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Abstract

Objectives Oral mucositis (OM) is an acute and highly prevalent side effect of cancer treatments. Currently, there is no
effective strategy for its prevention or treatment. This systematic review aimed to assess the effectiveness of biotics used as
a therapeutic strategy for the management of OM.

Materials and Methods The PRISMA checklist was followed and PubMed, Web of Science, and Scopus were screened for
clinical and pre-clinical studies assessing the potential effects of biotics in OM. Inclusion criteria included in vivo studies
related to oral mucositis evaluating the effect of biotics, and written in Portuguese, English, French, Spanish, or Dutch. The
following exclusion criteria were used: systematic reviews and meta-analyses, reviews, case reports, opinion papers or com-
ments, conference papers, letters without results, articles not related to oral therapy-induced mucositis or biotics, or in vitro
articles that do not simulate oral mucositis.

Results From a total of 1250 articles retrieved, 9 were included in this systematic review. Four clinical studies reported a
reduction in oral mucositis occurrence with Lactobacillus species (Lactobacillus casei and Lactobacillus brevis CD2) and
Bacillus clausii UBBCO07. In pre-clinical studies, Lactococcus lactis genetically modified and Lactobacillus reuteri reduced
the severity of OM and Streptococcus salivarius K12 also decreased the size of the ulcers.

Conclusion The findings of this systematic review suggest that probiotic supplementation may potentially reduce the inci-
dence of therapy-induced OM and decrease its severity in patients undergoing cancer treatment. However, the available
evidence is marred by significant heterogeneity across studies.
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Introduction

Oral mucositis (OM) is an acute and highly prevalent side
effect of cancer treatments, consisting of inflamed, erosive,
or ulcerative lesions on the oral mucosa [1]. It is the result of
a complex and dynamic combination of biological events,
involving multiple pathways and interactions between can-
cer therapy and oral tissues [2]. According to a five-step
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pathogenesis model suggested by Sonis [3], radiation and
chemotherapeutic drugs encourage tissue inflammation and
cell apoptosis by producing harmful reactive oxygen spe-
cies (Step 1 - Initiation) and activating transcription factors
such as nuclear factor-B (Step 2 - Primary response). As a
result, this will trigger a series of inflammatory pathways
and cause proinflammatory cytokines to be upregulated
(Step 3 - Amplification), culminating in ulceration (Step 4 -
Ulceration). This step resolves when the extracellular matrix
sends signals to the epithelium that impact cell proliferation
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and differentiation (Step 5 - Healing). The submucosa is
then re-established, but not exactly to its prior state because
of the mucotoxic injury inflicted by cancer therapy.

Although the incidence and severity of oral mucositis
widely vary among patients and treatments prescribed, the
mean incidence was reported to be approximately 80%, with
several patients suffering from severe oral mucositis [4].
Patients who develop oral mucositis experience severe pain
which interferes with their nutrition, quality of life (QOL),
and ultimately, compliance with their treatment plan [5]. It
has also been reported that patients with OM have twice
the risk of developing infections and four times the risk of
death compared to patients without OM [6]. The degree and
duration of oral mucositis are related to the type of chemo-
therapy or radiation dose used, the volume of tissue treated,
and the treatment duration [6].

Changes in the oral microbiome are also known to influ-
ence the incidence and severity of OM. This state of altered
bacterial colonization associated with disease expression
it is known as oral dysbiosis. Dysbiosis can be caused by
genetic and environmental factors such as antibiotic use, diet
alterations, stress, and chronic diseases [7]. The dominance
of opportunistic microorganisms, such as Candida spp. and
gram-negative bacteria, increases during cancer therapy and
may further aggravate the inflammatory response [8].

According to the Multinational Association of Sup-
portive Care in Cancer and International Society of Oral
Oncology Clinical Practice Guidelines for Oral Mucositis
[9], it is possible to mitigate the risk of developing OM by
proceeding with prophylactic oral care, cryotherapy, anti-
inflammatory agents (e.g. benzydamine mouthwash), pho-
tobiomodulation therapy (e.g. low-level laser therapy), and
antimicrobial and coating agents [9]. In terms of the usual
clinical interventions to minimize the impact of OM, these
include basic oral care, the use of photobiomodulation,
anesthetics (e.g. 2% viscous lidocaine mouth rinse), diet
modification, and systemic opiates [6].

Despite these guidelines, the management of oral muco-
sitis remains mostly symptomatic and there is no effective
strategy for its prevention or treatment [10]. As so, the
manipulation of the oral microbiome with biotics — probi-
otics, prebiotics, postbiotics, and symbiotics - emerged as
an alternative treatment or co-adjuvant option. According
to the World Health Organization (WHO), probiotics are
defined as live microorganisms that confer a health ben-
efit for the host when administered in adequate amounts.
Besides probiotics, prebiotics are dietary molecules that
promote the growth of beneficial bacteria, postbiotics are
microbial metabolites that have beneficial effects, and sym-
biotics are a combination of pre-, pro-, or postbiotics [11].
Recently, there has been an increasing interest in their use
to prevent, mitigate, or treat specific diseases, such as acute
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infectious diarrhea in infants [12] and periodontal disease
[13].

Regardless of the positive effects of biotics in other dis-
eases, the effect of the use of biotics on the management of
therapy-induced oral mucositis in cancer patients is yet to
be unveiled. Given this scenario, this paper aims to system-
atically revise the effectiveness of biotics as an alternative
therapeutic strategy for the management of oral mucositis.

Materials and Methods
Protocol and Registration

This review was conducted following the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) checklist and registered on the PROSPERO
website, CRD42022314339.

Information Sources and Search Strategy

To fulfill the goal of this systematic review, a PICO (popula-
tion, intervention, comparison, and outcomes) question was
formulated: What is the effect of biotics, compared to not
using biotics, on the management of therapy-induced oral
mucositis in cancer patients?

To develop this review, three databases were used:
Pubmed, Scopus, and Web of Science, using the following
search query: “(mucositis[MeSH Terms] OR oral mucosit*
OR oromucosit*) AND (probiotics[MeSH Terms] OR
prebiotics[MeSH Terms] OR probiotic* OR pro-biotic* OR
prebiotic* OR pre-biotic* OR postbiotic* OR post-biotic*
OR symbiotic* OR Lactobacillus OR Bifidobacterium OR
Streptococcus OR Enterococcus OR Saccharomyces OR
Lactococcus)”. Searches were conducted on December
14th, 2022.

Eligibility Criteria

Inclusion criteria included studies related to oral mucosi-
tis, in vivo studies (in humans and animals), evaluating the
effect of pre-, pro-, post-, and symbiotics, and written in
Portuguese, English, French, Spanish, or Dutch.

The exclusion criteria were the following: systematic
reviews and meta-analyses, reviews, case reports, opinion
papers or comments, conference papers, letters without
results, articles not related to oral therapy-induced muco-
sitis, unrelated to pre-, pro-, post- or symbiotics, or in vitro
articles that do not simulate oral mucositis.
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Selection Process

After removing duplicates, the titles and abstracts of the
retrieved publications were independently reviewed by two
reviewers (LF and IM). Studies not excluded in the screen-
ing phase were fully read and full-text analysis was indepen-
dently conducted by the same reviewers. Any divergence

was solved in discussion with a third-party (MJA and
BSM). A total of 1250 articles were retrieved from biblio-
graphic databases (PubMed, Scopus, and Web of Science).
The study selection process is described in Fig. 2.

Records identified from:

- PubMed (n=255)

- Scopus (n=515)

- Web of Science (n=463)

*| (n=349)

!

Records screened by title and
abstract (n=856)

— 5| Records excluded (n=341):

Reports assessed for eligibility
(n=11)

—  » | Reports excluded:

Studies included in review (n=9)

Fig. 2 Workflow of the study selection process. Reason 1: Systematic
reviews and Meta-analyses, Reviews, Case Reports, Opinion papers or
comments, Conference papers, and Letters without results; Reason 2:
Not written in English, Portuguese, French, Spanish or Dutch; Reason

Records removed before
screening:
- duplicate records removed

- Reason 1 (n=304)
- Reason 2 (n=5)

- Reason 3 (n=296)
- Reason 4 (n=77)

- Reason 5 (n=5)

- Duplicates (n=159)

- Reason 3 (n=2)

3: Not related to oral therapy-induced mucositis; Reason 4: Not related
to pre-, pro-, post- or symbiotics; Reason 5: not in-vivo trial simulating
oral mucositis
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Fig. 1 Workflow for Inclusion and Exclusion of Studies
Data Extraction

Data was independently extracted by two reviewers (LF and
IM) using a standardized table. In case of inconsistencies in
the data collection process, a third author would resolve it
through discussion. The following parameters were retrieved
from each primary study: author, year, country, dates of
information collection, study type, population characteris-
tics (number of cases, type of treatment, age, control group),
study design (such as type of administration and sampling
time), biotics characteristics (such as designation and con-
centration), clinical outcomes, and main conclusions.

Risk of Bias Assessment

The Cochrane Collaboration tool was used to assess the risk
of bias (“RoB”) for randomized controlled trials. The RoB
evaluation was conducted separately by two reviewers (LF
and IM) and classified as “high risk of bias”, “low risk of
bias”, or “unclear risk of bias” if there is any incomplete or
unclear data. In case of any inconsistency in the RoB assess-
ment, a third author solved it through discussion (MJA). No
RoB assessment was performed on observational before-
after studies due to a lack of consensually accepted tools for
assessing RoB in those specific studies.

Results
Study Characteristics

From a total of 9 studies, 6 were performed on humans [14—
19], including 4 randomized controlled clinical trials [15,
17-19], while 3 were performed on animals [20-22]. The
countries of origin of the studies were located in Asia [14,
16-20, 22] and Europe [15, 18, 21].

The pre-clinical studies used hamsters and mice which
were experimentally irradiated [20, 21] or injected with
S-fluorouracil (5-FU) [22]. Regarding the control groups,
these studies used a placebo (cryoprotectants and excipients
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of the formula) [21], saline lavage [20], or drinking water
[22]. As for the biotics, only probiotics were tested. One
article used a single probiotic Streptococcus salivarius
K12 [20] and two articles used a combination of probi-
otics: (i) Caluwaerts et al. [21] used Lactococcus lactis
sAGX0085 genetically modified to carry erythromycin
(Em) and chloramphenicol (Cm) resistance genes and to
secrete human Trefoil Factor 1 (htff1) (Lactococcus lactis
sAGX0085Em+ Cm+ +htff1); and (ii) Gupta et al. [22]
tested Lactobacillus reuteri DSM 17,938 and ATCC PTA
5289 strains. Regarding the methods used for administra-
tion, a topical application was used in two studies [20, 21]
and in one study the probiotic was added to the drinking
water [22]. The doses were given in a different posology, as
displayed in Table 1. The three articles used macroscopic
[20], histologic [20, 22], microbiologic [20], RNA analysis
[22], qPCR analysis [22], cell culture [22] and/or immuno-
histochemistry [21] methods to determine the effect of pro-
biotic use.

Among the 6 human studies included, there were a total
of 381 children [14, 16] and adults [15-19] submitted to
cancer treatment (207 participants in the intervention group
and 174 in the control group), as displayed in Table 2. Par-
ticipants were submitted to a wide range of oncological
treatments that led to the development of OM: chemo-radio-
therapy-induced OM was included in two studies [15, 17],
chemotherapy-induced OM was reported in two studies [14,
18], chemotherapy combined with hematopoietic stem cell
transplantation (HSCT) in one study [16], and in another
study, patients were subjected to intensity modulated radia-
tion therapy (IMRT) or concurrent chemo-radiotherapy with
cisplatin [19]. These studies used as controls an oral lavage
with bicarbonate [15] or a sodium chloride (NaCl) mouth-
wash [18], a benzidine hydrochloride mouth rinse along
with baking soda or distilled water [19], and placebo loz-
enges (mixture of sugars and salts used as excipients in the
active formulation) [17]. In two studies [14, 16], the authors
had no control groups and compared the obtained results to
other studies [14, 16]. All studies assessed how probiotics
affected the severity of OM before and after probiotic intake.
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No studies assessing pre-, post-, or symbiotics were found.
To evaluate the progression of this disease, one article [14]
used the Oral Assessment Guide (15), two papers [15, 23]
used the Common Terminology Criteria for Adverse Events
(CTCAE) 4.0, and the other three [16—18] used the National
Cancer Institute’s CTC (NCI CTC) scale. Regarding pro-
biotic administration, in three studies [15-17], Lactoba-
cillus brevis CD2 was administered 6 times per day, to be
dissolved in the mouth and then swallowed [15-17]. In the
other three studies, patients were instructed either to gargle
with a mouthwash containing Lactobacillus casei and other
Lactobacillus species (not specified) [14], either to ingest
fermented food enriched in probiotics (e.g., kefir) [18], or to
ingest 5 ml of an oral suspension containing about 2 million
spores of Bacillus clausii UBBC — 07, combined with ben-
zidine hydrochloride mouth rinse along with baking soda,
twice a day [19].

Risk of Bias Within Studies

The risk of bias (RoB) was assessed to the four clinical trials
retrieved, as displayed in Table 3. One randomized clinical
trial (RCT) was marked as having a low RoB [17], while
other two were marked as unclear [18, 19] and one having a
high RoB [15]. The study of Christian et al. [14], although
being designed as a clinical trial, did not have a control
group, and cannot be considered an RCT. In the other stud-
ies, two uncontrolled before-after studies with a low number
of participants [ 14, 16] and three studies in animals [20-22],
the assessment of RoB was not feasible.

Results of Individual Studies

All the included pre-clinical studies [20-22] described pro-
biotic interventions as effective in reducing OM severity.
Four included studies in humans [14, 16, 17, 19] described
that probiotic intervention was effective in reducing and pre-
venting the degree and severity of oral mucositis in patients
undergoing cancer therapy either radiotherapy, hematopoi-
etic stem cell transplantation, or chemotherapy. Meanwhile,
two studies reported that the difference in the incidence of
oral mucositis between the intervention and control groups
was not significant [15, 18].

Concerning the pre-clinical studies, Caluwaerts et al. [21]
found that a mouth rinse containing 10% or 10'® CFU/dose
of Lactococcus lactis sSAGX0085Em + Cm + + htff1 (coded
AGO013) significantly reduced the period of severe OM in
hamsters. It is noteworthy that AG013 was qualified as
more effective than a mouth rinse or an oral spray contain-
ing high amounts of the therapeutic peptide itself because of
the longer-lasting contact with the mucosa. In addition, the
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authors found that in single- and multiple-dose pharmacoki-
netic (PK) studies in healthy and irradiated hamsters, living
and metabolic active AG-X0085Em+ Cm + bacteria could
be recovered from the oral cavity up to 24 h post-dosing, but
there was no exposure beyond the mucosal compartment.
These findings supported that the administration of AG013
to OM patients at risk of developing neutropenia is safe.

Wang et al. [20] stated that topical application of S.
salivarius K12 significantly reduced the severity of OM in
mice, finding that the relative area of mucositis including
ulcers was significantly reduced in the intervention group
(p<0.001) and described the capacity of S. salivarius K12
in modulating the oral microbiome through the inhibition
of oral anaerobes (reduced Pasteurella, Corynebacterium,
Porphyromonas, and Staphylococcus). Moreover, in this
study it was observed that in the group of irradiated (IR)
mice treated with S. salivarius K12, the relative area of
mucositis (including ulcers) was lower (9.03%) compared
to the IR mice treated with a saline solution (77.42%), and
had restored the integrity of the lingual mucosa, showing a
thicker mucosa and basal layer epithelial cellularity. Finally,
the weight of mice who received irradiation decreased
sharply (-12,05 g), while S. salivarius K12 treatment less-
ened the body weight loss (-8.33 g).

Gupta et al. [22] stated that the tested L. reuteri strains
(LR) were effective in reducing OM severity, as it was
found that the epithelial damage was less severe in the
group injected with 5-FU and fed with LR in drinking water
(5-FU/LR group) (p<0.001) and had higher expression
of Ki-67 protein (proliferation marker) in basal epithelial
cells (p<0.001) resulting in a higher epithelial regenera-
tion, comparing to the 5-FU/water group. Additionally, it
was shown that L. reuteri reduced oxidative stress through
the nuclear factor E2-related factor-2 (Nrf-2) signaling.
Concerning the safety of these strains, the probiotic admin-
istration did not result in systemic bacterial translocation,
suggesting that these L. reuteri strains are safe for adminis-
tration during chemotherapy.

Regarding the included clinical studies, Sharma, Tilak et
al. [16] reported that the use of L. brevis was safe and effec-
tive in preventing OM in patients undergoing high-dose
chemotherapy and autologous stem cell transplant (HSCT).
L. brevis was administered to all participants as there was
no control group. Fluconazole and itraconazole prophylaxis
were given to all patients, and acyclovir prophylaxis to
transplant patients. The results showed that around 19.4%
of the patients developed severe OM, 58.1% of the patients
presented mild to moderate OM, and a total of 22.5% of
patients did not develop OM. The time to onset OM was 6
days and for resolution/healing, it took 8 days after the day
of stem cell infusion.
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Sharma, Rath et al. [17] stated that administration of Lac-
tobacillus brevis CD2 lozenges in head and neck squamous
cell carcinoma (HNSCC) patients enduring radiotherapy
and concurrent cisplatin-based chemotherapy, reduced the
incidence of severe OM (52% incidence in the intervention
group versus 77% in the placebo group). It was also observed
that the administration of this probiotic was able to reduce
the occurrence of OM, as there were more remaining free
OM patients in the intervention arm (28% vs. 7%). Regard-
ing OM severity, 28% of the patients in the study arm did
not develop OM, 19% developed mild to moderate muco-
sitis, and 52% developed severe OM. On the other hand,
7% of the patients in the placebo arm did not develop OM,
15% developed mild to moderate mucositis (p <0.001), and
77% developed severe OM (p <0.001). The median time to
the onset of mucositis was higher in the intervention group
(22 days) than in the control group (18 days). However, the
median time to heal mucositis was 43 days in both groups.
It was also mentioned that no serious adverse events were
observed when using L. brevis CD2 probiotic. Additionally,
a higher percentage of patients in the L. brevis CD2 group
(p=0.001) completed the planned treatment (92% vs. 77%),
not showing evidence of grade II nausea and vomiting and
no non-compliance to the cancer treatment. Although there
was a trend towards improvement in QOL in the L. brevis
CD2 arm compared to the placebo, it was not statistically
significant. However, it was also observed that, compared
to the placebo group, with the use of L. brevis CD2, fewer
patients required analgesics for mucositis-associated pain
(p=0.02). Moreover, among patients who were able to
complete the anticancer treatment, the requirement for par-
enteral nutrition or Ryle’s tube insertion trended lower in the
L. brevis CD2 arm.

Conversely, De Sanctis et al. [15] found that L. brevis
CD2 had no effect in reducing the incidence of severe OM
induced by intensity-modulated radiation therapy (IMRT)
and concomitant cisplatin-based chemotherapy. De Sanctis
et al. [15] reported that 40.6% of the patients in the inter-
vention group and 41.6% of the patients with sodium bicar-
bonate mouthwash (control group) developed severe OM. It
was also noticed that there was a statistically significant ten-
dency for weight loss during concurrent therapy compared
to baseline (p<0.01), independently of the intervention or
control arm. It was also noted that dysphagia was greater in
the intervention arm (p <0.05) and there was no difference
between groups regarding pain evolution. Although probi-
otics were considered ineffective in reducing or preventing
OM, it was stated that there was no serious adverse event
related to L. brevis CD2 lozenge administration.

Christian et al. [14] concluded that there was a statisti-
cal difference (p <0.05) in Oral Assessment Guide (OAG)
before and after gargling with probiotics containing

Lactobacillus species (not specified) and Lactobacillus casei
in children with leukemia submitted to chemotherapy. It is
noteworthy that there was a statistically significant decrease
in OAG score between days 7 and 14 after gargling with the
probiotics. Therefore, they concluded that probiotics could
be an alternative therapy and prevention for oral mucositis.

According to Mirza et al. [19], taking Bacillus clausii
UBBC —07 twice a day allowed a substantial increase in
the median time of mucositis onset (10 days in the interven-
tion group versus 8 days in the control group; p<0.01) and
a significant decrease in the median time for remission (12
days in test and 14 days in control groups; p <0.05). Addi-
tionally, it was described that, in the intervention group, 8
out of 23 patients had a significantly lower incidence of
higher-grade OM (grade III or higher) compared to the con-
trol group (16 out of 23 patients; p < 0.05). In contrast to the
placebo group, the test group did not experience diarrhea as
a side effect of RT. Additionally, no adverse events associ-
ated with Bacillus clausii were observed.

Lastly, Topuz et al. [18] reported that kefir use was con-
sidered ineffective in decreasing OM severity. In fact, during
chemotherapy, mucositis incidence increased significantly
with increasing chemotherapy cycles in the kefir group
(p=0.009). However, this was not the case for the control
group receiving an oral lavage with 0.09% NaCl (p=0.29).
When the two were compared for incidence of OM during
therapy, no statistical significance was detected, as 72.7% of
the intervention group did not develop OM (versus 78.3% of
the patients in the control group). Additionally, the authors
found that during chemotherapy, serum proinflammatory
cytokines did not change significantly.

Discussion

Despite advances in medical therapy, the current knowledge
in the area of prevention and treatment of therapy-induced
oral mucositis is very limited. As previously stated, the
management of oral mucositis remains mostly symptomatic
and there is no effective strategy for its prevention or treat-
ment [24]. Thus, there is a need to find new alternatives or
complementary therapies. Consequently, knowing the posi-
tive effect of biotics in other diseases, and that some bacte-
ria strains can modulate the epithelial cells, barrier function,
mucosal immunity, and macrophage signaling pathways
influencing cytokine production, we may consider biotics
as a therapeutic possibility [24, 25]. As the occurrence of
oral mucositis seems likely to happen after cancer therapy,
the primary concern is to prevent its onset and progres-
sion. Probiotics have successfully been used to prevent and
reduce mucositis severity in clinical and preclinical studies,
but no studies were found using pre-, post- and symbiotics.

@ Springer



Probiotics and Antimicrobial Proteins

"190UBD [893

-uAreydoseu
ynm syuanyed
“e13eydsAp 10J sAep 17
pue ‘ured ‘ssof Jy3rom se yons A12A2 (NJ-S
SAMIITX0] ANIE 10 “TOQ) JO JudUW pue ‘unerdsio et
-oao1dwir JuedyIugIs ‘O 9I9AS JUSUINBAI)  "PIMO[[BMS ‘1ox©1090p) pajjon
Jo 2ouaprour 2y} JUIONpPaI ul ‘uue JO pud oy Joye uayy pue  Adeidsyrowayd -Uu09 pazi [s1]
[01u09 a3 03 paredwod ‘gD s yoom 1 01 1Y ynowr o JueAn(pe-ooN -wopuex Aeyg
~21q "7 JO SN 3y JO 3Yaudq ON () Jo Aepisiyoys  ur paA[ossIp qewt ‘Pqer - (610C
‘1Y Suump  sorreuuonsanb wolxy ‘q ¢-7 2qojare  -Xmad+Ade SoTeWoy -uado ‘T’
sdnois [01u0d PUEB UOT)USAIIUL 100 pue Kep 1od sIeok K19A9 ‘Aep so3udzo| -IOU)OWAYD 9 pue ‘I11 oseyd  ero13pg
U99M)9q N SISAIS JO dDUIPIOUL O 10} 0y X¢ ‘ysemynowr 09 :93e /seuwn 9 ‘u 7ap sialg  paseq-uned sorewr  (yL—+¢€) #°8S OIUAd  ‘soueg
o) Ul 90UAIYIP ou sem 1y (1) AVILD dJeuoqIedIg 9¢ U /NID (O1XT snyjovgoppy  -SID+ DIINT 43 9T :03e ueo\ -nN Q)
"SKEp [
103 Surred
onunuod
suaned
'skep £ 10
Kep/ooimy
onorqoxd oy
s ut [
10 9131€3 0}
pey sjuaned
“(12s00 snj
-]190qQ03ODT
pue saroads
Snjj1orqoIONT [p1] es
SAIpMs Apsowr (ouiq -ouopuj
oyo  saIpnys urejuod sor -e1e)A0 pue ‘0202
0}  I9Yjo 0} -j01qo1d) jexanoyour) Apmys ‘e
‘sonjoiqold yym Surj3res SOIpNYs  s)Nsal  sjnsal ysemypnour € BIWIANI] [eyuow ruIsIeyng
19)Je SAep {[ pue £ 9109 DY 19730 0} synsar  pared paored Ul POAJOSSIP 10} Aderoy) -11adxa ‘uen
9} Ul 9SBAIOP B sem 1Y ], (1) OvO paredwo) -wo) -wo) - so101qoid -owy) 11 - wIp[y)  [eowr)  -suy)d)
Jz1g ozis
oid ooIyoA  juownean 100 od £nunoo
SOUI00INO SUOTJUIAIOIU]  -WES a3y 3/n4D ‘esoq pue ureng  -ueo jo odA] -weg X3S a3y odKy ‘Teak
sj[nsax Aoy poInsean dnoi3 jonuo) dnoi3 Apmg Apmig  ‘royny

SOIPN}S [BOTUI[O PAPNOUT Y} JO SSUIPULY UTBW PUB SONSLIA)ORIBY)) T d|qel

pringer

As



Probiotics and Antimicrobial Proteins

‘WO
SUIPIOAR UI 9AI}OD PUB JJes

JuLUIIRAL)
JO pus oy Io)e
Aep iy o
[Bun NQO Jo
uoN[osal [pun
Sumunuoos pue
Adeloyowrayo
Jo uoneniur
910J9q sAep £
0} { woiy Juru
-uI3eq ‘¢ 01 g
K19A9 UdYR) 9q

y10q 2q 03 sreadde s14a.4q9 77 (€) 0] 93u0Z0] U0 Apmys
‘A[oAnoadsar ‘sAep § pue sAep SaIpms ‘(¢ :ueowr) Aep [eoruI[o [o1]
9 sem uonnjosal pue judwdo[orop 0Y)0  SaIpmys Iod saudzo]  yynowr oy ur 11 aseyd BIpup
spisoonwi 10j porrad ueipajy (7) 0} 19yj0 0} XIS 0 INOJ  POAJOSSIP 9q Sorewoj IOJUD ‘910z
(4 pue ¢ SoIpnys  sjnsal sjnsar ‘TAD s1vIq  03saduazo] [ DSH+Ade 71 pue (oL—o1) -o[3urs ‘T’
sopeid) NO 219A3S pooudLIadxo ‘Oleds  Ioyjo 03 synsar  pared pared "TIOS[PO 7D s1Ad1q -IoyjowYd sorewr S1BOA 67 ‘we JeLL
sjuaned Jo %61 A[UO (1) AVOLO-ION poredwo)y -wo)  -wo) J[qRIA (O XT< SN[[IOBQOJORT  JOASOP YSIH  [¢ 61  :efeuwsly  -o[3ulg ‘eule(S)
*}10JWOOSIP
P2JE[2I-S)ISOINW JOJ SOIsoF[eue
SuIpaou S[enpIAIpUI 1omaJ A[qe
-19pIsuoo pey ue Apns (§)
*(9%S 1 SNSIA 961 ) Je[TuIS S3SOp
2I9M SHISOONW [ pue | 9peisd ym L 103 A]oom
syuaned jo suonzodoid oy, () /3w Of
*(9% L) wre oqaded ay) ur uey) unerdsio jo
(%TS) WIR s142.4q 7 Y} Ul I9MO] Adezoyow Apms
Sem SIIsoonu A JO [] 9peIS yum -9o + 101810 pajjon
sjuoned jo uonzodod oy, (€) JUSUNBAI)  "PIMO[[BMS  -[9J0B Jeaul| -uod
‘paynuaprt a1om oqaoefd HUOISIOA uone[nuIIo] Jo pus oy uay) pue Kq syoam £, -0qooerd
J1o jonpoid Apmys oy 0} paynquuIe  ‘aIreuuonsonb QAT}OR O} UI Ioye oM | [INOW 9y}  JOAO SUOIOBIJ 101UQ0 [L1]
SIUQAQ 9sIdAPE JuedYIudIs oN (z) NH-LOVA 2up syuardioxa se 01 gD Jo Aep Ul poAJOSSIp Geurkn oL -o[3urs BIpU]
‘0qooe[d  Juisn passasse  pasn sjjes pue $0°01 ISIY 9} WoLy 2qoja1e  Joasopeje soTewdy ‘purrq ‘(z1o0z
ot 03 paredwos ure g smalq T00+07  siedns jo arm -/1+60°0S Y ¢-7 A19A9 sofuozo]  Aderayjorper L pue -o[qnop ‘T’
7 9y ur 70O ur JudwoAoidwr UOISIOA  -XIW © :S93ud :o3e ‘Kep/sown 9 D swaiq [edIper - SOlBW  €°6-/+SETS  ‘PaZIWop yey
jueoyIusts A[reonsnels oN (1) DLD IDN -Z0[ 0qQa08[J S6 uedN  TW/NAD01XT s1j1o0qoionT DDSNH €6 ¥6 :a3e uedIN -uely  ‘eulreys)
azIS ozIs
oid ooIyoA  juownean 100 od £nunoo
SOUI00INO SUOTJUIAIOIU]  -WES a3y 3/n4D ‘esoq pue ureng  -ueo jo odA] -weg X3S a3y odKy ‘Teak
sj[nsax Aoy poInsean dnoi3 jonuo) dnoi3 Apmg Apmyg  ‘roymy

(penunuoo) g sjqer

pringer

As



Probiotics and Antimicrobial Proteins

9AIT Jo Airen) TOO ‘SHIS0ONUI [BIO PAINPUI-UOTIRIPEY [NOIY ‘SIUSAT ISIOAPY
10} BLIDILID) ASO[OUTWLIOY, UOWWO)) AMINSU 190UR)) [RUONEN :HVOLD-TON ‘SIUSAT 9SISAPY I0J BLINNIY) AF0O[OUIULID], UOWWO)) :HYDLD Nun SUIULIOJ-AU0[00 :()ID) ‘OPINL) JUIWSSISSY
[e10 :DVO ‘uonejue[dsuern [[00 wals onprodorewdy :1)SH (Adeioy) uonerper pajeinpour A)sudu] YIN] ‘Aderoyorpey 1y ‘[1oeinoion|i-¢ N J-¢ ‘Adersyjowoy) 1D ‘snisoonut [eIQ NO

(/3w o)
uneldsro
Aproom yum
Adexayowayd
JULLINOUOD
‘swoydwAs A[rep s TINL
INOIY 21e1A9[[e 03 sonjorqoid yym 201M) IoJeM PAAIOAI
poyuswa dwod oq Aewr Aderoyy Pa[LISIp Jo [w syuaned Jysrg Apmys
-orpe1 jey 3so33ns sgurpur () G pue (epos Fur uorjeIpex satods "I juean(pe [o1rered
"BOULIBIP SB YONS ‘S}09[ 9pIs -yeq yim Suofe Jo suonoely uor[[Iq g 910J0q uon ‘pajon
Pore[aI-1y ou pey Apnys wiry (7) 9suLl yynow [€3101 JO uony urureyuod  -00saI [eo13Ins -uo0d [61]
*(dn pue 1] opei3) NO 2pei3 (1) "oreos  9pLIO[YO0IPAY -o[dwod [nun £0099N JADIUYAP Jrewoy -0qaoerd BIpU[
-ySry yim syuoned jo uonodoxd AVIOLD 2y surprzuag) 10 SAep (¢ 10} nsnpjo snj juomIdpun 1 pue ‘purg-olq (720t
JIO[[eWS B PUB UOISSIWAI JO UOT}  JUISn PIssasse juoujeaI) ‘Kep /xg (sexods -j1opg Jo uols syuaryed sorewr -nop ‘pazr e e
-einp 10110ys € pey Apns wiry () seM NO piepuels €C 09-1¢ uoqg)qug -uedsnsiery  ySe-Auryl  €g ¢ (SL=61) 1§ -wopuey  BZIA)
‘S[eaw Joye
Kep © 201M)
Q19Ad 1D oed
Jo sKep ¢ is1y
‘Sipruiapida sna202 J[9kd 1D o) uo pajeadorx Apmys [81]
-o1dydpig panqryur AJuo 14y (7) [oed JO SAep ¢ 9q o, ‘Surjsred [euonieA  AdyIng,
*9]01 sISooNW-Nue ‘opID  ISIY Y} U0 Aep 10} POMO[[EMS So[ewa) -195q0 ‘(8002
OU PUE SAUI0IAD AIojetuueyul JUSWSSASSY B 201M] [DBN 9q 03 1yoy uonsagul pue G pue (SL—61) ‘oanoods ‘Te 19
JO S[OAS] WINIOS UO QOUSNPUI  [BI)) PUL 9]edS %6070 PIM (zL—v€)  um (qu 057) agoy pim - Jooojord 1D sofewr s1eok [¢  -o01d ‘pazr uneq
juedyrudis ou pey 1yoy (1) AVILD -IDN a3eae] [BIO 0z 8¢ odeae[ eI  o3eAe[[BIQ  PISeq-(1d-S L1 71 :o8e ueoj -wopuey  ‘zndoj)
ozIS ozIs
ord JoIyoA  judunean 100 opd Anunod
sowoono  SUONUSAIU]  -WeS By  3/ndD ‘esod pue ureng  -ueod jo odA] -wesg pEIN By od£y ok
sjnsar Aoy paInsean dnoi3 jonuo) dnoi3 Apmg Apmg  Joyny

(panunuoo) zs|qey

pringer

As



Probiotics and Antimicrobial Proteins

Table 3 Risk of bias

1.1 Random 1.2 Allocation 2.1 Selective 3.1 Other 4.1 Blind- 5.1 Blind- 6.1 Incom-
sequence concealment reporting sources  ing (par- ing (outcome plete
generation of bias ticipants and ~ assessment) outcome
personnel) data

De Sanctis, Belgioia et al. 2019 ? + ? ? - - -

[15]

Sharma, Rath et al. 2012 [17] + + + + + + +

Topuz, Derin et al. 2008 [18] ? ? ? ? ? ? +

Mirza et al. 2022 [19] + + + ? ? ? +

+ - low risk of bias, - - high risk of bias,? - unclear risk of bias

Lactobacillus species intake, specifically L. brevis CD2 [16,
17], L. casei [14], and L. reuteri [22], as well as Streptococ-
cus salivarius K12 [20], Bacillus clausil UBBC — 07 spores
[19] and Lactococcus lactis (AGO013) [21] appear to be asso-
ciated with a decrease in OM incidence and severity.

There are several mechanisms described to explain the
effectiveness of these probiotic strains. As for Lactobacillus
spp., these strains presented promising results and seemed
to activate important anti-inflammatory mechanisms, which
would benefit OM patients. For instance, Sharma, Rath et
al. [17] explained that L. brevis CD2 produces high levels
of arginine deiminase and sphingomyelinase which com-
pete with nitric oxide synthase, leading to a reduction in
the levels of some of the inflammatory factors (cytokines
interleukin (IL)-1a, IL-6, IL-8, tumor necrosis factor-
alpha (TNF-a), interferon-gamma (IFNy), prostaglandin
E2 (PGE2) and matrix metalloproteinases). Furthermore,
bacterial sphingomyelinase can hydrolyze the platelet-
activating factor (PAF), a potent inflammatory cytokine,
and is known to be associated with oral mucositis in radia-
tion therapy [17]. Lee et al. [26] reported that Lactobacil-
lus casei significantly decreased TNF-o, and IL-6, and
adhered to surface molecules by suppressing the signaling
pathway of IL-6 and TNF-a. Amdekar et al. [27] mentioned
that L. casei induces ciclo-oxigenase-2 (COX-2) inhibi-
tion, having an antiarthritic effect. Lastly, Gupta et al. [22]
reported that Lactobacillus reuteri DSM 17,938 and ATCC
PTA 5289 strains seem to be capable of modulating the
host inflammatory response by reducing pro-inflammatory
cytokine response (e.g., TNF-a, IL-beta, and Myeloperoxi-
dase (MPO)) and of increasing key antioxidant genes (i.c.,
superoxide dismutase-1 (SOD-1), glutathione peroxidase-1
(GPx-1), and heme oxygenase-1 (HO-1)). In recent litera-
ture, Lactobacillus reuteri has been associated with reduced
gingival inflammation and a decrease in pathogens associ-
ated with periodontitis [28]. Mu et al. [29] demonstrated
that L. reuteri can produce antimicrobial molecules, such
as organic acids, ethanol, and reutein, inhibiting the coloni-
zation of pathogenic microbes and remodeling commensal
microbiota. The immunomodulatory effects of the probiotic
Bacillus clausii in intestinal health are well established, as

well as its ability to treat gastrointestinal discomfort. How-
ever, there may be further advantages in other therapeutic
fields that are only now being identified [30]. For instance,
according to Nirmala et al. [31], using B. clausii as a local
adjuvant greatly decreases the symptoms of oral candidiasis
and recurrent aphthous ulcers. Wang et al. [20] mentioned
that S. salivarius K12 can modulate the oral microbiome,
reducing the abundance of anaerobic bacteria and ulceration,
increasing the thickness of the tongue mucosa and the den-
sity of basal cells, and enhancing basal cell proliferation and
attenuating apoptosis. Burton et al. [32] showed in vitro that
S. salivarius K12 suppressed the growth of different strains
of bacteria implicated in halitosis, enhancing the capacity
to modulate the microbial ecosystem. Caluwerts et al. [21],
genetically modified Lactococcus lactis strain sSAGX0085
engineered to secrete human Trefoil Factor 1. The authors
stated that TFF1 was found as a gastric tumor suppressor
and, at the cellular level, TFF1 promotes cell differentiation
while limiting cell proliferation and apoptosis [21]. Strains
of Lactococcus lactis have only recently been explored for
their possible cytotoxic effects against human cancer cell
lines [33] and anti-inflammatory properties and capacity in
preventing 5-FU-induced gut dysbiosis [34]. In summary,
the anti-inflammatory, immunomodulatory, and antioxidant
properties of probiotic strains would be of great value con-
sidering the five-step pathogenesis model of OM proposed
by Sonis [3], as they may protect against the negative effects
of radiotherapy and chemotherapy on the oral mucosa.
When evaluating the effectiveness of a probiotic, it is
essential to understand whether there is a trend towards the
improvement of the QOL. The WHO defines the QOL as an
individual’s perception of their position in life in the con-
text of the culture and value systems in which they live and
in relation to their goals, expectations, standards, and con-
cerns. Regarding the QOL, the results between pre-clinical
and clinical studies differed. In other diseases, some studies
reported an improvement in the QOL of individuals who
were given probiotics. This is the case of Waal et al. [33],
in which the authors found an improvement in QOL in 66%
of the patients suffering from ulcerative colitis taking a
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probiotic. Nevertheless, more studies are needed to evaluate
the impact of probiotic intake in the QOL of OM patients.

Considering that all cancer patients are considered
immune-depressed and some HNC patients develop neu-
tropenia, the evaluation of the safety of probiotic strains is
essential. Although most of the above-mentioned studies
reported that probiotics are safe, the Agency for Healthcare
Research and Quality (AHRQ) [35], in 2011, concluded that
there is still a lack of evidence to confidently recommend
probiotic interventions to the healthcare and nutrition com-
munities. According to the World Health Organization in
2002, probiotics may theoretically be responsible for sys-
temic infections, deleterious metabolic activities, excessive
immune stimulation in susceptible individuals, and gene
transfer [36]. Nevertheless, the AHRQ [35] also affirmed
that the lack of adverse events supports the safety of pro-
biotics. The European Food Safety Authority (EFSA) has
already recognized the health benefits that are pertinent to
the effects of probiotics in some health conditions in 2021,
under the Nutrition & Health Claims Regulation [37]. How-
ever, EFSA has not yet published guidelines concerning the
safety of probiotic use, specifically in immune-depressed
patients [37]. As such, further studies are necessary to eval-
uate the safety concerns of probiotic treatment in immuno-
compromised patients.

Although our findings support the conclusion that pro-
biotics may reduce the onset and severity of cancer ther-
apy-induced OM, some potential limitations should be
addressed. Firstly, the number of studies examined was
small (n=9) and with heterogencous study designs. For
example, the difference in findings between the studies from
De Sanctis et al. [15], Sharma, Tilak et al. [16], and Sharma
et al. [17], where authors tested L. brevis strains but only the
two studies of Sharma et al. [16, 17] showed positive effects
on oral mucositis. These outcomes could be explained by
different cancer treatments, and different control groups
(sodium bicarbonate mouthwash versus placebo lozenges,
respectively) which could induce a lower rate of severe OM.
Referring to the cancer treatment, it is important to state
that IMRT may have improved tolerance to concomitant
chemoradiotherapy (RCHT) or intraoperative radiotherapy
(bioRT), reducing the effectiveness of L. brevis CD2. Sec-
ondly, cancer type and treatment differed across studies. For
instance, Sharma, Rath et al. [17] included patients receiv-
ing radical radiotherapy at a dose of 70 Gy and chemother-
apy of cisplatin, while Sharma, Tilak et al. [16] included
patients in a chemotherapy regime with hematopoietic stem
cell transplantation (HSCT). Third, the probiotic compo-
sition, posology, mode of administration, and additional
treatments varied across studies. For example, Topuz et
al. [18] considered the use of kefir ineffective in decreas-
ing OM severity. However, kefir had a short permanence in

@ Springer

the oral cavity since it was ingested, while in other studies
the probiotics were dissolved in the mouth before ingesting
[15—17] or applied as a mouthwash for a defined period [14]
or applied as an oral suspension [19], resulting in a long-
lasting direct contact with the oral cavity. Thus, the mode of
administration and the time of contact could influence the
impact of the probiotic on the progression of OM. It should
also be noted that some studies used sodium chloride or
sodium bicarbonate in the control group [19]. Both sodium
bicarbonate and sodium chloride are known to be effective
in treating and reducing the severity of oral mucositis [38§]
and promoting healthy gum and improving oral ulcer heal-
ing [39], respectively. The use of these components could
influence the results due to their influence on oral physiol-
ogy. It should also be noted that the quality of the studies is
overall low because there are unclear aspects and only one
study [17] was considered to have a low risk of bias. To
summarize, probiotics appear to be a safe treatment option
for cancer therapy-induced OM, but additional research is
needed to assure their efficacy and security as well as to
better define the most efficient posology and formulation.
Moreover, would be also relevant to explore other biotics
formulations, such as pre-, post-, and symbiotics.

Conclusions

In conclusion, the findings of this systematic review sug-
gest that probiotic supplementation could potentially reduce
the incidence of therapy-induced oral mucositis or allevi-
ate its symptoms in chemotherapy or radiotherapy patients.
The available evidence, however, is limited and marred by
significant heterogeneity across studies. Taking these find-
ings into account, we suggest further research particularly
regarding the probiotic strains of L. brevis CD2, L. reuteri,
L. casei, S. salivarius K12, B. clausii UBBC — 07 spores,
and Lactococcus lactis (AG013), as these presented prom-
ising results. Further recommendations for future studies
include the use of probiotic combinations, bearing in mind
possible beneficial interactions, as well as standardized con-
trol groups. It is also critical to determine the proper probi-
otic posology and formulation for better results and safety
and to develop guidelines for safe probiotic use, particularly
in immunocompromised patients.
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