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Mucositis and xerostomia are the most common oral

complications of the non-surgical therapy of cancer.

Mucositis, a common sequel of radio- (DXR), chemo-

(CXR) and radiochemo-therapy in patients with cancer,

or patients requiring haemopoietic stem cell transplants

(HSCT), has a direct and significant impact on the quality

of life and cost of care, and also affects survival – because

of the risk of infection. Apart from dose reduction, pre-

ventive and treatment options for mucositis are scarce,

although multiple agents have been tested. Evidence

suggests that cryotherapy, topical benzydamine and

amifostine might provide some benefit in specific situa-

tions. The recombinant human keratinocyte growth fac-

tor Palifermin (Kepivance�) was recently approved as a

mucositis intervention in patients receiving conditioning

regimens before HSCT for the treatment of haemato-

logical malignancies. A number of mechanistically based

interventions are in various stages of development.

Unfortunately, many other approaches have not been

rigorously tested. This paper reviews the clinical features,

prevalence, diagnosis, complications, pathogenesis, pro-

phylaxis and management of mucositis.
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Introduction

Mucositis is a common toxicity associated with both
chemotherapy, and head and neck radiation used for the
treatment of cancer (Herrstedt, 2000; Mead, 2002; Scully
et al, 2003, 2004; Trotti et al, 2003; Vissink et al, 2003;
Garfunkel, 2004; Wright et al, 2005). It is characterized
by ulceration in the oro-oesophageal and gastrointesti-

nal mucosae that results in pain, dysphagia, diarrhoea
and dysfunction depending on the tissue affected
(Blijlevens et al, 2000; Sonis and Fey, 2002).

Oral mucositis results in severe discomfort and
impairs patients’ ability to eat, swallow and talk.
Concomitant therapy-induced myelosuppression places
patients at significant risk of bacteraemia and sepsis
from oral microorganisms resulting in increased days of
fever, antibiotic use and hospitalization (Bergmann,
1988, 1989; Laine et al, 1992; Donnelly et al, 1995).

Clinical features of mucositis

The early clinical sign of mucositis is erythema present-
ing about 4–5 days following chemotherapy infusion or
at cumulative doses of head and neck radiation of about
10 Gy. Patients also often complain of burning and
intolerance of spicey foods at this stage.

Seven to 10 days after chemotherapy or at cumulative
radiation doses of 30 Gy, ulcers develop, resulting in
marked discomfort, often requiring opioid intervention
and in many cases causing patients to alter their diet. In
the case of chemotherapy-induced mucositis, lesions are
seen mostly on the movable mucosae of the buccal
mucosae and lateral and ventral surfaces of the tongue.
The hard palate and gingiva appear not susceptible to
chemotherapy-induced mucositis. In contrast, radiation-
induced mucositis may involve any radiation-exposed
area, including the hard palate, albeit rarely (Figure 1).

Chemotherapy-induced mucositis lasts approximately
1 week and generally heals spontaneously by 21 days
after infusion. Radiation-induced mucositis stays at a
peak for at least 2 weeks following the completion of
radiotherapy (typically 60–70 Gy). As a result, it is not
uncommon for patients receiving radiotherapy for
cancers of the mouth and contiguous areas, to have
severe ulcerative oral mucositis persisting for 5–7 weeks.
Chronic mucositis following radiation therapy, does
occur, but rarely.

The health and economic costs of oral mucositis are
significant. Stem cell transplant recipients with oral
mucositis have more days of fever, antibiotic use, opioid
use and use of total parenteral nutrition than do patients
without the condition. Importantly, the length of
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hospitalization is markedly increased, resulting in hos-
pital charges that dwarf those for patients without
mucositis. The economic impact among head and neck
cancer patients is equally dramatic, as the condition may
require hospitalization of this typically ambulatory
population. Elting et al (2003) reported that, in their
study population of 224 patients, only 7% of individuals
without ulceration required hospitalization compared to
27% of patients with ulcerative mucositis. In addition,
mucositis, or even the anticipation of mucositis, is a
frequent driver of gastrostomy (g-tube or PE G)
placement.

Mucositis also has an indirect effect on tumour
outcomes as its presence often necessitates an unfavour-
able modification of anti-cancer therapy such as breaks
in radiation treatment or a dose reduction of chemo-
therapy.

Prevalence of mucositis

Historically, mucositis has been associated with partic-
ular high-risk groups such as patients being irradiated
for cancers of the head and neck, individuals receiving
conditioning regimens for stem cell transplant that
include total body irradiation or high dose melphalan
and patients receiving specific induction protocols for
acute leukaemia. Mucositis has been consistently repor-
ted to occur in at least 75% of treated patients in these
groups. In contrast, the incidence has been under-
reported in many other patient groups, especially
patients being treated with cycled chemotherapy for
solid tumours. This probably reflects the lack of direct
patient observation while individuals are between cycles,
a reluctance on the part of patients to jeopardize their
cancer therapy, a lack of reporting of �moderate grade
toxicities’ and a focus by oncologists on tumour kill,
rather than toxicities. For example, mucositis has been
seen in over 50% of patients being treated with
fluorouracil, adriamycin and cytoxan (FAC) for node-
positive breast cancer. For patients being treated with
the most common chemotherapy regimens for colorectal
cancer, the prevalence of mucositis is reportedly

approximately 15–20%. However, there are few pros-
pective trials upon which frequency data can be based.

Radiation-induced mucositis occurs in almost all
patients who are treated for cancers of the mouth,
oropharynx and nasopharynx, and in approximately
two-thirds of those treated for cancers of the hypophar-
ynx or larynx. Mucositis risk and severity are deter-
mined by the treatment dose, radiation field size and
fractionation schedules prescribed for individual
patients. Hyperfractionated schedules and combination
of radiation with chemotherapy increase the prevalence,
severity and duration of mucositis. The effect of
intensity-modulated radiation therapy (IMRT) on the
incidence and severity of mucositis is still being estab-
lished, but it seems clear that patients being treated with
cancers in or about the mouth may be at equivalent
mucositis risk to those being treated with conventional
radiation.

In patients receiving cancer chemotherapy, the fre-
quency and severity of mucositis is mainly determined
by the type(s) and dose of cancer chemotherapeutic
agents used. five-fluorouracil (5-FU), cisplatin, etopo-
side and melphalan are particularly stomatotoxic (Chi
et al, 1995; Pico et al, 1998) and mucositis is common
with doxorubicin, vinblastine, taxanes and methotrexate
(Symonds, 1998), but uncommon with asparaginase and
carmustine (Symonds, 1998). The combining of different
chemotherapeutic drugs further intensifies the likelihood
of mucositis: from 40% to 70% of patients treated with
standard chemotherapy regimens suffer mucositis (Hic-
key et al, 1982; Rodu and Gockerman, 1983; Magrath
et al, 1984; Schubert et al, 1984; Balis et al, 1985;
Caballero et al, 1985; Carl and Higby, 1985; Bishop
et al, 1986; Dreizen et al, 1986; Barrett, 1987; Sonis and
Kunz, 1988; Dahllof et al, 1989; Weisdorf et al, 1989;
Roth et al, 1991).

Finally, mucositis is seen in 75–99% of patients
receiving conditioning regimens for haemopoietic stem
cell transplantation (HSCT) particularly in those that
combine total body irradiation (TBI) and chemotherapy
(Donnelly et al, 1992; Blijlevens et al, 2000). Mucositis
is the most common symptom and distressing compli-
cation of HSCT (Bellm et al, 2000), and some 30–50%
of patients with HSCT complain that mucositis is
their most significant toxicity. The only independent
risk factor identified for mucositis is the condition-
ing regimen: high-dose melphalan (HDM) regimens
exceed busulphan, busulphan–cyclophosphamide,
cyclophosphamide–TBI, cyclophosphamide–carmustine
(BCNU) and cyclophosphamide–etoposide–carmustine
(Wardley et al, 2000). Newer approaches for HSCT
including mini-transplants are associated less frequently
with mucositis, which is also less severe.

Diagnosis of mucositis

Diagnosis of mucositis is clinical and based on the use of
known stomatotoxic therapy, and the appearance,
timing and location of oral lesions. Chemotherapy-
induced mucositis occurs on the movable mucosae,
rarely affecting the dorsum of the tongue, the hard

Figure 1 Clinical appearance of mucositis
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palate or the gingivae. Radiation-induced mucositis also
affects the movable mucosae and may involve the hard
palate, albeit rarely. Infections and graft-vs-host disease
(GVHD) are the most common differential diagnoses.

Viral infections differ clinically from mucositis in that
they are typically croppy, localized and involve kerati-
nized mucosa of the hard palate, gingival and dorsal
tongue and their onset often coincides with fever.
Culture or exfoliative cytology at the time of lesion
presentation is prudent.

Graft-vs-host disease is limited to patients who have
received allogeneic HSCT and develops following
haematologic recovery (beyond 21 days after trans-
plant) and typically results in dramatic oral lesions that
are often lichenoid in character, sometimes also with
xerostomia (Woo et al, 1997). Neutropenia, induced by
chemotherapy, may be associated with necrotizing
gingivitis.

Scoring mucositis
The lack of a universally accepted scale to describe
mucositis severity has hampered accurate comparisons
of regimen-related toxicity and the efficacy of interven-
tions. A large number of mucositis scoring systems have
been devised (summarized by Sonis et al, 2004a,b) for
the purposes of describing toxicity, guiding nursing
patient management and evaluating treatments, but
most lack standardization or validation (Parulekar et al,
1998).

The two most commonly used scoring tools to
describe toxicity are the World Health Organization
(WHO) and the National Cancer Institute (NCI) com-
mon terminology criteria for adverse events. Scales used
as nursing management tools tend to be comprehen-
sively directed at describing overall oral health. Conse-
quently, they contain items related to dental hygiene,
dental and gingival health, that may obscure the true
level of mucosal damage. Clinical research scales such as
the oral mucositis index (OMI) or the oral mucositis
assessment scale (OMAS) tend to be sensitive but,
because of the their quantitative nature, difficult for
routine clinical use (Tables 1 and 2).

Complications of mucositis

Mucositis, especially in the presence of neutropenia, can
predispose to bacteraemia, septicaemia and fungaemia
(Greenberg et al, 1982; Barrett, 1987; Bergmann, 1989;
Classen et al, 1990; Elting et al 1992; Donnelly, 1993;
Ruescher et al, 1998) which may even be life-threaten-
ing. Streptococcus oralis and Streptococcus mitis are

amongst the most common bacterial isolates from blood
and S. mitis can, especially in those on high dose
cytarabine, cause adult respiratory distress syndrome
(Elting et al 1992; Lucas et al, 1997). Mucositis may also
be a site of origin of mycoses (Edwards et al, 1997),
typically infection with Candida albicans, but also with
other Candida species such as kruseitropicalis, parapsi-
losis, and glabrata, and Aspergillus and Mucor (Wingard
et al, 1991; McCarthy and Skillings, 1992; Epstein and
Wong, 1994; Feld, 1997).

Oral mucositis may also be a predictor of gastroin-
testinal toxicity (Rapoport et al, 1999) and after HSCT
may predict the onset of hepatic veno-occlusive disease
(Wingard et al, 1991).

Pathogenesis of mucositis

It is now evident that the pathogenesis of mucositis is far
more complex than the historical view that it simply
results from the non-specific direct effects of radiation or
chemotherapy on rapidly dividing mucosal basal cells.
Mucositis appears to involve five biological phases
(Sonis, 2004a; Figure 2): (i) initiation, (ii) primary
damage response, (iii) signal amplification, (iv) ulcer-
ation and (v) healing.

The initiation phase occurs quickly after radiation or
chemotherapy and is followed by both DNA and non-
DNA damage. Direct cellular injury targeting the basal
epithelial cells occurs simultaneously with the generation
of reactive oxygen species (ROS) such as superoxide.
The primary damage response, noted in the cells and
tissues of the submucosa, is characterized by the
expression of early response genes c-jun, c-fos and Erg-
1, the activation of the transcription factors such as
nuclear factor kappa beta (NF-j), and its 26 S protea-
some, the hSNK gene, and vascular adhesion molecules.
This is followed by upregulation of genes that result in
the production of a range of destructive proteins and
molecules such as the pro-inflammatory cytokines
[interleukin-1 (IL-1), interleukin-6 (IL-6) and tumour
necrosis factor (TNF) alpha], nitric oxide (NO), cera-
mide and matrix metalloproteinases (MMPs) that lead
to apoptosis and tissue injury (Sonis, 1998, 2002, 2004b;

Table 1 WHO Mucositis scale (WHO, 1979)

Grade Clinical features

0 –
1 Soreness/erythema
2 Erythema, ulcers but able to eat solids
3 Ulcers but requires liquid diet
4 Oral alimentation not possible

Table 2 Oral Mucositis Assessment Scale (OMAS) (Sonis et al, 1999a)

Location Ulcerationa Erythemab

Lip
Upper 0, 1, 2 or 3 0, 1 or 2
Lower 0, 1, 2 or 3 0, 1 or 2

Buccal mucosa
Right 0, 1, 2 or 3 0, 1 or 2
Left 0, 1, 2 or 3 0, 1 or 2

Tongue ventrolateral
Right 0 ,1, 2 or 3 0, 1 or 2
Left 0, 1, 2 or 3 0, 1 or 2
Floor of mouth 0, 1, 2 or 3 0, 1 or 2

Palate
Soft 0, 1, 2 or 3 0, 1 or 2
Hard 0, 1, 2 or 3 0, 1 or 2

a0 ¼ none; 1 ¼ < 1 cm2; 2 ¼ 1–3 cm2; 3 ¼ >3 cm2.
b0 ¼ none; 1 ¼ not severe; 2 ¼ severe.
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Table 3). Not only are these substances damaging, but
they also provide a positive feedback loop (signal
amplification) that drives the destructive process for-
ward, such that the ultimate target tissue, the oral
epithelium, eventually breaks down and ulcerates.
Infective processes involving the oral microbiota may
then come into play, especially when there is also
neutropenia (as in chemotherapy and HSCT patients) or
other deterioration in host immune defences such as
falling levels of salivary IgG, IgA and IgM (Garfunkel
et al, 1994). Aerobic Gram-negative bacteria (Escheri-
chia coli, Klebsiella pneumoniae, Enterobacter cloacae,
Pseudomonas aeruginosa), Gram-positive microorgan-
isms (Streptococcus mitis, S. oralis, S. sanguis and
staphylococci), capnophylles (Capnocytophaga, Lepto-
trichus buccalis) and anaerobes (particularly Fusobacte-
ria) may be implicated. Myelosuppression increases

Gram-negative organisms. Bacterial cell wall products
such as lipopolysaccharide (LPS) amplify mechanisms
that exaggerate and extend the injury by stimulating
infiltrating macrophages to produce additional dam-
aging cytokines.

The healing phase is also biologically dynamic, with
signalling from the submucosal extracellular matrix
stimulating the migration, differentiation and prolifer-
ation of the healing epithelium.

Prophylaxis of mucositis

There are a number of strategies adopted by oncolo-
gists to minimize the adverse effects of cancer therapy
such as dose reduction, and other preventive treatment
options. For example, leucovorin has been used for
years to minimize the mucositis resulting from use of
5-FU (Lalla and Peterson, 2005). These are the
province of oncologists and are not discussed further
here.

There has been a range of interventions developed for
prophylaxis of oral mucositis (Table 4) but a more
rational approach may be warranted (Table 5). Indeed,
there are very few randomized controlled double-blind
trials (RCTs) assessing most of the interventions.

A recent Cochrane review (Clarkson, 2003) concluded
benefit from use of

• Ice chips (in chemotherapy-induced mucositis)
• Granulocyte-macrophage colony stimulating factor
(GM-CSF)

only moderate benefit from

• Antibiotics (topical or pastilles)
• Hydrolytic enzymes

and minimal benefit from

• Amifostine
• Benzydamine, oral care protocols and povidone.

Figure 2 Phases of mucositis. From Sonis (2004a,b)

Table 3 Factors involved in the pathogenesis of mucositis

Free radicals
Reactive oxygen species (ROS)

Apoptosis, via activation of
Nuclear factor NF-j
AP1 family (c-FOS, c-JUN) and caspase 3
P53 tumour suppressor gene
NRF2 (NF-E2-related factor2)
BAX (pro-apoptotic protein)
Mitogen activated protein kinase: MAPK
Ceramide production from
Sphingomyelinase
Ceramide synthase

Nitric oxide [NO]
Cytokines
Interleukins
IL-1b
IL-6

Tumour necrosis factor a: which also activates NF-j, MAPK,
JNK, AP1 and matrix metalloproteinases [MMP]

Cyclo-oxygenases [COX]
MMP
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The recent approval of recombinant human keratino-
cyte growth factor (KGF) palifermin (Kepivance�) for
the prevention of mucositis induced by conditioning

regimens for HSCT for haematological malignancies
validates a mechanistically based approach to the
problem (Spielberger et al, 2003, 2004; Awada et al,
2005; Kostler et al, 2005; Palmieri and Vigushin, 2005).

Radiation mucositis
Shielding the mucosa with mucosa-sparing blocks can
reduce the problem of radiation-induced mucositis
(Perch et al, 1995; Ship et al, 1997). The outcomes from
studies testing GM-CSF, benzydamine hydrochloride or
amifostine are mixed.

Granulocyte-macrophage colony stimulating factor
administration concurrently with conventional fraction-
ated radiotherapy was assessed in a consecutive series of
patients and was associated with reduced mucositis,
suggesting mucosal protection by GM-CSF during
radiotherapy (Kannan et al, 1997) but this was not
shown by others (Tejedor et al, 2000). Another trial with
granulocyte colony stimulating factor (G-CSF) did not
appear to influence mucositis although it reduced the
number of treatment breaks (Mascarin et al, 1999).
Randomized clinical studies are necessary.

Benzydamine HCl can inhibit TNF alpha (Sironi et al,
1997), and has been shown in single centre studies and in
a multicentre double blind randomized placebo con-
trolled trial in radiation therapy to reduce the intensity
and duration of mucosal damage as well as to delay the
need to use systemic pain-relievers including opioids
(Kim et al, 1986; Epstein et al, 1989, 2001). Benzydam-
ine was not effective however, in patients receiving
accelerated radiotherapy doses of more than 220 cGy
day)1. Only a small number of patients in the trial had
received combined radiation- and chemotherapy.

Amifostine and its active metabolite, WR-1065, pref-
erentially are cytoprotective of parotid acinar cells
exposed to radiation (Koukourakis, 2002). Both agents
function as free radical scavengers. The efficacy of
amifostine as a mucosal protectant is unclear and
nausea, vomiting, hypotension, and allergic reactions
are the most common adverse effects (Brizel et al, 2000).

Other interventions
Topical prostaglandin E2 has been suggested to be of
some benefit in uncontrolled studies (Sinzinger et al,
1989). Another method to reduce radiation effects in
normal tissue is to stimulate cells to divide before
radiotherapy by silver nitrate (Maciejewski et al, 1991)
although conflicting results have been reported (Dorr
et al, 1995) and controlled trials are lacking. Growth
factors that require further study include IL-1. These
methods may be effective for treatment of mucositis
when provided in patients treated with hyperfractionated
radiation treatment such as CHART (Symonds, 1998).

There is some evidence that low-energy helium-neon
laser (LEL) therapy may reduce the severity and
duration of oral mucositis associated with radiation
therapy (Ciais et al, 1992; Bensadoun et al, 1999) but
considerable more research is needed. Again, RCTs are
needed.

Clinical and histopathological demonstrations of a
reduction in oral mucositis with sucralfate suggested

Table 4 Miscellaneous therapeutic approaches that have been tried for
prophylaxis and management of mucositis

Methods to reduce exposure of the mucosa to damaging agents
Ice chips
Propantheline

Antimicrobials
Aciclovir
Antibiotics
Amphotericin B
Chlorhexidine
Fluconazole
Protegrin peptides

Anti-inflammatory medications
Biologic response modifiers
Interleukin-1
Interleukin-11
GM-CSF
G-CSF
Keratinocyte growth factors
Thalidomide
TGF-beta 3

Cytoprotective agents
Amifostine
Benzydamine
Glutamine
N-acetyl cysteine
Prostaglandins
Vitamin E

Low-energy lasers
Other agents e.g.
Allopurinol, azelastine, chamomile, chymotrypsin, clopidogrel,
coumarin/troxerutine, misoprostol, papain, pentoxifylline, sucral-
fate, tretinoin, trypsin

Table 5 Rational approaches to management of mucositis

Prevention of free radical DNA damage
Free radical scavengers
Amifostine (Ethyol�) (and see below)
Benzydamine (Difflam, Tantum�) (and see below)

N-acetyl cysteine (NAC)
Manganese superoxide dismutase (detoxifies ROS)
Keratinocyte growth factor 1 (activates NRF2 to induce superoxide
dismutase; and see below)

Cytokine reduction
Amifostine
Benzydamine
N-acetylcysteine
COX-2 inhibitors

Apoptosis reduction
Ceramide inhibitors: glutathione, desipramine, fumonisin
COX-2 inhibitors
Keratinocyte growth factors (and see below)

Enhance healing
Keratinocyte growth factors (activate NRF2 to induce superoxide
dismutase)
KGF1 ¼ FGF7 (Palifermin�)
Induces

NRF2
IL-13

Downregulates
TNF (and possibly TGF and PDGF)

KGF2, FGF 01 and FGF 20 also in trials
Granulocyte-macrophage colony stimulating factor sargramostine
(Leukine�, Prokine�)

Mucositis
C Scully et al

233

Oral Diseases



that it might be recommended in the prevention of
radiation-induced mucositis (Etiz et al, 2000), but other
researchers have not found reduction in mucositis
(Epstein and Wong, 1994). Some have shown the
combination of sucralfate with fluconazole to be effect-
ive (Allison et al, 1995) but double blind studies have
not confirmed significant benefit from the use of
sucralfate (Epstein and Wong, 1994; Franzen et al,
1995) although oropharyngeal pain was decreased
(Epstein and Wong, 1994).

Coumarin/Troxerutine (Venalot Depot�) showed a
favourable effect in the treatment of radiogenic sialade-
nitis and mucositis in prospective, randomized placebo-
controlled double-blind studies (Grotz et al, 1999, 2001).

Radiotherapy is associated with a marked increase in
oral Gram-negative microorganisms, including entero-
bacteria and pseudomonads (Rice and Gill, 1979) and it
has been speculated that their presence could contribute
to mucositis (Martin, 1993) but might also result in the
release endotoxins which could cause adverse systemic
effects (Spijkervet et al, 1989a). However, a role for
antibacterial therapy in the control of radiation-induced
mucositis has not been established. The negative results
of a clinical trial in which protegrin, a naturally
occurring antimicrobial peptide, was tested for its ability
to modulate radiation-induced mucositis illustrate the
potential complexity of the effects of the local environ-
ment on the course and severity of the condition (Chen
et al, 2000). Meta-analysis suggested that only the
narrow-spectrum antibacterial lozenges were effective
(Sutherland and Browman, 2001). A placebo-controlled
randomized trial of antibiotic pastilles showed a signi-
ficant reduction in mucositis and weight loss during
radiotherapy for head and neck cancer (Symonds et al,
1996) but others have not found an improvement in the
quality of life (Duncan et al, 2005) and an RCT of other
antibiotics (polymyxin E, tobramycin and amphotericin
B) showed them to be of no significant value (Wijers
et al, 2001).

Aqueous mouthrinses of chlorhexidine gluconate
have, in some single centre studies, been reported to
prevent acute oral infections and/or mucositis during
cancer therapy (Ferretti et al, 1987, 1988; Brown et al,
1990; Thurmond et al, 1991). They are acceptable to
children (Cheng, 2004). However, other studies have
shown no effect upon chemotherapy mucositis (Wahlin,
1989; Weisdorf et al, 1989; Epstein et al, 1992) and no
studies have shown significant benefit in radiation
mucositis (Samaranayake et al, 1988; Spijkervet et al,
1989b; Ferretti et al, 1990; Foote et al, 1994). Proteo-
lytic enzymes such as trypsin, papain and chymotrypsin
may be beneficial (Gujral et al, 2001) but again, RCTs
are required.

Chemotherapy-induced mucositis
Methods have been developed to reduce exposure of the
mucosa to chemotherapeutic drugs. The use of ice chips
(cryotherapy) producing mucosal cooling, leading to
blood vessel constriction, is thought to lead to conse-
quent reduction in exposure of mucosal tissues to the
chemotherapy agent. This might be a useful approach

for agents with a short half-life. Indeed, ice chips used
5 min before bolus administration of 5-FU and swilled
around the mouth for 30 min reduces mucositis by
about 50% (Mahood et al, 1991; Rocke et al, 1993;
Cascinu et al, 1994; Loprinzi et al, 1997). Thirty-eight
reports of chemotherapy trials were initially included in
a Cochrane review; two were duplicate reports and nine
were excluded as there was no useable information
(Clarkson et al, 2000). Of the 27 useable studies 14 had
data for mucositis comprising 945 randomized patients
and 15 included data for oral candidosis with 1164
randomized patients but only ice chips prevented
mucositis. There is also evidence of some benefit from
ice chips in patients treated with methotrexate or
melphalan (Dumontet et al, 1994; Meloni et al, 1996)
or edatrexate (Edelman et al, 1998). Plain ice is more
acceptable than flavoured ice (Nikoletti et al, 2005).

Propantheline is another agent that, by altering
salivation, might reduce the topical exposure of the oral
mucosa to chemotherapeutic drugs excreted in saliva. It
may reduce mucositis associated with etoposide (Ahmed
et al, 1993). or combination chemotherapy (ifosfamide,
carboplatin and etoposide) plus autologous HSCT
(Oblon et al, 1997). Pilocarpine has also been suggested
to reduce mucositis (Awidi et al, 2001) but a prospect-
ive, double-blinded, randomized, placebo-controlled
trial in oral mucositis during autologous HSCT showed
no benefit (Lockhart et al, 2005).

There is evidence that prophylactic use of antifungal
agents which are absorbed or partially absorbed from
the gastrointestinal tract (e.g. fluconazole) reduce the
clinical signs of oral candidosis and systemic infection
and the partially absorbed drugs may be more effective
(Clarkson et al, 2000).

Other agents tested
Chamomile (Matricaria recutita) contains a number of
anti-inflammatory compounds and a single case report
in methotrexate-induced mucositis suggested some suc-
cess (Mazokopakis et al, 2005) but it was proven
ineffective in a controlled trial of 5-FU-induced mucos-
itis (Fidler et al, 1996).

A daily preventive protocol in leukaemia consisting
of: (i) elimination of bacterial plaque; (ii) application of
a mouthwash with a non-alcoholic solution of chlorh-
exidine 0.12% and (iii) topical application of iodopovi-
done, followed by �swish and swallow’ with nystatin
500 000 units resulted in a significant improvement in
oral hygiene and a significant decrease in the incidence
of mucositis grade 2 and oral candidosis (Levy-Polack
et al, 1998). However, others found chlorhexidine may
be no more effective than water at reducing mucositis,
and suggested that salt and soda mouthwash is cheaper
than and as effective as, chlorhexidine or a mouthwash
containing lidocaine, Maalox� and Benadryl� (Dodd
et al, 2000).

Indeed, no clear outcomes have been found with
respect to the use of chlorhexidine, clindamycin, fluc-
onazole, Iseganan, povidone iodine or combinations
thereof (Donnelly et al, 2003). In non-blinded prelimin-
ary clinical studies, mouthwashes of GM-CSF and
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G-CSF ameliorated mucositis (Ibrahim and al Mulhim,
1997). GM-CSF may reduce the severity and duration of
chemotherapy-induced oral mucositis after 5-FU and
cisplatin chemotherapy (Chi et al, 1995) and others have
confirmed this finding, but only in non-blinded open
trials (Rosso et al, 1997; Crawford et al, 1999). GM-
CSF given subcutaneously from days 5 to 14 of
chemotherapy appears to reduce the severity and
duration of mucositis related to 5-FU, cisplatinum,
cyclophosphamide, doxorubicin and etoposide, or
methotrexate, vinblastine, and adriamycin (Gabrilove
et al, 1988; Crawford and O’Rourke, 1994; Chi et al,
1995; Rosso et al, 1997; Karthaus et al, 1998). Local
application may also have some effect (Sprinzl et al,
2001). Transforming growth factor beta (TGF-b3) is
another potential therapeutic agent (Spijkervet and
Sonis, 1998).

Amifostine may ameliorate mucosal damage after
conditioning for peripheral blood progenitor cell auto-
transplant, However, tolerance due to nausea is of
considerable concern (Capelli et al, 2000). Further study
is needed to confirm the effect and to assess the side-
effects associated with potential mucosal protection and
to confirm a lack of effect on tumour protection at
higher doses.

Topical prostaglandin E2 was suggested to be of some
benefit, in uncontrolled studies (Kuhrer et al, 1986;
Matejka et al, 1990) but at least one double blind study
has discounted its value (Labar et al, 1993).

Topical vitamin E, acting as an antioxidant, has been
shown in small placebo controlled double-blind studies
to effectively reduce chemotherapy-induced mucositis
(Wadleigh et al, 1992; Lopez et al, 1994).

Allopurinol may theoretically be expected to prevent
5-FU-associated stomatitis via both direct and indirect
actions to oral mucosa (Nakamura et al, 1996), that
include inhibitory actions on xanthine oxidase, super-
oxide dismutase, orotidylate decarboxylase as well as
proteases. However, promising results of a protective
effect from an allopurinol mouthwash (Clark and Slevin,
1985; Tsavaris et al, 1988) in 5-FU induced mucositis
unfortunately have not been confirmed in controlled
trials (Loprinzi et al, 1990; Porta et al, 1994). Results
also do not support the use of oral misoprostol for high-
dose chemotherapy-induced mucositis prophylaxis
(Duenas-Gonzalez et al, 1996).

Finally despite promising early reports (Bianco et al,
1991), pentoxifylline appears to be of little benefit (Attal
et al, 1993; Clift et al, 1993; Verdi et al, 1995) and is
ineffective for preventing mucositis in patients receiving
cisplatin and 5-FU (Verdi et al, 1995).

Chemoradiotherapy-induced mucositis
A phase II trial in cancer patients treated with
concurrent carboplatin, paclitaxel and daily radiother-
apy, showed that amifostine appears to decrease treat-
ment-related toxicities, including oral mucositis,
without impacting efficacy of the chemoradiotherapy
(Suntharalingam et al, 2004). A phase II trial of
propantheline in patients receiving high-dose ICE
(ifosfamide, carboplatin and etoposide) chemotherapy

plus autologous HSCT, dramatically reduced mucositis
(Oblon et al, 1997), presumably by reducing salivary
drug levels.

Granulocyte-macrophage colony stimulating factor
and G-CSF may also ameliorate mucositis in HSCT
(Atkinson et al, 1991; Gordon et al, 1994; Nemunaitis
et al, 1995) although the benefit has not been impres-
sive when used topically (Wardley and Scarffe, 1996;
Karthaus et al, 1998). One study found no benefit in
HSCT from 300 lg GM-CSF dissolved in a 2%
methylcellulose gel applied locally for chemo- and
radiotherapy-induced mucositis, compared with a 2%
methylcellulose gel alone (van der Lelie et al, 2001).

Keratinocyte growth factor (KGF), palifermin (Kepi-
vance�), has a beneficial effect on mucositis in murine
models given chemoradiotherapy (Farrell et al, 2002) and
in human HSCT patients on BCNU, etoposide, cytosine
arabinoside and melphalan (Durant, 1999), in patients
with haematologic cancers when administered for three
consecutive days immediately before the initiation of
conditioning therapy (fractionated total-body irradiation
plus high-dose chemotherapy) and after autologous
HSCT (Spielberger et al, 2004) and, in addition it has
some effect on GVHD (Krijanovski et al, 1999). As
compared with placebo, KGF was associated with
significant reductions in the prevalence of grade 4 oral
mucositis, patient-reported soreness of the mouth and
throat, the use of opioid analgesics, and the incidence of
use of total parenteral nutrition (Spielberger et al, 2004).

Interleukin 11 (IL-11) is a cytokine of potential value,
showing efficacy in animal models (Sonis et al, 1995;
Orazi et al, 1996; Potten, 1996). A trial in HSCT using
recombinant IL-11, showed a reduction in mucositis in
humans (Sonis et al, 1999b) but there is the potential for
cardiac arrhythmias and oedema.

A preliminary study indicated that the severity of oral
mucositis, both objective and subjective, in HSCT
patients may be reduced by 0.1% topical tretinoin
cream which has anti-inflammatory activity, adminis-
tered daily from the beginning of the HCST condition-
ing until marrow engraftment (Cohen et al, 1997).

Local antimicrobials containing amphotericin, po-
lymixin and tobramycin may have some activity (Bondi
et al, 1997) but an RCT discounted any significant
benefit (Wijers et al, 2001) and, in general, antiseptics
(chlorhexidine) appear to have little effect in mucositis
(Samaranayake et al, 1988). Small single centre trials
show that the incidence, severity and duration of
radiochemotherapy-induced mucositis can be signifi-
cantly reduced by oral rinsing with povidone iodine
performed in addition to the standard prophylaxis
scheme (Rahn et al, 1997; Adamietz et al, 1998). How-
ever, a RCT found no significant differences between the
groups in respect of mucositis characteristics, fever of
unknown origin and other infections between patients
using povidone iodine and normal saline mouthwashes
(Vokurka et al, 2005).

Topical application of prostaglandin E2 in an uncon-
trolled patient cohort was found beneficial, but con-
trolled studies have yet to be reported (Matejka et al,
1990). Mixed results have been seen with oral glutamine,
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which is involved in protein and nucleic acid synthesis:
one group showed a decrease in the severity and
duration of oropharyngeal mucositis in autologous
HSCT patients but not in allogeneic HSCT patients,
possibly because of interaction with methotrexate
(Anderson et al, 1998a,b). While similar results were
shown in a trial of intravenous glutamine in HSCT
(MacBurney et al, 1994), and from an uptake-enhanced
glutamine suspension used orally (Peterson 2006), others
have found no benefit (Schloerb and Skikne, 1999).

Small studies have shown some beneficial effect of
helium-neon (He-Ne) lasers used before autologous
HSCT in which chemotherapy consisted of cyclophosph-
amide, or melphalan and TBI (Barasch et al, 1995a,b;
Cowen et al, 1997; Genot and Klastersky, 2005).

Management of mucositis

Mucositis invariably requires systemic analgesics,
adjunctive medications, physical therapy and psycho-
logic therapy in addition to oral care. A recent Cochrane
review (Worthington, 2004) concluded that there was

• no evidence that patient controlled analgesia (PCA)
is better than continuous infusion method for
controlling pain, but less opiate was used per hour,
and duration of pain was shorter, for PCA.

• only weak and unreliable evidence that allopurinol
mouthwash, vitamin E, immunoglobulin or human
placental extract improve or eradicate mucositis.

Treatment guidelines developed by the Multinational
Association of Supportive Care in Cancer and the
International Society for Oral Oncology are published
(Rubenstein et al, 2004), but highlight the need for
higher levels of evidence: panelists identified gaps in
evidence that made it impossible to recommend or not
recommend use of specific agents.

The following management protocol was recommen-
ded (Rubenstein et al, 2004):

• Patient education
• Patient-controlled analgesia (morphine in HCST)
• Radiotherapy

– Midline blocks & 3D radiotherapy
– Benzydamine

• Chemotherapy, cryotherapy for
– 30 min before 5-FU
– 20 min before Edatrexate

• Possibly, low level laser therapy

Do not use

• Chlorhexidine
• Aciclovir
• Pentoxifylline.

Minimal care is good oral hygiene plus narcotic
analgesics, but a number of other approaches can be
helpful (Sonis and Haley, 1996).

Control of pain
Pain from established mucositis can be reduced by
systemic analgesics with non-steroidal agents and other

non-opiods used first, combined with opioids such as
morphine and hydromorphone when pain is severe. In
the in-patient setting, PCA provides the most effective
pain control with lower total doses of opioid. Topical
analgesics may combat pain and dysphagia when used
prior to meals. Capsaicin may also provide analgesia
(Berger et al, 1995).

Avoidance of mucosal irritation
In general, mucositis should be treated conservatively to
avoid further tissue irritation and damaging the remain-
ing cells from which the epithelium will regenerate.
Plaque control and oral hygiene should be maintained
with careful tooth brushing (Borowski et al, 1994). The
potential benefit of prophylactic rinses with chlorhexi-
dine may be to control plaque levels, gingivitis, reduce
caries risk and oropharyngeal candidosis, rather than
any direct effect upon oral mucositis. The patient should
be advised to take a soft bland diet, avoiding irritants
such as tobacco, alcohol or spices. Nutrition should be
maintained.

Active treatment of mucositis
Palifermin (Kepivance�) has been approved for the
treatment of mucositis induced by conditioning
regimens for HSCT for haematological malignancies
(Spielberger et al, 2004; Awada et al, 2005; Kostler et al,
2005; Palmieri and Vigushin, 2005). Benzydamine and
povidone may have a place.

None of the other many available interventions for
the management of mucositis (Table 4), including low
energy laser therapy (Nes and Posso, 2005) has been
shown to be reliably effective in RCTs.

Conclusions

Despite the multiple approaches to mucositis prevention
and management, only cryotherapy, benzydamine and
recombinant human KGF might provide some benefit in
specific situations. Future advances such as further
developments in use of growth factors, or cytokines such
as TGF beta 3 (Wymenga et al, 1999), or gene therapy
using superoxide dismutase to reduce ROS are eagerly
awaited (Guo et al, 2003).
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