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A
ccording to the National Institutes of Health (NIH)
Consensus Development Panel (1990), the prevention
and treatment of oral complications associated with

radiation therapy (RT) and chemotherapy should include den-
tal treatment before cancer treatment and the use of antimicro-
bial and cytoprotective mouth rinse agents during therapy.
The use of cleansing agents (e.g., saline, sterile water, sodium
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Purpose/Objectives: To review the research studies on

the current treatments for radiation therapy- (RT-) induced

mucositis in patients with head and neck cancer.

Data Sources: MEDLINE® search of the literature from

1966–2001.

Data Synthesis: Four types of agents (i.e., antimicrobial,

coating, anti-inflammatory, and cytokine-like agents) have

been evaluated for the management of RT-induced oral

mucositis in patients with head and neck cancer. Most of

the published studies had relatively small sample sizes and

used inconsistent measures to evaluate the extent and se-

verity of oral mucositis. Therefore, definitive conclusions re-

garding the effectiveness of any of the agents tested in the

prevention and treatment of RT-induced oral mucositis

cannot be drawn.

Conclusions: Oral mucositis remains the most common

complication among patients with head and neck cancer.

Although a number of strategies and products are being

investigated and new directions are promising, the thera-

pies tested to date have not produced consistent results.

Implications for Nursing: The most effective measure to

treat RT-induced mucositis in patients with head and neck

cancer is frequent oral rinsing with a bland mouthwash,

such as saline or a sodium bicarbonate rinse, to reduce the

amount of oral microbial flora. Dental care, consistent oral

assessments, and the initiation of a standardized oral hy-

giene protocol before the initiation of cancer treatment

are the most effective approaches for oral mucositis.

Key Points . . .

➤  More than 50 published papers document the clinical investi-

gations aimed at the prevention, palliation, or reduction of ra-

diation therapy- (RT-) induced oral mucositis in patients with

head and neck cancer.

➤ Antimicrobial, coating, anti-inflammatory, and cytokine-like

agents are the main modalities used in the treatment of RT-in-

duced oral mucositis.

➤ Based on the findings of the studies conducted to date, con-

cluding whether antimicrobials, coating agents, or anti-inflam-

matory agents decrease the severity of RT-induced oral mu-

cositis is not possible.

➤ Promising new treatments that include the use of cytokine

mouthwashes may facilitate epithelial healing and maturation

during RT.

Goal for CE Enrollees:

To further enhance nurses’ knowledge in the current treatment

for radiation therapy-induced oral mucositis.

Objectives for CE Enrollees:

On completion of this CE, the participant will be able to
1. Describe treatment regimens currently available for the treat-

ment of radiation therapy-induced oral mucositis.
2. Describe research limitations discovered during review of cur-

rent treatments for radiation therapy-induced mucositis.
3. Discuss the nurse’s role in the care of patients with radiation

therapy-induced oral mucositis.
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bicarbonate solution) is well recognized as preventive care for
patients at risk for cancer treatment-induced mucositis.
Cleansing agents ensure the safe removal of loose debris and
keep the damaged oral mucosa clean. Sodium bicarbonate
reduces the acidity of the oral fluids immediately; it also di-
lutes accumulating mucus and discourages yeast colonization
(Carl & Emrich, 1991).

A wide variation in treatment approaches for oral mucosi-
tis exists. For example, Mueller, Millheim, Farrington, Brus-
ko, and Wiser (1995) conducted a survey to identify the na-
tional treatment practices for chemotherapy- or RT-induced
oral mucositis among patients with cancer and to compare
these practices to NIH guidelines. The researchers mailed sur-
veys to clinical pharmacists in 200 hospitals throughout the
United States. Thirty-one percent (n = 62) of the 200 question-
naires were completed and returned from 42 states. Most of
the respondent institutions were university-based medical
centers (48%), and 45% of the hospitals ranged in size from
500–750 beds. Institutions used a wide range of agents, which
generated substantial variability in mucositis prophylaxis and
treatment protocols. Sixty-nine percent indicated that their
hospitals did not use a standardized protocol for the treatment
of oral mucositis. Eighty-two percent of the protocols in-
cluded a single agent or combinations of ingredients (e.g.,
mouthwash mixture of hydrogen peroxide, saline, water, salt,
and soda; nystatin) that lack proven clinical efficacy. Mueller
et al. concluded that oral mucositis management strategies for
hospitalized patients varied widely among U.S. hospitals. Co-
ordinated, controlled studies are needed to identify optimal
therapies for patients who receive stomatotoxic chemotherapy
or RT to the oral mucosa.

More than 50 published papers document the clinical inves-
tigations aimed at the prevention, palliation, or reduction of
RT-induced oral mucositis in patients with head and neck
cancer. Most of the treatments are merely palliative or are
directed at secondary problems, such as infections or pain
(Madeya, 1996; NIH Consensus Development Panel, 1990;
Raber-Durlacher, 1999).

Four major types of agents constitute the main modalities
used in the management of RT-induced mucositis: antimicro-
bial agents, coating agents, anti-inflammatory agents, and
cytokine-like agents (Madeya, 1996; Miaskowski, 1990;
Sonis, 1998; Verdi, 1993). This article will review the re-
search studies about the current treatments for RT-induced
oral mucositis in patients with head and neck cancer. A
MEDLINE® search was conducted for the years 1966–2001
to obtain a list of all of the research studies written in English
that evaluated treatments for RT-induced oral mucositis in
patients with head and neck cancer. Additional papers were
found based on a careful review of the reference lists from the
studies identified through the MEDLINE search. The search
revealed that the range of agents used for a mucositis indica-
tion is extensive. This article addresses the efficacy of these
four types of agents in the prevention and treatment of RT-
induced oral mucositis. Implications for practice are drawn
from this review.

Antimicrobial Agents

The major antimicrobial or antiseptic agents include ben-
zydamine (BZD), chlorhexidine, hydrogen peroxide, and an-
tibiotic lozenges of polymixin B, tobramycin, and amphoteri-

cin B (PTA lozenge). They work by inhibiting the growth of
abnormal microflora and can result in a decrease in the num-
ber of opportunistic infections, which may reduce the sever-
ity of RT-induced mucositis.

Benzydamine

BZD is a nonsteroidal drug with analgesic, anesthetic, anti-
inflammatory, and antimicrobial properties (Epstein, 1990;
Verdi, 1993). BZD inhibits the chemical mediators of inflam-
mation, including prostaglandins, serotonin, histamine, and
acetylcholine. The mechanism of action of BZD is believed to
be the stabilization of cellular and intracellular membranes
through inhibition of platelet aggregation and degranulation
of polymorphonuclear leukocytes (Epstein).

Six double-blind, placebo-controlled, randomized clinical
trials have been published that evaluated the use of BZD in the
management of the RT-induced mucositis in patients with
head and neck cancer. These studies are summarized in Table
1. Two studies evaluated the efficacy of BZD in patients with
head and neck cancer receiving intra-arterial chemotherapy
(Prada & Chiesa, 1987; Prada, Lozza, Moglia, Sala, & Chiesa,
1985). Three studies examined its efficacy during RT (Epstein
& Stevenson-Moore, 1986; Epstein, Stevenson-Moore, Jack-
son, Mohamed, & Spinelli, 1989; Kim, Chu, Lakshmi, &
Houde, 1985), and one study compared the effects of BZD to
chlorhexidine (Samaranayake et al., 1988).

The main outcome measures in these six studies were the
time to onset of mucositis and severity of mucositis and oral
pain; however, the findings across these six studies are incon-
sistent. Only three studies described a decrease in the sever-
ity of mucositis with BZD compared to placebo (Epstein et al.,
1989; Kim et al., 1985; Prada et al., 1985), and only one study
described a delay in the onset of mucositis (Prada & Chiesa,
1987). The findings on pain severity also were inconsistent as
only two of the placebo-controlled trials noted a decrease in
pain with BZD use (Epstein & Stevenson-Moore, 1986; Kim
et al.). However, in the comparative trial of chlorhexidine and
BZD by Samaranayake et al. (1988), the patients reported
more discomfort (i.e., burning and nausea) with BZD and
were more likely to discontinue participation in the trial.

Two of the six papers were pilot studies (Epstein & Steven-
son-Moore, 1986; Prada et al., 1985), and the results of larger
studies were published subsequently (Epstein et al., 1989; Prada
& Chiesa, 1987). The majority of the studies had relatively
small sample sizes that ranged from 20–67 patients, and none
of the studies published power calculations. In all probability,
because of their small sample sizes, several of the studies did
not have sufficient power to detect significant differences with
the use of a BZD rinse compared to placebo. The scale used to
measure the severity of mucositis had a single item in all but
two of the studies (Epstein et al.; Epstein & Stevenson-Moore).
A single-item scale may lack sufficient sensitivity to detect
changes in the severity of mucositis over time.

Differences in the frequency and duration of the outcome
measurements in relationship to the course of RT make deter-
mining the effectiveness of BZD difficult. Some studies have
measured various outcomes daily for only 4–10 days, whereas
others have evaluated outcomes weekly for the duration of
RT. Variation in the length of time that patients used a BZD
rinse also make interpreting its effectiveness difficult. Based
on the small number of studies, small sample sizes, and nu-
merous confounding factors, concluding whether BZD is
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Table 1. Management of Radiation-Induced Mucositis With Benzydamine

Author

Kim et al.

(1985)

Prada et al.

(1985)

Epstein &

Stevenson-

Moore (1986)

Prada &

Chiesa (1987)

Samaranayake

et al. (1988)

Study Purpose

Determine the anal-

gesic and anti-in-

flammatory effec-

tiveness of benzyda-

mine (BZD) as a rinse

or gargle in patients

with radiation ther-

apy-induced mouth

and/or throat pain.

Ascertain whether

BZD had histopro-

tective and anti-in-

flammatory effects

on the oral mucosa

during intra-arterial

chemotherapy for

head and neck can-

cer.

Determine the ef-

fectiveness of BZD in

patients receiving

radiation therapy to

the oropharyngeal

region of cancer.

Investigate whether

the anti-inflamma-

tory activity of BZD

also could protect

the oral mucosa

from the dystrophic

damage caused by

selective intra-arte-

rial chemotherapy.

Compare the effi-

cacy of BZD and

chlorhexidine in alle-

viating radiation

therapy- induced

mucositis.

Research Design (N)

Double-blind, pla-

cebo-contro l led,

randomized clinical

trial (BZD = 37, pla-

cebo = 30)

Double-blind, pla-

cebo-contro l led,

randomized clinical

trial (BZD = 10, pla-

cebo = 10)

Double-blind, pla-

cebo-contro l led,

randomized clinical

trial (BZD = 18, pla-

cebo = 11)

Double-blind, pla-

cebo-contro l led,

randomized clinical

trial (BZD = 19, pla-

cebo = 17)

Randomized clinical

trial (BZD = 12, chlor-

hexidine = 13)

Outcome Measures

Objective: Measured daily for

four days

Severity of mucositis and hyper-

emia

Subjective: Measured daily for

four days

Symptoms: Patient diary of pain

with and without swallowing (0 =

none to 4 = severe), difficulty eat-

ing (0 = none to 4 = severe), and

relief of pain with and without

swallowing (0 = none to 5 = com-

plete)

Objective: Measured daily for 10

days

Mucositis signs: Hyperaemia,

edema, epitheliolysis, and necro-

sis (0 = absent to 3 = severe)

Subjective: Measured daily for 10

days

Mucositis symptoms: Patient’s rat-

ings of burning, spontaneous

pain, pain while eating, dysph-

agia (0 = absent to 3 = severe)

Objective: Measured weekly

Mucositis severity: No description

of scale

Subjective: Measured weekly

Pain: Intensity was measured us-

ing a Visual Analog Scale.

Objective: Measured daily for 10

days

Signs of mucositis: Hyperaemia,

edema epitheliolysis, and necro-

sis (0 = absent to 3 = intense or re-

markable)

Subjective: Measured daily for 10

days

1. Symptoms of mucositis: Burn-

ing, spontaneous pain, pain

caused by chewing, dysph-

agia, odynophagia (0 = ab-

sent to 3 = intense or remark-

able)

2. Global score of clinical symp-

tomatology is the score of signs

plus the score of symptoms.

Objective: Measured weekly

1. Mucositis: Graded using a 0–4

scale (i.e., none, mild, moder-

ate, severe, ulceration).

2. Oral flora: Candida, coliforms,

staphylococcus

Findings

Mucositis severity: Significant re-

duction in severity of mucositis

between days two and three

was found in the BZD group.

Symptoms of mucositis: Signifi-

cant reduction in pain with

swallowing and inability to eat

were reported in the BZD group.

Mucositis severity: Nonsignifi-

cant differences in the severity

of mucositis were reported be-

tween groups.

Symptoms of mucositis: BZD

group reported nonsignificant

changes with a maximum de-

crease of 14.7% at the end of

treatment. Control group re-

ported a significant increase in

symptoms at the end of radia-

tion therapy (p < 0.05).

Mucositis severity: No differ-

ences were found between

groups.

Pain: A significantly lower inten-

sity of pain was reported in the

BZD group (p < 0.05).

Pain medicine: Significantly

fewer patients in BZD group re-

quired systemic analgesics and

viscous lidocaine use (p < 0.05).

Onset of the mucositis: Signifi-

cant delay occurred with the

use of BZD (six days versus three

days after chemotherapy, p <

0.01).

Global clinical symptomatol-

ogy score: The score was un-

changed in the BZD group, but

it increased significantly in the

control group.

Mucositis severity or intensity of

pain: No significant differences

were found.

Toxicities associated with rinse:

More were reported in chlor-

hexidine group compared

(Continued on next page)D
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effective in reducing the severity of RT-induced mucositis or
the severity of pain associated with RT to the oral mucosa is
not possible.

Chlorhexidine

Chlorhexidine is a bisbiguanide that is used to control
plaque-dependent oral disease, such as caries and gingivitis
(Ferretti, Brown, Raybould, & Lillich, 1990). Chlorhexidine
is effective against gram-positive and gram-negative bacteria,
as well as against yeast and fungal organisms (Ferretti, Brown,
et al.; Verdi, 1993). Three double-blind, placebo-controlled
clinical trials have evaluated the efficacy of chlorhexidine as
a preventive agent for RT-induced mucositis in patients with
head and neck cancer (Ferretti, Raybould, et al., 1990; Foote
et al., 1994; Spijkervet et al., 1989). The results of these stud-
ies are summarized in Table 2.

The main outcome measures in the three trials were the
severity of mucositis, an assessment of the microbial flora in
the oral cavity, and the toxicities associated with the chlor-
hexidine mouthwash. Chlorhexidine was not effective in re-
ducing the severity of mucositis in any of the studies. How-
ever, Foote et al. (1994) reported a trend toward more severe
mucositis and a significantly higher proportion of patients
with toxicities (e.g., discomfort, taste alterations) with the
chlorhexidine rinse compared to a vehicle placebo. In addi-
tion, two trials that examined antimicrobial activity failed to
show any significant effects on the suppression of any type of
oral flora using the chlorhexidine mouth rinse (Ferretti, Ray-
bould, et al., 1990; Spijkervet et al., 1989).

Some limitations with the chlorhexidine studies are worth
noting. First, the sample sizes in the three studies were mod-
erately small, and none of the studies included a power analy-
sis. In addition, the mucositis measures in two studies
(Ferretti, Raybould, et al., 1990; Foote et al., 1994) were

based on a single-item scale, and this measure did not account
for the extent of the mucositis when calculating a severity
score. Similarly, this measure may lack sufficient sensitivity
to detect changes in the severity of mucositis over time.

Topical Antibiotic Agents—Lozenge and
Adhesive Film

Although some investigators have evaluated the use of
chlorhexidine and BZD for their broad antimicrobial effects
in an attempt to prevent mucositis through elimination of
microbial flora in the oral cavity, four studies investigated the
effectiveness of using topical antibiotics with a more specific
spectrum for gram-negative bacteria and yeast (Oguchi et al.,
1998; Okuno et al., 1997; Spijkervet et al., 1990; Symonds et
al., 1996). Two placebo-controlled, randomized clinical trials,
one by Okuno et al. (N = 112) and the other by Symonds et al.
(N = 221), and one case-controlled clinical trial by Spijkervet
et al. (1990) (N = 15) investigated the efficacy of the PTA
lozenge in reducing the severity of RT-induced mucositis.

The clinical trial conducted by Oguchi et al. (1998) evalu-
ated the efficacy of a mucosa-adhesive water-soluble polymer
(AD) film that contained an anesthetic (tetracaine) and anti-
biotics (ofloxacine, miconazole, guaiazulene, and triacetin) to
alleviate pain and prevent secondary oral infections related to
RT-induced oral mucositis. The AD film was placed on the
oral area when needed to control pain induced by oral mucosi-
tis.

The findings from the studies without placebo-controls by
Oguchi et al. (1998) and Spijkervet et al. (1990) were compared
with previous groups of patients who did not receive the study
agents. In all four studies, patients followed a standardized oral
hygiene protocol in addition to using the test agent (Oguchi et
al.; Okuno et al., 1997; Spijkervet et al., 1990; Symonds et al.,
1996). These four studies are summarized in Table 3.

Author

Epstein et al.

(1989)

Study Purpose

Study the use of BZD

in patients receiving

radiation therapy to

the oropharyngeal

region of cancer.

Research Design (N)

Double-blind, pla-

cebo-contro l led,

randomized clinical

trial (BZD = 25, pla-

cebo = 18)

Outcome Measures

Subjective: Measured weekly

1. Pain: Intensity measured using

a Visual Analog Scale (0–100

mm)

2. Toxicities with rinse: Symptoms

of burning, nausea, discontinu-

ation of use, interruption of ra-

diation therapy, pain associ-

ated with rinse use

Objective: Measured weekly

Mucositis: Each area of mucosa

was scored using a 0–3 scale (0 =

none to 3 = severe) that consid-

ered the severity of inflammation,

severity of ulceration, and maxi-

mum size of ulceration.

Subjective: Measured weekly

Symptoms: Visual Analog Scale

ratings for burning, pain at rest,

pain with eating, anesthetic ef-

fect

Findings

with the BZD group (e.g., burn-

ing, nausea, discontinuation of

rinse, interruption of radiation

therapy, pain associated with

rinse use).

Carriage rates of microflora: No

significant differences were

found.

Mucositis: BZD group had a

lower total mucositis score (p =

0.001), smaller average area

and smaller maximum mucositis

score (p = 0.05), smaller maxi-

mum size of ulceration (p =

0.04), and smaller total area of

ulceration (p = 0.05).

Pain: Trends reported were less

pain in the BZD group at rest (p =

0.08) and less pain with eating

(p = 0.09). More patients expe-

rienced pain reduction (p =

0.07), and more reported anes-

thesia (p = 0.10).

Table 1. Management of Radiation-Induced Mucositis With Benzydamine (Continued)
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Outcome Measures

Objective:

1. Mucositis severity: Measured

three times weekly; calculated

for eight areas in oral cavity

using four signs (white discol-

oration, erythema, pseudo-

membranes, and ulceration)

and their extent

2. Oral microflora: Culture from

oral gargling method, twice at

baseline and three times

weekly during radiation ther-

apy: varidance streptococci,

staphylococci epidermidis, sta-

phylococci aureus, staphylo-

cocci faecalis, candida spe-

cies, and enterobacteriaceae/

pseudomonadaceae/acin-

etobacter species

Objective: Measured at days 7,

14, and 21 after the initiation of

therapy and at one week after

discontinuation of the rinse

1. Mucositis scoring index: 0 = no

ulceration, 1 = one or two small

(< 1 cm) ulcerations, 2 = more

than two small ulcerations, 3 =

two or more larger (> 1 cm) ul-

cerations, 4 = multiple ulcer-

ations

2. Oral microbial flora: Swab cul-

ture for streptococci, yeast,

and gram-negative bacilli

Objective: Measured weekly

Mucositis: World Health Organiza-

tion grading criteria (0 = none, 1 =

soreness, erythema, 2 = ery-

thema, ulcers, solid food, 3 = ul-

cers, liquid diet only, 4 = alimenta-

tion not possible)

Subjective: Measured weekly

Toxicities associated with CHD

use: Taste alteration, teeth stain-

ing, discomfort

Table 2. Management of Radiation-Induced Mucositis With Chlorhexidine

Author

Spijkervet et al.

(1989)

Ferretti, Ray-

bould, et al.

(1990)

Foote et al.

(1994)

Study Purpose

Study the antimicro-

bial effects of chlor-

hexidine (CHD)

(0.1%) use on oro-

pharyngeal flora as-

sociated with radia-

tion therapy mucosi-

tis.

Evaluate the use of

CHD (0.12%) for pro-

phylaxis of oral sto-

matitis in patients

with cancer receiv-

ing radiation ther-

apy for head and

neck cancer.

Evaluate the effects

of CHD in prevent-

ing and alleviating

radiation therapy-in-

duced oral mucosi-

tis.

Research Design (N)

Double-blind, pla-

cebo-contro l led,

randomized clinical

trial (CHD = 15, pla-

cebo = 15)

Double-blind, pla-

cebo-contro l led,

randomized clinical

trial (CHD = 16, pla-

cebo = 14)

Double-blind, pla-

cebo-controlled ran-

domized clinical trial

(CHD = 27, place-

bo = 25)

Findings

Severity of oral mucositis: No

significant differences were

found.

Oral microflora: No significant

differences were found in sup-

pression of any type of oral mi-

croflora.

Mucositis: No significant differ-

ences in mucositis incidence or

severity were found between

CHD and control groups.

Microflora: CHD rinse showed a

trend toward decreasing the

counts of streptococci and

yeast.

Mucositis: Slightly worse severity

was reported in the CHD group.

Toxicities: More patients in CHD

group reported mouthwash-in-

duced discomfort and taste al-

teration (p < 0.0001) and teeth

staining (p < 0.05) compared to

the placebo group.

The major outcome measures in the three studies of the
PTA lozenge were severity of mucositis, oral pain or dysph-
agia associated with mucositis, and the presence or absence of
oral infections. Spijkerver et al. (1991) and Symonds et al.
(1996) documented a significant decrease in the severity of
mucositis. However, only Symonds et al. demonstrated a re-
duction in the colonization of yeast in the oral mucosa by us-
ing the PTA lozenge. Additional work is warranted to deter-
mine the effects of the PTA lozenge on mucositis severity,
pain severity, and dysphagia.

Okuno et al. (1997) were unable to find a difference in the
severity of mucositis, which may be explained by the use of
a single-item scale to grade the severity of mucositis. This
scale may lack the sensitivity to detect differences in mucosi-
tis. An additional confounding variable in Okuno et al.’s study

was the 20 mg dose of polymixin E (colistin) that was used
compared to the 2 mg dose used in the trials by Spijkervet et
al. (1991) and Symonds et al. (1996). Okuno et al. did not
explain why differences in efficacy were observed in the pre-
vious two studies with the PTA lozenge.

In the study of the efficacy of AD film, significantly higher
rates of complete pain relief at rest and while eating were
present, and no secondary infections were reported in the AD
film group. Also, the use of AD film was found to reduce the
colonization of yeast in the oral mucosa. However, the sever-
ity of mucositis was not reduced nor was the intensity of pain.
Because only one study was conducted using the AD film,
attempting to draw definitive conclusions regarding the effec-
tiveness of this modality for the treatment of RT-induced
mucositis is not possible.
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Research Design (N)

Pilot study. Patients

(n = 15) were com-

pared to another

group of patients

who received either

a chlorhexidine rinse

(n = 15) or a pla-

cebo rinse (n = 15) in

a previous study

(Spijkervet et al.,

1990).

Double-blind, pla-

cebo-cont ro l led,

randomized clinical

trial (PTA lozenge =

112, placebo = 109)

Double-blind, pla-

cebo-cont ro l led,

randomized clinical

trial (PTA lozenge =

54, placebo = 58)

Table 3.  Management of Radiation-Induced Mucositis With Topical Antimicrobial Agents

Author

Spijkervet et al.

(1991)

Symonds et al.

(1996)

Okuno et al.

(1997)

Findings

Mucositis: A significant de-

crease in the severity of mucosi-

tis was found in the PTA group

(p < 0.05) compared to either

the chlorhexidine or placebo

groups.

Microbial flora: In all patients

using PTA lozenges, eradication

of gram-negative bacilli and

yeast were achieved within

three weeks.

Mucositis: Use of a PTA lozenge

resulted in a significant decrease

in mucosal erythema (p < 0.06),

distribution of mucositis (p <

0.002), and area of mucositis (p <

0.03).

Dysphagia, weight loss, and

pain: Use of a PTA lozenge re-

sulted in a significant decrease

in the severity of dysphagia (p <

0.006), percentage of weight

loss (p < 0.009), and a trend for

decreasing pain.

Microbial flora: Using a PTA loz-

enge resulted in a significant re-

duction in the percentage of

patients with yeast (p < 0.01); no

significant reduction in the per-

centage of patients with aero-

bic gram-negative bacteria

was reported between the two

groups.

Mucositis: No significant differ-

ence in mucositis scores re-

ported by clinician was found

between the two groups.

Patient-report mucositis: Signifi-

cantly lower mean mucositis

score in the PTA group (p < 0.05)

and a shorter duration of acute

grade 2–4 mucositis were

found.

Treatment interruptions: No sig-

nificant differences in the num-

ber of days treatment was inter-

Outcome Measures

Objective: Measured three times

weekly

1. Mucositis: Severity was calcu-

lated for eight areas in the oral

cavity using four signs (white dis-

coloration, erythema, pseudo-

membranes, and ulceration)

and their extent.

2. Oropharyngeal microflora:

Carriage rates and coloniza-

tion index

Objective: Measured weekly

1. Mucositis: Percentage of area;

the distribution is patchy or

confluent; the type of mem-

brane is none, thin, opales-

cent, intermediate, or thick;

the degree of erythema is

characterized as none, slight,

moderate, or severe.

2. Oral pharyngeal bacterial

flora: Sampled twice weekly

3. Percentage of weight loss

Subjective: Measured weekly

1. Pain on swallowing: None,

slight, moderate, or severe

2. Dysphagia: None, some dis-

comfort or no dietary distur-

bance, difficulty swallowing

and needs a soft diet, consid-

erable difficulty and needs a

liquid diet, severe difficulty and

needs nasogastric or IV feed-

ing

Objective: Measured weekly

1. Mucositis: World Health Organi-

zation criteria (0 = none, 1 =

soreness or erythema, 2 =

erythema or ulcers and needs

solid food, 3 = ulcers  and

needs a liquid diet only, 4 = ali-

mentation not possible)

2. Treatment interruption: Days

Subjective: Measured weekly

1. Patient self-report of severity of

mucositis

2. Toxicities associated with loz-

Study Purpose

Investigate the ef-

fect of selective

elimination of gram-

negative bacilli from

the oral cavity on

mucositis using anti-

biotic lozenges con-

taining 2 mg of poly-

myxin E, 1.8 mg of

tobramycin, and 10

mg of amphotericin

B (PTA lozenge) ad-

ministered four times

per day starting with

the first day of irra-

diation for five con-

secutive weeks dur-

ing radiation ther-

apy.

Test the hypothesis

that more severe

forms of radiation

therapy- induced

mucositis are associ-

ated with aerobic

g r a m - n e g a t i v e

bacteria and yeasts

and that selective

reduction of micro-

bial population with

nonabsorbable anti-

biotic PTA lozenge

containing 2 mg of

polymyxin E, 1.8 mg

of tobramycin, and

10 mg of amphot-

ericin B would re-

duce the signs and

symptoms of mu-

cositis, dysphagia,

and weight loss. The

PTA lozenge was

administered four

times per day from

the first day of radia-

tion therapy until ra-

diation therapy was

completed.

Determine whether

a prophylactic anti-

biotic PTA lozenge

containing 20 mg of

polymyxin E, 1.8 mg

of tobramycin, and

10 mg of amphoteri-

cin B could alleviate

radiation therapy-in-

duced mucositis.

The PTA lozenge

was administered

four times per day

(Continued on next page)D
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Antiseptic Rinses

Two studies investigated the efficacy of prophylactic oral
rinsing with an antiseptic agent: Adamietz et al. (1998) sup-
plied participants (N = 38) with a povidone-iodine rinse, and
Dudjak (1987) supplied participants (N = 15) with a hydrogen
peroxide rinse. Topical application of povidone-iodine has
good microbicide efficacy against bacteria, fungi, protozoa,
and some viruses (Rahn et al., 1997). The effectiveness of
hydrogen peroxide is the result of the enzymatic action of
peroxidase in the chemical destruction of bacteria, as well as
a deodorant effect because it oxidizes odorous gases. These
two studies are summarized in Table 4.

Adamietz et al. (1998) conducted a clinical trial of 40 pa-
tients who were randomized to rinse either with a povidone-
iodine solution or sterile water during the course of RT. The
outcome measures included mucositis severity assessed using
the World Health Organization (WHO) grading criteria (on a
scale from 0–4): onset of mucositis, onset of grade 3 mucosi-
tis, maximal grading of mucositis, total duration of mucositis,
and area under the curve (AUC) for grade versus duration.
When compared with the control group, the povidone-iodine
group had a significantly lower severity of mucositis (grade 1
versus grade 3) and a shorter duration of mucositis (2.8 weeks
versus 9.3 weeks). Clinical manifestations of oral mucositis
were observed in 14 patients in the treatment group (mean
grade = 1) and in all 20 patients in the control group (mean

grade = 3). The mean total duration of clinically observed
mucositis was 2.75 weeks in the treatment group and 9.25
weeks in control group. Median AUC was 2.5 for the povidone-
iodine group and 15.8 for the control group, which indicates
that the treatment group experienced less severe mucositis dur-
ing the course of RT. All differences found between the two
groups were statistically significant (p < 0.05).

Dudjak (1987) randomized 15 patients to receive either a
sodium bicarbonate rinse or a hydrogen peroxide solution to
examine their effects on the physical condition of the mouth
and on the patient’s perception of oral comfort. A systematic
oral hygiene protocol was offered to both groups. Severity of
mucositis and the perception of symptoms associated with
mucositis were the outcome measures. Both outcomes were
measured using the Oral Examination Guide and the Oral
Perception Guide developed by Beck (1979). No differences
were found in the mean scores for the severity of mucositis at
the completion of RT or one month later. However, patients
who used the hydrogen peroxide rinse had significantly lower
scores on the Oral Perception Guide, indicating higher levels
of oral comfort (p < 0.05).

The results of the studies by Adamietz et al. (1998) and
Dudjak (1987) need to be interpreted with caution. The limited
number of studies and small sample sizes restrict the general-
izability of the study findings. In addition, long-term use of a
hydrogen peroxide rinse is discouraged because it may break
down new granulation tissue and disrupt the normal oral flora

Author

Oguchi et al.

(1998)

 Study Purpose

during the course of

radiation therapy

and for two subse-

quent weeks.

Evaluate the useful-

ness and safety of a

mucosa-adhesive

water-soluble poly-

mer film (AD film)

containing anes-

thetics and antibiot-

ics (i.e., tetracaine,

ofloxacine, micon-

azole, guaiazulene,

and triacetin) for

the treatment of ra-

diation therapy-in-

duced mucositis, al-

leviation of pain,

and prevention of

secondary infection.

Research Design (N)

Patients who used

the AD film were

compared to a previ-

ous group of patients

who used only topi-

cal anesthetics (AD

film = 25, control =

27).

Outcome Measures

enge (i.e., burning, discomfort,

pain, taste alteration, teeth-

staining)

Objective: Assessed during the

second half of radiation therapy

1. Mucositis: Radiation Therapy

Oncology Group acute radia-

tion morbidity scoring criteria

(0 = none, 1 = infection, 2 =

patchy mucositis or inflamma-

tory discharge, 3 = confluent,

4 = ulceration hemorrhage or

necrosis)

2. Presence of oral infections

Subjective: Assessed during the

second half of radiation therapy

1. Oral pain: Radiation Therapy

Oncology Group criteria (0 =

none, 1 = mild at chewing, 2 =

mild at rest, moderate at

chewing, and unable to take

hot, salty, or acidly tastes, 3 =

moderate at rest, severe at

chewing, and can drink liquid,

4 = severe pain and cannot

take anything)

2. Pain relief: Rated at rest (i.e.,

no change, partial, complete,

no response, and while eating)

Findings

rupted were reported between

the two groups.

Symptoms: No significant differ-

ences in toxicities were re-

ported between the two

groups.

Severity of mucositis: No signifi-

cant differences in mucositis se-

verity were found between the

two groups.

Pain intensity: No significant dif-

ferences in pain intensity were

found between the two groups.

Pain relief: Significantly higher

rates of complete pain relief at

rest and while eating were re-

ported in the AD film group.

Oral infections: No secondary

bacterial or fungal infections of

the oral cavity or oropharynx

were reported in AD film group.

Table 3.  Management of Radiation-Induced Mucositis With Topical Antimicrobial Agents (Continued)
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Findings

Mucositis: No significant differ-

ences in the severity of mucosi-

tis were found between the two

groups.

Perception of symptoms: A sig-

nificantly lower symptom per-

ception score was found in the

HP group at the completion of

and at one month after radia-

tion therapy (p < 0.05).

Prevalence of mucositis: Lower

incidence of grade 3 mucositis

was reported in the P-I group

(p < 0.05).

Total duration of clinically ob-

served mucositis: Significantly

shorter duration was observed

in the P-I group (p < 0.05).

AUC median values: Values

were lower in the P-I group (p <

0.05).

Table 4.  Management of Radiation-Induced Mucositis With Antiseptic Agents

Author

Dudjak (1987)

Adamietz et al.

(1998)

Study Purpose

Evaluate the differ-

ence in the physical

condition of the oral

mucosa and the

individual’s percep-

tion of comfort in

patients receiving

half-strength hydro-

gen peroxide (HP)

versus sodium bicar-

bonate (SB) solution.

Determine the effi-

cacy of prophylac-

tic povidone-iodine

(P-I) mouth rinse in

decreasing the se-

verity of radioche-

motherapy-induced

mucositis.

Research Design (N)

Randomized clinical

trial (HP = 7, SB = 8)

Placebo-controlled,

randomized clinical

trial; standard pro-

phylaxis for mucositis

in both groups: nys-

tatin, dexpanthenol,

rutoside and immu-

noglobulins (P-I = 20,

placebo = 20)

Outcome Measures

Objective: Measured weekly and

one month after radiation ther-

apy

Mucositis severity: Oral Examina-

tion Guide (Beck, 1979): Assess-

ment of physical condition of

mouth including regions of lips,

mucous membranes, gingivae,

saliva, ability to swallow, diet,

self-care (1 = desirable condition

to 4 = undesirable)

Subjective:

Oral Perception Guide: Patient

perception of oral comfort re-

garding lips, gingivae, saliva,

taste, eating (1 = desirable condi-

tion to 4 = undesirable)

Objective: Measured every two

weeks and at two and six weeks

after radiation therapy

1. Mucositis severity: World Health

Organization criteria (grade

from 0–4)

2. Onset of mucositis

3. Onset of grade 3 mucositis

4. Maximal grading of mucositis

5. Total duration of mucositis

6. Area under the curve (AUC) for

grade and duration: Severity

and time curves

because of its acidity (Barker, Loftus, Cuddy, & Barker, 1991).
The clinical value of using povidone-iodine or hydrogen per-
oxide for reducing the severity of mucositis warrants further
investigation.

Coating Agents

Coating agents have cytoprotective functions that facilitate
mucosal healing and cell regeneration. The most common
coating agent is sucralfate suspension. Sucralfate is a basic
aluminum salt of sulphated sucrose that is used in the treat-
ment of gastric and duodenal ulcers. When exposed to dam-
aged mucosa, sucralfate creates a protective barrier by form-
ing an ionic bond to proteins in the ulcer site (Verdi, 1993).
Application of sucralfate to normal gastric tissues can cause
rapid re-epithelialization of surface cells and an increase in the
production of prostaglandin E2, a known cytoprotectant
(Verdi). In addition, through the formation of a viscous coagu-
lum, sucralfate may selectively coat areas of damaged mucosa
and provide local protection from the effects of local irritants
for several hours after application (Henriksson, Franzen,
Edbom, & Littbrand, 1995). For these reasons, sucralfate was
evaluated for use as an oral mucositis-modulating agent.

Eight double-blind, randomized clinical trials have inves-
tigated the efficacy of a sucralfate rinse in reducing RT-in-
duced mucositis (see Table 5). The main outcome measures
across the eight studies were the severity of mucositis, inten-
sity of oral pain, and severity of various symptoms associated
with mucositis (e.g., soreness, burning, dry mouth, dysphagia,

difficulty eating). Seven studies demonstrated that no signifi-
cant differences in the severity of mucositis, oral pain, or other
associated symptoms existed when sucralfate suspension was
compared to placebo (Barker et al., 1991; Carter et al., 1999;
Epstein & Wong, 1994; Franzen, Henriksson, Littbrand, &
Zackrisson, 1995; Lievens et al., 1998; Makkonen, Bostrom,
Vilja, & Joensuu, 1994; Meredith et al., 1997). Only Cengiz
et al. (1999) reported significantly less mucositis (p < 0.05) and
significantly less pain during feeding (p < 0.01) when patients
(N = 28) used sucralfate. The severity of mucositis was mea-
sured two times per week using the Radiation Therapy Oncol-
ogy Group (RTOG) scale. In the other seven studies with
nonsignificant findings, the severity of mucositis was evalu-
ated only once a week. Therefore, the frequency with which
the severity of mucositis is measured may be one confound-
ing factor in the detection of changes in mucositis over time
related to a specific treatment modality. However, Cengiz et
al. failed to explain these positive findings in relation to seven
negative trials.

One factor that needs to be considered when evaluating the
findings from the sucralfate studies is the validity and reliabil-
ity of the scales that were used to measure mucositis. Six of
these studies developed a scale for the purposes of the study
without testing the validity and reliability of the scale; two of
the studies used the RTOG grading criteria. Most of the scales
included only one item based on a 3- or 4-point Likert scale
(i.e., none, mild, moderate, severe mucositis). In addition,
none of these measures allowed for the assessment of the spe-
cific regions involved (e.g., tongue, buccal mucosa, gums) or
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Findings

Mucositis, perceived pain, and

helpfulness of mouthwash: No

significant differences in any of

the outcome measures were

found between the two groups.

Mucositis: No significant differ-

ence was found between the

two groups.

Symptoms: No significant differ-

ences were found in any of the

symptoms assessed between

the two groups.

Pain: No significant difference in

pain intensity was found be-

tween the two groups.

Mucositis severity: No significant

difference in the radiation thera-

py induced visible changes in

the oral mucosa.

Salivary lactoferrin and albumin:

Significantly lower levels of sali-

vary lactoferrin and albumin

were found in the sucralfate

group.

Mucositis: Significantly greater

severity of mucositis was found in

the placebo group at weeks 1,

2, and 3 only (p < 0.05); no signifi-

cant differences were found be-

tween groups from the third

week after radiation therapy

until the end of therapy.

Pain and functional impairment:

No significant differences in in-

tensity of the two measures

were found between the two

groups.

Table 5.  Management of Radiation-Induced Mucositis With Sucralfate

Author

Barker et al.

(1991)

Epstein &

Wong (1994)

Makkonen et

al. (1994)

Franzen et al.

(1995)

Study Purpose

Compare the effi-

cacy of sucralfate

suspension (1 g/15

ml three times a

day) with the stan-

dard topical di-

p h e n h y d r a m i n e

syrup plus kaolin-

pectin in alleviating

radiation mucositis

and pain.

Evaluate the effi-

cacy of sucralfate

suspension (1 g/5 ml

four times a day) in

the prevention of

mucositis and relief

of pain associated

with radiation ther-

apy involving the

oropharyngeal re-

gion.

Evaluate the effi-

cacy of sucralfate

mouthwash (1 g/100

ml six times a day) in

the prevention and

treatment of oral

mucositis in patients

irradiated to the

oropharynx.

Test the effects of

sucralfate (1 g six

times a day) on the

mucosal reactions

to radiation therapy

in the head and

neck region.

Research Design (N)

Randomized clinical

trial (sucralfate = 6,

control = 6)

Double-blind, pla-

cebo-cont ro l led,

randomized clinical

trial (sucralfate = 10,

placebo = 17)

Double-blind, pla-

cebo-cont ro l led,

randomized clinical

trial (sucralfate = 20,

placebo = 20)

Double-blind, pla-

cebo-cont ro l led,

randomized clinical

trial (sucralfate = 28,

placebo = 20)

Outcome Measures

Objective: Measured weekly

Mucositis severity: Based on a 0–

3 scale (0 = none, 1 = erythema

or burning sensation, 2 = ery-

thema, pseudomembrane, or ul-

ceration, pain, and patient ca-

pable of eating more than half of

meals, 3 = erythema, pseudo-

membrane, or ulceration, and

pain; patient unable to eat most

of the time and less than half of

meals)

Subjective: Daily diary

Patient’s self-perception of pain

and helpfulness of mouthwash on

a 0–3 scale (0 = none, not helpful,

1 = slight pain, little help, relief for

less than one hour; 2 = moderate

pain, helpful, relief for one to two

hours, 3 = extreme discomfort,

very helpful, relief for two or more

hours)

Objective: Measured weekly

Mucositis severity: A score calcu-

lated by the product of the larg-

est ulcer and the inflammation

score (0 = none, 1 = mild, 2 =

moderate, 3 = severe) for each

of 10 regions of the oral cavity; a

total score was obtained by add-

ing the scores of 10 regions.

Subjective: Measured weekly

Symptoms: Visual Analog Scale

of soreness, burning, dry mouth,

pain (rest, eat, drink, speak, swal-

low)

Objective: Measured at baseline,

weekly, and one and six months

after radiation therapy

1. Mucositis severity: 0–2 scale (0 =

none, 1 = erythema, 2 = ulcer-

ation or bleeding, interfered

with food intake or dental pros-

thesis)

2. Salivary lactoferrin and albu-

min: Markers for the severity of

mucositis

Objective: Measured weekly

Mucositis severity: 0–3 (0 = none,

1 = redness, 2 = redness and small

areas of fibrinous epithelitis, 3 =

confluent fibrinous epithelitis)

Subjective: Daily patient self-report

1. Pain: Scored as 0 = none, 1 =

mild, 2 = moderate, 3 = severe

2. Functional impairment: Prob-

lems with swallowing (0 = none,

1 = eat with slight difficulty, 2 =

liquid or semisolid, 3 = needs

nasogastric feeding)

(Continued on next page)D
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Author

Meredith et al.

(1997)

Lievens et al.

(1998)

Carter et al.

(1999)

Cengiz et al.

(1999)

Study Purpose

Determine if sucral-

fate (3 g/30 ml four

times a day) could

provide improved

symptomatic relief

associated with ra-

diation therapy-in-

duced mucositis

when added to a

popular combina-

tion of antacid, di-

phenhydramine ,

and viscous lido-

caine.

Test the possible ef-

fects of sucralfate

(1 g six times a day)

of reducing radia-

tion therapy-in-

duced acute mu-

cositis.

Determine whether

sucralfate (1 g/15 ml

four times/day) pro-

phylaxis decreases

symptoms resulting

from mucositis dur-

ing definitive radia-

tion therapy for

head and neck can-

cer and the impact

of other patient-

and treatment-re-

lated factors on

symptoms.

Test the efficacy of

sucralfate (1.5 g

four times a day) in

the prevention and

treatment of oro-

pharyngeal mucosi-

tis and pain.

Research Design (N)

Double-blind, ran-

domized clinical trial

(sucralfate = 53, con-

trol = 58)

Double-blind, pla-

cebo-contro l led,

randomized clinical

trial (sucralfate = 45,

placebo = 38)

Double-blind, pla-

cebo-contro l led,

randomized clinical

trial (sucralfate = 50,

placebo = 52)

Double-blind, pla-

cebo-contro l led,

randomized clinical

trial (sucralfate = 18,

placebo = 10)

Outcome Measures

Objective: Measured weekly

1. Mucositis severity: On a scale

of 0–3 (0 = none, 1 = erythema,

2 = less than 50% patchy mu-

cositis, 3 = more than 50%

patchy mucositis)

2. Weight

Subjective: Measured weekly

1. Ability to eat: Graded on a 0–5

scale (0 = inability to eat a cer-

tain type of food to 5 = no com-

promise in the ability to ingest)

2. Soreness: Graded as 0–20, with

20 meaning most severe (un-

able to swallow secretions)

Objective: Measured weekly

1. Mucositis severity: Graded on

a 0–6 scale (0 = none, 1 = slight

enanthema, 2 = deep enan-

thema, 3 = spotted mucositis

less than 5 mm, 4 = spotted

mucositis 5–10 mm, 5 = spotted

mucositis greater than 10 mm,

6 = confluent mucositis)

2. Weight

Subjective: Scored clinically once

a week

Perception: Subjective tolerance

of radiation therapy, dysphagia,

and nausea; on a scale of 0–4

with individual scoring criteria (0 =

none to 4 = severe)

Objective: Measured weekly

1. Mucositis severity: Radiation

Therapy Oncology Group

(RTOG) scoring criteria

2. Weight

3. Time for mucositis healing

Subjective: Measured weekly

1. Pain: RTOG scoring criteria (0 =

no discomfort, 1 = mild discom-

fort, no narcotics, 2 = moderate

discomfort, no narcotics, 3 = se-

vere, no narcotics, 4 = none or

mild discomfort with narcotics,

5 = moderate discomfort de-

spite narcotics, 6 = severe dis-

comfort despite narcotics)

2. Diet status: Graded on a scale

of 1–3 (1 = normal foods, 2 =

soft foods, 3 = liquid only)

Objective: Measured twice a

week

Mucositis severity: RTOG scoring

criteria

Subjective: Measured twice

weekly

Symptoms: Steady oral pain, pain

during feeding, dry mouth, alter-

ation in taste, tolerable consis-

tency of food, and constipation

(no description of scoring)

Findings

Mucositis: No significant differ-

ence in incidence of mild to

moderate mucositis was found

between the two groups.

Symptoms: No significant differ-

ences in the severity of any of

the subjective outcome mea-

sures were found between the

two groups.

Mucositis and subjective mea-

sures: No statistically significant

differences in the severity of

mucositis and in any of the sub-

jective outcome measures

were found between the two

groups.

Mucositis, weight, time for heal-

ing, pain, and diet status: No sig-

nificant differences were found

in any of the objective or sub-

jective outcome measures be-

tween the two groups.

Mucositis: Patients in the su-

cralfate group experienced a

significant decrease in the sever-

ity of mucositis (p < 0.05).

Pain: Patients in the sucralfate

group reported significantly less

during feeding (p < 0.01).

Symptoms: No significant differ-

ences were found in any of the

other subjective outcome mea-

sures.

Table 5. Management of Radiation-Induced Mucositis With Sucralfate (Continued)
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for the size of the ulcer, which are critical factors to consider
in any evaluation of the severity of mucositis. Another con-
founding factor in all of the sucralfate studies is the relatively
small sample size, which ranged from 12–111.

The use of a sucralfate suspension rinse during RT did not
reduce the severity of mucositis or decrease the level of pain
according to the findings from seven of the eight clinical trials.
However, numerous weaknesses across all of the studies in-
cluding small sample sizes, the lack of valid and reliable mea-
sures of the severity of mucositis, and inconsistencies in the
frequency of administration of the mouthwash make it impos-
sible to draw definitive conclusions about the effectiveness of
sucralfate in the management of RT-induced mucositis.

Anti-Inflammatory Rinsing Agents

Kamillosan liquidum rinse (Carl & Emrich, 1991), hydro-
cortisone rinse (Rothwell & Spektor, 1990), prostaglandin E1
rinse (Hanson, Marks, Reddy, Simon, & Mihalp, 1997), and
oral corticosteroids (Leborgne, Leborgne, Zubizarreta,
Ortega, & Mezzera, 1998) have been evaluated based on the
hypothesis that these agents could decrease the inflammatory
process, minimize microbial infection, or protect the oral
mucosa from radiation damage. The four studies that used
these agents are summarized in Table 6.

Rothwell and Spektor (1990) conducted a randomized
clinical trial (N = 12) to compare the effectiveness of a mouth-
wash containing hydrocortisone, nystatin, tetracycline, and
diphenhydramine to a cherry syrup containing sorbitol, mag-
nesia and alumina suspension, and vitamins in controlling RT-
related mucositis. The composition of the study rinse was
devised to reduce the inflammation and microbial infection
associated with RT-induced mucositis. The outcome measures
in the study included the severity of mucositis and other
symptoms associated with mucositis (e.g., pain, burning).
These outcome measures were evaluated weekly using a 0–
5 scale with 0 indicating no mucositis or symptoms and 5 in-
dicating extremely severe mucositis or symptoms. Although
a trend existed toward less intense symptoms and a decrease
in the severity of mucositis in the group who received the anti-
inflammatory antibiotic mouthwash, no significant differ-
ences were found in either measure between the two groups.

Carl and Emrich (1991) investigated the use of a kamil-
losan liquidum oral rinse in reducing or preventing the sever-
ity of RT-induced mucositis in a study of 20 patients with
head and neck cancer. The findings were compared to a pre-
vious group of 20 patients who received conventional oral
care with 5% sodium bicarbonate, saline, and 3% hydrogen
peroxide. Severity of mucositis was graded on a 0–3 scale
with 0 indicating no noticeable tissue change to 3 indicating
confluent ulceration. Sixty-five percent of the patients who
received the study mouthwash (n = 13) developed grade 2
mucositis (i.e., patchy ulceration) and 30% (n = 6) had grade
1 mucositis (i.e., erythema) at the end of RT. In the previous
group who received conventional oral care, most patients pro-
gressed rapidly to grade 3 mucositis (i.e., confluent ulceration)
by the end of RT.

Hanson et al. (1997) randomized 69 patients to receive ei-
ther a prophylactic prostaglandin E1 mouth rinse or a placebo
rinse during RT. The outcome measures included the sever-
ity of mucositis, weight change, the use of analgesics, and
subjective perception of oral status. The severity of mucosi-

tis and the subjective perception of oral status were scored
using a scale that ranged from 0–4 with 0 indicating no reac-
tion to 4 indicating deep confluent membranous mucositis
with severe ulceration. No significant differences were ob-
served in any of the outcome measures between the two
groups during RT.

Leborgne et al. (1998) conducted a randomized clinical trial
with 66 patients to evaluate the efficacy of daily oral corticos-
teroids or a placebo in reducing the severity of RT-induced
mucositis. The primary outcome measure was the severity of
mucositis assessed using the WHO grading criteria. The sec-
ondary outcomes included treatment interruptions, degree and
extent of mucositis, hospitalization, parenteral or nasogastric
tube feeding, percentage of body weight loss, and long-term
local control of the cancer and survival. No significant differ-
ences were found in the severity of mucositis or in any of the
secondary outcomes between the two groups at the end of RT.

Although the use of anti-inflammatory agents to reduce the
severity of mucositis makes sense from a mechanistic per-
spective, none of the studies conducted to date using these
agents has produced significant results. All of these studies
had extremely small sample sizes and used a single item to
measure the severity of mucositis. Therefore, insufficient
power and the lack of sensitivity of the outcome measures
makes it difficult to draw definitive conclusions regarding the
use of these agents with patients who are receiving RT to the
head and neck region.

Cytokine-Like Agents

Cytokine-like agents (e.g., granulocyte macrophage colony-
stimulating factor [GM-CSF]) or human immunoglobulin in a
mouth rinse or subcutaneously enhance the proliferation of
endothelial cells and keratinocytes in the basal epithelium
(Biron et al., 2000). To date, six studies have investigated the
efficacy of GM-CSF or immunoglobulin in managing RT-
induced mucositis (see Table 7).

Granulocyte Macrophage Colony-
Stimulating Factor

GM-CSF is a glycoprotein, a potent growth factor for the
myeloid lineage of hematopoietic cells. GM-CSF not only
enhances colony formation of granulocytes and macrophages,
but it also regulates several functions of mature leukocytes
and macrophages in the dermis and submucosa leading to
increased production of antibodies and increased phagocytic
activity (Bapsy, Doval, Kannan, & Anantha, 1995; Makkonen
et al., 2000). GM-CSF is known to enhance keratinocyte and
fibroblast growth, which are essential in wound healing,
namely in the regeneration of parenchymal cells and connec-
tive tissue, collagen formation, and acquisition of wound tis-
sue strength (Makkonen et al., 2000). These properties may
contribute to a reduction in the severity of mucositis and an
acceleration of the healing process in RT-induced mucositis.

Subcutaneous granulocyte macrophage colony-stimu-
lating factor: Kannan et al. (1997) studied 10 patients who
received daily subcutaneous injections of GM-CSF (1 mg/kg)
from the time that they had received 20 Gy of irradiation un-
til the end of RT. Rosso, Blasi, Gherlone, and Rosso (1997)
evaluated the efficacy of subcutaneous GM-CSF in a sample
of 29 patients. Patients received a daily subcutaneous injec-
tion (5 mg/kg) from the beginning of RT, as well as five days
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Findings

Mucositis and symptoms: The

experimental group developed

less severe mucositis and had

fewer patient-reported symp-

toms between weeks 4–6 of ra-

diation therapy (p < 0.01).

Mucositis: Most patients devel-

oped grade 1 or 2 mucositis at

the end of radiation therapy

compared to a previous group

who received a similar dose of

radiation and conventional oral

care without using kamillosan

who developed grade 3 mu-

cositis.

Mucositis: No significant differ-

ences were found between the

two groups.

Weight loss, analgesic use, per-

ception of oral status: No signifi-

cant differences were found

between the two groups.

Mucositis: No significant differ-

ences in the intensity or dura-

tion of mucositis were found

between the two groups.

Secondary outcomes: Less

weight loss (p = 0.02) was re-

ported in the corticosteroid

group; no significant differences

in any of the other outcomes

were found between the two

groups.

Table 6.  Management of Radiation-Induced Mucositis With Anti-Inflammatory Rinsing Agents

Author

Rothwell &

Spektor (1990)

Carl & Emrich

(1991)

Hanson et al.

(1997)

Leborgne et

al. (1998)

Study Purpose

Compare the effec-

tiveness of hydrocor-

tisone, nystatin, tet-

racycline, and di-

phenhydramine to a

cherry syrup contain-

ing sorbitol, magne-

sia and alumina sus-

pension, and vita-

mins in controlling

radiation therapy-re-

lated mucositis.

Determine if specific

oral care with a

kamillosan liquidum

oral rinse would re-

duce and/or pre-

vent the severity of

radiation therapy-in-

duced mucositis.

Test the efficacy of

prostaglandin E1

mouth rinse to di-

rectly protect the

oral mucosa from

some degree of in-

jury and thereby re-

duce radiomuco-

sitis.

Test the efficacy of

oral corticosteroids

on remodeling mu-

cosal cell depletion

and repopulation

associated with ra-

diation therapy-in-

duced mucositis.

Research Design (N)

Double-blind, ran-

domized clinical trial

(hydrocortisone = 5,

control = 7)

Compared 20 pa-

tients who received

kamillosan prophy-

laxis to a previous

group who did not

receive kamillosan

(sample not de-

scribed)

Double-blind, pla-

cebo-contro l led,

randomized clinical

trial (prostaglandin

E1 = 34, control = 35)

Double-blind, pla-

cebo-contro l led,

randomized clinical

trial (corticosteroid =

32, placebo = 34)

Outcome Measures

Objective: Measured weekly

Mucositis severity: Erythema, mu-

cositis, ulceration, and moniliasis

on a scale of 0–5 (0 = no difficulty

to 5 = patient experienced ex-

treme difficulty)

Subjective: Measured weekly

Symptoms, pain, and burning:

Related to oral mucosa and sa-

liva on a scale of 0–5 (0 = no

symptoms to 5 = patient experi-

enced extreme difficulty)

Objective: Measured weekly

Mucositis severity: Tissue changes

recorded on a scale of 0–3 (0 =

no clinically noticeable tissue

change, 1 = erythema, 2 = sur-

face desquamation in discon-

nected islands smaller than 1 cm

in size, 3 = large confluent areas

of surface ulcerations)

Objective: Measured weekly

1. Mucositis severity: On a scale

of 0–4 (0 = no reaction, 1 = mild

to moderate erythema, 2 =

patchy membranous mucositis

with mild ulceration, 3 = ulcer-

ation without confluent mu-

cositis, 4 = deep confluent mu-

cositis with severe ulceration)

2. Weight

3. Analgesic use

Subjective: Measured weekly

patient perception of oral status;

grading criteria used the same

scale for mucositis severity

Objective:

1. Mucositis severity: World Health

Organization criteria, con-

fluence and duration of ulcer-

ation

2. Secondary outcomes: Treat-

ment interruptions, degree and

extent of mucositis, hospitaliza-

tion, parenteral or nasogastric

feeding, percentage of body

weight loss, and long-term lo-

cal control and survival

following the last chemotherapy treatment. Makkonen et al.
(2000) conducted a randomized clinical trial comparing sub-
cutaneous GM-CSF (150–300 mg/day) plus sucralfate mouth-
wash to sucralfate mouthwash alone in the prevention of RT-
induced mucositis. The main outcome measures in these
studies were the severity of mucositis and pain intensity,
which were measured either daily (Makkonen et al., 2000) or
weekly (Kannan et al.; Rosso et al.).

Most patients in the three studies completed RT or radio-
chemotherapy with only grade 1 (i.e., erythema) or grade 2

mucositis (i.e., patchy mucositis in less than half of the irra-
diated field or ulcerations with a bleeding mucosa). Most of
the patients had mild pain and were able to tolerate oral intake.
The reported toxicities associated with subcutaneous GM-
CSF included skin reactions at the GM-CSF injection site,
body aches, bone pain, or fever (Kannan et al., 1997; Mak-
konen et al., 2000; Rosso et al., 1997).

Although the findings from the three pilot studies with sub-
cutaneous GM-CSF suggested that this approach might prove
beneficial in patients receiving RT or chemotherapy for head
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Findings

Mucositis: All patients devel-

oped grade 1 or 2 mucositis at

the end of radiation therapy.

Pain: Most patients experi-

enced no or grade 1 oral pain

at the end of radiation therapy.

Functional impairment: Most

patients were able to eat only

semisolid food (grade 2 eating

impairment) at the end of ra-

diation therapy.

Side effects: Two patients had

skin reactions and four others

had body aches; two requested

stopping radiation therapy and

GM-CSF administration.

Mucositis: Trend for more severe

mucositis was seen in the con-

trol group; degree of maximum

mucositis was significantly less in

the immunoglobulin group.

Onset of mucositis and radiation

therapy interruptions and symp-

toms: No significant differences

were reported in the above

measures between the two

groups.

Side effects: Six patients re-

ported local burning in the oral

mucosa associated with immu-

noglobulin.

Mucositis: Most patients devel-

oped grade 1 and 2 mucositis

during radiation therapy.

Symptoms: Results were not re-

ported.

Mucositis and functional impair-

ment: Most patients developed

grade 1 mucositis at the end of

radiation therapy.

Interruption of radiation therapy:

Most patients completed radia-

tion therapy without interrup-

tions (only one patient had a

two-day interruption).

Discontinuation of radiation

therapy: One patient discontin-

ued radiation therapy at third

week because of grade 4 mu-

cositis aggravated by an exten-

sive gold prosthesis.

Table 7. Management of Radiation-Induced Mucositis With Cytokines

Author

Kannan et al.

(1997)

Mose et al.

(1997)

Rosso et al.

(1997)

Nicolatou et

al. (1998)

Study Purpose

Determine the safety

and mucosal reac-

tion of patients who

received prophylaxis

with subcutaneous

granulocyte mac-

rophage colony-

stimulating factor

(GM-CSF) during

conventional frac-

tionated radiation

therapy in patients

with head and neck

cancer.

Determine the effect

of prophylactic in-

tramuscular weekly

injection of immu-

noglobulin on the

degree of mucositis

and on the fre-

quency of radiation

therapy or radio-

chemotherapy in-

terruptions.

Evaluate in an open

trial the efficacy of

GM-CSF on the rate

and severity of mu-

cositis produced by

a therapeutic pro-

gram of alternating

chemotherapy and

radiation in patients

with inoperable

squamous cell car-

cinoma of the head

and neck.

Evaluate the effect

of GM-CSF mouth

rinse in reducing ra-

diation therapy-in-

duced oral mucositis

for head and neck

cancer.

Research Design (N)

Descriptive pilot

study. Daily GM-CSF

was given subcuta-

neously at a dose of

1 mg/kg body weight

after 20 Gy of irradia-

tion until the comple-

tion of radiation ther-

apy (N = 10).

Descriptive com-

parative study. The

first 20 patients re-

ceived only prophy-

lactic mouthwash

(panthenol and nys-

tatin). The next 22

patients received

mouthwash plus in-

tramuscular immu-

noglobulin (800 mg)

weekly until the end

of radiation therapy.

Descriptive study.

GM-CSF was given

to 29 patients at a

dose of 5 mg/kg sub-

cutaneously on the

days when radiation

therapy was given

and for five days fol-

lowing the last che-

motherapy.

Descriptive study. Af-

ter patients com-

plained of oral pain,

a GM-CSF mouth-

wash (400 mg in 200

ml of drinking water)

was administered

daily until the end of

radiation therapy

(N = 17). Patients

were asked to swish

and gargle the 200

ml mouthwash in

fragments within one

hour.

Outcome Measures

Objective: Measured daily

Mucositis severity: On a scale of

0–4 (0 = none, 1 = erythema, 2 =

patchy mucositis less than 50%, 3 =

patchy mucositis more than 50%,

4 = confluent mucositis)

Subjective: Measured daily

1. Pain: On a scale of 0–3 (0 =

none, 1 = mild, 2 = moderate,

3 = severe)

2. Functional/eating impairment:

On a scale of 0–3 (0 = none, 1 =

able to eat with slight difficulty,

2 = able to take semisolids, 3 =

able to drink liquid only, 4 =

tube feeding)

Objective: Examined three times

weekly

1. Mucositis severity: Radiation

Therapy Oncology Group cri-

teria (grade 0–4)

2. Onset of mucositis: Days

3. Radiation therapy interruptions

because of intolerable mucosi-

tis pain

Subjective: Daily patient self-re-

port

1. Symptoms: Xerostomia and

dysphagia

2. Side effects: Associated with

immunoglobulin use

Objective: Measured weekly

Mucositis severity: World Health

Organization scoring criteria

(scale from 0–4)

Subjective: Measured weekly

Symptoms: Pain, eating function,

and other local or systemic symp-

toms based on self-administered

questionnaire (no further descrip-

tion of the grading criteria)

Objective: Measured weekly

Mucositis severity: 0 = none, 1 =

erythema, 2 = small ulcers, 3 =

covered by pseudomembrane

more than 50% of mucosa, 4 =

necrotic ulcers and hemorrhage

Subjective: Measured weekly

Functional impairment: 0 = none,

1 = mild soreness, solid diet, 2 =

mild to moderate pain, soft diet,

3 = severe pain, dysphagia, and

liquid only, 4 = severe, parental

support

(Continued on next page)D
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and neck cancer, the results of Makkonen et al.’s (2000) ran-
domized clinical trial were rather disappointing in that no sig-
nificant differences were found in the severity of mucositis or
pain between the two groups. In addition, the drop-out rate in
the GM-CSF group was 25% as a result of intolerable side
effects of GM-CSF. However, all three studies had extremely
small sample sizes. In addition, the scales used to measure the
severity of mucositis may not have been sensitive enough to
detect changes over time. Finally, the dose of GM-CSF var-
ied 30-fold across these studies making it impossible to deter-
mine whether this approach has any role in the management
of RT-induced mucositis.

Granulocyte macrophage colony-stimulating factor
mouthwash: Nicolatou et al. (1998) studied the use of a GM-
CSF mouth rinse (400 mg in 200 ml of drinking water) in 17
patients who used the mouthwash from the second week of
RT until the end of RT. Rovirosa, Ferre, and Biete (1998)
evaluated the efficacy of using GM-CSF mouthwash (300 mg
in 250 ml of drinking water) in 12 patients and compared the
results to 12 retrospective case-matched controls. The out-
come measures used in both studies were the severity of mu-
cositis and associated oral pain. The severity of mucositis was
graded using a 0–4 scale with 4 indicating a confluent mu-
cositis or necrotic hemorrhage.

Most patients in both studies had a grade 1 or 2 mucositis at
the end of RT without any treatment interruptions. In contrast,
most patients in the case-control group, who performed con-
ventional mouth care, progressed to a grade 3 or 4 mucositis at
the end of RT. All patients who used the GM-CSF mouthwash
experienced grade 3 pain (i.e., severe pain) and were able to
take semisolid food or liquid diet (Nicolatou et al., 1998). Fifty
percent of the patients who used GM-CSF mouthwash experi-
enced a decrease in oral pain compared to 92% of patients who
used the conventional mouth care and experienced an increase
in pain (Rovirosa et al., 1998). A lower percentage of patients
in the GM-CSF group required morphine than in the case-con-
trol group (30% versus 60%) (Rovirosa et al.).

Although only these two studies have evaluated the use of
a GM-CSF mouthwash in preventing RT-induced mucositis,
the results suggest that this approach may provide some
therapeutic benefit to patients with head and neck cancer.
Additional studies using this approach are warranted.

Immunoglobulin

The mechanism of action of immunoglobulin on the oral
mucosa is not well understood. Prophylactic and therapeutic
application of immunoglobulin has been hypothesized to in-
duce local inflammatory mucosal reactions and increase local

Author

Rovirosa et al.

(1998)

Makkonen et

al. (2000)

Study Purpose

Evaluate the effec-

tiveness of GM-CSF

mouthwash in man-

aging radiation ther-

apy-induced oral

mucosal ulceration,

control of pain, and

weight loss.

Compare the effec-

tiveness of subcuta-

neous GM-CSF and

sucralfate rinse to

sucralfate alone in

preventing radiation

therapy- induced

mucositis.

Research Design (N)

Case-control study.

Daily GM-CSF mouth-

wash (300 mg in 250

ml of drinking water)

given to patients (N =

12) who experienced

grade 1 mucositis.

Patients were asked

to swish without swal-

lowing with the 250

ml mouthwash within

one hour. Results

were compared to

12 retrospective

case-matched con-

trols.

Randomized clinical

trial. After a cumula-

tive radiation dose

of 10 Gy, 20 patients

were given daily

subcutaneous GM-

CSF (150 mg for pa-

tients less than 70 kg

and 300 mg for pa-

tients more than 70

kg) in addition to

sucralfate rinse.

Twenty patients re-

ceived only the

sucralfate rinse.

Outcome Measures

Objective: Measured twice per

week

1. Mucositis severity: World Health

Organization criteria (0 = none,

1 = soreness, erythema, 2 =

erythema, ulcers, solid food, 3 =

ulcers, liquid diet only, 4 =

hemorragia, oral intake not

possible)

2. Weight

Subjective:

Pain: No description of measures

Objective: Measured weekly

1. Mucositis severity: Graded on

a 0–2 scale (0 = none, 1 = mod-

erate erythema, 2 = severe ul-

ceration, bleeding, interfer-

ence with food intake)

2. Salivary lactoferrin: Mucositis

marker

3. Weight

Subjective: Measured weekly

1. Oral pain: Clinician was graded

on a 1–4 scale: (1 = none, 2 =

mild, 3 = moderate, 4 = severe);

patient was graded on a Vi-

sual Analog Scale of 0–10.

Findings

Mucositis: Less severe mucositis

was reported in most patients of

the GM-CSF group (grade 1/2

compared to 3/4 in case con-

trol group).

Pain: Pain intensity decreased in

GM-CSF group; 50% of patients

reported decreased pain and

30% needed morphine in GM-

CSF group; 92% of patients re-

ported increased pain and 60%

needed morphine in control

group.

Weight loss: Less weight loss was

reported in GM-CSF group

(4.2% of baseline compared to

5.8% in case-control group).

Mucositis: No significant differ-

ences were found in the sever-

ity of mucositis (63% patients

with grade 2).

Salivary lactoferrin: A higher

level was found in GM-CSF

group (p < 0.01).

Pain and weight loss: No signifi-

cant differences in pain intensity

and weight loss were found be-

tween the two groups.

Side effects: Four patients had

interruptions of treatment be-

cause of side effects associated

with GM-CSF (e.g., local skin re-

action, fever, bone pain, nau-

sea).

Table 7. Management of Radiation-Induced Mucositis With Cytokines (Continued)
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immune defenses. Immunoglobulin also may activate quanti-
tative and qualitative changes in T cells to further stimulate
the immune system that can be suppressed from the cancer
treatment (Mose et al., 1997).

Only Mose et al. (1997) have investigated the effect of pro-
phylactic intramuscular injection of immunoglobulin in the
management of RT-induced mucositis. A standard prophylac-
tic treatment for mucositis that consisted of panthenol and
nystatin was given to all patients as prophylaxis. The first 20
consecutive patients received the standard prophylactic treat-
ment, whereas the subsequent 22 patients received supple-
mentary intramuscular injections of human immunoglobulin
every week until the end of RT. The severity of mucositis was
evaluated using the RTOG grading criteria. The mean degree
of maximum mucositis in the immunoglobulin group was sig-
nificantly less than in the control group (1.9 versus 2.6, p =
0.031) in those patients who received combined treatment of
RT and chemotherapy. However, no differences in the sever-
ity of mucositis were found between the two groups when the
patients were treated with RT alone. Therefore, definitive
conclusions cannot be drawn about the efficacy of immuno-
globulin in the management of RT-induced mucositis until
additional studies are performed.

Conclusion

Oral mucositis is the most common complication among
patients with head and neck cancer who are treated with RT
or chemotherapy. This risk increases with the intensification
of the radiation dose, treatment schedules, or use of combined
modality treatments (i.e., surgery, RT, or chemotherapy). The
prevention of mucositis or a reduction in morbidity associated
with mucositis is a highly desirable goal for patients who are
receiving treatment for head and neck cancer.

Although a number of strategies and products are being in-
vestigated and new directions are promising, many of them do

not produce consistent results. The most effective measure to
treat RT-induced mucositis is frequent oral rising with a bland
mouthwash, such as saline or a sodium bicarbonate rinse, to
reduce the amount of oral microbial flora (Symonds, 1998).
Consistent oral care can ensure the elimination of acute and
potential dental and periodontal foci of pathologic conditions
before cancer treatment is started (Biron et al., 2000). There-
fore, dental care, consistent oral assessments, and the initiation
of a standardized oral hygiene program before cancer treat-
ment is initiated most often is the suggested approach to pro-
vide the optimal efficacy in managing oral mucositis (Biron
et al.; Dodd et al., 1996; Dudjak, 1987; Graham, Pecoraro,
Ventura, & Meyer, 1993; National Cancer Institute, 2000;
Scully & Epstein, 1996; Symonds).

Pathophysiologically specific treatment remains a contro-
versial area. Significant limitations in study designs and lack
of consistency in measurement approaches make comparisons
of studies of antimicrobials, coating agents, and anti-inflam-
matory agents difficult. This area is in need of further inves-
tigation. Research findings suggest that a particularly prom-
ising approach is the use of cytokines (e.g., GM-CSF) that
may facilitate epithelial healing and maturation during RT.
However, the management of the other morbidities associated
with oral mucositis (i.e., oral pain relief, nutritional needs, in-
hibition of oral microflora) still is the main goal of care for pa-
tients with head and neck cancer who receive RT. Further
research is needed to address these significant concomitant
morbidities. Last but not least, the development of a well-de-
fined scoring system that can provide more sensitive measure-
ment of the severity and duration of mucositis is important to
all disciplines involved in the field of studying RT-induced
mucositis.

Author Contact: Christine Miaskowski, RN, PhD, FAAN, can be
reached at chris.miaskowski@nursing.ucsf.edu, with copy to editor
at rose_mary@earthlink.net.

Adamietz, I.A., Rahn, R., Bottcher, H.D., Schafer, V., Reimer, K., & Fleischer,

W. (1998). Prophylaxis with povidone-iodine against induction of oral

mucositis by radiochemotherapy. Supportive Care in Cancer, 6, 373–377.

Bapsy, P.P., Doval, D.C., Kannan, V., & Anantha, N. (1995). Hematopoi-

etic growth factors in radiation mucositis. Journal of the Association of

Physicians of India, 3(Suppl.), 11–13.

Barker, G., Loftus, L., Cuddy, P., & Barker, B. (1991). The effects of

sucralfate suspension and diphenhydramine syrup plus kaolin-pectin on

radiotherapy-induced mucositis. Oral Surgery, Oral Medicine, and Oral

Pathology, 71, 288–293.

Beck, S. (1979). Impact of a systematic oral care protocol on stomatitis af-

ter chemotherapy. Cancer Nursing, 2, 185–199.

Biron, P., Sebban, C., Gourmet, R., Chvetzoff, G., Philip, I., & Blay, J.Y.

(2000). Research controversies in management of oral mucositis. Sup-

portive Care in Cancer, 8, 68–71.

Carl, W., & Emrich, L.S. (1991). Management of oral mucositis during lo-

cal radiation and systemic chemotherapy: A study of 98 patients. Jour-

nal of Prosthetic Dentistry, 66, 361–369.

Carter, D.L., Hebert, M.E., Smink, K., Leopold, K.A., Clough, R.L., &

Brizel, D.M. (1999). Double blind randomized trial of sucralfate vs pla-

cebo during radical radiotherapy for head and neck cancers. Head and

Neck, 21, 760–766.

Cengiz, M., Ozyar, E., Oztürk, D., Akyol, F., Atahan, I.L., & Hayran,

M. (1999). Sucralfate in the prevention of radiation-induced oral mucosi-

tis. Journal of Clinical Gastroenterology, 28(1), 40–43.

References
Dodd, M.J., Larson, P.J., Dibble, S.L., Miaskowski, C., Greenspan, D.,

MacPhail, L., et al. (1996). Randomized clinical trial of chlorhexidine

versus placebo for prevention of oral mucositis in patients receiving che-

motherapy. Oncology Nursing Forum, 23, 921–927.

Dudjak, L.A. (1987). Mouth care for mucositis due to radiation therapy.

Cancer Nursing, 10, 131–140.

Epstein, J.B. (1990). Infection prevention in bone marrow transplantation

and radiation patients. National Cancer Institute Monographs, 9, 73–

85.

Epstein, J.B., & Stevenson-Moore, P. (1986). Benzydamine hydrochloride

in prevention and management of pain in oral mucositis associated with

radiation therapy. Oral Surgery, Oral Medicine, and Oral Pathology, 62,

145–148.

Epstein, J.B., Stevenson-Moore, P., Jackson, S., Mohamed, J.H., & Spinelli,

J.J. (1989). Prevention of oral mucositis in radiation therapy: A controlled

study with benzydamine hydrochloride rinse. International Journal of

Radiation Oncology, Biology, Physics, 16, 1571–1575.

Epstein, J.B., & Wong, F.L. (1994). The efficacy of sulcrafate suspension

in the prevention of oral mucositis due to radiation therapy. International

Journal of Radiation Oncology, Biology, Physics, 28, 693–698.

Ferretti, G.A., Brown, A.T., Raybould, T.P., & Lillich, T.T. (1990). Oral

antimicrobial agents—Chlorhexidine. National Cancer Institute Mono-

graphs, 9, 51–55.

Ferretti, G.A., Raybould, T.P., Brown, A.T., Macdonald, J.S., Greenwood,

M., Maruyama, Y., et al. (1990). Chlorhexidine prophylaxis for chemo-

D
ow

nl
oa

de
d 

on
 0

5-
17

-2
02

4.
 S

in
gl

e-
us

er
 li

ce
ns

e 
on

ly
. C

op
yr

ig
ht

 2
02

4 
by

 th
e 

O
nc

ol
og

y 
N

ur
si

ng
 S

oc
ie

ty
. F

or
 p

er
m

is
si

on
 to

 p
os

t o
nl

in
e,

 r
ep

rin
t, 

ad
ap

t, 
or

 r
eu

se
, p

le
as

e 
em

ai
l p

ub
pe

rm
is

si
on

s@
on

s.
or

g.
 O

N
S

 r
es

er
ve

s 
al

l r
ig

ht
s.



ONF – VOL 29, NO 7, 2002

1078

therapy- and radiotherapy-induced stomatitis: A randomized double-blind

trial. Oral Surgery, Oral Medicine, and Oral Pathology, 69, 331–338.

Foote, R., Loprinzi, C.L., Frank, A.R., O’Fallon, J.R., Gulavita, S., Tewfik,

H.H., et al. (1994). Randomized trial of a chlorhexidine mouthwash for

alleviation of radiation-induced mucositis. Journal of Clinical Oncology,

12, 2630–2633.

Franzen, L., Henriksson, R., Littbrand, B., & Zackrisson, B. (1995). Effects

of sulcrafate on mucositis during and following radiotherapy of malig-

nancies in the head and neck region. A double-blind placebo-controlled

study. Acta Oncologica, 34, 219–223.

Graham, K.M., Pecoraro, D.A., Ventura, M., & Meyer, C.C. (1993). Reduc-

ing the incidence of stomatitis using a quality assessment and improve-

ment approach. Cancer Nursing, 16, 117–122.

Hanson, W.R., Marks, J.E., Reddy, S.P., Simon, S., & Mihalp, W.E. (1997).

Protection from radiation-induced oral mucositis by a mouth rinse con-

taining the prostaglandin E1 analog, misoprostol: A placebo controlled

double blind clinical trial. Advances in Experimental Medicine and Biol-

ogy, 400B, 811–818.

Henriksson, R., Franzen, L., Edbom, C., & Littbrand, B. (1995). Sucralfate:

Prophylaxis of mucosal damage during cancer therapy. Scandinavian

Journal of Gastroenterology, Supplement, 210, 45–47.

Kannan, V., Bapsy, P.P., Anantha, N., Doval, D.C., Vaithianathan, H.,

Banumathy, G., et al. (1997). Efficacy and safety of granulocyte macroph-

age-colony stimulating factor (GM-CSF) on the frequency and severity of

radiation mucositis in patients with head and neck carcinoma. International

Journal of Radiation Oncology, Biology, Physics, 37, 1005–1010.

Kim, J.H., Chu, F., Lakshmi, V., & Houde, R. (1985). A clinical study of

benzydamine for the treatment of radiotherapy-induced mucositis of the

oropharynx. International Journal of Tissue Reactions, 7, 215–218.

Leborgne, J.H., Leborgne, F., Zubizarreta, E., Ortega, B., & Mezzera, J.

(1998). Corticosteroids and radiation mucositis in head and neck cancer:

A double-blind placebo-controlled randomized trial. Radiotherapy and

Oncology, 47, 145–148.

Lievens, Y., Haustermans, K., Van den Weyngaert, D., Van den Bogaert,

W., Scalliet, P., Hutsebaut, L., et al. (1998). Does sucralfate reduce the

acute side effects in head and neck cancer treated with radiotherapy? A

double-blind randomized trial. Radiotherapy and Oncology, 47, 149–153.

Madeya, M.L. (1996). Oral complications from cancer therapy: Part II—

Nursing implications for assessment and treatment. Oncology Nursing

Forum, 23, 808–819.

Makkonen, T.A., Bostrom, P., Vilja, P., & Joensuu, H. (1994). Sucralfate

mouth washing in the prevention of radiation-induced mucositis: A pla-

cebo-controlled double-blind randomized study. International Journal of

Radiation Oncology, Biology, Physics, 30, 177–182.

Makkonen, T.A., Minn, H., Jekunen, A., Vilja, P., Tuominen, J., & Joensuu,

H. (2000). Granulocyte macrophage-colony stimulating factor (GM-CSF)

and sucralfate in prevention of radiation-induced mucositis: A prospec-

tive randomized study. International Journal of Radiation Oncology,

Biology, Physics, 46, 525–534.

Meredith, R., Salter, M., Kim, R., Spencer, S., Weppelmann, B., Rodu, B.,

et al. (1997). Sucralfate for radiation mucositis: Results of a double-blind

randomized trial. International Journal of Radiation Oncology, Biology,

Physics, 37, 275–279.

Miaskowski, C. (1990). Oral complications of cancer therapies. Manage-

ment of mucositis during therapy. National Cancer Institute Monographs,

9, 95–98.

Mose, S., Adamietz, I.A., Saran, F., Thilmann, C., Heyd, R., Knecht, R., et

al. (1997). Can prophylactic application of immunoglobulin decrease ra-

diotherapy-induced oral mucositis? American Journal of Clinical Oncol-

ogy, 20, 407–411.

Mueller, B.A., Millheim, E.T., Farrington, E.A., Brusko, C., & Wiser,

T.H. (1995). Mucositis management practices for hospitalized patients:

National survey results. Journal of Pain and Symptom Management, 10,

510–520.

National Cancer Institute. (2000). Oral complications of chemotherapy and

head/neck radiation, supportive care-health professionals. Retrieved Feb-

ruary 15, 2001, from http://cancernet.nci.nih.gov/pdq/pdq_supportive

_care.shtml

National Institutes of Health Consensus Development Panel. (1990). Con-

sensus statement: Oral complications of cancer therapies: Diagnosis, pre-

vention, and treatment. National Cancer Institute Monographs, 9, 3–8.

Nicolatou, O., Sotiropoulou-Lontou, A., Skarlatos, J., Kyprianou, K., Kolitsi,

G., & Dardoufas, K. (1998). A pilot study of the effect of granulocyte-mac-

rophage colony-stimulating factor on oral mucositis in head and neck can-

cer patients during x-radiation therapy: A preliminary report. International

Journal of Radiation Oncology, Biology, Physics, 42, 551–556.

Oguchi, M., Shikama, N., Sasaki, S., Gomi, K., Katsuyama, Y., Ohta, S., et

al. (1998). Mucosa-adhesive water-soluble polymer film for treatment of

acute radiation-induced oral mucositis. International Journal of Radia-

tion Oncology, Biology, Physics, 40, 1033–1037.

Okuno, S.H., Foote, R.L., Loprinzi, C.L., Gulavita, S., Sloan, J.A., Earle,

J., et al. (1997). A randomized trial of a nonabsorbable antibiotic loz-

enge given to alleviate radiation-induced mucositis. Cancer, 79, 2193–

2199.

Prada, A., & Chiesa, F. (1987). Effects of benzydamine on the oral mucositis

during antineoplastic radiotherapy and/or intra-arterial chemotherapy. In-

ternational Journal of Tissue Reactions, 9, 115–119.

Prada, A., Lozza, L., Moglia, D., Sala, L., & Chiesa, F. (1985). Effects of

benzydamine on radio-polychemotherapeutic mucositis of the oral cav-

ity. International Journal of Tissue Reactions, 7, 237–239.

Raber-Durlacher, J.E. (1999). Current practices for management of oral

mucositis in cancer patients. Supportive Care in Cancer, 7, 71–74.

Rahn, R., Adamietz, I.A., Boettcher, H.D., Schaefer, V., Reimer, K., &

Fleischer, W. (1997). Povidone-iodine to prevent mucositis in patients

with antineoplastic radiochemotherapy. Dermatology, 195(Suppl. 2), 57–

61.

Rosso, M., Blasi, G., Gherlone, E., & Rosso, R. (1997). Effect of granulo-

cyte-macrophage colony-stimulating factor on prevention of mucositis in

head and neck cancer patients treated with chemo-radiotherapy. Journal

of Chemotherapy, 9, 382–385.

Rothwell, B.R., & Spektor, W.S. (1990). Palliation of radiation-related

mucositis. Special Care in Dentistry, 10(1), 21–25.

Rovirosa, A., Ferre, J., & Biete, A. (1998). Granulocyte macrophage-colony-

stimulating factor mouthwashes heal oral ulcers during head and neck

radiotherapy. International Journal of Radiation Oncology, Biology,

Physics, 41, 747–754.

Samaranayake, L.P., Robertson, A.G., MacFarlane, T.W., Hunter, I.P.,

MacFarlane, G., Soutar, D.S., et al. (1988). The effect of chlorhexidine

and benzydamine mouthwashes on mucositis induced by therapeutic ir-

radiation. Clinical Radiology, 39, 291–294.

Scully, C., & Epstein, J.B. (1996). Oral health for the cancer patient. Euro-

pean Journal of Cancer, Part B: Oral Oncology, 32B, 281–292.

Sonis, S.T. (1998). Mucositis as a biological process: A new hypothesis for

the development of chemotherapy-induced stomatotoxicity. Oral Oncol-

ogy, 34(1), 39–43.

Spijkervet, F.K., van Saene, H.K., Panders, A.K., Vermey, A., van Saene,

J.J., Mehta, D.M., et al. (1989). Effect of chlorhexidine rinsing on the

oropharyngeal ecology in patients with head and neck cancer who have

irradiation mucositis. Oral Surgery, Oral Medicine, and Oral Pathology,

67, 154–161.

Spijkervet, F.K., van Saene, H.K., van Saene, J.J., Panders, A.K., Mehta,

D.M., & Fidler, V. (1991). Effect of selective elimination of the oral flora

in irradiated head and neck cancer patients. Journal of Surgical Oncol-

ogy, 46, 167–173.

Spijkervet, F.K., van Saene, H.K., van Saene, J.J., Panders, A.K., Vermey,

A., & Mehta, D.M. (1990). Mucositis prevention by selective elimination

of oral flora in irradiated head and neck cancer patients. Journal of Oral

Pathology and Medicine, 19, 486–489.

Symonds, R.P. (1998). Treatment-induced mucositis: An old problem with

new remedies. British Journal of Cancer, 77, 1689–1695.

Symonds, R.P., McIlroy, P., Khorrami, J., Paul, J., Pyper, E., Alcock, S.R.,

et al. (1996). The reduction of radiation mucositis by selective decontami-

nation antibiotic pastilles: A placebo-controlled double-blind trial. British

Journal of Cancer, 74, 312–317.

Verdi, C.J. (1993). Cancer therapy and oral mucositis: An appraisal of drug

prophylaxis. Drug Safety, 9, 185–195.

D
ow

nl
oa

de
d 

on
 0

5-
17

-2
02

4.
 S

in
gl

e-
us

er
 li

ce
ns

e 
on

ly
. C

op
yr

ig
ht

 2
02

4 
by

 th
e 

O
nc

ol
og

y 
N

ur
si

ng
 S

oc
ie

ty
. F

or
 p

er
m

is
si

on
 to

 p
os

t o
nl

in
e,

 r
ep

rin
t, 

ad
ap

t, 
or

 r
eu

se
, p

le
as

e 
em

ai
l p

ub
pe

rm
is

si
on

s@
on

s.
or

g.
 O

N
S

 r
es

er
ve

s 
al

l r
ig

ht
s.


