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Abstract

Purpose The aim of this study was to review the available
literature from 1966 until December 31, 2010 and define
clinical practice guidelines for the use of amifostine for the
prevention and treatment of oral mucositis in cancer patients.
Methods A systematic review was conducted by the Muco-
sitis Study Group of the Multinational Association of Sup-
portive Care in Cancer/International Society of Oral Oncology.
The body of evidence for the use of amifostine, in each cancer
treatment setting was assigned an evidence level. Based on the
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evidence level, one of the following three guideline determina-
tions was possible: recommendation, suggestion, or no guide-
line possible.

Results Thirty papers were reviewed for evidence on ami-
fostine as an intervention for oral mucositis. No guideline
was possible for amifostine in any cancer treatment setting
due to inadequate and conflicting evidence.

Conclusion Review of the amifostine studies for the pre-
vention and treatment of oral mucositis has found insuffi-
cient evidence to support its use in any cancer treatment
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setting for this purpose. Additional well-designed research
is needed to clarify the role of amifostine as an intervention
for oral mucositis.

Keywords Amifostine - Guidelines - Systematic review -
Oral mucositis

Introduction

Oral mucositis is a well-documented, frequent, dose-limiting
complication of cancer therapy with adverse effects on tumor
control, health care costs, and patient’s quality of life. Complex
biological inflammatory pathways are involved in the mucosal
toxicity. Generation of oxidative stress and reactive oxygen
species (ROS) by chemotherapeutic agents or radiation appears
to be a primary event in most pathways leading to mucositis [1].
Amifostine (WR-1035, Ethyol®) is an organic thiophosphate,
which is thought to act as a free radical scavenger (anti-ROS)
[2, 3]. This might possibly prevent the up-regulation of inflam-
matory pathways related to cancer therapy toxicity and, thus,
may allow compliance with the planned treatment regimens
while preserving the patient’s quality of life. Amifostine, ad-
ministered intravenously, has been shown to reduce the inci-
dence of acute and late xerostomia in head and neck cancer
patients who receive radiotherapy, with or without chemother-
apy [4-13]. The American Society of Clinical Oncology has
recommended that the cytoprotective effect of amifostine “may
be considered” for the prevention of cisplatin-associated neph-
rotoxicity, for the reduction of grade 3—4 neutropenia and to
decrease acute and late xerostomia with fractionated radiother-
apy for head and neck cancer [14, 15].

With regard to oral mucositis, the literature is conflicting
with some studies suggesting amifostine to be beneficial in
prevention of oral mucositis [4, 5, 7, 11, 13, 16-24] and some
studies suggesting that amifostine does not reduce mucositis
prevalence or severity [6, 8, 10, 25-31]. Stokman et al. per-
formed a meta-analysis of seven studies and reported a posi-
tive preventive effect of amifostine on severe oral mucositis
[32]. A Cochrane meta-analysis of 11 studies concluded that
there is only weak unreliable evidence that amifostine may
prevent oral mucositis [33].

The Mucositis Study Group of the Multinational Associ-
ation of Supportive Care in Cancer/International Society of
Oral Oncology (MASCC/ISOO), based on the results of a
systematic review of clinical literature between 1966 and
2002, did not recommend the use of amifostine for the
prevention of oral mucositis, due to insufficient evidence
to support any guideline [34]. No new convincing data were
found during a second systematic review of the literature
between 2002 and 2005 and, thus, no guideline was again
possible on the use of amifostine in the prevention of oral
mucositis [35, 36]. As part of a comprehensive update of the
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MASCC/ISOO clinical practice guidelines for mucositis,
the aim of this study was to review all the available literature
now extended to December 31, 2010 and define clinical
practice guidelines for the use of amifostine for the preven-
tion and treatment of oral mucositis in cancer patients.

Methods

The methods are described in detail in the papers by Bowen
et al. and Elad et al. elsewhere in this issue. Briefly, a
literature search for relevant articles indexed in Medline be-
tween 1966 and December 31, 2010 was conducted. Articles
that evaluated amifostine for the prevention and/or treatment
of cancer therapy-induced oral mucositis in humans were
selected for review. The detailed inclusion and exclusion
criteria are presented in this section. Each paper was reviewed
by two independent reviewers. The large number of papers
was divided among 12 calibrated reviewers to keep the work-
load reasonable.

Data were extracted using a standard electronic form. Stud-
ies were scored for their level of evidence based on the
Somerfield criteria [37], and flaws were listed according to
the Hadorn criteria [38]. A well-designed study was defined as
a study with no major flaws per the Hadom criteria. Findings
from the reviewed studies were integrated into guidelines
based on the overall level of evidence for each intervention.
Guidelines were classified into three types: recommendation,
suggestion, and no guideline possible.

Guidelines were separated based on (1) the aim of the
intervention (prevention or treatment of mucositis); (2) the
treatment modality (radiotherapy, chemotherapy, chemoradio-
therapy, or high-dose conditioning therapy for hematopoietic
stem cell transplant), and (3) the route of administration of the
intervention.

Studies relevant to management of radiation- and/or
chemotherapy-induced oral mucositis using anti-inflammatory
interventions including amifostine were reviewed. The results
of the reviews related to other anti-inflammatory agents are
described and discussed thoroughly in a separate article. The
current article presents the results for studies investigating
amifostine as an intervention for oral mucositis.

Results

The intervention keywords used for the literature search of
this section (anti-inflammatory agents) were as follows: Ami-
nosalicylic acid, Amifostine, Amlexanox, Anti-inflammatory,
Anti-TNF, Anti-tumor necrosis factor, Aspirin, Benadryl,
Benzydamine, Betamethasone, Celecoxib, Corticosteroid,
Dexamethasone, Diphenhydramine, Ethyol, Flurbiprofen, His-
tamine, Hydrocortisone, Ibuprofen, Indomethacin, Infliximab,
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Irsogladine, Lactoferrin, Mesalazine, Misoprostol, N-Acetyl
cysteine, Non-steroidal anti-inflammatory agents, NSAIDS,
Orgotein, Prednisone, Prostaglandin, RK-02-02, Salicylic acid,
Steroid, Thalidomide, TNF antibody, TNF inhibitor, and Tumor
necrosis factor/TNF. The literature searches identified 908
articles. Of those, 759 papers were excluded after evaluating
title and/or abstract by using Endnote X5 bibliography soft-
ware. Articles that did not report the effects of an intervention
on mucositis or on related outcomes, animal or in vitro studies,
and articles published in a language other than English were
excluded. Forty-three review articles were further excluded
after detailed evaluation of their title and/or abstract. The
remaining 106 articles, related to anti-inflammatory agents
(n=66) or to amifostine (n=40) were assessed in detail for
methodological quality. Finally, 30 eligible articles investigated
amifostine specifically as the intervention agent for the preven-
tion of oral mucositis and were selected for this review. The
selected literature was divided by route of administration of
amifostine (intravenous, subcutaneous, and local application)
and by type of cancer therapy (head and neck radiotherapy,
head and neck chemoradiotherapy, high-dose chemotherapy,
and standard dose chemotherapy).

Intravenous administration
Head and neck radiotherapy: prevention

In patients undergoing radiotherapy for head and neck
cancer, five articles were reviewed [6, 10, 13, 16, 21]. In
all five studies, amifostine was administered for preven-
tion. Three studies reported that amifostine reduced the
severity and/or the duration of oral mucositis [13, 16,
21]. One of these three studies was a retrospective record
review. [21]. Placebo was not used in the control group,
and the double-blinded method was not followed in the
other two studies [13, 16]. Furthermore, in one study, side
effects of amifostine (150 mg/m? twice daily) led to definitive
interruption of amifostine use in five out of 13 patients,
making the evaluation of the effect of amifostine difficult
[16]. Amifostine did not ameliorate oral mucositis in two
studies [6, 10]. The mode of randomization was not clear in
one, while both studies did not use placebo in the control
group and did not follow the double-blinded method. The
mixed results from these five studies as well as the Hadorn
major flaws such as the lack of placebo use and double blind-
ing did not allow for a recommendation or suggestion for or
against the use of amifostine in the prevention of oral muco-
sitis. Thus, no guidelines were possible.

Head and neck chemoradiotherapy: prevention

In patients undergoing chemoradiotherapy for head and
neck cancer, eight articles were reviewed [4, 5, 7, 9, 11,

29, 30, 39 ]. In all eight studies, amifostine was adminis-
tered for prevention. The severity of oral mucositis was
significantly reduced in three prospective, randomized stud-
ies [4, 5, 7]. All three studies were not, however, blinded
and did not use the placebo-controlled method. Further-
more, the diagnostic criteria for oral mucositis were not
adequately described. The infusion of 250 mg of amifostine
15 min prior to radiotherapy reduced the severity of oral
mucositis in the experimental when compared to the control
group, but the difference did not reach significant levels in
one, non-blinded, non-placebo-controlled study [9]. Grade 3
oral mucositis was reduced when compared to historical
controls (40 versus 70 %) in patients who received
500 mg amifostine within 1 h before radiotherapy [11]. Oral
mucositis was significantly lower in severity at all 10 Gy
increments except 60 Gy and over in patients who received
300 mg amifostine before radiotherapy when compared with
historical controls [39]. On the other hand, no significant
benefit of the addition of amifostine in head and neck cancer
chemoradiotherapy was reported in two studies [29, 30]. One
of those two studies used historical controls [29]. In a multi-
institutional, randomized, double-blinded, and placebo-
controlled study, the incidence of grade 3 or higher acute
mucositis was greater (39 %) in the amifostine group as
compared to 22 % in the placebo group (p=0.055) [30]. Due
to the conflicting results of the studies evaluated above and the
different Hadorn major flaws, such as the lack of blinding and
placebo controls and the use of historical controls, no guide-
line could be established for the use of amifostine to prevent
oral mucositis in patients receiving chemoradiotherapy for
head and neck cancers.

High-dose chemotherapy: prevention

In patients with hematological malignancies or advanced solid
cancers, who received amifostine (680-910 mg/m?) prior to
high-dose chemotherapy and peripheral blood stem cell or
bone marrow transplantation, nine articles were reviewed
[17,19, 20, 22, 23, 25-27, 40]. Of those, three articles includ-
ed total body irradiation in the conditioning regimen [22, 27,
40]. Five studies reported a beneficial effect for the use of
amifostine [17, 19, 20, 22, 23]. One study showed a statisti-
cally significant reduction of duration of oral mucositis of all
grades, but no differences in the incidence or duration of
severe (grade 3 or 4) oral mucositis [40]. Three studies
reported no improvement of oral mucositis with amifostine
[25-27]. Of these nine studies, three were prospective but not
blinded or placebo-controlled, and only two were randomized
[19, 23]. Historical controls were used in six studies [17, 22,
25-27, 40 ]. The inconsistent results and the Hadorn major
flaws of these studies, such as the lack of blinding and placebo
controls and the use of historical controls, did not allow for
any guideline for or against the use of amifostine.
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Standard dose chemotherapy: prevention

Amifostine, in a reduced dose (500 mg/m?), protected
against severe diarrhea; it was associated with weekly ad-
ministration of fluorouracil (5-FU) and folinic acid in ad-
vanced colorectal cancer [24]. Improvement of mucositis
was also reported. This was a non-controlled, non-blinded,
before-and-after, pilot study. It was not clear whether oral
mucositis was assessed and graded during the study. These
factors did not allow for any guideline to be developed for
the use of amifostine to prevent oral mucositis associated
with standard dose chemotherapy.

Subcutaneous administration

The subcutaneous route of administration of amifostine is
simpler and saves time compared with the intravenous route
of administration. It may also be associated with a lower
incidence of side effects such as hypotension. Subcutaneous
administration has been tested for the prevention of oral
mucositis in head and neck cancer patients, who received
radiotherapy or chemoradiotherapy. A total of six articles
were reviewed [18, 31, 41-44].

oral mucositis and xerostomia as in i.v. amifostine [43].

amifostine was observed [44].
those who received RT alone [41].

Mucositis not improved with amifostine, but study neither blinded
nor controlled study [31].

Subcutaneous amifostine has the same beneficial effect in reducing
A dose-dependent beneficial effect (750 mg/m2 or higher) of
Feasibility studies, mucositis not a primary endpoint [41, 43, 44].
Patients with H&N who received chemo-RT were combined with

No clinical benefit; topical application is feasible [28]

Comments

No guideline
possible
No guideline
possible
No guideline
possible

Guideline

Radiotherapy alone: prevention

level of  determination

Overall
evidence

\Y%
v

Two articles were reviewed [18, 42]. A significantly reduced
severity of symptoms related to oral mucosa was reported in
the first, randomized, but neither blinded nor placebo-
controlled study [18]. No conclusion on oral mucositis was
reached in the second, non-controlled study, which described
the treatment-related toxicity during the course of radiothera-
py. Oral mucositis was recorded as one of the amifostine-
related side effects [42]. Insufficient evidence and Hadorn
major flaws, such as the lack of placebo use and the non-
blinded method, of both studies did not allow for any recom-
mendation or suggestion for the use of amifostine in this
setting.

Law et al. [43], Koukourakis et al. [44]

Haddad et al. [31], Ozsahin et al. [41],

Stokman et al. [28]

References

Chemoradiotherapy: prevention

Four articles were reviewed [31, 41, 43, 44]. The rate of oral
mucositis was not improved with amifostine in one random-
ized but neither blinded nor placebo-controlled study [31].
The other three studies tested the feasibility of the use of
subcutaneous amifostine [41, 43, 44]. One of them combined
26 patients who received chemoradiotherapy with seven
patients, who received radiotherapy alone [41]. Treatment-
related toxicity was described in all three studies, but due to
the lack of control subjects, no conclusion on the effect of
amifostine on oral mucositis could be drawn in either study. A
lower, though not significantly different, incidence of severe
mucositis in patients who received doses of amifostine equal

Treatment
modality
Chemo-RT
Chemo

Cancer type
H&N
Lung

application

1V intravenous, H&N head and neck, RT radiotherapy, Chemo chemotherapy, HSCT hematopoietic stem cell transplant, 7B/ total body irradiation

Table 1 (continued)
Administration

Route of
Local
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or greater than 750 mg/m” when compared to those who received
lower doses was reported in one study [44]. Oral mucositis rates
were found to be similar to those reported in trials with i.v.
amifostine [43]. Due to the inconsistent results and insufficient
evidence and the Hadorn major flaws of the studies, such as the
lack of placebo use and the non-blinded method, no guideline
was possible on the use of subcutaneous amifostine in the
prevention of oral mucositis in head and neck cancer patients,
who receive radiotherapy or chemoradiotherapy.

Local application: prevention

One prospective, neither blinded nor placebo-controlled,
study tested amifostine mouthwash (10 ml, 20 mg/mL) for
the prevention of epirubicin-induced oral mucositis [28].
Local application was feasible. A significant negative cor-
relation was found between amifostine (WR-1065) concen-
tration in mouth mucosa cells and the OMAS mucositis
score, meaning that a higher cellular concentration of WR-
1065 was correlated with less mucositis. No clinical benefit
was, however, detected at the amifostine dose used. No
guideline was possible regarding the use of amifostine in
this setting due to the Hadorn major flaws of the study.

The results of the literature review for the use of amifos-
tine in the prevention of oral mucositis are summarized in
Table 1. No article tested amifostine for the treatment of oral
mucositis in any cancer setting.

Discussion

The present systematic review of the clinical literature on
the use of amifostine for the prevention and treatment of oral
mucositis in different cancer settings included 30 articles,
selected based on defined criteria and published from 1966
until December 31, 2010. All 30 articles used amifostine to
prevent oral mucositis. Six articles were published between
2006 and 2010, following the last systematic review by the
Mucositis Study Group of MASCC/ISOO [35]. In our re-
view, we could not demonstrate any evidence to support the
use of amifostine for the prevention or the treatment of oral
mucositis in any cancer setting. Amifostine, according to 16
articles, may reduce the severity of oral mucositis in cancer
therapy. No benefit of the amifostine use was reported in ten
and no conclusion could be drawn in four articles. In addi-
tion to the major flaws encountered in the studies, differ-
ences in the time of administration, dose of amifostine,
cancer therapy intensity, and mode of cancer therapy, and
possibly other factors, including the complex pathophysiol-
ogy of mucosal injury, could be related to the inconsistent
and conflicting results.

Points that could be considered in the future and could be
included in well-designed studies are the time of amifostine

@ Springer

infusion prior to radiotherapy, adequate dose of amifostine
for adequate exposure and increased cytoprotection, cancer
therapy intensity, cancer modality, such as the allogeneic
stem cell transplantation, which includes the potential de-
velopment of GVHD versus autologous stem cell transplan-
tation, and the complex pathophysiology of mucosal injury.
Amifostine could be of interest either alone or as part of a
combined preventive therapy strategy.

In conclusion, conflicting results, insufficient data, and
Hadorn major flaws, including the retrospective nature of
some of the studies, the use of historical controls, or the lack
of controls, the lack of proper randomization of the study
subjects, the lack of placebo-controlled and double-blinded
methods, did not allow any guideline related to the use of
amifostine in the prevention of oral mucositis in the present
review. The efficacy of amifostine in the prevention of oral
mucositis should be evaluated in new, well-designed, suffi-
ciently powered, randomized, controlled trials. Their results
will form the basis for future guidelines.

Disclosures The Mucositis Guidelines Update was sponsored by
Helsinn Healthcare S.A., Switzerland and BioAlliance Pharma, France.
Per MASCC policy, no industry representatives had any role in the
development of the guidelines.
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