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Abstract
Radiotherapy is the mainstay treatment of cervical cancer and the most common acute side effect is radiation-induced diarrhoea
(RID), which can affect up to 80% of the patients. The most frequently used probiotics for the RID in previous studies with
somewhat positive results are Lactobacillus and Bifidobacterium strains. This study was aimed to investigate the effect of a
probiotic containing live Lactobacillus acidophilus LA-5 plusBifidobacterium animalis subsp. lactisBB-12 for the prevention of
acute (RID) among cervical cancer patients. Patients receiving external beam pelvic radiotherapy with or without concurrent
chemotherapy were randomized into probiotic or placebo groups and were double-blinded. The probiotic group received the
capsules containing 1.75 billion lyophilized live bacteria to be taken one capsule three times daily beginning from the first day
until the end of radiotherapy, and the placebo group received identically appearing capsules containing starch with the same
schedule. Every patient received the standard dietary recommendations. The patients were assessed daily during radiotherapy and
follow-up weekly for 3 weeks after radiotherapy. Total 54 patients were analyzed. The incidence of diarrhoea was reduced in the
probiotic group than the placebo group (53.8 and 82.1%, p < 0.05). The mild-to-moderate and severe diarrhoea were significantly
reduced in the probiotic group (p < 0.05). The use of loperamide as an anti-diarrhoeal medication was significantly reduced in the
probiotic group than the placebo group (p < 0.01). The difference in grade 2 abdominal pain and episodes of abdominal pain in
days were also significant (p < 0.001). Therefore, supplementation of probiotic is an easy and effective way to reduce the
incidence and severity of RID in cervical cancer patients.
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Introduction

Globally, cancers are one of the leading causes of morbidity
and mortality and there were approximately 14 million new

cases of cancers and 8.2 million cancers related death in 2012.
Among these cancers, cervical cancer is the fourth most
commonest and fourth highest mortality rate among cancer
in women worldwide [1]. According to the Human
Papillomavirus and Related Cancers, Fact Sheet 2016,
Myanmar has 20.19 million women ages 15 years and older
who are at risk of developing cervical cancer. It is estimated
that every year, 5286 women are diagnosed with cervical can-
cer and 2998 die from the disease. Cervical cancer was the
second most common cancer among women in Myanmar and
the first most common cancer among women aged between 15
to 44 years [2]. In Department of Radiotherapy of Yangon
General Hospital (YGH), cervical cancer was the second lead-
ing cause of morbidity among women, ranked third in both
sex and there was 1027 registered new cases in 2016 [3].

As most of the cervical cancers are radiosensitive, radiation
therapy is the mainstay treatment option in standard treatment
of cervical cancer. Starting from the FIGO (Féderation
Internationale de Gynécologie et d’Obstétrique) stage I B,
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external beam pelvis radiotherapy is used alone or in combi-
nation with brachytherapy or chemotherapy for both curative
and palliative purposes. Radiation-induced bowel damage
was first described in 1897 by David Walsh [4]. Gastro-
intestinal side effects are common in radiotherapy patients,
and it is estimated that over 70%will develop acute symptoms
whereas less than 5–30% of the patients will experience
chronic effects which can adversely affect the quality of life
[5, 6]. Diarrhoea is the most common acute side effect of
pelvic radiation, and it can occur in up to 80% of the patients
[7]. In YGH, acute reaction of the intestine occurred in 62% of
the cervical cancer patients who received pelvis radiotherapy
[8]. With diarrhoea, malabsorption, mucoid rectal discharge,
rectal pain and rectal bleeding can also occur. Chronic effects
include bowel obstruction, fistulation, perforation and intrac-
table bleeding. These conditions may be due to an inflamma-
tory response to irradiation, a modification of the intestinal
microflora and the flattening of intestinal microvilli which
decreases enzymatic activity, reduces absorptive surface area
and decreases total gut transit time [6, 9, 10]. The severity of
acute bowel toxicity may predetermine the degree to chronic
bowel changes [11]. Therefore, it is logical to prevent the
incidence or reduce the degree of intestinal toxicity which
may have long-term benefits.

Currently, no prophylactic agents have been approved
for the prevention of radiation-induced diarrhoea (RID).
Attempts to treat and prevent this conditions with 5 ami-
no salicylic acid (5-ASA) and related compounds,
amifostine, cholestyramine, formalin, glutamine, hyper-
baric oxygen, antibiotics, prostaglandins, octreotide, sodi-
um butyrate, sucralfate, physical activity, heater probes
and circadian rhythm have so far provided inconclusive
clinical results with failure of treatment occurring in a
substantial proportion of patients [12]. According to these
contradictory findings, new approaches that target other
steps in the pathophysiology of radiation-induced diar-
rhoea are urgently needed.

According to the World Gastroenterology Organization
(WGO) practice guideline, probiotics are defined as Blive
micro-organisms which, when administered in adequate
amounts, confer a health benefit on the host^ [13]. A meta-
analysis concluded that probiotic supplementation shows a
probable beneficial effect in the prevention and possible ben-
efit in the treatment of RID [14]. It is therefore logical to
explore the use of supplementary probiotics in prophylaxis
against RID. The possible mechanisms of probiotics may be
due to correction of dysbiosis, down-modulation of the sever-
ity of intestinal inflammation, down-modulation of apoptosis
which is regarded as the main factor responsible for the
radiation-induced injury of the intestinal epithelium and up-
regulation of the innate immune response in the gut which
give protection against intestinal colonization by invasive
pathogens. They also stimulate lactase production, which

helps lactose digestion because lactase may be reduced or loss
due to the damage to the intestinal villi [15, 16].

The most commonly used probiotics for the RID in the
previous studies are Lactobacillus and Bifidobacterium strains
and got the somewhat positive results in some studies [17–19].
There were some clinical trials which used probiotics to pre-
vent the RID in pelvic radiotherapy patients. However, their
results are somewhat contradictory and difficult to interpret
because of differences in included patients, type of cancers,
study designs, probiotic stains and formulation and the quality
of studies [14]. Therefore, this study was aimed to evaluate the
effect of a probiotic containing Lactobacillus acidophilus LA-
5 plus Bifidobacterium animalis subsp. lactisBB-12 to reduce
the incidence or the severity of RID in cervical cancer patients.

Materials and Methods

This study was planned to investigate the effect of a probiotic
containing live L. acidophilus LA-5 plus B. animalis subsp.
lactis BB-12 for the prevention of acute RID among cervical
cancer patients. The study design was a randomized, double-
blind, placebo-controlled study. The flow chart of study pro-
cedure is presented in Fig. 1. This study was approved and
passed by the Postgraduate Board of Studies (Pharmacology),
University of Medicine 1, Yangon (which is an institutional
review board (IRB)), and this trial was registered at the Thai
Clinical Trial registry with the trial registration number
TCTR20170314001.

The cervical cancer patients with FIGO staging I B and
above who will undergo external beam pelvic radiotherapy
with the standard dose of 50 Gy with or without concurrent
chemotherapy were recruited from May, 2016 to November,
2016 at the Department of Radiotherapy, YGH. The patients
were above 18 years of age with an Eastern Cooperative
Oncology Group (ECOG) performance status of zero to two
(see supplementary file 1). Exclusion criteria were as follows:
patients with the previous history of pelvic radiotherapy; pa-
tients with the history of intestinal resection; patients with the
medical history of irritable bowel syndrome, malabsorption
syndrome, inflammatory bowel disease and ileostomy; pa-
tients with the history of daily use of anti-diarrhoeal medica-
tion before radiotherapy; patients with diarrhoea at the begin-
ning of study, patients with immunosuppression (HIV posi-
tive, immunosuppressive drugs) and patients with structural
heart diseases and those with prosthetic heart valves. After
selecting with the inclusion and exclusion criteria, informed
consent (see supplementary files 2 and 3) was taken prior to
the study. Consented patients were allocated into the probiotic
or control groups by randomization and sealed opaque enve-
lope system. Randomization was done by a random number
generator that balanced allocation to groups A and B: in suc-
cessive blocks each containing 10 patients each (see
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supplementary file 4). Then, the patient number and allocated
treatment (groupA or B) were put in sealed opaque envelopes.
Once a patient has consented to participate in this study, an
envelope was opened and the patient was then offered the
allocated treatment.

They were given 2D radiotherapy (AP-PA) of five fractions
per week for 5 weeks with linear accelerators I and II of YGH
(model—CLINAC iX (SN: 5637 and 5638), Varian Medical
Systems, USA). The upper margin of the field was defined at
the LV5-SV1 junction, the lower margin was at 2 cm below the
lower tumour extent usually below the obturator foramen and
the lateral margin was at 1 cm lateral to the bony pelvis.

The probiotic group was given one capsule (Biogurt®—
each capsule contains functional yogurt 300 mg containing
1.75 billion lyophilized live L. acidophilus LA-5 plus
B. animalis subsp. lactis BB-12, produced by Fame
Pharmaceuticals, Myanmar, reg no.—TMR 011383 (0615),
mfd—April, 2016, exp—April, 2018) three times daily, be-
ginning from the first day of radiotherapy as a prophylactic
treatment before RID appeared, continuing every day until the
end of radiotherapy. The control group received placebo cap-
sules (containing starch of equal weight as the study drug)
which had identical colour and size as the study drug. The
treatment schedule was also the same as that of the probiotic
group. Prepackaged probiotic medication and placebo were
blinded and coded (group A or B) by the company, and the
coded envelop was kept by the professor/head of department.

Neither the patients nor the researcher knew whether the pa-
tient was on the study drug or placebo. The patient was re-
quired to return their drug bottles weekly, and the number of
capsules returned was checked and documented the compli-
ance. Patients who took less than 80% of the drugs were
considered as noncompliance. The patients were allowed to
take rescue/anti-diarrhoeal medication—loperamide
(Dicotil®, each tablet contains loperamide HCl 2 mg, from
Picco Pharma, Thailand, MYR reg no.—2010AA8922, L/C
No. T—16003, mfd—5.4.2016, exp—5.4.2020) if the diar-
rhoea occurred more than three times with severe cramping.
Loperamide was given as an initial dose of 4 mg by mouth
every 4 h, followed by 2 mg by mouth after each unformed
stool. Daily total dose should not exceed 16 mg. The patients
had to note the time and amount of this medication. Every
patient was given the pamphlets that described standard die-
tary recommendations adapted from the National Cancer
Institute (NCI) (see supplementary file 5).

Patients were assessed with the pro forma (see
supplementary file 6) daily by face-to-face interview and
weekly for 3 weeks after the completion of radiotherapy.
The severity of the RID was assessed by the Common
Terminology Criteria for Adverse Events (CTCAE version
4.0) (see supplementary file 7), and the severity of abdominal
pain was assessed by the CTCAE (version 4.0) (see
supplementary file 8). The current study used the CTCAE
instead ofWorld Health Organization (WHO) toxicity criteria,

Refused (n=4)

Study population (n=74)

Exclusion criteria

(n=13)

Inclusion criteria

Randomized, Double-blinded

(n=57)

Probiotic 1 capsule TDS

From the first day to the end of 
radiotherapy

(n=28)

Placebo 1 capsule TDS

From the first day to the end of 
radiotherapy

(n=29)

Analyzed (n=28)

Informed Consent

Withdrawn due to 
intercurrent illnesses 
(n=1)

Withdrawn due to 
intercurrent illnesses 

(n=2)

Analyzed (n=26)

Fig. 1 Flow chart of study
procedure (TDS three times a
day)
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because the CTCAE is more specific for cancer treatments and
is more commonly used in oncology studies. The CTCAE
grading for diarrhoea and abdominal pain is more accurate
than the WHO grading.

Statistical Analysis

Continuous variables were described as mean ± standard de-
viation and were compared using the independent samples t
test. Categorical variables were described as percentage and
were compared using the chi-squared tests. The p values re-
ported are two tailed, and an alpha level of 0.05 was used to
assess statistical significance. Data analysis was done on
SPSS version 16 (SPSS Inc., 444N. Michigan, Chicago,
Illinois, USA). The comparison between cumulative inci-
dences of the time-to-event variables was performed using
the Kaplan-Meier curves and log rank (Mantel-Cox) test.
Absolute risk reduction (ARR) is the difference between the
event rate in the intervention group and that in the control
group. Numbers needed to treat (NNT) is the number of pa-
tients who need to be treated for one to get the benefit (NNT =
100/ARR).

Results

In this study, a total of 57 patients were recruited from the
study period of May, 2016 to November, 2016. They were
randomly assigned to the probiotic group (n = 28) and the
placebo group (n = 29). Among them, three patients withdrew
from the treatment without completion because of the inter-
current illnesses. As they were excluded from the analysis, a
total of 54 patients were included in the analysis. General
characteristics of the patients are shown in Tables 1 and 2. In
the case of the baseline patients’ characteristics, there were no
statistically significant differences between the probiotic
group and the placebo group.

The incidence of RID is shown in Fig. 2. RID occurred in
14 patients in the probiotic group (53.8%) compared with 23
patients in the placebo group (82.1%). There was a statistically
significant reduction of the incidence of RID in the probiotic
group (p = 0.025). ARR is 28.3%, and numbers needed to treat
(NNT) were 3.5.

Mild-to-moderate diarrhoea (grade 1 or 2) occurred in 14
patients (53.8%) of the probiotic group and 23 patients
(82.1%) of the placebo group. There was a significant reduc-
tion of mild-to-moderate diarrhoea in the probiotic group
compared with the placebo group (p = 0.025). Severe diar-
rhoea (grade 3 or 4) occurred only in five patients (17.9%)
of the placebo group. There was no severe diarrhoea in the
probiotic group. There was a significant reduction of severe

diarrhoea in the probiotic group compared with the placebo
group (p = 0.05). There was no grade 5 diarrhoea in this study.

Regarding the onset of diarrhoea, diarrhoea occurred at
mean days of 20.5 (95% confidence interval 16.54–24.46) in
the probiotic group and 17.44 (95% confidence interval
14.53–20.34) days in the placebo group. Probiotic group had
a later onset of diarrhoea than the placebo group, but this was
not statistically significant (p = 0.321). The comparison be-
tween cumulative incidences of the two groupswas performed
using Kaplan-Meier curves (see Fig. 3). Diarrhoea occurred
after a mean dose of 29.43 Gy (95% confidence interval
23.76–35.1) in the probiotic group and 24.35 Gy (95% confi-
dence interval 20.42–28.27) in the placebo group. Diarrhoea
occurred after lower doses of radiotherapy in the placebo
group compared to the probiotic group, but this was not sta-
tistically significant (p = 0.159). The comparison between the
cumulative incidences of the two groups was performed using
Kaplan-Meier curves (see Fig. 4).

The use of loperamide as an anti-diarrhoeal medication is
shown in Fig. 2. In probiotic group, 13 patients (50%) had to
use loperamide as an anti-diarrhoeal medication whereas in
the placebo group, 24 patients (85.7%) used loperamide.
Therefore, the use of loperamide as an anti-diarrhoeal medi-
cation was significantly lower in the probiotic group than the
placebo group (p = 0.005). The mean time of loperamide use
from the start of radiotherapy for probiotic group was
20.92 days with a 95% confidence interval between 16.75
and 25.1 and that of the placebo group was 18.04 days with
a 95% confidence interval between 15.29 and 20.8.
Loperamide was required earlier in patients taking placebo
compared to those taking probiotic, but the association is not
statistically significant (p = 0.405). The comparison between
the two groups was performed using Kaplan-Meier curves
(see Fig. 5). The mean dose of loperamide for probiotic group
was 5.54 ± 5.04 mg and that of the placebo group was 8.08 ±
5.79 mg. Although higher doses of loperamide were required
in the placebo group, there was no statistically significant
difference between two groups (p = 0.191).

Grade 1 abdominal pain (according to CTCAE version 4.0)
occurred in 19 patients (73.1%) in the probiotic group com-
pared with 26 patients (92.9%) in the placebo group. Although
grade 1 abdominal pain occurred more frequently in the pla-
cebo group, the association was not statistically significant
and it narrowly missed the significance value (p = 0.051).
Grade 2 abdominal pain occurred in 1 patient (3.8%) in the
probiotic group compared with 16 patients (57.1%) in the
placebo group. There was a very highly significant reduction
of grade 2 abdominal pain in the probiotic group than the
placebo group (p = 0.000). None of the patients in the probi-
otic group suffered from grade 3 abdominal pain, whereas
three patients in the placebo group (10.7%) had it. However,
the association is not statistically significant (p = 0.086). An
episode of abdominal pain in days for the probiotic group was
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3.63 ± 2.29 days and that of the placebo group was 7.77 ±
4.76 days. Since (p = 0.000), the reduction of the episode of
abdominal pain in days in the probiotic group is very highly
significant.

Interruption of radiotherapy due to diarrhoea is illustrated
in Fig. 2. Only one patient (3.8%) in the probiotic group and
three patients (10.7%) in the placebo group had treatment
interruptions. Although the numerical data seemed different,
there was no statistically significant difference between the
two treatment groups (p = 0.336). During this study, there
was no stopping of radiotherapy treatment owing to diarrhoea.

As the follow-ups, the patients were contacted at the
1 week, 2 weeks and 3 weeks after the completion of radio-
therapy to assess the occurrence and grade of diarrhoea,
loperamide use and grades of abdominal pain. Although the
numerical data for these parameters were different between
the probiotic and placebo groups, there were no statistically
significant differences between the two groups.

ECOG performance status changes were noted at three
times during the study: at the start and end of radiotherapy
and 3 weeks after the radiotherapy. In general, the ECOG
performance statuses increased from the baseline at the end
of radiotherapy due to the side effects of radiotherapy includ-
ing diarrhoea but these ECOG performance statuses decreased
3 weeks after the completion of treatment due to the recovery
from such effects.

Discussion

A prophylactic treatment with NNTof 3.5 is rather promising,
because probiotics have no serious side effects and the cost of
treatment for a full course of about 37 days was approximately
$US20. RID is troublesome and has long-term consequences.
So, prevention is worthwhile. The probiotics could delay the
onset of diarrhoea for about 3 days compared to the placebo,
and it was 3 days later than the result of a study done at the
same centre without any prophylaxis treatment [8]. Symptoms
of RID were usually seen after an accumulated dose of 18–
22 Gy during conventional fractionation [20]. In the current
study, diarrhoea occurred after a mean dose of 29 Gy in the
probiotic group. Probiotics could reduce all grades of abdom-
inal pain and can significantly reduce the episode of abdomi-
nal pain in days. These may reflect the increased tolerance of
the intestine to the higher doses of radiation and decreased in
severity of radiation-induced enteritis.

Although the exact underlying mechanisms of using
probiotics in RID were not yet clear, there were some pro-
posed mechanisms. The possible mechanisms may be due to
correction of dysbiosis. Probiotics lower the intestinal pH
thereby setting the barrier to the potential pathogens. They
may also cause down-modulation of the severity of intestinal
inflammation by triggering and regulating the function of im-
mune cells. The other mechanisms are down-modulation of

Table 1 Baseline characteristics
of the patients Characteristics Probiotic group (n = 26)Mean

± SD or number (%)
Placebo group (n = 28)Mean
± SD or number (%)

p

Age (years) 57.38 ± 10.75 52.5 ± 9.61 0.084^

History of surgery 4 (15.4%) 4 (14.3%) 0.910*

Chemotherapy 19 (73.1%) 22 (78.6%) 0.637*

Chemotherapy cycles (completed) 3.47 ± 1.65 (n = 19) 2.82 ± 1.14 (n = 22) 0.142^

ECOG status 0.145*

0 5 (19.2%) 11 (39.3%)

1 17 (65.4%) 11 (39.3%)

2 4 (15.4%) 6 (21.4%)

Radiation dose (Gy) 50.77 ± 2.72 51.16 ± 3.43 0.646^

Duration of radiotherapy (days) 37.38 ± 6.49 37.21 ± 3.56 0.904^

*Chi-squared test

^Independent samples t test

Table 2 Stage and histological diagnosis of cervical cancer

Probiotic group
(n = 26)Number (%)

Placebo group
(n=28)Number (%)

Stage of cervical cancer

I B 2 (7.7%) 4 (14.3%)

II A 2 (7.7%) 1 (3.6%)

II B 12 (46.2%) 14 (50%)

III A 2 (7.7%) 4 (14.3%)

III B 7 (26.9%) 4 (14.3%)

IVA 1 (3.8%) 1 (3.6%)

Histological diagnosis

Squamous cell carcinoma 23 (88.5%) 23 (82.1%)

Adenocarcinoma 2 (7.7%) 5 (17.9%)

Anaplastic carcinoma 1 (3.8%) 0 (0%)
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apoptosis which is regarded as the main factor responsible for
the radiation-induced injury of the intestinal epithelium, up-
regulation of the innate immune response in the gut which
gives protection against intestinal colonization by invasive
pathogens. They also stimulate lactase production, which
helps lactose digestion because lactase may be reduced or loss
due to the damage to the intestinal villi [15, 16, 21, 22].

The reduction of the interruptions of radiotherapy due to
diarrhoea is also beneficial, because interruptions may lead to
prolongation of total treatment time which in turn increases
the risk of rapid repopulation of surviving tumour cells that is
one of the most important factors controlling tumour response
to fractionated radiotherapy [23]. Although the current study
did not yield statistically significant differences in some

variables, there was a trend in favour of using probiotics in
reducing such variables. If the study is large and adequately
powered, these variables may show a significant difference.

A placebo-controlled study done in 63 cervical cancer pa-
tients by Chitapanarux et al. [18] used probiotic capsules con-
taining the same strain of Lactobacillus as current study but
with a different strain of Bifidobacteria: Bifidobacterium
bifidum. The dose was two billion colony-forming units
(CFU) two times daily. The median age was not so different
from the current study. They used Common Toxicity Criteria
of NCI to assess the diarrhoea like the current study. In that
study, the incidence of RID in both probiotic and placebo
groups was 100%. This may be due to the fact that all patients
received weekly cisplatin which may aggravate diarrhoea. In

p = 0.321 by Log Rank (Mantel-Cox) test

Onset of diarrhoea (Days)

lavivruS
evitalu

muCsuni
M

en
O

Fig. 3 Kaplan-Meier curves
showing onset of diarrhoea by
days of radiotherapy in probiotic
and placebo groups

* = p < 0.05, ** = p < 0.01

3.8%

50.0%

53.8%

10.7%

85.7%

82.1%

0% 20% 40% 60% 80% 100%

Interruption of radiotherapy due to

diarrhoea

Loperamide use

Incidence of RID

Placebo group Probiotic group

*

**

Fig. 2 Comparisons of the
proportions of incidence of RID,
loperamide use and interruption
of radiotherapy due to diarrhoea
between the probiotic group (n =
26) and the placebo group (n =
28)
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the current study, only about 70% of the patients in both pro-
biotic and placebo group received chemotherapy. There was a
significant reduction of grade 2 and grade 3 diarrhoea in the
probiotic group. The 32% of the patients in the placebo group
needed anti-diarrhoeal medication-loperamide vs. 9% of the
patients in the probiotic group. It is similar to the findings of

the current study, but the percentages are much lower [18].
The other double-blind placebo-controlled study done in 490
cervical, sigmoid or rectal cancer patients by Delia et al. [17]
used a probiotic powder which contains four strains of
lactobacilli (Lactobacillus casei, Lactobacillus plantarum,
L. acidophilus and Lactobacillus delbrueckii subsp.

p = 0.159 by Log Rank (Mantel-Cox) test

Onset of diarrhoea (Dose, Gy)

lavivruS
evitalu

muCsuni
M

en
O

Fig. 4 Kaplan-Meier curves
showing onset of diarrhoea by
dose (Gy) of radiotherapy in
probiotic and placebo groups

p = 0.405 by Log Rank (Mantel-Cox) test

Fig. 5 Kaplan-Meier curves
showing time of loperamide use
from the start of radiotherapy
(Days) in probiotic and placebo
groups
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bulgar icus ) and three s t ra ins of Bi f idobac te r ia
(Bifidobacterium longum, Bifidobacterium breve and
Bifidobacterium infantis) with the dose of 450 billion bacteria,
three times per day. More patients in the placebo group had
RID compared with the probiotic group (51.8 vs. 31.6%)
achieving ARR of about 20% and NNT was about five.
Although many strains of probiotics at significantly higher
doses were used, those results are not so different from the
current study. In that study, probiotics can significantly reduce
the grade 3 and grade 4 of the WHO diarrhoea grading. In
comparing the studies, there are some difficulties because of
the differences in the diarrhoea grading systems. Some used
Common Toxicity Criteria of NCI as the current study [18],
and others used WHO grading [16, 17]. The mean time of
loperamide use from the start of radiotherapy for probiotic
group was 122 h (5.08 days) and that of the placebo group
was 86 h (3.58 days), and these are earlier than those from the
current study. This may be due to the recruitment of colorectal
cancer patients in whom the change in the bowel habit is more
common [17]. Another double-blind placebo-controlled study
done by Giralt et al. [22] used the probiotic liquid yogurt
containing L. casei DN-114001 at 9.6 billion CFU there times
daily. A total of 85 patients with cervical cancer (radiotherapy
and weekly cisplatin) or endometrial adenocarcinoma (post-
operative radiotherapy) were recruited. There was the modest
reduction of the incidence of RID with ARR of 3.45% and
NNT was 39. There was an increase in the proportion of pa-
tients who required loperamide in the probiotic group
(36.36%) compared with the placebo group (29.27%). These
findings may be due to the using of only one strain of
probiotics although in a larger dose [24]. Another study done
by Demers et al. [16] used probiotic L. acidophilus LAC-361
and B. longum BB-536 in two different dosage regimens: a
standard dose of 1.3 billion CFU twice a day or a high dose of
10 billion CFU three times a day. Two hundred twenty-nine
patients with gynaecologic, rectal or prostate were included.
WHO diarrhoea grades, NCI abdominal pain grades and daily
number of bowel movements did not differ significantly be-
tween the probiotic and the placebo group in both dosage
regimens. The percentage of patients who took loperamide
was 42.5, 30.2 and 27.4% for placebo, standard-dose probiotic
and high-dose probiotic groups, but the difference between
these groups was not significant. In that study, the first capsule
of loperamide was taken on day 19.7 (placebo), 20.4 (standard
dose of probiotics) and 20.9 (high dose of probiotics). Those
results were similar to the current study. Treatment interrup-
tions did not differ significantly as the current study [16].

Lactobacillus and Bifidobacteria are the most commonly
used strains in the studies done for the RID [14]. Delia et al.
suggested the use of several selected strains may enhance the
competition between the probiotic organisms and intestinal
flora and the synergistic effect of combining more than one
strain may greatly enhance the suppression of potential

pathogens [17]. The total dose used by the current study was
a little more than the other two studies which used the approx-
imately the same strains and three times daily dosingmay help
the continuous supply of probiotics to the intestine [16, 18].
The current study used probiotic capsules which are the most
commonly used dosage form for probiotics, because they have
some advantages such as higher potency and longer stability
[25]. The capsules were the hard shell gelatin capsules which
were not acid resistant, but the strains used in the current study
survived well in the human gastro-intestinal tract [26–28].

Diagnosing RIDwas one of the limitations of current study,
because there was no specific quantitative biomarker to diag-
nose and assess the degree of radiation enteritis. Therefore, the
diagnosis of acute radiation enteritis has to be made presump-
tively based on symptoms and their onset [6]. Some of the
markers such as acute phase response-related markers, fatty
acids, vitamin E, leucocyte count, haemoglobin, citrulline and
leukotriene B4 can be measured in blood, lactoferrin and
calprotectin in stool and fatty acids in rectal mucosal biopsies
[10, 29]. But their time courses vary, and they are not specific
and some of them are not in common use. Although endo-
scopic biopsies may reveal histologic changes consistent with
radiation damage, it was not feasible in the current study.
Therefore, patients who had fever during diarrhoea episode
with blood and mucous in the stool were excluded to rule
out the infective causes of diarrhoea but stool cultures were
not performed. Chitapanarux et al. perform the white blood
cell count and red blood cell count in the stool instead of the
stool culture [18]. However, these cell counts are not specific
to radiation enteritis and they can also be found in any inflam-
mation or infections. To control the previous confounding
factors, this study was designed to incorporate randomization,
restriction and matching. Some studies used assessment of
stool consistency as an end point [16, 18, 24, 30]. Stool con-
sistency assessment was considered during the study planning
phase but rejected due to the potential difficulty to get the
reliable information from the patients. The adherence to the
standard dietary recommendations could only be checked by
the investigator and not by the registered dietician.

Some studies started the probiotic treatment prior to the
radiotherapy for the early colonization of the intestine with
probiotic bacteria producing mixed results [18, 24]. Studies
done by Delia et al., Timko and Demers et al. started the
treatment on the first day of radiotherapy, and the former
gained positive results in 490 patients [16, 17, 19]. So, in the
current study, starting the treatment on the first day of radio-
therapy (well before the onset of RID) was chosen and also for
the feasibility.

RID has not occurred in all patients receiving pelvis radio-
therapy without any prophylactic treatments. And from the
current study, 17.9% of the patients in the placebo group had
no RID. Although there might be some extent of the placebo
effect, the host and microbial genetic differences may
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influence on the radiosensitivity of the intestine. There were
emerging but not matured data supporting this. Iwata et al.
[31] identified a correlation between single-nucleotide poly-
morphisms (SNPs) in mice and the amount of jejunal crypt
cell apoptosis after 2.5 Gy whole body irradiation. Genome-
wide analysis found that radiation-induced jejunal apoptosis
was associated with eight SNP markers, suggesting radiosen-
sitivity of intestine may vary with genetic variations [31]. A
study done by the Manichanh et al. [32] used DNA finger-
printing to identify the individuals’ microbial profiles and
found that the initial intestinal microbial composition of each
individual could be a determinant for developing postirradia-
tion diarrhoea. Intestinal microbial compositions of patients
with diarrhoea changed markedly during and 7 week after
radiotherapy. That study also indicated that the patients’ initial
microbial composition before radiotherapy may determine the
occurrence of RID [32]. These will be the future directions of
the studies done for RID.

Conclusions

Probiotics could significantly reduce the incidence and sever-
ity grades of RID, the severity and episode of abdominal pain
(in days) and the use of anti-diarrhoeal drug—loperamide. But
they could not significantly reduce the dose of loperamide and
could not prevent the interruption of radiotherapy due to diar-
rhoea. It also could not significantly slow down the onset of
diarrhoea and onset of the use of loperamide. Probiotics had
no statistically significant effects on the patients’ conditions
during the 3 weeks follow-up and ECOG performance status
changes. As the probiotics achieved significant absolute risk
reduction (ARR) and number needed to treat (NNT) 3.5, its
supplementation is thought to be worthwhile in clinical prac-
tice. Therefore, from this study, it can be concluded that the
supplementation of probiotics containing live L. acidophilus
LA-5 plus B. animalis subsp. lactis BB-12 is an easy and
effective way to prevent the acute RID among cervical cancer
patients.
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