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Abstract
Purpose The aim of this systematic review was to analyze
the available literature and define clinical practice guidelines
for the use of the following agents for the prevention and
treatment of oral mucositis (OM): allopurinol, midline
mucosa-sparing radiation blocks, payayor, pentoxifylline,
timing of radiation therapy (RT) (morning versus late

afternoon), pilocarpine, bethanechol, chewing gum,
propantheline, and tetrachlorodecaoxide.
Methods A systematic review was conducted by the Mucositis
Study Group of the Multinational Association of Supportive
Care in Cancer/International Society for Oral Oncology
(MASCC/ISOO). The body of evidence for each intervention,
in each cancer treatment setting, was assigned an evidence
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level. Based on the evidence level, one of the following three
guideline determinations was possible: recommendation, sug-
gestion, no guideline possible.
Results A total of 32 papers across 10 interventions were
examined. New suggestions were developed against the use
of systemic pilocarpine administered orally for prevention of
OM during RT in head and neck cancer patients and in patients
receiving high-dose chemotherapy, with or without total body
irradiation, prior to hematopoietic stem cell transplantation. A
suggestion was also made against the use of systemic
pentoxifylline administered orally for the prevention of OM
in patients undergoing bone marrow transplantation. No guide-
line was possible for any other agent reviewed due to inade-
quate and/or conflicting evidence.
Conclusions None of the agents reviewed was determined to
be effective for the prevention or treatment of OM. Two
agents, pilocarpine and pentoxifylline, were determined to
be ineffective, in the populations listed above. Additional
well-designed research is needed on other interventions.

Keywords Oral mucositis . Cancer therapy . Supportive .

Palliative . Prevention . Treatment . Saliva

Introduction

Oral mucositis (OM) is a significant toxicity of chemotherapy
(CT) and/or head and neck radiation in cancer patients.
Ulcerative OM is very painful and often requires systemic
narcotics for pain relief. It also negatively affects diet, nutrition,
oral hygiene and quality of life. In immunosuppressed patients,
secondary infection of OM lesions can lead to sepsis. Due to the
significant morbidity associated with OM, it sometimes neces-
sitates unwanted dose reductions or treatment interruptions in
cancer therapy, which can impact on the cancer prognosis. The
management of OM in most patients is palliative and centered
on relief of symptoms. A large number of agents have been
tested for OM, with generally inconsistent results.

The Mucositis Study Group of the Multinational Association
of Supportive Care in Cancer/International Society of Oral
Oncology (MASCC/ISOO) has published clinical practice
guidelines for mucositis, in order to facilitate evidence-based
care and improve outcomes. The last update of these guidelines
was published in 2007 [1]. Due to the significant increase in the
clinical OM literature, an effort to update these guidelines was
recently undertaken. As part of this update, agents reviewed
were classified into different groups based on their predominant
mechanism of action (such as cytokines and growth factors,
cryotherapy, laser therapy, etc.). The results relating to some of
these groups have been published [2–9, 12]. However, a number
of agents did not fit into these categories due to a different
proposed mechanism of action for mucositis. These agents were
classified as “miscellaneous agents” and included the following:

allopurinol, midline mucosa-sparing radiation blocks, payayor,
pentoxifylline, radiation therapy (RT) in the morning versus late
afternoon, stimulation/inhibition of salivary secretion (pilocar-
pine, bethanechol, chewing gum, propantheline), and
tetrachlorodecaoxide. The aim of this project was to systemati-
cally review the available literature and define evidence-based
clinical practice guidelines for the use of these miscellaneous
agents for the prevention and treatment of OM. The agents
included here covered a wide range of rationales and potential
mechanisms for interference in the pathogenesis of OM and thus
will be addressed alphabetically and in clusters by mechanism.

Methods

The methods are described in detail in Bowen et al. [3] and
Elad et al. [4]. Briefly, a literature search for relevant papers
indexed in MEDLINE until 31 December 2010 was
conducted using OVID/MEDLINE, with papers selected
for review based on defined inclusion and exclusion criteria.
The list of intervention keywords used for the literature
search of this section included: allopurinol, bethanechol,
chewing gum, pentoxifylline, pilocarpine, propantheline,
anticholinergic, radiation: morning versus evening, midline
mucosa-sparing blocks, natural, alternative, complementary,
gum, xanthan. Papers were reviewed by two independent
calibrated reviewers and data was extracted using a standard
electronic form. Studies were evaluated based on the list of
major and minor flaws published by Hadorn [10]. A level of
evidence was assigned for each intervention based on the
Somerfield criteria [11]. A well-designed study was defined
as a study with no major flaws per the Hadorn criteria.

Findings from the reviewed studies were integrated into
guidelines based on the overall level of evidence for each
intervention. Guidelines were classified into three types:
recommendation, suggestion, and no guideline possible.

Guidelines were separated based on (1) the aim of the inter-
vention (prevention or treatment of mucositis); (2) the treatment
modality [RT, CT, chemoradiotherapy, or high-dose condition-
ing therapy for hematopoietic stem cell transplantation (HSCT)],
and (3) the route of administration of the intervention.

Results

The literature search identified a total of 99 papers that were
retrieved for detailed analysis. Of these, 18 papers were ex-
cluded based on our inclusion/exclusion criteria (listed in
Bowen et al. [3]). Of the remaining 81 papers, 49 papers
pertained to agents of natural origin and the results on those
agents will be reported separately [12]. This manuscript re-
ports the results of the review of the remaining 32 papers that
tested interventions which did not fit in any of the other

3224 Support Care Cancer (2013) 21:3223–3232



categories and were classified as “miscellaneous agents”. The
included papers related to allopurinol (n=12), midline
mucosa-sparing blocks (n=1), payayor (n=1), pentoxifylline
(n=6), RT in the morning versus late afternoon (n=2), pilo-
carpine (n=4), bethanechol (n=1), chewing gum (n=1),
propantheline (n=3), and tetrachlorodecaoxide (n=1).

Allopurinol

Allopurinol is a xanthine oxidase inhibitor used for the treat-
ment of gout. We identified 12 studies that have addressed the
effects on OM of allopurinol administered in the form of
mouthwash, ice balls or systemically. Table 1 summarizes
the results of the systematic review on the use of allopurinol.
The major findings are presented below per the allopurinol
route of administration.

Three studies, including an open label non-randomized
controlled study and two case-series, evaluated per oral
administration of allopurinol for the prevention of OM in
patients receiving 5-fluorouracil (5-FU) based CT. These
studies demonstrated a lack of effectiveness for mucositis
prevention in both hematological cancer [13, 14] and solid
cancer [15] patient populations.

No guideline was possible due to the low level of evidence
(Level V).

Only one small cohort study with a retrospective control
group addressed a special formula of allopurinol mouth ice
ball combining the pharmacologic effect and the cryotherapy

effect [16]. This formula was tested in advanced colon cancer
patients for the prevention of OM and showed effectiveness;
however, the study design had significant confounding
limitations.

No guideline was possible due to insufficient evidence.
Allopurinol was assessed as a mouthwash for the prevention

of OM in seven studies of patients with solid cancers having CT.
Two of these were randomized controlled trials [17, 18].

One of the studies was a well-designed double-blind, ran-
domized, placebo-controlled, cross-over study [18], while
the other had significant limitations in design and implemen-
tation [17]. Both studies enrolled patients with various ma-
lignant disorders (colorectal, breast, gastric, pancreatic, and
esophageal cancers) and found no significant effect of allo-
purinol rinses on 5-FU-induced mucositis. The remaining
five studies of allopurinol administered as a mouthwash were
a “before and after study”, two case series and two non-
randomized controlled trials. Four of these studies reported
a reduction of oral toxicity of 5-FU in solid cancers [19–22]
while one reported no benefit [23].

No guideline was possible due to the conflicting evidence.
The only study which tested allopurinol for the treat-

ment of mucositis was a randomized controlled study
[24]. In this study, allopurinol was evaluated as a
mouthwash for patients with advanced solid cancers
during CT. This study found that allopurinol was effec-
tive; however, the study design and implementation had
significant limitations.

No guideline was possible due to insufficient evidence.

Table 1 Summary of study findings for allopurinol

Name of
agent

Route of
administration

Cancer type Treatment
modality

Indication Author, year Effectiveness Overall
level of
evidence

Guideline
determination

Comments

Allopurinol PO Hematological
and solid
cancers

CT P Howell 1981 [13] N V No guideline
possible

Allopurinol PO Hematological
and solid
cancers

CT P Kroener 1982 [14] N

Allopurinol PO Solid cancers CT P Howell 1983 [15] N V No guideline
possible

Allopurinol Mouth ice ball Colon cancer CT P Yokomizo 2004 [16] Y IV No guideline
possible

Allopurinol Mouthwash Solid cancers CT P Panahi 2010 [17] N II No guideline
possible

Conflicting results
not permitting
a guideline

Allopurinol Mouthwash Solid cancers CT P Loprinzi 1990 [18] N

Allopurinol Mouthwash Solid cancers CT P Clark 1985 [19] Y

Allopurinol Mouthwash Solid cancers CT P Tsavaris 1988 [20] Y

Allopurinol Mouthwash Solid cancers CT P Tsavaris 1991 [21] Y

Allopurinol Mouthwash Solid cancers CT P Elzawawy 1991 [22] Y

Allopurinol Mouthwash Solid cancers CT P van der Vliet 1989 [23] N

Allopurinol Mouthwash Solid cancers CT T Porta 1994 [24] Y III No guideline
possible

CT chemotherapy, PO per os, P prevention, T treatment, N no, Y yes
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Midline mucosa-sparing blocks

Table 2 summarizes the results on the use of midline mucosa-
sparing blocks.

A retrospective study conducted over 13 years (1980–
1993) examined the use of midline mucosa-sparing blocks
(MSB) during radiation for carcinomas of the oral cavity,
oropharynx and nasopharynx to ascertain whether there was
a decrease in acute toxicities. Sixty-one patients received a
MSB while 64 did not. The findings indicate that the MSB
group had significantly less weight loss, fewer hospitaliza-
tions for nutritional support, and fewer unplanned RT in-
terruptions [25]. MSBs were noted to be controversial be-
cause of the concern that micrometastases might be blocked
from the treatment field. However, no significant difference
was found in three year tumor recurrence with MSB versus
no MSB.

No guideline was possible due to insufficient evidence.

Payayor

Payayor (Clinachantus nutans) is a traditional herbal medi-
cine originating from Thailand. Payayor contains flavonoids
and glycosides with sulfur compounds, and encompasses
anti-inflammatory and analgesic properties. Table 2 summa-
rizes the results on the use of payayor. A randomized con-
trolled trial found that topical glycerin payayor was more
effective than benzydamine hydrochloride mouthrinse in
delaying the onset of radiation-induced OM in head and neck
cancer patients [26]. No placebo was used in this study.

No guideline was possible due to insufficient evidence.

Pentoxifylline

Pentoxifylline (PTX) is used for patients with peripheral
arterial disease and improves blood flow by decreasing its
viscosity. It is also thought to have some anti-inflammatory
properties. Therefore, it has been hypothesized that PTX
administration could decrease bone marrow transplantation
(BMT)-associated toxicities including mucositis [27].
Table 3 summarizes the results of the systematic review on
the use of PTX.

There were a total of four publications on systemic PTX
administered orally in BMT patients for the prevention of
OM. The only study that reported a benefit was an open label
phase I study in BMT patients that reported a lower inci-
dence of OM as compared to historical controls [28].
However, the other three studies all found no benefit of
PTX. A prospective randomized controlled trial in BMT
patients has shown no statistically significant benefit in using
systemic PTX compared to a control group [27]. An T
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unblinded prospective study on BMT recipients with a his-
torical control group found no benefit from the use of sys-
temic PTX in the prevention of OM [29]. Another case–
control study using a combination of PTX, ciprofloxacin
and prednisolone in the prevention of BMT-associated tox-
icities also found no benefit [30]. Collectively, the evidence
supported a suggestion against the use of pentoxifylline for
prevention of OM in this setting.

Guideline: The panel suggests that systemic pentoxifylline,
administered orally, not be used for the prevention of oral
mucositis in patients undergoing bone marrow transplanta-
tion (level III evidence).

A single case–control study among BMT patients using
PTX intravenously also did not demonstrate a beneficial
effect in the prevention of OM [31].

Lastly, a double-blind, placebo-controlled randomized
crossover trial using systemic PTX administered orally for
the prevention of OM induced by standard-dose CT also did
not show a beneficial effect [32].

No guideline was possible in these treatment settings due
to insufficient evidence.

Radiation therapy (timing morning versus late
afternoon)

The rationale behind different timing of RT during the day is a
circadian rhythm in the oral mucosal cell mitotic activity. It has
been suggested that a higher prevalence of more radiosensitive
cells in the mitosis phase are present in the evening compared
to a higher prevalence of cells in the less radiosensitive gap 1
phase in the morning. Table 2 summarizes the results on the
use of timing of RT (morning versus late afternoon). Two
randomized, controlled trials assessed the influence of RT

administered in the morning versus late afternoon on preven-
tion of OM. One study did not find a significant effect on
grades of OM [33]. Also, the other study did not find an
overall effect, but reported a reduction in severity of OM in
a subgroup of patients receiving ≥66 Gy and in patients who
smoked during RT [34]. The study design and implementation
had significant limitations in both studies. No guideline was
possible due to insufficient evidence.

Stimulation or inhibition of salivary gland secretion

Table 4 summarizes the results of the systematic review on
the use of agents that affect salivary secretion.

Pilocarpine

Pilocarpine is a cholinergic agonist with mainly non-selective
muscarinic action but also mild beta-adrenergic activity that
stimulates salivary secretion [35].

A phase III study randomized 245 subjects to pilocarpine
or placebo during RT for head and neck cancer. No effect on
OM was found [36]. Another phase III study in a similar
population randomized 130 subjects to pilocarpine or place-
bo during RT and for one month after [37]. Once again there
was no difference in the severity of OM between the two
arms. These studies supported a new suggestion against the
use of pilocarpine for prevention of OM in this setting.

Guideline: The panel suggests that systemic pilocarpine
administered orally not be used for the prevention of oral
mucositis during radiation therapy in head and neck cancer
patients (Level III evidence).

A single study assessed systemic pilocarpine administered
orally for the prevention of oropharyngeal mucositis in patients

Table 3 Summary of study findings for pentoxifylline

Name
of
agent

Route of
administration

Cancer type Treatment
modality

Indication Author,
year

Effectiveness Overall
level of
evidence

Guideline
determination

Comments

PTX PO Hematological
cancers

HSCT P Attal 1993 [27] N III Suggestion not to use
oral PTX for the
prevention of oral
mucositis in patients
undergoing HSCT

PTX PO Hematological
cancers

HSCT P Bianco 1991 [28] Y

PTX PO Hematological
cancers

HSCT P Van der Jagt
1994 [29]

N

PTX PO Hematological
and other
cancers

HSCT P Ferra 1997 [30] N Prophylaxis included
prednisone and
ciprofloxacin in
addition to PTX

PTX IV Hematological
cancers

HSCT P Stockschlader
1993 [31]

N IV No guideline possible (n=31)

PTX PO Solid cancers CT P Verdi 1995 [32] N III No guideline possible (n=10)

PTX pentoxifylline, CT chemotherapy, HSCT hematopoietic stem cell transplantation, PO per os, IV intravenous, P prevention, N no, Y yes

Support Care Cancer (2013) 21:3223–3232 3227
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receiving high-dose CT, with or without total body irradiation,
prior to autologous HSCT [38]. No benefit of pilocarpine was
found on the incidence, severity or duration of mucositis. This
was a prospective, double-blind, randomized controlled trial
that did not have any major flaws according to the Hadorn
criteria. However, due to the small sample size (n=36) of this
single study, the panel decided not to develop a recommenda-
tion in this setting, instead opting for a new suggestion.

Guideline: The panel suggests that systemic pilocarpine
administered orally not be used for the prevention of oral
mucositis in patients receiving high-dose chemotherapy,
with or without total body irradiation, prior to hematopoi-
etic stem cell transplantation (Level II evidence).

A single cross-over study with major flaws found a benefi-
cial effect of pilocarpine in the prevention of moderate-dose
CT-induced OM [39].

No guideline was possible due to insufficient evidence.

Bethanechol

Bethanechol is a cholinergic agonist with selective musca-
rinic action, which is indicated and U.S. Food and Drug
Administration-approved for treatment of urinary retention.
The drug is used off label as a sialagogue for patients who
cannot tolerate other muscarinic agonists.

One study assessed the salivary stimulatory effect of
systemic bethanechol administered orally during RT in head
and neck cancer patients and found no reduction in preva-
lence or severity of OM [40].

No guideline was possible due to insufficient evidence.

Chewing gum

The use of chewing gum increases salivary flow through
gustatory andmechanical stimulation. Only one study assessed
the potential effect of chewing gum for prevention of OM in
children receiving CT and reported a lack of efficacy [41].

No guideline was possible due to insufficient evidence.

Propantheline

Propantheline is a muscarinic antagonist which inhibits sali-
va secretion. The proposed rationale for use in prevention of
OM is reduction of salivary excretion of cytotoxic drugs and
thus reduced direct toxic effect on the oral mucosa.
Propantheline was evaluated in three small studies for pre-
vention of OM in HSCT patients, with differing results
[42–44]. All the studies had significant limitations in design
and implementation.

No guideline was possible due to insufficient and conflicting
evidence.

The panel commented that the detrimental effects of re-
duced saliva secretion should be taken into consideration.

Tetrachlorodecaoxide

Tetrachlorodecaoxide (TCDO) is a drug with oxidizing and
immune-modulating properties potentially influencing in-
flammatory reactions by downregulation and accelerating
wound healing. Table 2 summarizes the results on the use
of TCDO. One double-blinded, randomized placebo-
controlled trial assessed the effect of TCDO administered as
an oral swish and swallow solution on prevention of OM in
hematologic and solid cancer patients having CTand found no
effect on degree or duration of OM, oral/esophageal pain and
dysphagia, although the time interval to subjective improve-
ment of oral pain was slightly shorter and oral intake slightly
improved in the TCDO group [45].

No guideline was possible due to insufficient evidence.

Discussion

Allopurinol is a purine analog that decreases both uric acid
formation and purine synthesis. It is used mainly in the treat-
ment of hyperuricemia in recurrent episodes of gout, as well as
for uric acid tophi, nephrolithiasis, chronic renal failure where
nephropathy is likely to be caused by hyperuricemia and is also
used preventive in cytotoxic therapy. Allopurinol is metabo-
lized to oxypurinol ribonucleotide, which causes a build-up in
the levels of orotic acid, which in turn blocks the activation of
5-FU. Theoretically, this may provide protection to normal host
tissues while preserving anti-cancer activity, since normal tis-
sues, but not all cancers, rely on this activation pathway [46]. It
has also been postulated that this drug can modulate metho-
trexate toxicity. However, the reduction of CT-induced OM by
allopurinol has been inconsistent in clinical trials. Although we
reviewed 12 articles related to allopurinol for CT-induced OM,
no guidelines were possible due to the conflicting evidence.
Additionally and more worrisome, in some animal models,
allopurinol has decreased the effectiveness of 5-FU [47].
Therefore, when considering this agent for OM, the possibility
of interference with the anti-tumor effects of 5-FU should be
taken into consideration.

PTX is a xanthine derivative that is primarily used to
improve blood flow in patients with peripheral arterial dis-
ease. However, it has also been shown to downregulate
tumor necrosis factor-α (TNF-α) production and stimulate
vascular endothelial production of prostaglandins (PG) PGI2
and PGE2. Therefore, it has been hypothesized that PTX
administration could decrease BMT-associated toxicities in-
cluding mucositis [27]. Adverse effects of PTX can be gas-
trointestinal disturbances (nausea, indigestion, diarrhea). We
reviewed six articles on PTX, of which four assessed its use
for the prevention of OM in patients undergoing BMT. Based
on this evidence, a suggestion was developed against the use
of PTX for the prevention of OM in this setting. Although no
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guideline was possible in other settings due to insufficient
evidence, it is note-worthy that the available studies in other
settings also failed to demonstrate a benefit of this agent.

Salivary secretion is regulated by a reflex arch and physio-
logically secreted into the oral cavity by three pairs of major
salivary glands and multiple minor salivary glands, in response
to gustatory and masticatory stimuli. The secretory reflex arch is
also under the influence of autonomic centers in the brain and
resting saliva can be secreted in the absence of exogenous
stimuli. This secretion plays a fundamental role in lubrication
of oropharyngeal and upper esophageal mucosa as well as in
preventing oral infections by providing antimicrobial activity, by
dilution of food detritus and bacteria, and by mechanical cleans-
ing of the oral cavity [48]. Cytotoxic drugs used for cancer may
also be secreted in saliva in various concentrations, thus enabling
direct contact of these drugs with the oral mucosa. Head and
neck RT induces salivary gland hypofunction dependent on the
cumulative radiation dose to the secretory tissues [49]. Similarly,
cancer CT may reduce saliva secretion and decrease the amount
of secretory immunoglobulin A (s-IgA) [50]. Hence, cancer
therapies have a significant impact on oral and digestive homeo-
stasis through their effects on secretory function, which may
result in lower quality of life, weight loss and malnutrition.

Althoughmaintenance of physiologic levels of salivary secre-
tion is generally beneficial, this benefit does not seem to extend
to OM. We reviewed a number of studies testing the effects of
salivary stimulation on OM. Of these, two large randomized
controlled trials clearly demonstrated that stimulation of salivary
flow by pilocarpine had no effect on the severity of radiation-
induced OM in head and neck cancer patients. Further, an
additional small but well-designed randomized controlled trial
similarly demonstrated a lack of benefit of pilocarpine for pre-
vention of CT-induced OM in patients undergoing HSCT. Based
on this evidence, we were able to develop two new suggestions
against the use of pilocarpine for the prevention of OM in these
settings. It is important to note that these suggestions relate
specifically to the use of pilocarpine for the prevention of OM.
The stimulation of salivary flow by pilocarpine or other agents
may have other benefits in these patients; however, that is beyond
the scope of this review. In addition to drugs, salivary gland
output can also be increased through mechanical stimulation,
such as by chewing gum. Such stimulation is appealing as it
does not involve any medication and has no deleterious side
effects. However, the single study we reviewed on chewing gum
also reported a lack of benefit for OM.

Conversely, it has been hypothesized that an inhibition of
salivary flow can reduce the severity of OM by reducing the
amount of cytotoxic drug secreted in saliva. We reviewed three
studies testing this strategy using the antimuscarinic agent
propantheline in patients undergoing HSCT. These studies
yielded conflicting results, precluding the development of a
guideline. The principle here is somewhat similar to that of
cryotherapy, where vasoconstriction of blood vessels by

keeping ice chips in the mouth can reduce the severity of OM
secondary to certain CT drugs. However, an important differ-
ence is that the delivery of the chemotherapeutic agent to the
oral tissues is well-accepted to occur via blood. On the other
hand, the contribution of the relatively low levels of chemo-
therapeutic agents secreted in saliva to OM is questionable.
Furthermore, reduced saliva secretion is known to have several
detrimental effects including significantly increased risk of oral
infections and carious destruction of teeth, oropharyngeal mu-
cosal dryness and discomfort as well as interference with oral
functions, including impaired taste perception and difficulties
with mastication, swallowing and speech [48]. Therefore, al-
though a formal guideline was not possible due to insufficient
and conflicting evidence, the general opinion of the expert
panel was against the use of agents that inhibit salivary flow.

The two studies suggesting that altering the timing of RT
delivery can impact severity of OM are intriguing [33, 34].
However, this may not be a strategy that is practically feasible
to implement since at most centers, patients are scheduled for
RT all through the day. The typical 5 days a week schedule of
RT for head and neck cancer also reduces scheduling flexibility.

An additional preliminary study emerged after the inclusion
period of this systematic review, reporting that transcutaneus
electrical nerve stimulation (TENS) in the regions of the major
salivary glands or combined TENS/masticatory stimulation ap-
plied before, during and after cancer treatment in allogeneic
HSCT patients resulted in less reduction of unstimulated and
stimulated whole saliva secretion as well as fewer patients
affected by grades 3 and 4 OM. However, the conclusions have
to be considered with precaution since the number of patients
included was low and without comparison between the study
and control groups regarding the neutropenia period (or at least
about the myelotoxicity level of the conditioning regimen) [51].

In summary, various interventions for the management of
OM were reviewed in this section. The proposed mechanisms
of these interventions vary greatly. Scientific evidence sug-
gests avoiding the use of systemic PTX and pilocarpine for the
prevention of OM in certain cancer treatment modalities.

Disclosure The Mucositis Guidelines Update was sponsored by
Helsinn Healthcare S.A., Switzerland and BioAlliance Pharma, France.
Per MASCC/ISOO policy, no industry representatives had any role in
the development of the guidelines. Andrei Barasch has received funding
from Amgen®, USA and BioAlliance Pharma, France.
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