four cohort studies and two comparator trials. Endpoints varied and included symp-
tom scales (Inflammatory Bowel Disease Questionnaire, Common Technology Criteria for
Adverse Events, Radiation Therapy Oncology Group) and Bristol Stool Scale. Dietary
and supplement interventions were employed with many studies using a combination of
interventions. Evidence from RCT was weak for elemental, low or modified fat and low-lac-
tose interventions and modestly positive for the manipulation of fibre during radiotherapy.
Evidence for probiotics as prophylactic interventional agents was more promising with a
number of trials reporting positive results but strength and strains of interventions vary,
as do methodologies and endpoints making it difficult to arrive at firm conclusions with sev-
eral studies lacking statistical power. This consolidated review concludes that there is insuffi-
cient high-grade evidence to recommend nutritional intervention during pelvic radiotherapy.
Total replacement of diet with elemental formula could be effective in severe toxicity but this
is unproven. Probiotics offer promise but cannot be introduced into clinical practice without
rigorous safety analysis, not least in immunocompromised patients.

Pelvic radiotherapy: Toxicity: Gastrointestinal: Nutrition: Dietary intervention

Therapeutic pelvic radiotherapy

The delivery of therapeutic, high-voltage, ionising radi-
ation (radiotherapy) with the explicit intention of
destroying cancerous cells remains a critical component
of cancer treatment. Over 50 % of patients will receive
radiotherapy at some time during the management of
their malignant disease(1) either alone or in combination
with surgery and/or chemotherapy. The most common
treatment modality is external beam radiotherapy which
is delivered in the form of very high-energy, collimated

and flattened X-ray beams of 4–25 Mega electron volts
generated by a linear accelerator or Linac. The term pel-
vic cancer refers to cancers that arise within the pelvis (i.e.
volume extending from lumbar vertebra L4 to the anal
verge(2)) and includes tumours of a gynaecological, uro-
logical or lower gastrointestinal origin. In the UK in
2011 of all new cancer diagnoses, 35 % (116 294) were
of pelvic origin(3).

Designed to be skin-sparing, radiotherapy beams
penetrate the human body to predetermined depths to
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destroy cancerous cells through the process of ionisation
(i.e. the displacement of an electron from its orbital path
and the creation of an unstable or ionised atom and free
electron) with ensuing particle chain reactions and free
radical-mediated damage. The nuclear DNA of cancer
cells is the primary target of this planned radiobiological
destruction. The effects may be immediate cellular abla-
tion or, often quantitatively more significant, latent but
permanent damage which is expressed when the tumour
cells attempt to divide and replicate.

Total prescribed radiotherapy dose is defined in Gray
(Gy) the SI unit of absorbed radiation dose. The pre-
scribed radiation dose, which for long-course treatments
is typically 45–54 Gy, is divided into a series of equal
daily fractions. Thus, a prescription dose of 45 Gy deliv-
ered at a rate of 1·8 Gy/fraction would require the patient
to attend for twenty-five treatments over an elapsed time
of at least 5 weeks, assuming a Monday–Friday treat-
ment schedule.

Fractionation is intended to exploit the differential in
the cytotoxic effect of ionising radiation on cancerous
v. normal tissue, reparative processes being generally
greater in normal tissues through which the radiation
beams inevitably pass to reach their target. For any
given tumour, the greater the reparative powers of nor-
mal cells compared with cancerous cells, the wider the
therapeutic window and thus the increased certainty of
tumour control with minimised damage to normal cells.

Estimating the number of patients treated with cura-
tive, long-course (radical) pelvic radiotherapy in the
UK is complicated by the fragmentation of UK cancer
registries and the lack of uniformity in data reported.
The most recent quantitatively based estimate reported
that 12 000 patients received long-course pelvic radio-
therapy annually(4). However, this figure, derived in
2003 is likely to have risen in the past 15 years. Taking
the USA and Western Europe combined, it is estimated
that at least 300 000 patients annually receive long-
course, fractionated, curative radiotherapy for pelvic
cancers.

Treatment-induced toxicity

The term toxicity refers to unwanted radiation-induced
damage or injury (sometimes referred to as side effects)
to normal tissues as distinct from planned destruction
of malignant cells. Despite major advances in the plan-
ning and delivery of radiotherapy and the introduction
of new radiotherapy techniques such as image-guided
radiotherapy, intensity-modulated radiotherapy and
stereotactic radiotherapy the tolerance of normal tissues
to irradiation remains dose-limiting.

For pelvic tumours, treatment-induced gastrointestinal
toxicity is an unwanted side effect of treatment causing
significant acute and chronic morbidity of varying sever-
ity. Portions of the bowel that lie within the radiotherapy
field include the distal portion of the small bowel, the ter-
minal ileum, the caecum, the large bowel including the
ascending, mid-transverse, sigmoid colon and rectum.
In wide pelvic fields, which may encompass pelvic
lymph nodes, it is not uncommon for loops of the small

bowel or transverse colon to dip down into the field
thus also receiving radiation dose. Treatment margins
which allow for systematic and random errors in treat-
ment delivery add to the overall treatment volume and
thus increase risk of normal tissue toxicity.

During a course of fractionated pelvic radiotherapy up
to 90 % of patients experience gastrointestinal symptoms
of varying severity due to the close proximity of the
bowel to the pelvic organs(4). Symptoms experienced dur-
ing treatment include a change in bowel habit (94 %),
loose stool (80 %), bowel frequency (74 %), urgency
(39 %) and fecal incontinence (37 %). Once radiotherapy
ceases, bowel-related symptoms continue to emerge with
50 % of patients describing them as having a detrimental
effect on quality of life(5–11). As the number of long-term
survivors of pelvic cancer continues to grow, estimated to
be in excess of three million in the USA in 2013, strat-
egies to limit its damaging side effects are acknowledged
as becoming increasingly important(12).

Radiation-induced toxicity has historically been divided
into acute and late reactions or effects(13). Acute reactions
are defined as those occurring during treatment or within
3–6 months of treatment and may lead to symptoms. Late
reactions may occur months or years after treatment ran-
ging in severity from mild and treatable to irreversible,
severe or fatal. Serious and life-threatening changes
including transfusion-dependent bleeding, fistula forma-
tion and bowel obstruction have been reported in
4–10 % of patients 5–10 years after treatment(14,15) and
in 15–20 % of patients 20 years or more after pelvic
radiotherapy(16).

Mechanisms of normal tissue damage

Radiation-induced damage to normal tissues has been
compared with a complex wound and is essentially an
inflammatory process(17). Studies investigating changes
in the morphology of the rectal wall which have been
conducted in patients during the acute phase of treat-
ment(18,19) have revealed that symptoms tend to start dur-
ing the second week of treatment (when histological
damage is at a maximum) and peak towards the end of
treatment (weeks 4–5) when histological changes are sta-
bilising or even improving. Early lesions resulting from
inflammatory insult may resolve following treatment
but changes consistent with chronic ischaemia and fibro-
sis can emerge months or years later resulting in func-
tional impairment to normal gastrointestinal physiology
and a spectrum of clinical outcomes now defined as pel-
vic radiation disease(20).

Radiotherapy-induced gastrointestinal toxicity

Mucosal biopsies from superficial layers of irradiated rec-
tal wall have revealed changes which include atrophy of
surface epithelium, acute inflammation of the crypts,
inflammatory cell infiltration of surface epithelium, accu-
mulation of eosinophilic granulocytes(18), flattening of col-
umnar cells, loss of goblet cells, oedema(18) and excessive
collagen deposition(19). Nutritionally related effects of
these changes include: disaccharidase malabsorption (not-
ably lactose, fructose(21–23) and possibly sucrose), bile acid
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malabsorption(24,25), fat malabsorption, dysmotility(26,27)

and small bowel intestinal bacterial overgrowth(23).
Whilst these effects are predicated by specific aberrations
in gastrointestinal functionality they commonly have the
same clinical endpoints, bowel disturbance, malabsorption
and abnormal stool.

Potential role of dietary modulation

It is now well established that a severe acute reaction dur-
ing radiotherapy increases the risk of severe late or
chronic effects(28,29) and further that cumulative but sus-
tained mild or moderate toxicity may be more damaging
than a single severe peak of symptoms(30). Therefore,
strategies that offer moderate but prolonged protection
throughout radiotherapy by limiting the acute inflamma-
tory processes affording some protection against self-
perpetuating fibrotic processes may be effective. In this
context, there is a sound physiological rationale for a
number of specific nutritional interventions, the evidence
for which is explored later.

This review paper examines the evidence for the efficacy
of nutritional manipulation during radical pelvic radiother-
apy. Randomised controlled trials (RCT), controlled trials
with comparator groups and cohort studies recruiting adult
patients, receiving radical daily radiotherapy for pelvic
malignancies, employing (oral) nutritional or dietary inter-
ventions and reporting outcomes related to gastrointestinal
symptoms or treatment-induced toxicity have been
included. Studies investigating more than one nutritional
intervention are described with respect to the primary
intervention. Four previous reviews on this topic have
been published, two systematic reviews(31,32) and two
Cochrane reviews(33,34). The current paper summarises
results of these previous reviews for most commonly
trialled nutritional interventions including; elemental diet,
low or modified fat diet, lactose-restricted, fibre and
probiotic/prebiotic/synbiotic combinations. Results are
presented for each nutritional intervention under the head-
ings: rationale, evidence and conclusion. The data were
presented at the Winter Meeting of the Nutrition Society,
London, 2017.

Methods

This paper is compiled from data published in two
non-Cochrane(31,32) and two Cochrane reviews(33,34).
Readers are referred to these publications for a detailed
description of methods employed.

Results

Elemental formulae

Rationale. Elemental nutritional formulae provide essen-
tial macronutrients in readily digestible (liquid) form
with protein supplied as amino acids or peptides, fats pri-
marily as medium chain TAG (MCT) and carbohydrates
largely as maltodextrins. In appropriate quantities, these
formulae contain all essential macro and micronutrients

and can be used as a sole source of nutrition for pro-
longed periods. The rationale for their use during radio-
therapy is 2-fold: first, the provision of nutrients that can
be readily absorbed by the gastrointestinal mucosa and
secondly their potential to reduce pancreatic and biliary
secretions which may aggravate pre-existing mucosal
inflammation. Delivery of elemental formula to the mid-
distal and distal jejunum can suppress pancreatic secre-
tions(35,36) whilst delivery of elemental formula to the
proximal duodenum suppresses maximal mean post-
prandial pancreatic secretions by up to 50 %, compared
to polymeric formula, in healthy human volunteers(37).

Evidence. Six studies, four RCT(38–41) and two com-
parator trials(42,43) have recruited 836 patients. One
study(41) is an analysis of a sub-group of patients recruited
to a larger RCT(38). All studies were preventative in aim
with elemental formula providing between 33 and 100 %
of daily energy needs. Two studies used elemental formula
as the sole nutritional intervention(40,43) the remaining
studies advised patients to additionally follow a low-fibre
diet(38,41) a low-fibre, lactose-restricted, low-fat diet(42) or
a natural diet (not defined)(39). All studies (except
one(43)) used an interventional period of between 3 and
6 weeks coincident with radiotherapy treatment. The lar-
gest study (n 677) reported a significant reduction in the
proportion of patients experiencing radiotherapy oncology
group toxicity grades 1 and 2 in those patients in the elem-
ental group v. those consuming a standard diet but did not
report a significance value(39). However, a significant
decrease (P< 0·05) was reported in the number of patients
whose treatment was interrupted due to toxicity in the
elemental group v. the standard diet group. In three fur-
ther studies(38,40,41), no significant differences between
elemental and non-interventional groups were reported
in mean stool frequency(38), time to onset of diarrhoea(38),
change in Inflammatory Bowel Disease Questionnaire-
bowel score (IBDQ-B)(40), change in inflammatory marker
fecal calprotectin(40) or change in markers of nutritional
status(41). Compliance with elemental prescription was a
concern. In one study(38), 41 % of patients were unable
to tolerate the elemental formula for the prescribed period
and in another study, mean dose of formula taken was just
21 % of daily energy requirement compared with the pre-
scribed 33 %(40).

Two further non-randomised studies have been
reported: a phase II investigation of seventeen patients
with gynaecological cancer receiving a 4/5-week course
of treatment(42) and a study which commenced as an
RCT in patients receiving pre-surgical, short-course
radiotherapy for invasive bladder cancer(43). In the latter
study, the interventional period was for just 5 d with
elemental formula providing 100 % of energy intake(43).
The phase II study (which additionally asked patients
to reduce fibre, lactose and fat) reported a significant
reduction (P < 0·001) in the proportion of compliant
patients experiencing radiotherapy oncology group
grade 2/3 diarrhoea together with a reduced need for
anti-diarrhoeal medication(42). Compliance was report-
edly high in the elemental group with 76·5 % of patients
taking the prescribed formula for >80 % of the time.
In the short-course study, randomisation to the
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conventional feeding group (normal hospital diet or par-
enteral nutrition) was halted after a benefit was identified
in just four patients receiving elemental feeding(43). The
authors reported a significant reduction (P< 0·001) in
the incidence of severe post-operative diarrhoea in ele-
mentally fed patients when compared with a retrospec-
tive group receiving conventional feeding.

Conclusion. Evidence for the efficacy of elemental for-
mula from RCT is weak. Whilst the sole study(39) which
did report improved outcomes was by far the largest, it is
published in abstract only. Three further studies failed to
provide evidence of efficacy although these suffered from
poor compliance and thus it is unclear whether the inter-
vention itself was ineffective or the lack of endpoints in
non-compliant patients resulted in underpower-
ing(38,40,41). One non-RCT in which diet was completely
replaced with the elemental formula provided evidence
of efficacy in pre-surgical patients in a short-term setting
albeit using retrospective controls(43). Whether 100 %
replacement of normal diet with elemental formula
could be achieved in patients during long-course radio-
therapy is debatable.

Low or modified fat diets

Rationale. Fat intake in health comprises approximately
one-third of total energy requirements (approximately 95
g fat/d (males), 70 g fat/d (women)(44). Dietary fats com-
prise long-chain TAG (LCT) with (three) fatty acids,
mostly twelve to eighteen carbon atoms in length. In
contrast, MCT comprise fatty acids of eight to fourteen
carbon atoms in length which are absorbed directly into
the portal blood. They occur in only a few foods (e.g. coco-
nut) but may be prescribed in supplement form under
medical or dietetic supervision. The rationale for the use
of low or modified fat (MCT-predominant) diets during
radiotherapy is 4-fold. Damage to the gastrointestinal
brush border(45) may reduce its ability to absorb LCT,
high-fat (LCT-based) diets may be pro-inflammatory(46),
reduced production of bile acids may occur (25,47) and
MCT do not stimulate exocrine pancreatic secretions (spe-
cifically amylase and lipase)(48) sparing gastrointestinal
mucosa from the proteolytic effects of these enzymes.

Evidence. Four RCT recruiting 316 patients(21,25,49,50)

have examined the efficacy of low or modified fat diets.
All studies were preventative in aim. Dietary interventions
were used in all four studies with a low LCT fat arm
consuming 20 g/d(41) and 40 g/d(21,25,50). Interventional
strategies differed, two studies(49,50) used MCT-based sup-
plements to compensate for reduced total energy intake,
lactose was additionally restricted in one study(21) and in
another(25) all patients were instructed to follow a low-fat
diet but were randomised at 2 weeks to receive the bile
acid binder cholestyramine (4 g twice daily) or placebo.
Two studies(21,25) reported benefits associated with a low-
fat intervention. In one, significant differences between
patients consuming a low-fat, low-lactose diet v. patients
on a regular (hospital) diet were reported including a halv-
ing of the incidence of new-onset diarrhoea, a 50 % reduc-
tion (P< 0·01) in the mean number of anti-diarrhoeal
tablets used and a significant reduction (P< 0·01) in the

number of loose, watery stools per week(21). In the other,
diarrhoea control was significantly better (P< 0·05) in the
cholestyramine arm although >50 % patients in this
group reported side effects, including nausea and abdom-
inal cramps(25).

In the remaining two studies, one reported reduced
bowel frequency in the low-fat MCT-supplemented
group v. the low-fat group although results were NS
and the difference in frequency modest (mean 1·6 (SD
0·9) v. 2·0 (SD 1·0) movements daily)(49). The other
study used a three-arm design to compare a normal fat
diet v. low fat v. low fat +MCT supplement (50:50
ratio of LCT:MCT) and reported no significant differ-
ence in the fall in IBDQ-B scores or change in secondary
nutritional endpoints between groups. Poor compliance
in the normal fat group(50) resulted in the majority of
patients consuming a diet with low LCT content. The
authors commented that the fall in IBDQ-B score for
the cohort (n 107) compared favourably with a mean
pooled fall in score of −9 points from previous studies
in similar cohorts (n 409) suggesting a positive impact
of dietary intervention (irrespective of study arm) and/
or a benefit of reduced fat intake across all
groups(4,23,30,40).

Conclusion. Evidence for the efficacy of low LCT fat
interventions is limited. Whilst two high-quality RCT
provided evidence of efficacy, neither manipulated fat
as the sole intervention making it difficult to determine
which intervention was responsible for efficacy(21,25).
Although a third RCT(49) reported a modest benefit of
low fat it is published in abstract only. The final
adequately powered high-quality study found no signifi-
cant difference in outcomes between groups although
inadequate differential in fat intake between groups pre-
cluded robust conclusions(50).

Lactose restriction

Rationale. Lactose is a disaccharide of glucose and gal-
actose found in milk and milk products. Typical quan-
tities are 13·5 g/one-half pint (284 ml) milk (full cream
or skimmed) with similar amounts in other dairy pro-
ducts such as yoghurt and ice cream. Lactose must be
cleaved to its monomeric units before absorption by
enzyme lactase present in the brush border.
Unabsorbed lactose contributes to an osmotic load in
the large intestine causing watery diarrhoea. In many
races, a genetically programmed fall in lactase occurs
after weaning resulting in intolerance to milk products.
In white Caucasian populations (despite a mistaken ten-
dency to attribute various abdominal symptoms to lac-
tose intolerance(51)) endogenous lactase does not
diminish with adulthood and genetically based lactase
deficiency occurs in about 5–19 % of adults. Lactase
deficiency may arise secondary to radiation-induced
damage of the intestinal mucosa and depletion of brush
border enzymes. Although the incidence of new-onset
lactose intolerance during radiotherapy has not been
definitively quantified, one small study(23) in a cohort
of twenty-six patients has suggested that it may be
about 15 %.
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Evidence. Three studies recruiting 118 patients have
examined the incidence of lactose malabsorption(22,52)

and the efficacy of a lactose-restricted (or modified) diet
during treatment(53). Two prospective case series(22,52)

in white Caucasian cohorts have demonstrated new-onset
lactose intolerance during pelvic radiotherapy. In the first
of these studies, 50 % of (n 24) patients exhibited signifi-
cantly reduced lactose absorption as assessed by 14C lac-
tose breath test(22) and a significant correlation (P < 0·05)
was reported between the breath test results at 5 weeks
and increased stool frequency suggesting that patients
with the most marked lactose malabsorption also had
the most severe diarrhoea. A later study by the same
group investigated the impact of volume of small bowel
irradiated on lactose malabsorption(52) and found a
clear separation in absorption rates in patients with
large bowel volumes within the radiotherapy field com-
pared with those with smaller volumes but no correlation
between the change in breath test and stool frequency in
either group.

Only one RCT has examined the efficacy of lactose
restricted diets during pelvic radiotherapy(53). In a
three-arm study in which sixty-four mixed pelvic site
patients were randomised to follow diets (supplemented
with 480 ml milk) v. (lactose restriction (amounts not
reported)) v. (supplemented with 480 ml milk + lactase
enzyme) no benefit was found in any arm on multivariate
analysis in reduced stool frequency or number of diar-
rhoea tablets used. The authors suggested that delayed
gastric emptying following 5 weeks of radiotherapy
may have confounded breath test results in the earlier
studies(22,52) and/or that sites of maximal lactose absorp-
tion (mid-jejunum and upper ileum) escaped irradiation
and/or that other factors (e.g. bile acid malabsorption)
overwhelmed any benefit of the lactose restriction.

Conclusions. Whilst it is acknowledged that true lac-
tose malabsorption is less prevalent than commonly sup-
posed(51), limited evidence suggests that patients can
become lactose intolerant during pelvic radiotherapy,
but there is no evidence that restricting its consumption
(or providing it in pre-hydrolysed form) is helpful. The
sole RCT found no difference between groups in relevant
gastrointestinal endpoints(53). Whilst this study used an
elegant design the published paper lacked data on
study powering and given the 17 % drop out, the possibil-
ity of a type II error cannot be ruled out.

Dietary fibre

Rationale. The definition of fibre has been debated for
years and measurement techniques vary. In 2008, a
Codex (Codex Alimentarius Commission) Committee
on Nutrition and Foods for Special Dietary Uses agreed
on a definition of dietary fibre as carbohydrate polymers
with ten or more monomeric units which are not hydro-
lysed by endogenous enzymes in the small intestine of
human beings(54). This definition encompasses naturally
occurring, edible, plant-based polymers found in fruit,
vegetables, seeds, nuts and cereals (i.e. those items pro-
moted in the UK as components of ‘healthy eating’)
and also extracted or synthetic carbohydrate polymers

with proven physiological effects. Naturally occurring
dietary fibre comprises both soluble and insoluble frac-
tions with distinct properties. Both fractions occur natur-
ally in most foods but one or the other normally
predominates in extracted or synthetic supplements.
Insoluble fibre is less easily fermentable than soluble
fibre and provides stool bulk promoting healthy bowel
physiology and motility. Soluble fibre (e.g. psyllium
also called ispaghula or plantago ovate) provides a fer-
mentable substrate for bowel microbiota, producing
SCFA of which butyrate has received much attention
due to its trophic, immune-modulatory and anti-
inflammatory actions(55,56).

Evidence. Eight studies(57–65) recruiting 639 patients,
comprising six RCT(57,59,61–65) (including one cross-over
trial(57)) and two cohort studies(58,60) have explored the
benefit of manipulating dietary and/or supplemental
fibre during pelvic irradiation. Of the interventional
RCT, two manipulated dietary fibre alone(60,65), three
used a fibre supplement(59,63,64) (two of which included
additional dietary restrictions(59,64)) and a further study
with long-term follow-up manipulated dietary fibre in
combination with a low-lactose restriction(61,62). Seven
studies(58–65) explored the role of fibre in preventing
gastrointestinal toxicity (i.e. as a prophylactic agent)
whilst one(57) explored the therapeutic efficacy of the
psyllium v. codeine phosphate for the control of
radiation-induced diarrhoea.

In the sole therapeutic RCT(57), patients receiving pelvic
radiotherapy for gynaecological cancer were instructed to
follow a low-fibre diet. A cross-over design was used to
compare the efficacy of psyllium with codeine phosphate
on presentation of treatment-induced diarrhoea(57). The
study was prematurely terminated after recruitment of
ten patients due to lack of efficacy of psyllium, with all
patients crossed-over to codeine phosphate. In the two-
cohort studies(58,60), one reported favourable effects of a
low residue diet(58) whilst the other, benefits or increased
fibre consumption(60). In the early large cohort study (n
156) in prostate cancer patients who were instructed to fol-
low dietary restrictions (low residue, restricted caffeine,
alcohol and spicy foods) throughout radiotherapy,
improved genitourinary and gastrointestinal symptoms
were reported in compliant v. non-compliant patients(58).
All non-compliant patients experienced side effects but
grade 1 toxicity, which occurred in 41 % of these patients,
was easily managed by reinforcement of dietary advice. In
the smaller prospective cohort study(60) (n 22), prostate
cancer patients were given individual advice to increase
dietary fibre (and fluid) with the aim of stabilising rectal
dimensions to prevent prostate deformation during treat-
ment. Improved IBDQ-B scores were reported in those
who met their fibre prescription v. those who did not
although the study was not powered for this endpoint.

Of the three RCT which explored the efficacy of a fibre
supplement(59,63,64), one reported reduced incidence (P=
0·049) and severity (P= 0·030) of diarrhoea (using a non-
validated scale) in patients following a low-fibre, low-
stimulant (caffeine and alcohol), low-fat diet plus a psyl-
lium supplement v. those following the diet alone(59). This
study also reported a reduced need for anti-diarrhoeal
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medication in the diet plus psyllium group although the
difference between groups was NS. A small placebo-
controlled, double-blind, exploratory RCT(63) examined
the efficacy of 3 g hydrolysed rice bran to prevent gastro-
intestinal toxicity in twenty patients receiving radiother-
apy for cervical cancer. Frequency and severity of
diarrhoea and use of anti-diarrhoeal medication was not
significantly different between groups although the
authors reported a reduced mean diarrhoeal assessment
score in the hydrolysed rice bran group at 3 weeks com-
pared with the control group. The study was not statistic-
ally powered and six patients were excluded from the final
analysis due to failure to comply with an interventional
prescription. Finally, the efficacy of an inulin +
fructo-oligosaccharide prebiotic (6 g twice daily) to pre-
vent acute radiation enteritis was examined in forty-six
post-surgical gynaecology patients(64). Patients in both
the prebiotic group and placebo groups were additionally
instructed to follow a low-fat, low-fibre and low-lactose
diet for 1 week prior to radiotherapy, during treatment
and for 3 weeks following treatment. A sample size of
n 54 (twenty-seven per group) was required to detect a
10 % difference in the incidence of grade 2 diarrhoea
(Common Technology Criteria for Adverse Events
(CTCAE)). Of the thirty-eight patients with evaluable
data, no difference between groups was observed in
stool frequency although the number of days with loose
stool (Bristol Stool Chart Type 7) was less in the prebiotic
group (P= 0·008). No differences were observed in time
to onset of diarrhoea or use of anti-diarrhoeal
medication.

The two most recent and larger RCT both used non-
blinded dietary interventions. The first of these studies
explored the efficacy of a low insoluble fibre + low lactose
diet v. standard of care diet in 130 prostate cancer
patients(61,62). The intervention commenced 1 week prior
to the start of radiotherapy and continued during radio-
therapy with post-treatment follow-ups at 7, 12, 18 and
24 months(61,62). A FFQ was designed to guide patients’
food choices and monitor adherence to dietary instruc-
tions. A significant interaction effect (P < 0·001) was
noted between randomisation and time in FFQ scores,
indicating compliance with intervention in both groups.
Radiotherapy-induced toxicity was assessed using the
prostate-specific QLQ-PR25 and European Organisation
for Research and treatment of Cancer QLQ-C30 together
with a non-validated study-specific Gastrointestinal Side
Effects Questionnaire which assessed ‘bother’ associated
with diarrhoea, blood in stool, mucous discharge, intes-
tinal cramps, intestinal pain, intestinal gas and flatulence.
Despite a trend towards reduced incidence of symptoms
(using selected variables taken from the QLQ-PR25) no
significant differences between groups in any gastrointes-
tinal toxicity or quality of life measures were found in
the short-term results at 2 months(61). Incidence of self-
reported diarrhoea at 8 weeks (end of radiotherapy) was
slightly less in the interventional group 30 % (fourteen of
fifty-one patients) v. the standard care arm 33 % (nineteen
of sixty patients) but NS. At 24 months, evaluable data
were obtained for 102 patients (attrition rate of 22 %).
The authors again reported no obvious effect of the

interventional diet on gastrointestinal symptoms or
health-related quality of life at any time-points post-
treatment(62). The authors noted that the study may have
been underpowered due to the lack of observable events
(33–50 % of patients reported no symptoms during radio-
therapy)(61) and an assumption at study powering with
respect to bowel symptom scores that turned out to be
incorrect.

The second, most recent RCT randomised 166 patients
with mixed pelvic malignancies to low-fibre (≤10 g/d
NSP), habitual (control) or high-fibre (≥18 g/d) diets dur-
ing radiotherapy(65). Patients received individualised
counselling at the start of radiotherapy to achieve their
dietary targets with study-specific instructional booklets
for guidance. The primary endpoint was the difference
between groups in the change in the IBDQ-B score
between start and nadir (worst) score during treatment.
Other measures included macronutrient intake, stool
diaries and fecal SCFA. Fibre intakes were significantly
different between groups (P < 0·001) both at the start
and end of radiotherapy indicating adherence to inter-
ventional prescription. The difference between groups
in the change in IBDQ-B score between start and end of
radiotherapy was smaller in the high-fibre group com-
pared with the habitual fibre group (P= 0·011) thus indi-
cating a benefit of high-fibre consumption. This
difference between groups was maintained at 1-year post-
radiotherapy (P= 0·004) prompting the authors to con-
clude that restrictive, non-evidence based advice to reduce
fibre intake during radiotherapy should be abandoned.
However, despite this important observation, it was
noted that a dose–response relationship was not observed
with the low-fibre group (who consumed the least amount
of fibre) faring better than the habitual fibre group. No
significant differences were observed in stool frequency,
form or SCFA concentrations although the study was
not powered for these endpoints. Significant reductions
in energy, protein and fat intake occurred in the low and
habitual fibre groups only. In addition, it was noted that
high-fibre intake had no adverse effect on satiety, total
energy intake or stool form.

Conclusions. There is moderately convincing evidence
that increasing, rather than reducing fibre intake during
pelvic radiotherapy has beneficial effects. Two studies
using dietary manipulation(60,65) and three(59,63,64) using
supplements reported improved bowel symptom
scores(60,65) and improvements in stool consistency and
diarrhoea outcomes(59,63,64) compared with low-fibre or
non-supplemented groups. In contrast, in two studies
using low-fibre dietary interventions, one reported no dif-
ference in gastrointestinal symptom scores between inter-
vention and standard care groups either during or in the
post-treatment setting(61,62) whilst a further study(58)

reported improved genitourinary and gastrointestinal
symptoms in patients compliant with low-fibre dietary
advice amongst a number of other dietary restrictions.
Overall, these results indicate that advice to restrict or
reduce fibre intake during radiotherapy is outmoded
and should be discarded. However, the optimum dose,
presentation, fibre source (or substrate) and mechanism
of action have yet to be fully elucidated.
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Probiotics, prebiotics and synbiotics

Rationale. Probiotics are live microorganisms (bacteria)
that when administered in adequate amounts confer a
health benefit on the host(66). They include (but are not
limited to) lactobacilli and bifidobacteria species and
remain viable after passage through the human stomach
and small intestine. A prebiotic is a selectively fermented
ingredient that allows specific changes, both in the com-
position and/or activity in the gastrointestinal microflora
that confers benefits on host wellbeing and health(67).
Prebiotics include inulin, lactulose and the short-chain
carbohydrates fructo-oligosaccharides (oligofructose)
and galacto-oligosaccharides. Synbiotics are combina-
tions of probiotics and prebiotics. Prebiotics with ≥3
monomeric units may, according to some European
national guidelines, satisfy the definition of fibre(54).
There are a variety of mechanisms through which probio-
tics exert their health-giving effects. These include mod-
ification of the incumbent microbiota population to
favour non-pathogenic species, reduction of luminal
pH, competitive inhibition of pathogenic strains and
secretion of anti-pathogenic compounds, including bac-
teriocidins and defensins. Probiotics also exert additional
beneficial immunomodulatory effects on local mucosal
and systemic immune systems(68). Prebiotics provide a
substrate for the preferential growth of non-pathogenic
species resulting in the enhanced production of SCFA
which promote optimal colonic fluid balance, stimulate
water and sodium absorption and preserve mucosal bar-
rier function(55). Synbiotics offer a potentially synergistic
option but differ in efficacy depending on the specific
combination.

Evidence. Nine RCT recruiting 1288 patients(69–79) have
examined the efficacy of probiotic or synbiotic prepara-
tions. Outcomes for the largest study(71) are reported in
three separate publications(71,74,75). All studies are preventa-
tive in aim with the exception of one(70). In the earliest
open-label study(69), twenty-four patients were randomised
to receive either a synbiotic comprising 2 × 109 (radiation-
resistant) Lactobacillus acidophilus plus 8 g/d lactulose in
addition to a low-fibre, low-lactose, low-fat diet or
diet alone. Incidence of diarrhoea was significantly reduced
in the synbiotic plus diet group (P< 0·01) v. the diet alone
group. The authors postulated that the synbiotic decreased
fecal pH and favourably altered fecal microflora, features
which had been demonstrated in earlier work that remains
unpublished. In a later double-blind (therapeutic) study(70)

206 patients were randomised to receive either a probiotic
containing 1·5 g L. rhamnosis (equivalent to 1·5 × 109

colony-forming units (CFU)) or placebo to control
treatment-induced mild to moderate diarrhoea. No signifi-
cant difference was found between groups in the time to use
of, or frequency of use of rescue medication (Loperamide).

The largest study to date used a double-blind placebo-
controlled design to test the efficacy of probiotic cocktail
VSL#3 comprising eight different bacterial strains in
high concentration (450 × 109 CFU) to reduce treatment
induced gastrointestinal toxicity assessed using the WHO
five-point grading scale. Earlier reports of the same cohort
were published (n 190 patients)(74,75) in which it was stated

that patientswere additionally instructed to followa hyper-
energetic diet (due to radiotherapy-induced metabolic
stress) which entailed restricting fat and fructose but main-
taining a normal fibre intake(74). However, it is not clear
whether these additional dietary instructions applied to
all those recruited for this study. A significantly reduced
(P< 0·001) numberof patients in the probiotic group v.pla-
cebo experienced radiation-induced enteritis and colitis
(31·6 v.51·8 %, respectively)with a significantly higher pro-
portion of patients in the placebo group experiencing grade
3 or 4 toxicity (P< 0·001). Mean daily number of bowel
movements for patients with radiation-induced diarrhoea
was reduced (P< 0·005) in the probiotic group v. placebo
(14·7 (SD 6) v. 5·1 (SD 3)) together with significantly reduced
(P< 0·001) mean time to use of Loperamide as rescue
medication.

Between 2008 and 2010 results of a further three RCT
were published(72,73,76). In a multi-centre, double-blind
study(72), 118 patients with gynaecological cancer were
randomly assigned to receive a probiotic drink (108

CFU/g L. casei) or placebo. This study was originally
powered to recruit 154 patients (seventy per group) but
only 118 were randomised. Of these, thirty-three patients
were subsequently excluded due to ineligibility resulting
in only forty-four and forty-one patients in the interven-
tion and placebo groups respectively amounting to only
55 % of those required. Whilst patients in the probiotic
group had a significantly improved mean stool consist-
ency (P = 0·04) including greater median time before
experiencing Bristol stool type ≥6 (14 d v. ten in the pro-
biotic v. placebo, respectively) there was no significant
difference between groups in the need for anti-diarrhoeal
medication or incidence of Common Terminology
Criteria (CTCAE) grade 2 toxicity.

Another study using a double-blind design randomised
sixty-three patients with cervical cancer to receive a pro-
biotic preparation (109 L. acidophilus and 109

Bifidobacterium bifidum) or placebo starting 7 d prior to
radiotherapy and continuing during treatment(73).
Significantly fewer patients in the probiotic group experi-
enced CTCAE grade ≥2 diarrhoea v. the placebo group
(P= 0·002). Use of anti-diarrhoeal medication was also
significantly reduced in the probiotic group v. placebo
(P= 0·03) together with improved stool consistency
(P< 0·001). In the third study completed in this per-
iod(76), forty-two patients with mixed pelvic malignancies
were randomised to receive either a probiotic preparation
or a preparation containing fermentation products during
radiotherapy. The probiotic preparation, ‘5’ Strain
Dophilus, contained five probiotic cultures in the propor-
tions: 55 % L. rhamnosus, 20 % B. adolescentis, 5 % L.
acidophilus, 5 % B. longum, 15 % Enterococcus faecium,
with a total count of six billion active bacteria/capsule at
a dose of 2 × 1 capsules daily. The cell-free fermentation
product preparation consumed by the comparator group
comprised L. helveticus and gut symbionts with 100 ml
of the product containing: 24·95 g Escherichia coli meta-
bolita, 12·5 g Streptococci faecalis metabolita, 12·5 g
Lactobacilli acidophili metabolita, 49·9 g Lactobacilli hel-
vetici metabolita) in doses of forty drops, three times
daily. The study was not powered for a specific endpoint.
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It was reported that both preparations had beneficial
effects on bowel frequency, stool consistency and use of
anti-diarrhoeal medication in comparison with previous
research and that effects were more marked in the pro-
biotic group(76). Since 2010, the results of a further three
studies have been published(77–79). It is important to note
that during this period radiotherapy techniques have
become more sophisticated with more centres now
employing image-guided radiotherapy and intensity-
modulated radiotherapy. Improved planning and delivery
techniques will improve toxicity through the implementa-
tion of on-treatment verification protocols (image-guided
radiotherapy), the application of smaller margins to
allow for uncertainties in radiotherapy delivery and
improved dose sculpting to spare normal tissue (intensity-
modulated radiotherapy).

In the largest of the trials conducted in this most recent
era, 246 patients with mixed pelvic cancers were rando-
mised to receive either placebo or one of two regimens
of double-strain Bifilact probiotic (L. acidophilus+ B.
longum) at a standard dose (1·3 billion CFU) or high
dose (ten billion CFU) during radiotherapy treatment(77).
All received individualised nutritional advice aimed at
reducing lipid intake, avoiding caffeine and alcohol and
advice on the consumption of dietary fibre. The primary
endpoint was time to presentation of ≥grade 2, 3 or 4
diarrhoea. Immediately following radiotherapy treat-
ment (60 d) the proportion of patients free from moder-
ate or severe diarrhoea in the standard dose probiotic
group (35 %) was 2-fold higher than that of the placebo
group (17 %; P = 0·004). Further, in a sub-group analysis
of patients who had had previous surgery, the standard
dose probiotic group had a higher proportion of patients
(97 %) without very severe (grade 4) diarrhoea compared
with the placebo group (74 %; P = 0·03). However, the
difference between groups in the cumulative proportion
of patients without grade 2, 3 or 4 diarrhoea (primary
endpoint) was NS (P = 0·13).

In a much smaller pilot double-blind, placebo-
controlled RCT, twenty prostate cancer patients were
randomised to receive either a synbiotic powder (L. reu-
teri, 108 CFU+ 4·3 of soluble fibre) or placebo for 1
week prior to and during radiotherapy(78). The study
was powered to detect a four-point difference between
groups in European Organisation for Research and
Treatment of Cancer QLQ-PRT23 score. Quality of
life + proctitis symptom scores and proctitis symptom
scores alone were significantly improved in the probiotic
group compared with the placebo group at weeks 2 and 3
of radiotherapy treatment; P < 0·05 and < 0·01 for both
comparisons at both time-points.

Finally, in the most recent trial(79), sixty-seven patients
with mixed pelvic cancers were randomised to receive
either a probiotic preparation; probiotic preparation
with honey; or placebo for 1 week prior to and during
radiotherapy for 5 weeks. The high strength probiotic,
was contained within two capsules daily of LactoCareO
and comprised: L. casei (1·5 × 109 CFU); L. acidophilus
(1·5 × 1010 CFU); L. rhamnosus (3·5 × 109 CFU); L. bul-
garicus (2·5 × 108 CFU); Bifidobacterium breve (1 × 1010

CFU); B. longum (5 × 108 CFU); Streptococcus

thermophilus (1·5 × 108 CFU) per 500 mg, in 150 g low-
fat yoghurt. The results revealed significantly reduced
frequency (number of bowel movements/d) throughout
treatment, reduced diarrhoea grade, improved stool con-
sistency and less need for anti-diarrhoeal medication in
either of the probiotic groups at weeks 4 and 5 of treat-
ment compared with the placebo. However, the study
lacked statistical power and bloating was noted in nine-
teen of twenty-two and sixteen of twenty-one patients
in the probiotic and probiotic + honey groups respect-
ively v. ten of twenty-four patients in the placebo group.

Conclusions. There is mounting evidence that probio-
tics are helpful as prophylactic agents in reducing the
gastrointestinal side effects associated with pelvic radio-
therapy. Reported benefits include improved gastrointes-
tinal symptoms(71,73–75,77,78) reduced incidence(69,77) and
severity(79) of diarrhoea, reduced need for anti-diarrhoeal
medication(71,73–76,79) and improved stool consist-
ency(72,73,76,79) and frequency(71,72,74–76,79). Despite this
seemingly convincing evidence, no single probiotic prep-
aration or dose has yet been recommended for routine
clinical practice. The most recent definitive clinical guide-
line for the prevention of gastrointestinal mucositis in
this setting(80) includes a suggestion (based on grade III
evidence) arrived at by panel consensus, that probiotics
containing Lactobacillus species be used to prevent diar-
rhoea in patients receiving chemotherapy and/or radi-
ation therapy for a pelvic malignancy. Whilst this
suggestion reflects the widespread use of this species in
research studies and its demonstrated benefits, either
alone(69,72,78) or in combination with Bifidobacteria(73,77)

or with multiple other species(71,74–76,79) no recommenda-
tion is made regarding dose; which is no doubt a reflection
of the wide variety of strengths that have been used,
ranging from 1·5 × 109 to 450 × 109 CFU/ml and the lack
of a clear dose–response relationship(77), CFU being the
smallest viable unit of the bacteria capable of replication.

Discussion

With the burden of cancer globally doubling between
1975 and 2000 and survival (in the UK) continuing to
rise by 3 % per annum(81) it is appropriate to explore
strategies to prevent or reduce gastrointestinal toxicity
resulting from therapeutic radiotherapy for pelvic can-
cers. Nutritional interventions represent a low-cost
option and many have a sound scientific rationale for
use. Thirty original studies have been identified, recruit-
ing over 3000 patients to five major dietary interventions:
elemental, low/modified fat, lactose restriction, fibre and
probiotic or synbiotic interventions. In general, the diet-
ary interventions were open label due to the acknowl-
edged difficulty of designing sham diets. Many studies
also used multiple interventions making it impossible to
determine the active component. Study quality was
highly variable with many failing to provide details of
study powering or analysis of compliance, an essential
measure in nutritional interventional research. Added
to these uncertainties, it should be noted that the studies
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identified in this review span a period of four decades
(1978–2018) during which radiotherapy techniques have
improved dramatically with the introduction of con-
formal, intensity-modulated and image-guided techni-
ques resulting in sparing of normal tissue.

On the basis of the evidence included in this review,
there is insufficient high-grade evidence to recommend
any of the nutritional interventions assessed to be imple-
mented in clinical practice. However, it seems clear that
restrictive dietary practices such as low-lactose, low-fat
and low-fibre diets should not be recommended unless
a clear clinical rationale is provided or unless their
efficacy is being explored within the context of an appro-
priate clinical trial with appropriate dietetic and
immunological monitoring. Total replacement of diet
with elemental formula has not been fully trialled and
may be more effective than partial replacement but can
probably only be achieved after placement of a nasogas-
tric or gastrostomy tube and the evidence does not sup-
port its use except in exceptional clinical settings.
Whilst one recent study pointed to the efficacy of a
high-fibre diet, a dose–response relationship was not
observed and manipulating dietary substrates in the clin-
ical setting requires intensive and skilled input from suit-
ably trained personnel.

Of all the interventions assessed in this review pro-
biotic supplementation appears to offer the most promise
as a prophylactic for positively influencing toxicity out-
comes and is currently the only strategy endorsed within
a clinical guideline. However, whilst probiotic supple-
mentation may represent a more easily achievable
approach than dietary manipulation, our knowledge
about the precise mix of dynamic and diverse microbiota
that inhabits the human gut is still very limited and is
highly individual. Attempting to manipulate such an ill-
defined ecosystem should be approached with caution
although our methods of analysing the effects of such
supplementation on the incumbent gut microbiota are
rapidly improving. Probiotic preparations are of widely
differing strengths and combinations and whilst
Lactobacillus and Bifidobacteria have yielded demon-
strated benefits, it seems evident that higher doses do
not necessarily result in added benefit making it difficult
to single out one product over another. Use of concomi-
tant chemotherapy agents during radiotherapy may influ-
ence the efficacy of probiotic preparations. Importantly,
immunosuppressed patients may respond differently
and represent a group of patients at higher risk. In
these patients, the use of novel strains should proceed
with caution.

After four decades of nutritional intervention research
in this setting and no clear ‘front runner’ we are left with
a conundrum as to what dietary recommendations
should be given to patients embarking on a course of pel-
vic radiation therapy? Also, what direction should future
research in this area take? Of particular interest in
addressing the first of these questions is the work of
Ravasco(82,83) which has shown that in both the acute
(during radiotherapy) and long-term (median 6·5 years
after pelvic radiotherapy) setting, individualised dietary
counselling in contrast to ad libitum intake or protein

supplementation is the most effective strategy for main-
taining adequate nutritional status and quality of life.
These findings are in keeping with recent research from
our group which has shown that an individualised
approach to increasing or decreasing fibre intake was of
benefit to both groups when compared with ad libitum
intake(65). Another small comparator study (n 29) indi-
cated that patients following an ‘exclusion’ as distinct
from ‘steady diet’ experienced significantly worse tox-
icity, weight loss and quality of life(84) although no
details of the intervention are provided. In summary, it
seems that an individualised approach, free from restrict-
ive practices with appropriate professional advice (coun-
selling) to manipulate dietary intake based on emerging
needs throughout treatment is the way forward. This
approach is not without resource implications, notably
for dietitians but as Ravasco has elegantly shown, it
offers long-term benefits for patients and thereby may
also favourably influence associated health service
economics.

Future research is likely to focus on the efficacy of pro-
biotics but should employ outcome measures which indi-
cate how the gut microbiota adjusts to the rigours of
radiotherapy and the consequences of this adjustment
for metabolic products (e.g. SCFA) and the effects on
inflammatory processes. If an optimum probiotic
prophylactic preparation can be found to protect the
gut against dysbiosys (an unfavourable shift in bacterial
population dynamics) and ensuing inflammatory pro-
cesses it would represent a major and cost-effective
advance in preventing long-term gastrointestinal morbid-
ity following pelvic radiotherapy.

Acknowledgements

My thanks to all co-authors with whom I have worked
previously to produce systematic reviews in this area.

Financial Support

Research grants, including those from the NIHR BRC
(National Institute for Health Research Biomedical
Research Centre) and Royal Marsden Cancer Charity
facilitated the conducting of the nutritional research
described in this publication which was conducted at
The Royal Marsden NHS Foundation Trust. They also
enabled the author to compile this review.

Conflicts of Interest

None.

Authorship

The author was solely responsible for all aspects of prep-
aration of this paper.

Nutritional strategies during pelvic radiotherapy 365

P
ro
ce
ed
in
gs

o
f
th
e
N
u
tr
it
io
n
So

ci
et
y

https://doi.org/10.1017/S0029665118000101 Published online by Cambridge University Press

https://doi.org/10.1017/S0029665118000101


References

1. Hoskin P (editor) (2006) Radiotherapy in Practice. External
Beam Therapy. Oxford, UK: Oxford University Press.

2. Ellis H, Logan BM & Dixon AK (2001) Human Sectional
Anatomy, 2nd ed. London: Hodder Arnold.

3. Cancer Research United Kingdom (2014) United Kingdom
Cancer Incidence 2011, Summary Counts, January 2014.
Available from: http://www.cancerresearchuk.org/health-
professional/cancer-statistics/incidence

4. Khalid U, McGough C, Hackett C et al. (2006) A modified
inflammatory bowel disease questionnaire and the Vaizey
incontinence questionnaire are more sensitive measures of
acute gastrointestinal toxicity during pelvic radiotherapy
than RTOG grading. Int J Radiat Oncol Biol Phys 64,
432–441.

5. Gami B, Harrington K, Blake P et al. (2003) How patients
manage gastrointestinal symptoms after pelvic radiother-
apy. Aliment Pharmacol Ther 18, 987–994.

6. Olopade F, Norman A, Blake P et al. (2005) A modified
inflammatory bowel disease questionnaire and the Vaizey
incontinence questionnaire are simple ways to identify
patients with significant gastrointestinal symptoms after
pelvic radiotherapy. Br J Cancer 9, 1663–1670.

7. Bergmark K, Avall-Lundquist E & Dickman P (2002)
Patient rating of distressful symptoms after treatment
for early cervical cancer. Acta Obstet Gynecol Scand 81,
443–450.

8. al Abany M, Helgason A & Cronqvist A (2002) Long-term
symptoms after external beam radiation therapy for
prostate cancer with three or four fields. Acta Oncol 41,
532–542.

9. Henningsohn L, Wijkstrom H & Dickman D (2002)
Distressful symptoms after radical radiotherapy for urinary
bladder cancer. Radiother Oncol 62, 215–225.

10. Fokdal L, Hoyer M, Meldgaard P et al. (2004) Long-term
bladder, colorectal, and sexual functions after radical
radiotherapy for urinary bladder cancer. Radiother Oncol
72, 139–145.

11. Crook J, Esche B, Futter N et al. (1996) Effect of pelvic
radiotherapy for prostate cancer on bowel, bladder, and
sexual function: the patient’s perspective. Urology 47,
387–394.

12. Wedlake LJ & Andreyev HJ (2011) Manipulating the con-
sequential effect: an alternative approach to reducing pelvic
radiation disease other than dose reduction. Curr Opin
Support Palliat Care 5, 25–28.

13. Dorr W & Hendry JH (2001) Consequential late effects in
normal tissues. Radiother Oncol 61, 223–231.

14. Denton AS, Bond SJ, Matthews S et al. (2000) National
audit of the management and outcome of carcinoma of
the cervix treated with radiotherapy in 1993. Clin Oncol
(R Coll Radiol) 12, 347–353.

15. Ooi BS, Tjandra JJ & Green MD (1999) Morbidities of
adjuvant chemotherapy and radiotherapy for resectable
rectal cancer: an overview. Dis Colon Rectum 42, 403–
418.

16. Eifel PJ, Levenback C, Wharton JT et al. (1995) Time
course and incidence of late complications in patients trea-
ted with radiation therapy for FIGO stage IB carcinoma of
the uterine cervix. Int J Radiat Oncol Biol Phys 32, 1289–
1300.

17. Denham JD & Hauer-Jensen M (2002) The radiothera-
peutic injury – a complex ‘wound’. Radiother Oncol 63,
129–145.

18. Hovdenak N, Fajardo LF & Hauer-Jensen M (2000) Acute
radiation proctitis: a sequential clinicopathologic study

during pelvic radiotherapy. Int J Radiat Oncol Biol Phys
48, 1111–1117.

19. Larsen A, Bjorge B, Klementsen B et al. (2007) Time pat-
terns of changes in biomarkers, symptoms and histopath-
ology during pelvic radiotherapy. Acta Oncol 46, 639–635.

20. Andreyev HJ, Wotherspoon A, Denham JW et al. (2010)
Defining pelvic-radiation disease for the survivorship era.
Lancet Oncol 11, 310–312.

21. Bye A, Kaasa S, Ose T et al. (1992) The influence of low
fat, low lactose diet on diarrhoea during pelvic radiother-
apy. Clin Nutr 11, 147–153.

22. Stryker J, Mortel R & Hepner G (1978) The effect of pelvic
irradiation on lactose absorption. Int J Radiat Oncol Biol
Phys 4, 859–863.

23. Wedlake L, Thomas K, McGough C et al. (2008) Small
bowel bacterial overgrowth and lactose intolerance during
radical pelvic radiotherapy: an observational study. Eur J
Cancer 44, 2212–2217.

24. Andersson H, Bosaeus I & Nystrom C (1978) Bile salt mal-
absorption in the radiation syndrome. Acta Radiol Oncol
Radiat Phys Biol 17, 312–318.

25. Chary S & Thompson D (1984) A clinical trial evaluating
cholestyramine to prevent diarrhea in patients maintained
on low-fat diets during pelvic radiation therapy. Int J
Radiat Oncol Biol Phys 10, 1885–1890.

26. Yeoh EK, Horowitz M, Russo A et al. (1993) Effect of pel-
vic irradiation on gastrointestinal function. Am J Med 95,
397–406.

27. Husebye E, Skar V, Hoverstad T et al. (1995) Abdominal
intestinal motor patterns explain enteric colonization with
Gram-negative bacilli in late radiation enteropathy.
Gastroenterology 109, 1078–1089.

28. Wang CJ, Leung SW, Chen HC et al. (1998) The correl-
ation of acute toxicity and late rectal injury in radiotherapy
for cervical carcinoma: evidence suggestive of consequen-
tial late effect (CQLE). Int J Rad Oncol Biol Phys 40,
85–91.

29. Heemsbergen WD, Peeters STH, Koper PCM et al. (2006)
Acute and late gastrointestinal toxicity after radiotherapy
in prostate cancer patients: consequential late damage. Int
J Rad Oncol Biol Phys 66, 3–10.

30. Wedlake LJ, Thomas K, Lalji A et al. (2010) Predicting
late effects of pelvic radiotherapy: is there a better
approach? Int J Radiat Oncol Biol Phys 78, 1163–1170.

31. McGough C, Baldwin C, Frost G et al. (2004) Role of
nutritional intervention in patients treated with radiother-
apy for pelvic malignancy. Br J Cancer 90, 2278–2287.

32. Wedlake LJ, Shaw C, Whelan L et al. (2013) Systematic
review: the efficacy of nutritional interventions to counter-
act acute gastrointestinal toxicity during therapeutic pelvic
radiotherapy. Aliment Pharmacol Ther 37, 1046–1056.

33. Henson CC, Burden S, Davidson SE et al. (2013)
Nutritional interventions for reducing gastrointestinal tox-
icity in adults undergoing radical pelvic radiotherapy.
Cochrane Database Syst Rev Nov 26:(II) CD009896.

34. Lawrie TA, Green JT, Beresford M et al. (2018)
Interventions to reduce acute and late gastrointestinal
effects of pelvic radiotherapy. Cochrane Database Syst
Rev Jan 23:I: CD012529.

35. Kaushik N, Pietraszewski M, Holst J et al. (2005) Enteral
feeding without pancreatic stimulation. Pancreas 31, 353–
359.

36. Vu M, Van der Veek P, Frolich M et al. (1999) Does
jejunal feeding activate exocrine pancreatic secretion? Eur
J Clin Investig 29, 1053–1059.

37. O’Keefe S, Lee R, Anderson F et al. (2002) Physiological
effects of enteral and parenteral feeding on

L. Wedlake366

P
ro
ce
ed
in
gs

o
f
th
e
N
u
tr
it
io
n
So

ci
et
y

https://doi.org/10.1017/S0029665118000101 Published online by Cambridge University Press

http://www.cancerresearchuk.org/health-professional/cancer-statistics/incidence
http://www.cancerresearchuk.org/health-professional/cancer-statistics/incidence
https://doi.org/10.1017/S0029665118000101


pancreatobiliary secretion in humans. Am J Physiol
Gastrointest Liver Physiol 284, G27–G36.

38. Brown M, Buchanan R & Karran S (1980) Clinical obser-
vations on the effects of elemental diet supplementation
during irradiation. Clin Radiol 31, 19–20.

39. Capirci C, Polico C, Amichetti M et al. (2000) Diet preven-
tion of radiation acute enteric toxicity: multicentric rando-
mised study. Radiother Oncol 56, Suppl. 1, S44.

40. McGough C, Wedlake L, Baldwin C et al. (2008) Clinical
trial: normal diet vs. partial replacement with oral E028
formula for the prevention of gastrointestinal toxicity in
cancer patients undergoing pelvic radiotherapy. Aliment
Pharmacol Ther 27, 1132–1139.

41. Foster K, Brown M, Alberti K et al. (1980) The metabolic
effects of abdominal irradiation in man with and without
dietary therapy with an elemental diet. Clin Radiol 31,
13–17.

42. Craighead P & Young S (1998) Phase II study assessing the
feasibility of using elemental supplements to reduce acute
enteritis in patients receiving radical pelvic radiotherapy.
Am J Clin Oncol 21, 573–578.

43. McArdle A, Reid E & Laplante M (1986) Prophylaxis
against radiation injury. The use of elemental diet prior
to and during radiotherapy for invasive bladder cancer
and in early postoperative feeding following radical cystec-
tomy and ileal conduit. Arch Surg 121, 879–885.

44. Department of Health. Report on Health and Social
Subjects no. 41 (1991) Dietary reference values for food
energy and nutrients for the United Kingdom. Report of
the Panel on Dietary Reference Values of the Committee
on Medical Aspects of Food Policy. London:HMSO.

45. Hauer-Jensen M, Wang J & Denham J (2003) Bowel
injury: current and evolving management strategies.
Semin Radiat Oncol 13, 357–371.

46. Middleton SJ, Rucker JT, Kirby GA et al. (1995)
Long-chain tryglycerides reduce the efficacy of enteral
feeds in patients with active Crohn’s disease. Clin Nutr
14, 229–236.

47. Boseaus I, Andersson H & Nystro C (1979) Effect of a low-
fat diet on bile salt excretion and diarrhoea in the gastrointes-
tinal radiation syndrome. Acta Radiol Oncol 18, 460–464.

48. Symersky T, Vu M, Frolich M et al. (2002) The effect of
equicaloric medium-chain and long-chain triglycerides on
pancreas enzyme secretion. Clin Physiol Funct Imaging
22, 307–311.

49. Karlson S, Kahn JM, Portman W et al. (1989) A rando-
mised trial with low fat diets to improve food intake and
tolerance in women receiving abdominal radiotherapy for
cancer. Clin Nutr 8(Special Suppl), 39.

50. Wedlake L, McGough C, Shaw C et al. (2012) Clinical
trial: efficacy of a low or modified fat diet for the preven-
tion of gastrointestinal toxicity in patients receiving radio-
therapy for pelvic malignancies. J Hum Nutri Diet 25,
247–259.

51. Suarez F, Savaiano D & Levitt MD (1995) A comparison
of symptoms after the consumption of milk or lactose-
hydrolysed milk by people with self-reported severe lactose
intolerance. NEJM 333, 1–4.

52. Weiss RG & Stryker JA (1982) 14C-Lactose breath tests
during pelvic radiotherapy: the effect of the amount of
small bowel irradiated. Radiology 142, 507–510.

53. Stryker JA & Bartholomew M (1986) Failure of
lactose-restricted diets to prevent radiation-induced diar-
rhoea in patients undergoing whole pelvis irradiation. Int
J Radiat Oncol Biol Phys 12, 789–792.

54. Cummings JH, Mann JI, Hishida C et al. (2009) Dietary
fibre: an agreed definition. Lancet 373, 365–366.

55. Cook SI & Selin JH (1998) Review article: short chain fatty
acids in health and disease. Aliment Pharmacol Ther 12,
449–507.

56. Hamer HM, Jonkers D, Venema K et al. (2008) Review
article: the role of butyrate on colonic function. Aliment
Pharmacol Ther 27, 104–119.

57. Lodge N, Evans ML, Wilkins M et al. (1995) A rando-
mised cross-over study of the efficacy of codeine phosphate
versus Ispaghulahusk in patients with gynaecological can-
cer experiencing diarrhoea during pelvic radiotherapy.
Eur J Cancer Care 4, 8–10.

58. Liu L, Glicksman A, Coachman N et al. (1997) Low acute
gastrointestinal and genitourinary toxicities in whole pelvic
irradiation of prostate cancer. Int J Rad Oncol Biol Phys
38, 65–71.

59. Murphy J, Stacey D, Crook J et al. (2000) Testing control
of radiation-induced diarrhoea with psyllium bulking
agent: a pilot study. Can Oncol Nurs J 10, 96–100.

60. McNair HA, Wedlake LJ, McVey G et al. (2011) Can diet
combined with treatment scheduling achieve consistency of
rectal filling in patients receiving radiotherapy to the pros-
tate? Radiother Oncol 101, 471–478.

61. Pettersson A, Johansson B, Persson C et al. (2012) Effects
of a dietary intervention on acute gastrointestinal side-
effects and other aspects of health-related quality of life:
a randomised controlled trial in prostate cancer patients
undergoing radiotherapy. Radiother Oncol 103, 333–340.

62. Pettersson A, Nygren P, Persson C et al. (2014) Effects of a
dietary intervention on gastrointestinal symptoms after
prostate cancer radiotherapy: long-term results from a ran-
domised controlled trial. Radiother Oncol 113, 240–247.

63. Itoh Y, Mizuno M, Ikeda M et al. (2015) A randomised,
double-blind pilot trial of hydrolysed rice bran versus pla-
cebo for radioprotective effect on acute gastroenteritis sec-
ondary to chemoradiotherapy in patients with cervical
cancer. Evid-Based Complement Altern Med Available at:
https://www.hindawi.com/journals/ecam/2015/974390/.

64. Garcia-Peres P, Velasco C, Hernandez M et al. (2016)
Effect of inulin and fructo-oligosaccharide on the preven-
tion of acute radiation enteritis in patients with gynaeco-
logical cancer and impact on quality-of-life: a
randomized, double-blind, placebo-controlled trial. Eur J
Clin Nutri 70, 170–174.

65. Wedlake L, Shaw C, McNair H et al. (2017) Randomized
controlled trial of dietary fiber for the prevention of
radiation-induced gastrointestinal toxicity during pelvic
radiotherapy. Am J Clin Nutri 106, 849–857.

66. Food and Agriculture Organisation of the United Nations
and World Health Organisation Working Group (2002)
Guidelines for the evaluation of probiotics in food. Geneva,
Switzerland: FAO/WHO.

67. Gibson GR, Probert HM, Van Loo J et al. (2004) Dietary
modulation of the human colonic microbiota: updating the
concept of prebiotics. Nut Res Rev 17, 259–275.

68. Gerritsen J, Smidt H, Rijkers G et al. (2011) Intestinal
microbiota in human health and disease; the impact or pro-
biotics. Genes Nutr 6, 209–240.

69. Salminen E, Elomaa I,Minkkinen J et al. (1988) Preservation
of intestinal integrity during radiotherapy using live
Lactobacillus acidophilis cultures. Clin Radiol 39, 435–437.

70. Urbancsek H, Kazar T, Mezes I et al. (2001) Results of a
double-blind, randomised study to evaluate the efficacy and
safety of Antibiophilus in patients with radiation-induced
diarrhoea. Euro J Gastro Hepatol 13, 391–396.

71. Delia P, Sansotta G, Donato V et al. (2007) Use of probio-
tics for prevention of radiation-induced diarrhea. World J
Gastroenterol 13, 912–915.

Nutritional strategies during pelvic radiotherapy 367

P
ro
ce
ed
in
gs

o
f
th
e
N
u
tr
it
io
n
So

ci
et
y

https://doi.org/10.1017/S0029665118000101 Published online by Cambridge University Press

https://www.hindawi.com/journals/ecam/2015/974390/
https://doi.org/10.1017/S0029665118000101


72. Giralt J, Regadera JP, Verges R et al. (2008) Effects of pro-
biotic Llactobacillus casei DN-114 001 in the prevention of
radiation-induced diarrhea: results from multicentre, ran-
domised, placebo-controlled nutritional trial. Int J Rad
Oncol Biol Phys 71, 1213–1219.

73. Chitapanarux I, Chitapanarux T, Traisathit P et al. (2010)
Randomised controlled trial of live Lactobacillus acidoph-
ilus plus bifidobacterium in prophylaxis of diarrhea during
radiotherapy in cervical cancer patients. Radiat Oncol 5,
31.

74. Delia P, Sansotta G, Donato V et al. (2002) Prophylaxis of
diarrhoea in patients submitted to radiotherapeutic treat-
ment on pelvic district: personal experience. Digest Liver
Dis 34, Suppl. 2, S84–S86.

75. Delia P, Sansotta G, Donato V et al. (2002) Prevention of
radiation-induced diarrhoea with the use of VSL#3, a new
high-potency probiotic preparation. Am J Gastro 97, 2150–
2152.

76. Timko J (2010) Probiotics as prevention of radiation-
induced diarrhoea. J Radiother Pract 9, 201–208.

77. Demers M, Dagnault A & Desjardins J (2014) A rando-
mized double-blind controlled trial: impact of probiotics
on diarrhea in patients treated with pelvic radiation. Clin
Nutr 33, 761–767.

78. Nascimento M, Aguilar-Nascimento JE, Caporossi C et al.
(2014) Efficacy of synbiotics to reduce acute radiation proc-
titis symptoms and improve quality of life: a randomised,

double-blind, placebo-controlled pilot trial. Int J Radiat
Oncol Biol Phys 90, 289–295.

79. Mansouri-Tehrani HS, Rabbani Khorasgani M & Roayaei
M (2016) Effects of probiotics with or without honey on
radiation-induced diarrhoea. Int J Radiat Res 14, 205–213.

80. Lalla RV, Bowen J, Barasch A et al. (2014) Multinational
Association for Supportive Care in Cancer/International
Society of Oral Oncology (MASCC/ISOO) Clinical
Practice Guidelines for the management of mucositis sec-
ondary to cancer therapy. Cancer 120, 1453–1461.

81. National Cancer Survivorship Initiative Vision (2010)
http://wwwnsciorguk.2010 (Accessed April 2013).

82. Ravasco P, Monteiro-Grillo I, Vidal PM et al. (2005)
Dietary counseling improves patient outcomes: a prospect-
ive, randomised, controlled trial in colorectal cancer
patients undergoing radiotherapy. J Clin Oncol 23, 1431–
1438.

83. Ravasco P, Monteiro-Grillo I & Camilo M (2012)
Individualised nutrition intervention is of major benefit to
colorectal cancer patients: long-term follow-up of a rando-
mised controlled trial of nutrition therapy. Am J Clin Nutr
96, 1346–1353.

84. Arregui Lopez E, Bueno Serrano C, Quintana Navarro G
et al. (2012) Steady diet as prophylaxis of acute diarrhea
in preoperative pelvic radiotherapy of rectal adenocarcinoma.
Radiotherapy and Oncology. Available from: http://www.the-
greenjournal.com/article/S0167-8140(12)70616-3/pdf

L. Wedlake368

P
ro
ce
ed
in
gs

o
f
th
e
N
u
tr
it
io
n
So

ci
et
y

https://doi.org/10.1017/S0029665118000101 Published online by Cambridge University Press

http://wwwnsciorguk.2010
http://wwwnsciorguk.2010
http://www.thegreenjournal.com/article/S0167-8140(12)70616-3/pdf
http://www.thegreenjournal.com/article/S0167-8140(12)70616-3/pdf
https://doi.org/10.1017/S0029665118000101

