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ABSTRACT

In cancer patients treated with radiotherapy to the abdominopelvic region, dietary modifications and the use of functional
foods (fortified food with added ingredients to provide specific health improving benefits, such as antioxidants, omega-3
fatty acids, and glutamine), may contribute to the improvement of the toxic effects of treatment, including nausea, diarrhea,
and constipation, among others. With the aim of analyzing which coadjuvant foods benefit these patients, scientific evidence
was gathered by a group of experts. For these patients, the authors recommend a diet that includes sufficient foods rich in
antioxidants and polyphenols instead of supplements. Docosahexaenoic and eicosapentaenoic acids have proven useful for the
management of anorexia/cachexia in pancreatic cancer patients. Probiotics composed of Lactobacillus spp. and Bifidobacte-
rium spp. are regarded as safe even in patients with neutropenia and have been proven to decrease gastrointestinal symptoms.
Several factors should be considered before probiotic supplementation, these include the stage of the disease, radiation dose,
and symptomatology of each patient. There is no demonstrated clear benefit to the use of glutamine, so it is not recom-
mended due to its high cost. (REV INVES CLIN. 2018;70:136-46)
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INTRODUCTION

The concept of functional foods was introduced in
Japan in the 1980s with the intention of using foods
to decrease the risk of contracting diseases and
hence, improve health and quality of life. The defini-
tion of functional food, according to the ESPEN guide-
lines, is “food fortified with additional ingredients or
with nutrients or components intended to yield spe-
cific beneficial health effects”!.

On the other hand, food supplements are “food prod-
ucts that supplement the normal diet and which are
concentrated sources of nutrients (e.g., vitamins or
minerals) or other substances with a nutritional or
physiological effect, alone or in combination, mar-
keted in various dose forms: capsules, tablets and
similar forms, sachets of powder, ampoules of liquids,
drop dispensing bottles, and other similar oral dosage
forms, and liquids and powders designed to be taken
in measured small unit quantities”?.

In general terms, these are foods that are consumed
as part of a usual diet and contain biologically active
components that decrease the risk of developing
various diseases. Some examples include antioxi-
dants, eicosapentaenoic acids (EPA), glutamine, or
foods fortified with these components that are not
naturally occurring in food or that may be lost in the
preparation process. They also refer to the addition
of live active microorganisms or probiotics that ben-
efits the body.

Favorably modified foods and lifestyle, in general, may
contribute to ameliorate the adverse effects resulting
from chemoradiotherapy to the abdominal and pelvic
regions, thus promoting the completion of cancer
treatment, decreasing expenses to the patient and
the health-care institution, and improving patient
quality of life.

GLUTAMINE

Glutamine is the most abundant non-essential amino
acid in the body, with a blood concentration of 0.6-0.9
mmol/L. It includes an a-amino group, an a~carboxylic
acid group and a side chain amide; therefore, it is the
most important circulating nitrogen transporter, ac-
counting for 30-35% of all amino acid nitrogen
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transported in blood. Glutamine serves as a vehicle
for ammonia transportation in a nontoxic form2. Can-
cer cells are important consumers of glutamine, and
they compete with the host for the circulating mol-
ecule. As a consequence, changes in glutamine me-
tabolism have been observed in different organs, as
well as glutamine depletion in the host with tumor
progression. Glutamine has been shown to be an en-
ergy source in cancer cells since it is an oxidation
substrate in the mitochondria of neoplastic cells and
correlates with increased glutaminase activity. It is
also used in nucleotide synthesis. Over time, the tu-
mor becomes the main glutamine consumer, “steal-
ing” up to 50% of circulating glutamine. Furthermore,
glutamine has been observed to be synthesized de
novo by cancer cells, since it is indispensable for cell
proliferation and tumor growth. Intestinal glutamine
extraction decreases as the tumor grows, and this is
associated with a marked drop in mucosal glutamin-
ase activity. Furthermore, the incidence of bacterial
translocation increases, suggesting the presence of a
defect in the gut mucosal barrier or in the gut immune
functionZ.

In terms of glutamine supplementation, an efficient
dosage must be at least 0.2 g/kg/day, administered
for several days; however, some studies in humans
suggest that a dosage of 0.5 g/kg/day is safe. Pa-
tients supplemented with glutamine present a lower
incidence of bacteremia. In general, in critically ill pa-
tients, supplementation with glutamine has been
proven to improve T-cell response, B-cell, and macro-
phage function, the function of the intestinal mucosa,
and it decreases the infection rate and hospital stay
duration3. Level of evidence B, strength of recom-
mendation 2.

Several functions of glutamine may play a role in gut
protection during radiotherapy. First, glutamine con-
tributes to trophism, since the small intestine is the
body’s main glutamine consumer. Second, glutamine
is the precursor of glutathione, a key molecule in the
antioxidant chain. Third, glutamine modulates the in-
flammatory response in different cells of the immune
system and regulates cytokine production. Finally,
glutamine protects cells from diverse insults, includ-
ing heat shock proteins and apoptosis®. Therefore,
cancer treatment nutritional support with supple-
mental glutamine has been considered to hasten the
healing process of the intestinal injury resulting from
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chemoradiotherapy; this is based on the observation
that glutamine supplementation reduces the inci-
dence of bacteremia and improves survival. In studies
performed in rats, an oral diet enriched with gluta-
mine, administered before abdominal radiation, has
been proven effective as a radioprotector. Hence, pro-
viding glutamine to patients undergoing abdomino-
pelvic radiotherapy may protect the intestinal mucosa
from injury, accelerate the healing process in the ir-
radiated gut, and possibly attenuate the long-term
secondary side effects of radiation-induced enteritis2.
Level of evidence B, strength of recommendation 2.

To determine whether glutamine participates in the
prevention of radiation-induced acute enteritis, a ran-
domized clinical trial analyzed patients treated with
pelvic radiotherapy and supplemented with glutamine
(30 g/day). This intervention group was compared to
a control group in which patients received a placebo.
Enteritis was diagnosed according to the Radiation
Therapy Oncology Group scale; intestinal inflamma-
tion was determined with fecal calprotectin, and gut
integrity with citrulline. More patients developed en-
teritis with glutamine than with placebo (55.9% vs.
22%, p = 0.002), with an hazard ratio of 1.59 (95%
confidence interval, 0.62-4.05). There were no differ-
ences in calprotectin levels, and citrulline levels were
also similar between groups. The authors concluded
that glutamine did not prevent the development of
enteritis during radiotherapy. Therefore, the use of
glutamine for the prevention of radiation-induced
acute enteritis is not recommended, since it can even
promote the development of intestinal toxicity“. Lev-
el of evidence A, strength of recommendation 1.

In another study, the protective effect of glutamine
in radiation-induced diarrhea was evaluated®. Patients
receiving glutamine (15 g/3 times a day) were com-
pared with patients receiving placebo. The severity of
diarrhea was assessed according to the National Can-
cer Institute Common Toxicity Criteria version 3.0,
whereby the need for loperamide, the need for paren-
teral therapy, and the withdrawal or interruption of
treatment due to diarrhea was evaluated. No differ-
ences were observed in the incidence of diarrhea be-
tween groups. However, when analyzing the severity
of diarrhea, none of the patients treated with gluta-
mine had Grade 3 or 4 diarrhea while in the group that
received placebo, 69% patients developed Grade 3 or
4 diarrhea. There was no interruption in the cancer
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treatment of patients receiving glutamine. The au-
thors concluded that glutamine may have a protective
effect in the prevention of radiation-induced severe
diarrhea. Level of evidence B, strength of recommen-
dation 2.

From the above discussion, it may be concluded that
cancer cells exhibit a high rate of anabolic metabo-
lism, similar to that of highly proliferative normal cells,
such as mucosal cells in the gut and cells of the im-
mune system. Cancer cells acquire great amounts of
glucose and glutamine and use these nutrients to
feed the tricarboxylic acid cycle and oxidative phos-
phorylation, as well as the pentose phosphate path-
way for the synthesis of nucleotides, amino acids, and
lipids. Together, these pathways generate sufficient
cellular components to allow cell proliferation. In-
creases in the generation of reactive oxygen species
in metabolically active cells require the production of
adequate levels of antioxidants, including the reduced
form of glutathione, that is generated from glutamine
by the enzyme glutathione reductase®.

This metabolic process in cancer cells explains why
the tumor acquires most of the available glutamine,
as well as the deleterious effects on cells from the
intestinal wall and the immune system, since gluta-
mine is scarce. Based on these considerations, it could
be expected that glutamine supplementation has a
beneficial effect by attenuating radiation-induced en-
teritis and providing the elements necessary for
prompt healing of the intestinal injury. However, a
clear benefit supporting glutamine supplementation
has yet to be established in patients undergoing ra-
diation. Although studies in rats and mice have dem-
onstrated a protective effect, clinical assays in hu-
mans have been contradictory. Therefore, glutamine
supplementation is not recommended until further
clinical studies are conducted, and a protective effect
is consistently demonstrated.

DOCOSAHEXAENOIC ACID (DHA)

DHA is a long-chain polyunsaturated fatty acid from
the omega-3 family; it contains a 22-carbon chain
and 6 cis double bonds. The concentration of DHA in
plasma and tissues is determined mainly by dietary
intake. The strongest evidence of the benefit of DHA
is related to its unique role in visual and cognitive
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development and function. DHA is found at high con-
centrations in the phospholipids of neural cell mem-
branes, where it serves several physiologic functions,
including the regulation of membrane fluidity, the
release of neurotransmitters, genetic expression, my-
elination, and cellular differentiation, and growth’.
Supplementation with EPA and DHA has been shown
to decrease systemic inflammation and oxidative
stress and also harbors anti-inflammatory effects.
The increase in DHA intake is reflected in its concen-
tration in membrane phospholipids, thus modulating
several signaling pathways. This incorporation of DHA
into cell membranes leads to the generation of anti-
inflammatory lipid mediators involved in the resolu-
tion of inflammation, such as resolvins, protectins,
and maresins. Clinical trials and observational studies
have reported that EPA and DHA seem to be efficient
in decreasing inflammation in rheumatoid arthritis,
while in inflammatory bowel disease and asthma, re-
sults have been inconsistent. Among the beneficial
effects observed in cancer, omega-3 fatty acids have
been proven to possess anti-neoplastic activity by
inducing apoptosis of human cancer cells and increas-
ing their sensitivity to conventional anticancer thera-
pies without affecting normal cells’.

Some essential fatty acids are selectively toxic to
cancer cells, an effect due in part to the production
of superoxide. They have a modulatory function in the
cellular motility of the tumor, its invasive capacity and
metastatic behavior, through regulatory mechanisms
mediated by cell adhesion molecules, tumor suppress-
ing molecules, and transduction pathways active in
cell motility®.

Some studies performed in vitro and in murine models
have demonstrated certain properties that make
these fatty acids attractive options in cancer treat-
ment. Among other functions, they modify the cell
membrane phospholipids, cellular motility functions,
and their invasive potential; they are toxic to cancer
cells; they alter the sensitivity of cancer cells to che-
motherapeutic agents and radiation. In addition, they
exert a protective role in normal tissues exposed to
radiation, and they display low toxicity in normal
cells®.

In a case—control study in postmenopausal breast
cancer patients, adipose tissue from the gluteus was
used as an indicator of exposure to polyunsaturated
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fatty acids®. There was no significant inverse associa-
tion between n-3 fatty acids and the risk of breast
cancer. However, when the balance among different
types of polyunsaturated fatty acids was examined,
an inverse association was found between the n-
3/n-6 ratio and breast cancer. These data support the
hypothesis that n-3 fatty acids may inhibit the devel-
opment of breast cancer, depending on the levels of
n-6 fatty acids. It is important to emphasize the im-
portance of considering all lipid components to evalu-
ate their role in cancer®. Level of evidence B, strength
of recommendation 2.

The importance of lipoperoxidation products must
also be recognized. They were considered harmful
by toxicologists, but now lipoperoxidation products
are recognized as useful metabolites, importantly
involved in tumor growth control and tumor sensiti-
zation to anticancer treatment. Incorporation of n-3
fatty acids in tissues provides excellent substrates
for lipoperoxidation. This selective cytotoxic effect
on cancer cells, apparently caused by the loss of
efficacy of several antioxidant mechanisms during
malignant transformation, is a promising clinical ap-
plication®.

Fish ail, rich in DHA, has proven to induce suppression
of human breast carcinoma in a nude mice modeli°.
In a similar study, the effects of different types of
fatty acids were studied (corn oil, butter, beef tallow,
or fish oil) in breast cancer tumors in nude mice!l. Fish
oil prevented tumor growth while corn oil permitted
the development of the tumor. However, when mice
were fed fish oil and Vitamin E, the tumor-suppressing
effect was lost, and the tumor grew to a volume sim-
ilar to that from mice fed corn oil. On the other hand,
when mice were fed fish oil and ferric citrate, the li-
poperoxidation products increased and the tumor
volume decreased. Therefore, it is confirmed that
lipid peroxidation in the tumor is responsible for the
suppression of tumor growth when the diet is supple-
mented with n-3 fatty acids!!. Level of evidence C,
strength of recommendation 2.

The cytotoxic mechanism induced by fatty acids
does not involve a gradual commitment of the cell
to its death; that is, the event that triggers cell
death is an oxidative phenomenon that occurs over
a short time period, minutes or hours instead of
days, since it is completely blocked by Vitamin E2,
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Furthermore, when the cytotoxic potential of other
fatty acids containing 2, 4, 5, or 6 double bonds was
analyzed, this potential changed with the ability of
fatty acids to stimulate the production of superox-
ide-free radicals. Fatty acids containing 3 or 4 dou-
ble bonds were the most able to produce free radi-
cals, therefore the most toxic. On the contrary,
fatty acids containing 6 double bonds were less ef-
fective in producing free radicals, and therefore the
least toxic. Iron and copper accelerate cellular death,
and Vitamin E inhibits their effect. For this reason,
the efficacy of fatty acids in killing cancer cells has
been confirmed and is related to the enhancement
of lipid peroxidation'3. Level of evidence C, strength
of recommendation 2.

In cervical cancer patients, the effect of n-3 fatty
acids has not yet been studied, not even in murine
models. Still, in vitro assays using human cervical
cancer cells (HelLa) have demonstrated that the ad-
dition of EPA and DHA is cytotoxic to these cellst4.
Moreover, the addition of several antioxidants to the
culture, in particular, Vitamin E, prevented the cyto-
toxic action of fatty acids. These results confirm
that the cytotoxic effect induced by fatty acids is a
process that depends on free radicals and lipid per-
oxidation!“. Level of evidence C, strength of recom-
mendation 2.

Furthermore, in human colon cancer cells (Caco-2),
the addition of a fish emulsion to the cell culture
induced apoptosis and arrested cell proliferation in
the G2/M stages, in a dose- and time-dependent
manner. Joint administration of fish oil and 5-fluo-
rouracil (5-FU) resulted in a significant increase in
cell growth inhibition compared to that exhibited by
each substance alone. This combined treatment
was demonstrated to increase the accumulation of
cells in the cell cycle S phase. The combination of
fish oil and the chemotherapeutic agent thus re-
sults in an additive effect on the inhibition of cel-
lular growth's. Level of evidence C, strength of rec-
ommendation 2.

Cancer cachexia syndrome is one of the main con-
tributors to morbidity and mortality in patients with
advanced malignancy, and it is characterized by
massive body weight loss. Although food intake
must be incremented in the cachectic patient, lean
mass gain is difficult to achieve unless metabolic
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abnormalities are improved. The mediators respon-
sible for these metabolic changes are produced by
the tumor as well as the host and include pro-in-
flammatory cytokines, neuroendocrine mediators,
and some factors specifically produced by the tu-
mor. In addition to its anticancer effects, the ome-
ga-3 fatty acid EPA has been proven to possess
anti-cachectic properties in a murine colon cancer
model. The administration of EPA capsules has been
associated with body weight stabilization in pa-
tients with advanced pancreatic cancer®. These
benefits may be related to the anti-inflammatory
effects of n-3 fatty acids. To improve the quality of
life of cachectic patients, it is necessary not only to
stabilize their body weight but also to restore the
lean mass consumed during the disease process. For
this reason, this study compared the effect of a
protein and an energy supplement containing EPA
and antioxidants with an isocaloric supplement as
a control, in cachectic patients with pancreatic can-
cer. Weight, body composition, dietary intake, and
quality of life were evaluated. The authors found
that both supplements stopped weight loss in pa-
tients, but only the supplement containing EPA re-
sulted in lean mass gain and improvement in patient
quality of lifelé. Level of evidence A, strength of
recommendation 1.

Both n-3 fatty acids, EPA and DHA, suppress the pro-
duction of pro-inflammatory cytokines, increase insu-
lin sensitivity, increase the synthesis of endogenous
nitric oxide, increase the concentration of acetylcho-
line in the brain, and protect neurons from the cyto-
toxic action of tumor necrosis factor-alpha. The inter-
action of the aforementioned components suggests
that EPA and DHA are useful for the management of
anorexia/cachexia induced by cytokines in inflamma-
tory conditions, such as cancer!’. Level of evidence B,
strength of recommendation 1.

Concurrently, the existing evidence suggests that n-3
fatty acids, EPA and DHA, have promising effects due
to their cytotoxic action on cancer cells and their
anti-inflammatory properties. Even so, clinical trials in
cervical cancer patients have not yet been performed,
which is why the use of supplements with these fatty
acids is not recommended until adjuvant, anti-cachec-
tic and anti-inflammatory effects in cervical cancer
patients undergoing concomitant chemoradiotherapy
are demonstrated.
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ANTIOXIDANTS

During cancer development, a chronic state of oxidative
stress is generated due to a decrease in endogenous
antioxidant levels, such as superoxide dismutase, glu-
tathione peroxidase, and exogenous antioxidants,
including Vitamins C, E, B-carotene, and selenium18.1°,
Oxidative stress may affect several cancer cell func-
tions, including proliferation, genetic instability and
mutations, alterations in cellular sensitivity to anti-
cancer agents, invasion, and metastasis. Oxygen rad-
icals increase the production of the angiogenic factors
interleukin-8 and vascular endothelial growth factor,
and the secretion of matrix metalloproteinase-1; con-
sequently, oxidative stress leads to tumor angiogen-
esis. In a study in bladder cancer patients, a redox
imbalance was observed to correlate with the grade
and stage of the disease, on account of a decrease in
the levels of antioxidant vitamins and enzymes18.
Oxidative stress increases during chemoradiotherapy
treatment and leads to secondary effects that com-
promise the patient’s quality of life. Hence, supple-
mentation with antioxidants as prophylactic agents
has been proposed in cancer prevention and treat-
ment, and they may also attenuate the secondary
effects of treatment and improves the patient’s qual-
ity of lifel®. Still, there is great controversy on the
subject, since several clinical trials have obtained dif-
ferent results in favor or against the use of antioxi-
dants during cancer treatment.

A randomized clinical trial analyzed the effects of an-
tioxidant supplementation in women diagnosed with
cervical cancer and undergoing chemoradiotherapy.
The intervention group received a mixture of antioxi-
dants (200 IU each of Vitamins C and E, 4.8 mg of
B-carotene, and 15 mg of selenium) for a period of
6 weeks, and the control group received a placebo.
While a significant difference was not observed in
lipid oxidative damage, a significant reduction in pro-
tein carbonylation and stabilization of hemoglobin
levels were described, which appeared to improve the
quality of life of patients. Another important finding
was that although patients consumed more energy
than recommended, they did not fulfill their antioxi-
dant requirements with diet alone2%2!, Level of evi-
dence A, strength of recommendation 2.

On the other hand, a study analyzed the effect of
an antioxidant supplement on the prevention of
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nephrotoxicity induced by cisplatin in patients with
cervical cancer??. The supplement contained 4.8 mg
of B-carotene, 200 mg of Vitamin C, 200 IU of Vi-
tamin E, 50 pg of selenium, and 15 mg of zinc. No
differences were found when compared to control
patients who received placebo. This study demon-
strated that antioxidant supplementation does not
prevent cisplatin-induced nephrotoxicity??. Level of
evidence A, strength of recommendation 1

In addition, the meta-analysis reported in the ESPEN
guidelines in 2016, analyzed 230,000 cancer patients
and reported that the use of B-carotene, Vitamin A or
Vitamin E supplements increased the mortality rate?3.
On the other hand, supplementation with 400 IU of
Vitamin E and 500 mg of Vitamin C, over a 10 year-
period in men 50 years of age or older, had no effect
on cancer incidence in the short or long terms24. Fur-
thermore, long-term supplementation with 400 IU of
Vitamin E and 200 pg of selenium had no beneficial
effect on the incidence of prostate cancer?324. Level
of evidence A, strength of recommendation 1.

Within the group of antioxidants, polyphenols have
been widely studied. Epidemiological studies have
revealed that regular consumption of foods rich in
polyphenols is associated with a lower risk of devel-
oping cancer. In recent years, research has demon-
strated that several phenolic compounds, commonly
present in some foods and medicinal plants, may
exert both effects, chemopreventive and anticancer,
due to their unique dual effect on cellular redox reg-
ulation. It seems they promote an antioxidant effect
that leads to the prevention of carcinogenesis in nor-
mal cells, and in cancer cells, they exert a pro-oxidant
effect that favors cell death. Some of the mecha-
nisms through which they exert these pro-oxidant
actions depend on their high concentration, an ele-
vated pH, and the presence of transition metals; the
mechanisms include a temporary decrease in copper,
the generation of reactive oxygen species, and al-
teration in the function of glutathione, and glutathi-
one S-transferase. The chemopreventive effect of
antioxidant polyphenols involves their ability to pre-
vent or reduce cellular injury mediated by oxidative
stress, and by inducing the expression of genes that
encode detoxifying enzymes, among others. How-
ever, although several pre-clinical studies have de-
scribed a potential anticancer activity of diet-derived
antioxidants, including selenium, Vitamins E and C,
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and B-carotenes, most clinical trials have failed to
demonstrate a clear decrease in cancer risk with an-
tioxidant supplementation. Polyphenols such as epi-
gallocatechin gallate (from green tea), curcumin and
resveratrol, increase the levels of hydrogen peroxide
in cancer cells, promoting apoptosis, and in cervical
cancer cells, and autophagy?®. This effect is prevent-
ed with pharmacological treatment attenuating the
oxidative stress. Different mechanisms are involved in
the cytotoxic effects of polyphenols on cancer cells,
including damage to DNA, activation of nicotinamide
adenine dinucleotide phosphate oxidase, mitochon-
drial dysfunction and apoptosis, inhibition of cellular
antioxidant defenses and interaction with metal ions.
Since polyphenols may act as antioxidants or pro-
oxidants, depending on the cellular target, their ad-
ministration along with conventional chemo or radio-
therapy has been proposed as a promising strategy
favoring the selective death of cancer cells, decreas-
ing drug resistance and in the prevention of the del-
eterious effects of anticancer therapy on normal
cells?6:27, Level of evidence C, strength of recommen-
dation 2.

Based on the evidence generated from clinical trials,
it is recommended that cervical cancer patients fol-
low a diet which includes sufficient foods rich in an-
tioxidants and polyphenols. There is no evidence
against the use of supplements with 200 IU of Vita-
min E, 200 mg of Vitamin C, 4.8 mg of B-carotene,
50 pg of selenium, and 15 mg of zinc, during treat-
ment with chemoradiotherapy. The use of supple-
ments based on high doses of Vitamin A, Vitamin E,
and B-carotenes is not recommended, unless a defi-
ciency is present. Due to their pro-oxidant effect, the
use of supplements with polyphenols cannot be rec-
ommended, but the dietary intake of foods rich in
polyphenols is certainly suggested.

PREBIOTICS AND PROBIOTICS

The development of intestinal microflora is the basis
for the ability of the intestinal barrier to prevent
pathogenic bacteria from invading the gastrointesti-
nal tract. An adequate balance of intestinal micro-
flora and a healthy mucosal immune system confer
protection. Quantitatively, the most important bacte-
rial genera are Bacteroides and Bifidobacterium. Gut-
associated lymphoid tissue (GALT) is the most
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represented in the body. Colonic microflora is the
main antigenic stimulus for specific immune respons-
es locally and systemically. Abnormal immune re-
sponses to commensal antigens as well as local in-
flammatory reactions may, as a secondary event,
harm intestinal function causing a breach in the intes-
tinal barrier?8,

Probiotics are defined as live organisms pertaining to
food ingredients that are beneficial to health. Prebiot-
ics are defined as non-digestible products that, when
metabolized by intestinal microorganisms, modulate
gut microbiota composition and activity, generating a
beneficial physiologic effect on the host; furthermore,
fermentation products condition specific changes in
the composition and activity of gastrointestinal mi-
crobiota, conferring a benefit for the health of the
host; they are also known as non-digestible substanc-
es in the diet, that selectively stimulate the growth
and activity of different bacteria in the colon, benefit-
ing the health of the host?8. Combinations of prebiot-
ics and probiotics benefit the host by increasing the
establishment and survival of live microorganisms in
the gut?®. In terms of their chemical structure, prebi-
otics are fundamentally fructo- and galacto-oligosac-
charides. They are considered non-digestible macro-
molecules because in humans, enzymes in the gut are
unable to hydrolyze them, but they are partially fer-
mented by colonic bacteria. In addition to non-digest-
ible carbohydrates, some peptides and lipids (esters
and ethers) are considered prebiotics because they
are endogenous bacterial substrates in the colon that
provides energy, metabolic substrates, and micronu-
trients2°:3°,

A food ingredient must contain certain properties to
be considered a prebiotic: it must be of vegetal origin,
form part of a group of complex heterogeneous mol-
ecules and not be part of the process of the host’s
enzymatic digestion?°. Examples of prebiotics include
lactulose, fructans such as inulin, trans-galactooligo-
saccharides, polydextrose, soy oligosaccharides, lac-
tosucrose, isomalto-oligosaccharides, and glucans
among others. Some prebiotics occur naturally in
various foods such as leeks, asparagus, chicory, Jeru-
salem artichoke, garlic, onion, wheat, oatmeal, and
soybeans3!,

Probiotics confer protective functions to the diges-
tive system. Their protective effect consists in an
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antagonism that hinders pathogen replication and
toxin production, due to competition for nutrients
or sites of adhesion; they also act on GALT modula-
tion, inducing an increase in immunoglobulin A pro-
duction, activation of mononuclear cells, activation
of lymphocytes, and the production of cytokines?82°.

A key aspect of probiotics is their ability to exert an
effect distant from the site of administration. This
may occur through the transfer of organisms, for
example, from the intestine to the mammary glands
in lactating women, and through the production of
molecules that are either absorbed through the in-
testine or that influence compounds in the host di-
rectly or indirectly. Examples include the decrease
in blood cholesterol or the decrease in severity and
duration of infections in respiratory pathways
through immune mediators; another distant effect
is observed in the brain, to which the probiotic per
se does not enter but rather exerts an effect through
the molecules they produce, such as neurochemi-
cals. They may also promote their production by the
host and reach the brain at least through the vagus
nerve system. The most important species of pro-
biotics studied specifically in search of these char-
acteristics have been Bifidobacterium, Lactobacillus,
and Streptococcus3?.

Diarrhea has been widely discussed as one of the
most damaging secondary effects of treatment
with chemoradiotherapy to the abdomen and pelvis;
it affects the quality of life of patients and may
even lead to the interruption or discontinuation of
treatment. Radiotherapy may cause changes in bac-
terial flora, in the vascular permeability of the mu-
cosa and in intestinal motility. Moreover, chemo-
therapy disrupts the composition of native intestinal
microflora, which is significant to the metabolism of
several intestinal enzymes, the regulation of intes-
tinal angiogenesis and immunological functions that
maintain the integrity of the intestinal barrier. Some
clinical assays have proven the efficacy of probiotics
in patients undergoing concomitant pelvic radio-
therapy and chemotherapy33.

In a systematic review, the efficacy and safety of
probiotics were evaluated for the prevention of
chemoradiotherapy-induced diarrhea in patients with
abdominal and pelvic tumors. Probiotics were found
to prevent diarrhea caused by chemoradiotherapy;
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in particular, the incidence of Grade >2 diarrhea is
significantly reduced by the use of probiotics. It has
also been proven that probiotics rarely cause ad-
verse effects in these patients33. Level of evidence
A, strength of recommendation 1.

A clinical trial studied the effect of orally adminis-
tered Bifidobacterium breve (the fermented dairy
beverage, Yakult) in pediatric patients subjected to
chemotherapy, in terms of their ability to resist infec-
tions and the composition of their fecal microflora
and intestinal environment. The frequency of fever
and the need for antibiotics was lower in the group
who received the probiotic compared to the placebo
group. Furthermore, the use of the probiotic promot-
ed the growth of anaerobic bacteria while disruption
of the intestinal microbiota following chemotherapy
was more pronounced in the placebo group. There-
fore, administration of B. breve could be beneficial in
immunocompromised patients by improving their in-
testinal environment34. Level of evidence B, strength
of recommendation 1.

In patients with colorectal cancer undergoing chemo-
therapy (5-FU), supplementation with Lactobacillus
rhamnosus and guar gum decreased the frequency of
Grade 3 and 4 diarrhea, patients reported less ab-
dominal distress, fewer patients required hospitaliza-
tion and warranted fewer dose reductions due to in-
testinal toxicity, in comparison with patients who
received placebo3. Level of evidence B, strength of
recommendation 2.

A double-blind randomized clinical trial studied the
efficacy and tolerability of L. rhamnosus in patients
with radiation-induced diarrhea. Patients who received
probiotics reported better fecal consistency and de-
creased bowel movements, compared to patients who
received placebo. Hence, probiotic supplementation
was found to be beneficial®¢. Level of evidence A,
strength of recommendation 1.

Giralt et al. studied the effects of the probiotic Lac-
tobacillus casei in the prevention of radiation-induced
diarrhea in patients with gynecological cancer?’. In
this double-blind study, patients with cervical or en-
dometrial cancer undergoing pelvic radiotherapy
were randomly assigned to a probiotic drink contain-
ing L. casei or placebo. Diarrhea classified as Grade
2 or above and the use of loperamide was no
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difference between groups (p = 0.568). However,
probiotic intervention had a significant effect on
stool consistency (p = 0.04), and the study con-
cluded that L. casei did not decrease the incidence
of radiation-induced diarrhea3”’. Level of evidence A,
strength of recommendation 1.

In a pilot study, Delia et al. analyzed the effect of
VSL#3, a high-potency preparation of probiotic lacto-
bacilli, in decreasing the rate and severity of radiation-
induced diarrhea during radiotherapy after surgery for
abdominal and/or pelvic cancer. Each sachet of VSL#3
contained 450 billion/g of viable lyophilized bacteria,
including L. casei, Lactobacillus plantarum, Lactoba-
cillus acidophilus, Lactobacillus delbrueckii subsp.
bulgaricus, B. longum, B. breve, B. infantis, and S.
salivarius subsp. thermophilus. More patients within
the placebo group had radiation-induced diarrhea,
compared with the VSL#3 group (p < 0.001), and
patients within the placebo group had a more se-
vere disease than those in the probiotic group.

The results from this study indicate that bacterio-
therapy with this probiotic preparation may protect
patients against the risk of radiation-induced diar-
rhea. Moreover, it is a safe treatment, even in cancer
patients treated with radiotherapy32.

A subsequent double-blind, placebo-controlled clin-
ical trial conducted by the same author, investi-
gated the efficacy of this high-potency probiotic
preparation in the prevention of radiation-induced
diarrhea in cancer patients. 490 patients were ran-
domized to receive probiotics (VSL#3) or placebo
following adjuvant post-operative radiation thera-
py; the authors observed that patients within the
placebo group had significantly more diarrhea than
those who received probiotics (p < 0.001). Further-
more, patients who received the probiotic interven-
tion had significantly less Grade 3 and 4 diarrhea
compared with patients to whom placebo was ad-
ministered (p < 0.001). Probiotic bacteria are a safe
and feasible option to protect cancer patients from
radiation-induced diarrhea3®. Level of evidence A,
strength of recommendation 1.

Chitapanarux et al. conducted a prospective, double-
blind, placebo-controlled, and randomized trial, in
which 63 patients with cervical cancer were treated
concomitantly with cisplatin and pelvic radiotherapy#°.
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Patients were randomized to receive a probiotic con-
taining L. acidophilus and Bifidobacterium bifidum, or
placebo, twice a day during radiotherapy. Grade 2 or
3 diarrhea were observed in 45% of patients who
received placebo versus 9% of patients who received
probiotics (p = 0.002). In addition, the need for anti-
diarrheal medication was present in 32% of patients
who received placebo versus 9% of patients who re-
ceived the probiotics (p = 0.03).

The prevalence of liquid stools was 65% in placebo
patients, compared to 19% in patients on probiotics
(p < 0.001). It thus appears that probiotic supplemen-
tation had significant benefits in cervical cancer pa-
tients undergoing concomitant chemoradiotherapy“°.
Level of evidence A, strength of recommendation 1.

Randomized clinical trials are not yet sufficiently
conclusive to recommend the use of prebiotics; nev-
ertheless, their administration may help improve
cancer treatment. Concurrent administration of pre-
biotics and probiotics may prevent adverse effects
from oncology treatments, particularly from pelvic
radiotherapy*!.

Probiotics fall in the category of organisms generally
recognized as safe. There is concern about the admin-
istration of probiotics in cancer patients, on account
of the risk of infection and the transfer of antibiotic
resistance. That said, randomized clinical trials have
not reported a significant increase in the risk of de-
veloping adverse effects following probiotic supple-
mentation, when compared to patients who received
placebo; on the contrary, probiotics have been proven
safe and beneficial in these patients41.

Current evidence supporting the use of probiotics as
joint therapy with concomitant chemoradiotherapy is
strong, particularly in cervical cancer patients. Clinical
assays vary in terms of the study strain and dosage.
Some studies report beneficial effects on certain tox-
icity manifestations secondary to chemoradiotherapy,
particularly the prevention of Grade 3 and 4 diarrhea,
and this is consistent in the analyzed studies. In addi-
tion, with the available current evidence, the adminis-
tration of live probiotic microorganisms is considered
safe even in cases of neutropenia; hence, probiotic
treatment with Lactobacillus spp. and Bifidobacteri-
um spp. is recommended in cancer patients undergo-
ing pelvic radiotherapy.
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CONCLUSIONS

Based on the evidence analyzed, the use of supple-
ments as adjuvants in cancer treatment must be con-
sidered carefully. Overall, foods containing functional
nutrients are considered a safer option than supple-
ments because of the higher concentration, hence
dosage, in the supplement. In addition, foods are com-
posed of a complex variety of nutrients that work
synergistically, thus providing an added benefit to the
patient. In conclusion, for the cancer patient who re-
ceives radiation to the abdominopelvic area, when
possible, the authors recommend a diet with suffi-
cient protein, composed of foods rich in omega-3
fatty acids to promote anti-inflammation and prevent
cachexia, and importantly, a diet rich in foods contain-
ing antioxidants and polyphenols to protect healthy
cells from the oxidation derived from cancer treat-
ment. Furthermore, since the use of probiotics has
been proven safe for cancer patients, a diet that con-
tains foods with probiotics may confer beneficial ef-
fects not only to protect the gastrointestinal tract but
also provide an anti-inflammatory environment for
the patient.
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