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n many regards, oral mu-
cositis has long been an
ignored toxicity in those
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patients who undergo anti-
cancer therapies, including
those who receive high-dose
therapy with an autologous
or allogeneic stem cell trans-

plant. Until recently, this has been largely due to
the lack of effective therapy to prevent or treat
oral mucositis, other than topical rinses, anesthet-
ics, or systemic opioids. The result is that limited
investigations have been performed to character-
ize, accurately measure, or report this toxicity or
its sequelae in settings where it is frequently en-
countered. In fact, a careful review of the litera-
ture reveals that mucositis is significantly under-
reported when measured as a toxicity, as opposed
to an endpoint, of similar chemotherapy regimens.

At the same time, patients do report mucositis
as a major adverse effect of chemotherapy or local
radiotherapy. In the transplant setting, two inde-
pendent surveys have identified mucositis as the
worst toxicity reported by patients following either
ablative chemotherapy or chemoradiotherapy reg-
imens [1, 2]. Most transplant patients rate this
toxicity as a 9 or 10 on a visual analog scale of 0–
10 and report it as being worse than anticipated.
What should be disturbing to those who try to pal-
liate this toxicity is that only a minority of patients
felt that symptom control was adequate, with ap-
proximately 20% actually reporting no control of
symptoms at all. Objectively, the severity of mu-
cositis appears to affect transplant outcome, with
an increased number of febrile days and increased
risk of infection. Parenteral nutrition use and costs
are also higher for those patients with more severe
mucositis [3].

With the availability of effective agents such as
palifermin for the prevention of mucositis, as out-
lined in the accompanying summaries, has come
the realization that little is known about this tox-
icity, and even less on how to accurately assess the
efficacy of new agents like palifermin that might
have a favorable impact [4]. This lack of knowl-
edge includes defining an optimal severity scale and
appropriate endpoints for improvement after ther-
apy, the timing of assessments, and some measure
of quality of life. Although a variety of mucositis
scales have been used over the years, their accura-
cy has never been thoroughly assessed. In addi-
tion, important variables have never been evalu-
ated, such as intraobserver variability, accurately
defining appropriate sites for measurement and the
frequency of measurements needed to assess a re-
sponse, and whether objective measurements of
mucositis correlate with the symptoms reported by
patients.

Measuring Mucositis Accurately
Perhaps the most important issue in mucositis

research is defining the most appropriate endpoint.
The obvious choice is a combination of symptom
(namely, pain) relief, improved function (the abil-
ity to eat and drink), and an objective measure-
ment of the mucosal damage caused by the incit-
ing agent(s). This obviously requires a scale to
measure mucositis that accurately reflects both
symptomatic and objective severity. In addition, an
ideal scale should be easy to learn and teach and
not require lesion measurements, which become
increasingly difficult as the mucositis becomes more
extensive. Although symptomatic relief and resto-
ration of function should be the goal of any agent
developed for mucositis, improvement in symptoms
may not occur despite an improvement in mucosal
damage. The optimal scale actually appears to be
the World Health Organization (WHO) scale,
which, though simple to assign, takes into consid-
eration both objective and subjective measures of
mucositis, unlike the Oral Mucosal Assessment
Scale, the Oral Assessment Guide (OAG), or the
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Radiation Therapy Oncology Group (RTOG)
scales, which are purely objective [5]. Neverthe-
less, in early studies, utilizing both types of scales
would appear to be appropriate.

After choosing a scale, determination of an ap-
propriate endpoint should follow. Like the assess-
ment of neutropenia in patients treated with a
hematopoietic growth factor, important endpoints
include peak mucositis score (similar to the neu-
trophil nadir after chemotherapy), the incidence
of “significant” mucositis (similar to the incidence
of “severe” neutropenia [eg, an absolute neutro-
phil count < 500/µL]), or the duration of “signif-
icant” mucositis (similar to the duration of “se-
vere” neutropenia). Since severity and the duration
of the most severe stages of mucositis intuitively
would be the most appropriate endpoints to mea-
sure, duration of the most severe grade(s) of mu-
cositis would be an optimal candidate for a single
endpoint. What should be firm is the definition of
severe or “significant” mucositis. Most clinicians
and researchers would agree that WHO grade 3
(ulcers and unable to eat solids) and grade 4 (ul-
cers and unable to take liquids or solids by mouth)
toxicities meet this criteria. In addition, since se-
vere mucositis is associated with bacteremia due
to gram-positive streptococci, a measure of infec-
tion risk should also be considered.

Assessment of New Therapies
for Mucositis

In the assessment of new agents, documenta-
tion of intraobserver variability needs to be mini-
mized and would likely be best accomplished by
training. Using two overlapping scales serves as a
check of the accuracy of measurements. Although
measurements of lesion size would likely be inac-
curate, documentation of lesions in the most fre-
quently observed sites—the lateral tongue, cheeks,
lower lip, and floor of the mouth (ie, the sites most
likely to be affected by trauma caused by teeth)—
should be accurately assessed. Finally, the frequen-
cy of measurements needs to be determined in
advance. In a typical patient receiving chemother-
apy or a bone marrow transplant (BMT), mucosi-
tis develops about 7 days after the initiation of
mucotoxic therapy, worsens over the next week,
and then stabilizes at its most severe level for sev-
eral days, whereupon it starts to improve, about
10–12 days after it began. Because of the rapid
changes that occur in the mouth, it may be neces-
sary to perform assessments daily in this setting.

The same may not be true, however, for radiother-
apy-induced lesions.

These scales have two major deficiencies. None
truly measures the misery that patients with this
treatment-related toxicity experience. In addition,
assessments stop at the posterior pharynx. Not in-
frequently, significant pain does not completely
overlap with objective measures of mucositis, es-
pecially in the BMT setting, where symptoms seem
to precede the onset of actual mucositis. Unseen
throat mucositis can be associated with significant
pain and may be experienced for several days be-
fore the onset of oral mucositis, even in the face of
adequate prophylaxis against local herpes simplex
and candidal infections. Thus, any assessment of
an agent that is active in mucositis must include a
measure of pain and/or quality of life for it to be
considered effective.

Palifermin: The First Truly
Effective Agent

Palifermin, a member of the fibroblast growth
factor family [6], is the first agent that specifically
ameliorates the mucosal toxicity of high-dose che-
motherapy and radiation therapy. It binds to its
receptor on a variety of epithelial tissues, includ-
ing skin keratinocytes and stratified squamous ep-
ithelium, gastrointestinal and oral epithelial cells,
hepatocytes, and type II pneumocytes. In both
animal and human models of mucositis, palifermin
induces epithelial thickening of the non-kerati-
nocyte layers of the oral mucosa; it has a similar
activity in the digestive tract, primarily in the stom-
ach and upper small bowel [7]. Given to normal
volunteers, palifermin stimulates the proliferation
of oral epithelial cells, as well as increases the per-
centage of cells that are actively dividing, as mea-
sured by an increase in mitotic figures and Ki-67
positivity. In murine models of mucositis, induced
by treatment with 5-fluorouracil, methotrexate,
and localized irradiation in combination with or
alternatively with total body irradiation (TBI), pali-
fermin increased survival by 55% [7]. It has now
been tested in phase I–III clinical trials, and the
issues of optimal scale, appropriate endpoints, tim-
ing of measurements, training of observers, and
documentation of patient-reported symptoms have
all been thoughtfully addressed as well.

INITIAL CLINICAL STUDIES

The initial phase I study of palifermin was per-
formed in lymphoma patients who received high-

Stiff



72 www.SupportiveOncology.net THE JOURNAL OF SUPPORTIVE ONCOLOGY

C Y T O K I N E S  I N  C A N C E R  M A N A G E M E N T

M
U

C
O

SI
TI

S

dose chemotherapy (BEAM regimen: BiCNU [car-
mustine], etoposide, ara-C [cytarabine], and mel-
phalan [Alkeran]) with an autologous peripheral
blood stem cell transplant [8]. Placebo or active
study drug (palifermin) was administered intrave-
nously either daily for 3 days before the BEAM
regimen or with an additional 3 days, starting on
the day of stem cell infusion. The maximum toler-
ated dose was 60 µg/kg, as several patients receiv-
ing 80 µg/kg daily developed what were consid-
ered to be moderate skin and oral reactions. At a
dose level of 60 µg/kg, no WHO grade 4 mucositis
was seen, and less than 10% of patients experi-
enced grade 3 toxicity. In addition, no differences
in outcome were seen when the WHO scale was
compared with the OAG scale. Also seen was an
improvement in patient-reported mouth and throat
soreness.

PHASE II STUDIES

Based on these promising results, a randomized
phase II trial of palifermin was performed in the
transplant setting, using a TBI-based preparative
regimen [9]. Severe mucositis was significantly
improved, as measured by WHO grade and dura-
tion, in those patients who received palifermin 60
µg/kg daily for 3 days before the preparative regi-
men began and also after the infusion of stem cells
at its completion. Patients’ perception of mouth
and throat soreness and their analgesic require-
ments were significantly reduced in the palifermin-
treated arms of the study.

A similar trial design was used in patients with
advanced colon cancer in which palifermin was
administered on days 1–3 and 5-fluorouracil and
leucovorin calcium were given on days 4–8 [10].

Again, there was a significant decrease in moder-
ate-to-severe mucositis and a shortening of the
duration of mucosal symptoms in those patients
who received palifermin, compared with the pla-
cebo-treated group.

PHASE III STUDIES

The successful phase II BMT trial led to the
phase III trial reported by Stiff et al (page 75). Once
again, the incidence and severity of WHO grade
III/IV mucositis were significantly better in patients
who received palifermin, as opposed to placebo,
with most of the benefit being a reduction of grade
IV mucositis. The WHO scale was as accurate for
measuring the severity of mucositis as the RTOG
comparator scale, and, as in the previous phase II
study, there was a significant reduction in analge-
sic use as well as total parenteral nutrition require-
ments in the palifermin-treated group. In addition,
there was a significant reduction in patient-report-
ed mouth and throat soreness, as well as improve-
ment in quality of life, as measured by the Func-
tional Assessment of Cancer Therapy-General
questionnaire.

The result is that for the first time, we have an
effective agent for mucositis that significantly im-
proves pain and function. Moreover, during the
process of evaluating this new agent, we have de-
veloped a road map for how to perform further
mucositis studies.

Additional clinical trials of palifermin are sched-
uled, and, based on beneficial effects observed in
an animal model of graft-versus-host disease, ex-
ploratory studies in allogeneic BMT recipients are
starting. Finally, patients undergoing mucotoxic
therapies may be able to look forward to relief.
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