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Abstract
Background: Locally advanced cervical cancer (LACC) is a health burden in low- and
middle-income countries. Treatment with chemoradiotherapy (CRT) causes intestinal
inflammation and toxicity that affects the nutritional status and quality of life of patients.
This study aimed to analyze the effect of a probiotic-rich fermented dairy beverage,
compared to a placebo, on gastrointestinal toxicity, inflammatory response, chronic
toxicity and quality of life in LACC patients. Methods: A randomized, double-
blind, placebo-controlled pilot study assigned LACC patients to the probiotic group
(n = 21) or the placebo group (n = 21). Intervention with probiotic or placebo
beverages began two weeks before treatment and continued 90 days after treatment. The
frequency and severity of toxicity symptoms, nutritional parameters, serum cytokines,
fecal calprotectin, proctopathy, and quality of life were evaluated throughout treatment.
Results: Lower frequency and severity of nausea and vomiting were observed in the
probiotic group compared to placebo (15% vs. 40%). No differences among groups were
observed in the frequency of other symptoms, including diarrhea. A trend was shown
toward lower levels of inflammatory cytokines in the probiotic group. No significant
differences were observed in the development of proctopathy. Conclusions: This study
demonstrated the fermented dairy beverage’s beneficial effect on reducing the frequency
and severity of vomiting and a tendency to lower inflammation. Still, it did not provide
benefits regarding other treatment-related toxicities, including diarrhea, probably due to
the small sample size. Clinical Trial Registration: The Trial Registration Number is
NCT05736315.
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1. Introduction

Cervical cancer (CC) is the fourth most common cancer and
the fourth leading cause of cancer death in women worldwide
[1]. For locally advanced CC (LACC), concomitant chemora-
diation therapy (CRT) followed by brachytherapy (BT) is the
elective treatment [2]. Since 2000, the superiority of combined
treatment has been demonstrated in terms of disease-free peri-
ods and survival, decreasing pelvic and systemic recurrences
[3]. However, great concern was raised during and after treat-
ment because of CRT’s acute and long-term toxicity. Patients
had limited tolerance to telecobalt-60 irradiation, exhibiting
an increased risk of disabling, severe, and in some instances,

fatal gastrointestinal toxicity, documenting an incidence of
grade 3 and 4 toxicity in the rectum [4]. Considering the high
toxicity caused by radiotherapy (RT) with Cobalt-60, a variety
of factors have been modified to reduce the morbidity of RT
in LACC patients, including the use of linear accelerators for
external beam radiation therapy (EBRT) at an irradiation dose
of 50.4 Gy in 28 fractions [5].

Gastrointestinal toxicity occurs in 60%–80% of the patients
during and after CRT. The most frequent symptoms include
nausea, diarrhea, abdominal cramps, fecal urgency, anorexia,
bleeding and reduction of intestinal motility, among others [6],
and a higher risk of nutritional deterioration. Malnutrition and
skeletal muscle loss are frequent in LACC patients during and
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after treatment. These conditions have been associated with
higher tumor recurrence and lower overall survival (OS) [7, 8].
However, evidence suggests that the gut microbiota may

contribute to intestinal injury and toxicity related to CRT [9].
The diversity and abundance of gut microbiota species are
remodeled in women treated with pelvic radiation therapy
[10]. Also, bacterial metabolites and signaling molecules
play a role in toxicity symptoms [9]. On the other hand,
the diversity of gut microbiota has been positively correlated
with better patient-reported gastrointestinal function during
CRT [11]. Some mechanisms involve the immune system
regulation through specific metabolites [9]. Probiotics may
alter the microbiota composition and induce tolerance in the
gut to promote health benefits [12–16]. Probiotics may con-
fer protection during CRT because their metabolites induce
mucus production in the gut mucosa and promote damaged
tissue repair [17]. However, to our knowledge, there is still
controversy regarding the specific probiotic species that may
benefit patients who receive CRT [12, 18, 19]. Probiotics
like VSL#3, Lactobacillus casei DN-114 00, Lactobacillus
acidophilus + Bifidobacterium, Lactobacillus acidophilus or
Lactobacillus casei Shirota, and Bifidobacterium breve have
shown benefits reducing the incidence and severity of diarrhea,
or the use of antidiarrheal medication [20–22]. However,
these probiotic interventions are costly and inaccessible to low-
income populations. Further, adequate probiotic species and
doses have yet to be established.
Fermented foods have historically been part of the dietary

habits of most cultures worldwide and have the advantage
of being generally well-tolerated and cost-accessible to low-
income populations [23]. Over the last decades, fermented
foods have gained popularity for their reported benefits in
gut health, cardiovascular health, metabolic health, mood im-
provement and immune regulation, among other health bene-
fits [23, 24]. The influence of fermented foods on healthy sub-
jects’ microbiome and immune system was recently reported
[25]. Following a 17-week dietary intervention with fermented
foods, the participants had a decrease in many inflammatory
markers and an increase in microbiota diversity [25], rendering
this type of intervention promising to counter CRT treatment-
related gastrointestinal toxicities and to regulate inflammation.
Among fermented foods, yogurt, fermented milk and fer-

mented dairy beverages are the most frequently consumed and
generally accepted in Western populations [26]. Lactobacillus
casei Shirota is a Gram-positive anaerobic bacterium from
the Firmicutes phylum commonly used in fermented dairy
products with a high acceptance by the Mexican population. It
is a probiotic that has been extensively studied for its health
benefits. It regulates the immune system response in in-
fection models and antitumor immunity, specifically through
activating the Th1 response while modulating inflammation
in healthy subjects [27–31]. It also regulates the gut micro-
biota and promotes intestinal integrity by activating resident
macrophages [32, 33]. The use of probiotic Lactobacillus
casei Shirota has also shown a promising improvement in stool
consistency, reduction of diarrhea severity, and use of antidiar-
rheal medication in patients treated with pelvic radiotherapy
[20, 34]. In other health conditions, Lactobacillus casei Shi-
rota-based probiotic beverage has also prevented antibiotic-

associated diarrhea [35]. Lactobacillus casei Shirota-based
fermented dairy beverage also has the advantage of being
resistant to gastric acid and surviving the gastrointestinal tract
[36].
Thus, we hypothesized that a Lactobacillus casei Shirota-

based fermented beverage could help regulate the inflamma-
tory process and intestinal injury in LACC patients undergoing
CRT, reducing treatment-associated gastrointestinal toxicity.
We aimed to evaluate the effect of a fermented beverage with
Lactobacillus casei Shirota on the frequency and severity of
diarrhea and other gastrointestinal toxicities, systemic and
local inflammation, and the development of radiation-induced
proctopathy in LACC patients.

2. Materials and methods

2.1 Design
A randomized, double-blind, parallel placebo-controlled pilot
study analyzing the effect of a fermented beverage with the
probiotic Lactobacillus casei Shirota (Yakult) on gastroin-
testinal toxicity and inflammatory response in LACC patients
undergoing CRT followed by BT at the Instituto Nacional de
Cancerología (National Cancer Institute of Mexico).

2.2 Patients
Patients’ eligibility criteria were 18 years and older, diagnosis
with squamous cell carcinoma, adenosquamous, adenocarci-
noma or glassy cell carcinoma, clinical stage IIB, and candi-
dates for treatment with CRT followed by BT at the Instituto
Nacional de Cancerología. Exclusion criteria were neuroen-
docrine histology, other primary tumors, previous treatment
with RT or CRT, Karnofsky functional status below 80, and
difficulty understanding the study’s nature. The sample size
for this pilot study was determined by convenience to establish
the safety of probiotic consumption in LACC under CRT
treatment. 42 LACC patients were recruited from 2006 to
2008, agreed to participate in the study, and signed an informed
consent. Follow-up was carried out until 2019 to monitor
patients and assess the development of proctopathy. Study
protocol and data were collected at the Instituto Nacional de
Cancerología.
Yakult© Mexico provided the Yakult© probiotic drink, as it

is commercially manufactured, with 8 × 109 CFUs of Lacto-
bacillus casei Shirota in a volume of 80 mL, and the placebo
drink with the same organoleptic characteristics in the same
volume but without the probiotic.
Yakult© Mexico carried out randomization through the

sealed envelope system. Researchers and participants were
both blinded to the group assigned. A third party not involved
in the study was informed about the group to which each
patient was assigned to take adequate measures in case of
adverse events. Participants were randomly assigned 1:1 to
one of two groups: (a) Fermented beverage group: patients
consumed 80 mL of a fermented dairy beverage with 8 ×
109 Lactobacillus casei Shirota (Yakult©); and (b) Placebo
group: patients consumed 80 mL of a probiotic-free dairy
beverage similar in color and flavor to the fermented drink.
Nutritional characteristics of both drinks contained 55 kcal, 1
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g of protein, 0.04 g of fat, 12.7 g of carbohydrates, 10.7 g of
added sugars, 13 mg of sodium and 36 mg of calcium. Both
groups consumed the beverage three times a day for 22 weeks,
starting two weeks before treatment initiation and then three
months after the conclusion of BT.
The patients received nutritional counseling and a diet in-

dividualized and tailored to their energy and protein require-
ments according to their baseline anthropometric measure-
ments. Energy and protein requirements were calculated based
on the European Society for Clinical Nutrition andMetabolism
(ESPEN) guidelines on nutrition for cancer patients [37] as fol-
lows: E (kcal) = 30 kcal/kg of weight per day; Protein (g) = 1.5
g/kg of weight per day. The counseling consisted of restricting
some foods known to exacerbate abdominal discomfort and
of specific recommendations based on the patient’s individual
characteristics and access to food.
All patients were treated with CRT. Patients received 5–6

weekly cisplatin-based CT applications at 40 mg/m2 doses.
RT was administered concurrently, at a standard dose of 50
to 56 Gy of external beam radiation (Cobalt-60) in fractions of
2 Gy, five days a week for five weeks. After CRT, one or two
applications of BTwith Cesium-137 were given to reach a total
dose to points A and B of at least 85 and 55 Gy, respectively.

2.3 Study procedures
Patients were evaluated at several time points throughout their
treatment: (a) 2 weeks before starting CRT (wk -2); (b) starting
CRT (t 0); (c) at the 3rd CRT cycle (wk 3); (d) at the 6th
CRT cycle (wk 6); (e) after the first time of BT (BT 1);
(f) after the second time of BT (BT 2); (g) 30 days after
brachytherapy (30 d); (h) 60 days after brachytherapy (60
d); (i) 90 days after brachytherapy (90 d). After treatment
completion, patients were followed up during periodic check-
ins every 6 months for the first 3 years and then yearly for
the rest of their lives. During these follow-up visits, the
patients were primarily monitored for tumor recurrence and
secondly for late-onset treatment-related toxicity; additionally,
mortality was recorded.
Primary outcome measures included gastrointestinal toxic-

ity, intestinal inflammation, and systemic inflammation. Sec-
ondary outcomes included nutritional status and quality of life.
On each visit, anthropometric measurements (body weight,
Body Mass Index, BMI), gastrointestinal toxicity (according
to the Common Toxicity Criteria of Adverse Events, CTCAE
v.3), blood tests, and quality of life (assessed using the Eu-
ropean Organization for Research and Treatment of Cancer
Quality of Life questionnaire (EORTC QLQ-C30 v.2)) were
evaluated, and blood and fecal samples were obtained. Prog-
nostic Nutritional Index (PNI) [(serum albumin g/dL × 10) +
(0.005 × total lymphocyte count cells/µL)] and Neutrophil to
Lymphocyte Ratio (NLR) were calculated.
To assess the systemic inflammatory response, we quan-

tified serum cytokine levels on blood samples (Interleukin-2
(IL-2), Interleukin-4 (IL-4), Interferon-γ (IFN-γ), Interleukin-
17 (IL-17), Granulocyte Colony-Stimulating Factor (G-CSF),
eotaxin, Granulocyte Macrophage Colony-Stimulating Fac-
tor (GM-CSF), Monocyte Chemoattractant Protein (MCP-1),
Tumor Necrosis Factor-α (TNF-α), Interleukin-1β (IL-1β),

Interleukin-6 (IL-6) and Interleukin-10 (IL-10), Vascular En-
dothelial Growth Factor (VEGF)). Calprotectin was quantified
on fecal samples. As described elsewhere, serum cytokines
and fecal calprotectin were determined by enzyme-linked im-
munosorbent assay (ELISA) [38]. ELISA reagent kits were
purchased from Bio-Plex Multiplex (Bio-Rad, Hercules, CA,
USA).
The instrument EORTC QLQ-C30 v.2 assessed the quality

of life. To interpret theQLQ-C30 questionnaire, we considered
the global health status [39].

2.4 Statistical analysis
Patient characteristics were described. The distribution of
the quantitative independent variables was determined using
Kolmogorov-Smirnov. The mean ± standard deviation was
reported for the variables with normal distribution, and the
median and interquartile range (IQR 25%–75%) for the vari-
ables with free distribution. Ordinal variables were reported
as frequencies and percentages. Primary outcome measures
were analyzed as follows. Toxicity was described as ordinal
variables, compared through Fisher’s exact test (when the
expected count was <5) or chi-square for dichotomous vari-
ables. Levels of inflammation markers were compared in a
bivariate analysis, using the Student’s T test for quantitative
variables with normal distribution and the Mann-Whitney U
test for quantitative variables with free distribution. Secondary
outcome measures were described. Depending on the dis-
tribution, the nutritional status variables and quality of life
were analyzed using the Student’s T or Mann-Whitney U
tests. Data processing and analysis were performed using the
statistical packages SPSS version 23 (IBM Corp., Armonk,
NY, USA), and GraphPad Prism Version 9 (GraphPad Soft-
ware, San Diego, CA, USA) was used to create graphics.
Confidence intervals were built at 95%, and a value was
declared statistically significant when p < 0.05.

3. Results

3.1 Clinical characteristics
A total of 42 women were analyzed; 21 patients (50%) were
assigned to the experimental group that consumed a fermented
dairy drink (probiotic group), and 21 patients (50%) were
assigned to the placebo group that consumed a dairy drink with
no probiotics (placebo group). All patients were analyzed per
the protocol and for primary and secondary outcomes, accord-
ing to the group assigned. No patients were lost to follow-
up because all patients were at least 80% compliant with the
intervention. No patients were excluded after randomization.
The first patient in was recruited on 24 April 2005, and the
last patient out was registered on 01 November 2019. Patients
from the probiotic group were significantly older, with a mean
of 56.3 ± 8.6 years, compared to the placebo group, with a
mean of 50.32 ± 7.5 years (p = 0.02). More patients, 85.7%
(n = 18) from the probiotic group, did not have any education
compared to the placebo group (p = 0.04) (Table 1).
Squamous cell carcinoma was the most frequent histology

in 95% of the probiotic group and 81% of the placebo group.
There were no significant differences among groups regarding
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TABLE 1. Clinical characteristics of CC patients.

Variables Probiotics
n (%)

Placebo
n (%) p†

21 (50%) 21 (50%)
Age (yr)* 56.30 ± 8.6 50.32 ± 7.5 0.02
Education

No studies 18 (86) 12 (57) 0.04
Elementary school 3 (14) 5 (24) 0.43
Junior high school 0 (0) 4 (19) 0.10

Histology
Adenocarcinoma 1 (5) 4 (19)

0.15
Squamous cell carcinoma 20 (95) 17 (81)

Comorbidities
None 13 (62) 14 (67)

0.31Obesity 7 (33) 7 (33)
T2DM and SAH 1 (5) 0 (0)

Treatment
CT (5 cycles) 1 (5) 2 (9)

0.65CT (6 cycles) 19 (90) 18 (86)
CT (7 cycles) 1 (5) 1 (5)
RT dosage (Gy)& 50.4 (50.4–50.4) 50.4 (50.4–50.4) 0.70
No BT 0 (0) 1 (5)

0.40BT (1 application) 12 (57) 7 (33)
BT (2 applications) 9 (43) 13 (62)

*Mean ± SD. &Median (IQR25-IQR75). †Chi-square and Fisher’s exact test. yr: years; T2DM: Type 2 Diabetes
Mellitus; SAH: Systemic Arterial Hypertension; CT: Chemotherapy; RT: Radiotherapy; BT: Brachytherapy; No BT:
patients that did not receive BT. Bolded p-values indicate statistically significant differences (p < 0.05).

comorbidities in both groups (p = 0.31). Most of the population
(64%) did not present any comorbidity; seven patients (33%)
in each group had obesity. Regarding treatment, there were no
significant differences among groups (Table 1).

3.2 Toxicity symptoms developed during
treatment are similar in patients from the
probiotic and placebo groups
All patients tolerated the fermented and placebo drinks; no
allergic reaction or intolerance to the products was reported.
Fig. 1 depicts gastrointestinal toxicity symptoms comparing
patients from the probiotics and placebo groups from the first
CRT cycle up to 90 days after treatment completion. A minor
frequency of patients developed anorexia with no differences
among groups, except for week 5, where the probiotic group
showed a significantly higher frequency (20% vs. 0%, p =
0.048) and a tendency to be more severe with up to 20% of
patients with grades 1 and 2 during CRT (Fig. 1a). Nausea
and vomiting are important toxicity symptoms presented with
CRT. While patients from both groups had similar symptoms,
on week 2, patients from the probiotic group had significantly
less frequency of vomiting (29% vs. 62%, p = 0.03) compared
to placebo. On weeks 3 and 6, patients in the probiotic group
also tended to have less vomiting (29% vs. 55%, p = 0.086

and 15% vs. 40%, p = 0.077) compared to placebo. A trend
towards more severe nausea and vomiting was observed in
the placebo group, with up to 50% of patients with grade
2 nausea and up to 5% with grade 3 vomiting during CRT
(Fig. 1b,c). Up to 50% of patients developed diarrhea during
CRT; no significant differences in frequency and severity were
found among groups. Both groups had similar frequency
and severity of constipation. However, the probiotic group
tended to have less constipation on week 5 (5% vs. 25%, p
= 0.093) (Fig. 1e). Proctitis was similar in both groups during
treatment; notably, the symptoms persisted after treatment in
25% of patients. Proctitis tended to be more severe in the
probiotic group at 60 and 90 days after treatment completion,
with 2% of patients presenting grade 3 proctitis (Fig. 1f). No
differences were observed in mucositis, dehydration, dyspha-
gia/esophagitis, stomatitis/pharyngitis, colitis or pancreatitis
(Data not shown). No harm was reported by consumption of
fermented dairy beverages or placebo beverages.

3.3 Nutritional status during treatment in
patients from the probiotic and placebo
groups
Because gastrointestinal toxicity symptoms impact food intake
and nutrient absorption, we analyzed changes in nutritional
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FIGURE 1. Gastrointestinal toxicity in LACC patients. Acute gastrointestinal toxicity developed during treatment in LACC
patients from probiotic (n = 21) and placebo (n = 21) groups. (a) Anorexia. (b) Nausea. (c) Vomit. (d) Diarrhea. (e) Constipation.
(f) Proctitis. Toxicity evaluation was performed after the first (wk 1), second (wk 2), third (wk 3), fourth (wk 4), fifth (wk 5)
and sixth (wk 6) CRT cycles, after the first Brachytherapy application (BT 1), and at 30 days (30 d), 60 days (60 d) and 90 days
(90 d) after treatment conclusion. The graph on the left depicts the percentage of patients with symptoms for the probiotic group
(red line) and placebo group (gray line). The graph in the middle depicts the frequency of symptom severity in patients from
the probiotic group, grades 0 through 4 (G0 = no symptom, CTCAE). The graph on the right depicts the frequency of symptom
severity in patients from the placebo group, grades 0 through 4 (G0 = no symptom, CTCAE). *p < 0.05. BT: Brachytherapy.
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parameters (Fig. 2). Two weeks before treatment began, pa-
tients from the probiotic group had a median BMI of 29.6
kg/m2, compared to 27.8 kg/m2 in the placebo group. No
statistically significant differences were found among groups
during treatment (Fig. 2a). However, for both groups of
patients, a considerable weight loss (WL) was observed at the
third cycle of CRT, with a median WL of 3% for the probiotic
group and 4.7% for the placebo group (p < 0.0001). At
30 days after treatment completion, patients began to recover
weight, with a median weight gain of 2.6% for the probiotic
group and 4.1% for the placebo group (Fig. 2b). We compared
the ponderal WL in both groups and found no difference
(Fig. 2c,d).
To further assess the nutritional status of both groups of

patients, we analyzed changes in the prognostic nutritional
index (PNI). We observed no differences among groups, with
a slight deterioration on the 3rd CRT cycle for both groups
and a tendency towards a lower PNI in the probiotic group
(Fig. 2e). The neutrophil/lymphocyte ratio (NLR), a marker of
inflammation, climbed during treatment in both groups, with
a maximum peak at the 3rd CRT cycle (wk 3) for the placebo
group and at the 6th CRT cycle (wk 6) for the probiotic group;
both groups recovered by day 30 after treatment completion
(Fig. 2f).

3.4 Inflammatory response in patients from
probiotic and placebo groups during
treatment
It has been demonstrated that mucosal exposure to radiation
causes tissue damage and the rapid expression of inflammatory
cytokines, particularly IL-1β, IL-6, and those related to the
acute response [40, 41]. Pelvic RT also induces dysbiosis,
and altered microbiota may transfer tissue damage through the
induction of inflammatory cytokines IL-1β, IL-6 and TNF-
α [42]. An uncontrolled inflammatory acute response during
treatment has been related to the development of pelvic ra-
diation disease, and if it is not resolved to intestinal chronic
inflammation and development of proctopathy [43, 44]. We
analyzed multiple cytokines to evaluate if the intervention with
the fermented beverage impacted the systemic inflammatory
response (Fig. 3). Both groups’ TNF-α, IL-1β and IL-6
expression seemed constant throughout treatment. TNF-α
levels tended to be higher in the placebo group throughout
treatment up to 60 days after treatment completion (Fig. 3a). A
similar trendwas observedwith IL-1β, whichwas significantly
higher in the placebo group since week -2 and during treatment
at 6th CRT cycle (p = 0.02) (Fig. 3b). No differences were
observed in the levels of IL-6 among groups (Fig. 3c). IL-2
behaved differently through treatment (Fig. 3d). IL-4 levels
tended to be higher in the placebo group, with the highest
expression observed before treatment began (Fig. 3e). In
the probiotic group, IL-4 remained constantly low throughout
the treatment. We observed no differences in the levels of
IFN-γ among groups; a very high expression was detected
throughout treatment (Fig. 3f). IL-17 tended to be constantly
lower in the probiotic group than in placebo (Fig. 3g). The
anti-inflammatory cytokine IL-10 remained constant in the
probiotic group and tended to be higher before and during

treatment in the placebo group (Fig. 3h).
Next, we analyzed levels of immune system-related growth

and chemoattractant factors. G-CSF was significantly lower
in the probiotic group before treatment (wk -2, p = 0.02; t 0,
p = 0.01) and at the 6th CRT cycle (wk 6, p = 0.02) (Fig. 3i).
The levels of GM-CSF tended to drop during treatment with
CRT and then increase after BT treatment in the probiotic
group. At the same time, no changes were observed in the
placebo group (Fig. 3j). MCP-1 seemed lower throughout
treatment in the probiotic group than placebo (Fig. 3k). No
differences were observed in the eotaxin levels among groups.
However, they tended to be constantly higher in the placebo
group (Fig. 3l). VEGF expression remained low throughout
treatment in the probiotic group (Fig. 3m) and tended to be
higher in the placebo group, though no significant differences
were observed. The highest expression was observed before
treatment began and at the 1st BT application.

3.5 Acute intestinal inflammation and
development of proctopathy in patients
from the probiotic and placebo groups
We explored the local intestinal inflammatory response by
quantifying fecal calprotectin (Fig. 4a). No significant differ-
ences were identified among the groups. The placebo group
tended to secrete more calprotectin than the probiotic group by
the 3rd CRT cycle (wk 3). At the 6th CRT cycle (wk 6), the
probiotic group significantly increased calprotectin secretion
(p = 0.01) and then significantly decreased by 30 days after
treatment conclusion (Fig. 4a).
Fig. 4b shows the incidence of proctopathy in patients from

probiotic and placebo groups. The median follow-up was 14.7
months (95% CI (Confidence Interval): 11.3–18.2). During
this period, 14 patients in the probiotic group (66.7%) and 12
in the placebo group (57.1%) were diagnosed with proctopa-
thy. Though a tendency towards increased proctopathy was
observed in the probiotic group, no significant differenceswere
observed in incidence, grade, or time to diagnosis (p = 0.437).

3.6 Quality of life
Fig. 5 shows the global health status scores of the QLQ-C30
questionnaire, measured over time in the probiotic group com-
pared to the placebo group. Differences were observed among
groups at week six and 1st BT application. A score closer
to 100 was observed in the placebo group, being statistically
significant (p< 0.05). In both groups, global health perception
increases after treatment completion, improving quality of life.

4. Discussion

LACC continues to be a health burden, particularly in low- and
middle-income countries such as Mexico [1]. CRT, followed
by BT, remains the standard of treatment for these patients.
Even though new targeted therapies are being studied, inter-
ventions to reduce treatment-related toxicity must be explored.
Our study aimed to evaluate the effect of a fermented dairy
beverage rich in probiotics on acute and chronic gastrointesti-
nal toxicity and its impact on systemic and local inflammation.
Regarding gastrointestinal toxicity symptoms, we observed
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FIGURE 2. Nutritional status in LACC patients. Nutritional parameters during treatment in LACC patients from probiotic
(n = 21) and placebo (n = 21) groups. Scatter dot plots of (a) BMI; (b) %Weight loss; (c) Ponderal %Weight Loss; (d) Weight
Loss Difference between groups; (e) PNI; and (f) NLR. Probiotic group (red dots). Placebo group (gray dots). The line
represents median ± IQR. BMI: Body Mass Index; PNI: Prognostic Nutritional Index; NLR: Neutrophil to Lymphocyte Ratio;
BT: Brachytherapy; ns: Not statistically significant.
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FIGURE 3. Cytokine profile in LACC patients. Serum concentration of (a) TNF-α; (b) IL-1β; (c) IL-6; (d) IL-2; (e)
IL-4; (f) IFN-γ; (g) IL-17; (h) IL-10; (i) G-CSF; (j) GM-CSF; (k) MCP-1; (l) eotaxin; and (m) VEGF during treatment in
LACC patients from probiotic (n = 15) and placebo (n = 14) groups. Mean ± SEM. Colors representing each time point are
indicated. BT: Brachytherapy; TNF: Tumor Necrosis Factor; IL: Interleukin; IFN: Interferon; G-CSF: Granulocyte Colony-
Stimulating Factor; GM-CSF: Granulocyte Macrophage Colony-Stimulating Factor; MCP: Monocyte Chemoattractant Protein;
VEGF: Vascular Endothelial Growth Factor.
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FIGURE 4. Intestinal inflammation in LACC patients. Fecal calprotectin and proctopathy in LACC patients from probiotic
(n = 21) and placebo (n = 21) groups. (a) Scatter dot plot of fecal calprotectin comparing the probiotic group (red dots) and
placebo group (gray dots). The line represents the median. (b) Probability of proctopathy development after treatment completion.
Fraction of patients from the probiotic group (red line) compared to the placebo group (gray line) with a biopsy-confirmed
diagnosis of proctopathy. No differences were observed between groups (p = 0.427). Log-rank test. BT: Brachytherapy.
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FIGURE 5. Quality of life in LACC. Quality of Life assessment in LACC patients from the probiotic (n = 21) and placebo
(n = 21) groups. Median ± IQR of global health score comparing probiotic and placebo groups during treatment (wk 6 and BT
1, p < 0.05). Mann Whitney U test. BT: Brachytherapy.

that our intervention with a fermented dairy beverage helped
reduce the frequency and severity of nausea and vomiting in
the first weeks of CRT. Other studies do not prioritize these
symptoms as they focus more on diarrhea [22]. Thus, it is
important to note that the fermented beverage helped reduce
nausea and vomiting in CC patients. Severe diarrhea is one of
the symptomsmost related to CRT treatment, and loss of fluids,
electrolytes, and nutritional deficiencies increase the risk of
severe dehydration [45]. Some studies suggest probiotics ad-
equately prevent CT-related diarrhea, particularly its severity
[21, 46]. Clinical recommendations to avoid fermented foods,
rich in probiotics and prebiotics, to prevent diarrhea are still
habitual practices. However, our results show that patients
in the fermented beverage group did not present exacerbation
of diarrhea, and it seemed less severe than in the placebo
group. A similar randomized clinical trial by Giralt et al.
[20] analyzed the incidence of radiation-induced diarrhea in
gynecologic cancer patients who received an intervention with
a probiotic drink containing Lactobacillus casei. Compared to
the placebo group, the authors reported that the probiotic drink
did not reduce the incidence or severity of diarrhea. These
findings are consistent with what we observed in our study.
Cancer treatment profoundly impacts the nutritional status

of LACC patients [7]. Several factors contribute to the deteri-
oration of the nutritional status. Still, gastrointestinal toxicity
symptoms are among the most critical as they lead to reduced
food intake (e.g., anorexia, nausea) and nutrient absorption
(e.g., vomiting, diarrhea) [46, 47]. As other studies have
described [6, 7, 48], we observed continuous weight loss in pa-
tients from both groups during treatment, followed by recovery
after treatment. No differences were observed among groups
despite differences in the symptoms developed. As expected,
an increase in inflammatory populations was observed during
treatment, as demonstrated by the NLR, though not different
among groups.
IL-1β, TNF-α and IL-6 are secreted mainly by innate im-

mune cell populations [49]. These cytokines have a systemic
endocrine effect and mediate numerous physiologic alterations
during an inflammatory response [50]. For instance, in the
hypothalamus, IL-1β and IL-6 induce anorexia and fever. In
the liver, TNF-α, IL-1β and IL-6 promote the acute phase
response. In skeletal muscle, TNF-α and IL-6 induce muscle
catabolism and, consequently, sarcopenia. Part of the systemic
metabolic consequences of the effect of these cytokines is
related to the obtention of glucose and amino acids, required
in abundance for the immune cell effector functions. Un-
surprisingly, in cancer, the tumor produces these cytokines
[51–53], resulting in a catabolic and inflammatory state. Our
study observed that TNF-α was secreted in higher quantities
than IL-1β or IL-6. No apparent difference was observed
between the groups. A study by Yoshida et al. [54] found
that the expression of IL-6, TNF-α and IL-1β in patients
with renal cell carcinoma before treatment was significantly
higher than in healthy controls. In renal cell carcinoma, a
different study by Dosquet et al. [55] revealed a positive
predictive value of 91% for a metastatic spread in patients
with IL-6 plasma values above 40 pg/mL. Another study in
prostate cancer patients demonstrated similar levels of IL-6
and TNF-α [56]. Comparatively, LACC patients have much
higher concentrations of these cytokines. A meta-analysis
by Lippitz et al. [57] demonstrated a correlation between
IL-6 and prognosis in cancer patients. This analysis shows
that cutoff values for IL-6 levels vary significantly among
studies in different tumor types, ranging from 4 pg/mL in
metastatic renal cell carcinoma to 55 pg/mL in metastatic
breast cancer. It is important to note that this study did
not include LACC patients. A study by Liu et al. [58]
reported that in LACC patients, the median concentration of
IL-6 was 10 pg/mL before treatment compared to 15 pg/mL
after treatment. Therefore, the expression levels of these
cytokines in our LACC patient population suggest a critical
systemic inflammatory state.



65

We also analyzed the expression of immune cell growth fac-
tors and chemokines. G-CSF andGM-CSF aremyeloid growth
factors that stimulate the production of granulocytes in bone
marrow, mainly neutrophils and macrophages [59]. During
cancer treatment, an adverse effect of CRT is the suppression
of hematopoiesis, so the production of G-CSF and GM-CSF
would benefit patients suffering from neutropenia and mono-
cytopenia [59]. In our study, these factors are expressed in
both groups of patients; G-CSF is expressed more abundantly
in the placebo group at several points in time. Concordantly, an
increase in NLR was observed during treatment in all patients.
MCP-1 and eotaxin are chemoattractant molecules that recruit
monocytes and eosinophils, respectively [60]. High levels
of eotaxin have been associated with postoperative compli-
cations in colorectal cancer patients [61]. MCP-1 involves
monocyte/macrophage migration and infiltration into inflamed
tissues in many chronic disorders [60]. We observed a higher
expression of eotaxin and MCP-1 in patients from the placebo
group before and during treatment. These results suggest that
our patient population is undergoing systemic inflammation
with a potential infiltration of innate immune cells to inflamed
tissues.
To understand the adaptive immune response in patients,

we analyzed the levels of several cytokines, including Th1,
Th2 and Th17 cytokines [62]. IFN-γ was notably expressed
in both groups of patients, IL-4 seemed higher in the placebo
group, and levels of IL-2 and IL-17 were comparatively low
in both groups of patients. A study by Liu et al. [63]
correlated alterations in Th17 cells in LACC patients with CRT
treatment efficacy. A decrease in circulating Th17 cells after
CRT correlated with longer Progression Free Survival and OS.
Th1 responses are anti-tumoral immune responses associated
with good prognosis and clinical response [64]. However, the
high expression of IFN-γ we observed, is not reflected in the
tumor; therefore, we cannot presume that this immune effector
response is taking place in the tumor microenvironment of
these patients. Also, the tumor is not the only tissue being
damaged by the treatment; other healthy tissues suffer toxicity,
contributing to the inflammatory phenomena described.
Regulatory T cells are the primary producers of IL-10, which

has a potent anti-inflammatory response [65]. In this study,
we observed that all patients had a low expression of IL-
10, and we did not observe differences among groups. This
finding suggests that the patients present a high inflammatory
status, and no apparent anti-inflammatory mechanisms are
being developed to compensate. It is important to remember
that initially, the tumor may induce inflammation, and the
cancer treatment causes critical levels of acute inflammation
in response to damage to the tumor and nearby healthy tissues
[62].
Systemic inflammation does not always reflect the localized

inflammatory response. Activated inflammatory neutrophils in
the gut release fecal calprotectin, reflecting an acute inflamma-
tory response in the intestinal mucosa [66, 67]. For this reason,
we analyzed fecal calprotectin levels. In all patients, calpro-
tectin levels are increased during CRT treatment and improve
after treatment completion. Considering that no significant
differences were described among groups, we did observe a
trend towards higher secretion of calprotectin in the placebo

group, except for week 6 of CRT and 90 days after treatment,
the same time points where we observed a higher frequency
and severity of proctitis in patients from the probiotic group.
Interestingly, quantifying fecal calprotectin is a useful

marker of intestinal inflammation and toxicity symptoms
[68]. de Loera-Rodríguez et al. [69] analyzed fecal
calprotectin in Mexican LACC patients who received
symbiotic supplementation with the probiotics Lactobacillus
acidophilus, Bifidobacterium lactis and prebiotic inulin. The
authors reported a significant decrease in calprotectin levels at
week seven in patients who received the symbiotic, compared
to placebo. The fecal calprotectin levels reported by de
Loera-Rodríguez are higher at baseline than what we found
in our study patients. Still, their results for week 4 were very
similar to our data during CRT treatment on week 3. By week
seven, they reported a significant drop in calprotectin levels
in the symbiotic group but not in the placebo group. Still,
our study shows much lower calprotectin levels by the end
of CRT. A possible explanation of the differences observed
may be treatment modalities; unfortunately, the authors did
not describe the treatment characteristics of their groups of
patients. This study also analyzed gastrointestinal toxicity and
found less frequency and severity of vomiting in the symbiotic
group compared to the placebo. This result is consistent with
our findings of significantly lower frequency and severity of
vomiting in patients in the probiotic group.
Finally, VEGF is a growth factor that promotes angiogenesis

and tumor invasion, progression, and metastasis [70]. Our
patients showed a high expression of this molecule. In LACC,
VEGF expression has been reported, and treatment with Be-
vacizumab, a monoclonal antibody directed against VEGF, is
indicated in persistent and recurrent disease [71]. In our study,
we confirmed the presence of VEGF in the LACC patient
population and, importantly, in seemingly lower levels in the
probiotic group.
The acute inflammatory condition in LACC patients led us

to question if it would evolve into chronic toxicity and its
impact on health-related quality of life. Thus, we analyzed
the development of proctopathy. Patients who consumed the
fermented dairy beverage tended to develop more proctopathy
than patients in the placebo group, even though no statistically
significant difference was observed. This result is related to
the trend of a small percentage of patients in the interven-
tion group developing grade 3 proctitis after treatment. This
result suggests a possible adverse response to probiotics in
the context of a fermented dairy beverage. It is important to
note that this was a short-term intervention; patients stopped
consuming the fermented beverage 90 days post-treatment. We
believe that diet is a crucial factor when analyzing trials with
probiotic interventions, and in this case, the patient’s diet was
not evaluated after the study’s conclusion. In particular, fiber
is a dietary component that may determine the establishment
of probiotic populations in the host. Fiber is a prebiotic and
substrate for butyrate production, with a demonstrated anti-
inflammatory effect [72, 73]. Further studies need to address
fiber consumption and other dietary components to discern
the impact of probiotic supplementation in its interaction with
prebiotics and the production of fermentation-derived metabo-
lites.
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Another possible mechanism is related to the pathophys-
iologic effect of RT on the intestine [74]. RT induces cell
death in the enterocytes and colonocytes. This disruption
in the intestinal barrier may render it unable to tolerate the
bacterial load from the fermented beverage. Thus, it is possible
that instead of contributing to a tolerogenic anti-inflammatory
environment, the presence of bacteria and derived metabolites
reach the lamina propria and induce an inflammatory response.
This theory is further supported by the high expression of
fecal calprotectin observed at certain times during and after
treatment. Another aspect to consider regarding the toxicity re-
ported in this study is that patients received RT treatment with
cobalt-60, which may induce a severe inflammatory response
and toxicity, as stated above.
To our knowledge, the relationship between probiotics and

quality of life in LACC patients has yet to be evaluated. Some
studies have assessed the quality of life in LACC patients using
the EORTC QLQ-C30 and CX24 instruments and their asso-
ciation with treatment response and survival. These studies
confirmed that CC harms the quality of life, causing a decrease
in the physical and mental domains in the development of
depressive symptoms, vitality, social functioning and overall
health reported in CC patients [75–77]. The health-related
quality of life of women who suffer from LACC improves
after CRT treatment, mainly in the global health score. Im-
provement in the areas related to symptoms such as fatigue,
pain and emotional and economic problems has been reported
[78]. Evidence regarding the impact of probiotics on quality-
of-life scores is still insufficient; however, none of the studies
reported severe side effects, so including probiotics seems safe
[17].

5. Conclusions

In conclusion, our study demonstrated the beneficial effect of
Lactobacillus casei Shirota-based fermented dairy beverages
on reducing the frequency and severity of vomiting. Still,
it did not provide benefits regarding other treatment-related
toxicities, including diarrhea. In addition, cytokine expression
changes were observed, suggesting a role in the modulation
of the immune response—however, a clear trend needs to be
demonstrated. Therefore, we propose that using Lactobacillus
casei Shirota-based fermented dairy beverage during CRT
is safe and may benefit LACC patients. Of course, more
research on using fermented products as probiotic sources
and their benefit for LACC patients needs to be generated to
establish evidence-based recommendations. Dietary patterns,
microbiota, and derived metabolites contribute to maintaining
health or developing disease and must be addressed in trials
that study probiotic interventions.

6. Study limitations

Our study’s limitations included the small sample size and the
recruitment period from 2006 to 2008, which may be regarded
as old. Nonetheless, we deemed it important to establish the
safety of probiotic supplementation and the development of
chronic symptoms like proctopathy in this group of patients
immunocompromised by cancer treatment. Another limitation

was that the patients in the probiotic group were significantly
older and uneducated compared to the placebo group. Age
may impact the inflammatory response, and a fragile state may
confer a risk for increased toxicity.
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