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Oral mucositis (OM) is a significant problem in patients with head and 
neck cancer undergoing chemoradiation treatments. Severe OM develops 
in more than 90% of patients undergoing combined chemotherapy and 
radiation. OM is not only painful but also limits adequate nutritional intake 
and decreases the patient’s willingness to continue treatment. When severe, 
it is responsible for acute and chronic complications such as aspiration, 
prolonged dysphagia, scarring and fibrosis. In spite of all the advances made 
in understanding the pathobiology of OM, there is currently no prophylactic 
therapy with proven efficacy. Strategies to limit the extent of OM and to 
manage its symptoms include basic oral care, supportive medications, 
nutritional support and limiting the use of aggressive treatments to high-risk 
patients. This review focuses on OM recognition, preventive measurements, 
symptom-management strategies, and identifies current research studies 
addressing OM prevention.
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Oral mucositis (OM) develops in almost all patients receiving radiotherapy (RT)
to the upper aerodigestive tract [1,2]. Patients receiving cumulative radiation doses 
>5000 cGy, hyperfractionation with dose escalation, accelerated radiation sched-
ules, and/or concomitant chemo-RT (CRT) are more likely to develop OM [3–5]. 
OM is reported to be of severe intensity by 75–90% of this patient population [6]. 
OM complications are responsible for reduction in the dose of chemotherapy 
in approximately 60% of patients and for discontinuation of the chemotherapy 
regimen in approximately 30% of patients [7]. OM is often difficult to visualize 
when it occurs in the critical hypopharyngeal, laryngeal and oropharyngeal areas, 
where OM can be associated with prolonged pain and functional impairment. 
During therapy, pain is reported in essentially all head and neck cancer patients 
[8]. Oral discomfort persists in almost a half of patients for extended periods of 
time, even following resolution of visible OM [8]. OM symptoms and associated 
comorbidities (pain, dehydration, weight loss, and systemic infections among 
others [9]) adversely impact quality of life (QOL) and economic outcomes. Pain 
management is one of the most important aspects of symptom control during 
head and neck cancer treatment, but it has been shown that few patients are given 
adequate opioid analgesia [10].

Clinical features of mucositis
The clinical findings of OM are very predictable in patients undergoing radiation 
treatments to the superior aerodigestive tract [11]. The use of chemotherapy deliv-
ered concomitantly with radiation increases the severity and impacts on the time-
course of OM. Erythema of the mucosa is noticed at the very beginning of the 
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second week of radiation, and focal mucosal ulcers are 
noticed a few days later. At this stage, patients typically 
start to complain of pain. Extended areas of confluent 
mucosal ulceration are usually seen early during the 
fourth week of radiation. At this point, the ability to 
continue with a full oral diet is usually compromised. 
An abrupt appearance of severe, confluent ulcers and/
or early initiation of ulceration that affect the kerati-
nized mucosa of the dorsal tongue, gingival, or the 
hard palate are often associated with an infectious eti-
ology [11,12]. During the fifth and sixth weeks of radia-
tion, a confluent ulcerative lesion covered by a fibrous 
exudate called pseudo-membrane is usually present. 
At this stage, patients usually complain of severe pain 
that is only partially controlled with opioids, and they 
are unable to continue with an oral diet. The major-
ity of patients suffering from severe OM will need a 
percutaneous endoscopic gastrostomy (PEG) feeding 
tube in order to continue with an adequate caloric 
intake. Severe OM persists for 2–4 weeks after the end 
of treatment and then it slowly resolves completely 
[11]. In some patients, limited ulceration in high-dose 
areas or in the posterior regions of the mucosa may 
persist for periods as long as several months. Severe 
OM is associated with systemic signs and symptoms 
such as weight loss out of proportion to caloric intake, 
fatigue, anorexia, dehydration, and deconditioning. 
These signs and symptoms are probably related to the 
high levels of pro-inflammatory cytokines released 
during the development of OM [13–16].

Pathobiology of mucositis
The most descriptive biological model for CRT-
induced OM was developed by Sonis et al. [7,11,13,17]. 
The model describes five overlapping stages: initia-
tion, up-regulation, message generation, ulceration 
and healing. The first stage involves the production 
of reactive oxygen species, CRT-induced direct dam-
age to cells, and the initiation of other biological 
events that create a cascade of reactions contributing 
to tissue damage. Activation of the signal transducer 
and activator of transcription 3 and the NF-kb leads 
to an increase in pro-inflammatory cytokines (i.e., 
IL-6, TNFa). Positive-feedback mechanisms result in 
amplification and acceleration of the process, which 
eventually leads to ulceration. Bacterial colonization 
of the ulcerated mucosa activates macrophages to pro-
duce additional inflammatory cytokines to enhance 
the tissue-damaging process. After completion of the 
CRT treatment, healing occurs and the epithelium 
appears normal again.

Assessment of mucositis
To optimize the supportive treatment of 

mucositis-associated symptoms of patients under-
going CRT treatments of the head and neck area, a 
formal assessment of OM during treatment is needed 
[13,14,18,19]. In the literature, different studies use var-
ious OM assessment scales to measure the effects of 
any given preventive or curative therapy for mucos-
its [11]. The Multinational Association of Supportive 
Care in Cancer and the International Society for Oral 
Oncology proposed that an OM assessment tool should 
be objective, sensitive, validated, reliable and easy to 
use in all clinical situations and applications. None 
of the available clinical tools to assess OM meets all 
the criteria outlined above [7,20]. The Radiation Ther-
apy Oncology Group and European Organization for 
Research and Treatment of Cancer mucositis grading 
system and the Objective Mucositis Assessment Scale 
are mostly descriptive scales that do not consider 
patient reported variables [21,22]. The World Health 
Organization scale is easy to use and is based on clin-
ical observation (erythema and ulceration) in combi-
nation with the patient’s ability to keep an oral diet [11]. 
The National Cancer Institute Common Terminology 
Criteria for Adverse Events system is usually used in 
clinical trials to document the side effects caused by 
different anticancer therapies. The 4.0 version eval-
uates OM based on patient-reported variables such 
as pain, dysphagia and eating behavior, whereas the 
3.0 version uses objective findings during the clinical 
exam such as erythema, ulceration and bleeding [101]. 
The 4.0 version has the advantage of a better correla-
tion with the changes in QOL during concomitant 
CRT treatments [23]. Since patient-reported symptoms 
tend to be more severe than those recorded by phy-
sicians, the Oral Mucositis Daily Questionnaire was 
created to record patient-reported outcomes of OM 
on a daily basis without requiring clinic visits. This 
questionnaire, in addition to periodic clinical assess-
ments, may enable clinicians to identify and manage 
OM more rapidly and to identify improvements with 
investigational agents more precisely. This is particu-
larly important for patients with larynx, oropharynx 
and/or hypopharynx cancers, where the direct assess-
ment of mucositis intensity is extremely difficult [6].

Mucositis prevention
There are no therapies with proven efficacy for the 
prevention of OM (Table 1). In part, this is due to the 
fact that many trials consider mucositis prevention 
an ‘all or none’ goal, and others try to distinguish 
between reduction of severity and duration of OM 
as a preventive goal [11]. Although there are no data 
to support its routine use, basic oral care is generally 
recommended as a preventive measure and includes 
frequent brushing in a non-traumatic fashion with a 



Assessment & management of mucositis in head & neck cancer patients Review: Clinical Trial Outcomes

future science group Clin. Invest. (2012) 2(12) 1233

soft brush, flossing as tolerated, frequent rinsing with 
bland solutions (normal saline with sodium bicarbon-
ate), and moisturizing agents [7,20,24]. 

G-CSF is currently used for the primary and sec-
ondary prevention of febrile neutropenia in high-risk 
patients receiving chemotherapy. It also decreases 
the incidence of OM in the setting of combination 
chemotherapy for the treatment of solid tumors. In a 
randomized, double-blind, placebo-controlled trial in 
patients with squamous cell carcinoma of the head and 
neck (SCCHN) receiving postoperative RT, G-CSF 
and placebo were both administered subcutaneously 
on a daily basis during the course of RT. Unfortu-
nately, only 41 patients were enrolled and the study 
was closed due to poor accrual. Patients in the study-
drug arm were able to complete the radiation course 
in a shorter period of time (48.4 ± 4.32 days vs 51.6 ± 1
.84 days; p = 0.005) and also had better overall survival 
(hazard ratio: 0.37; p = 0.037) [25]. On the other hand, a 
randomized multi centric trial evaluating the preven-
tive effect of G-CSF on patients receiving hyperfrac-
tionated RT or CRT showed an unexpected increase 
in locoregional failures in patients with stage III–IV 
SCCHN [26]. Some preliminary reports of small studies 
suggested that GM-CSF might have a preventive effect 
on the development of OM. To address this issue, the 
Radiation Therapy Oncology Group designed a place-
bo-controlled, double-blind, prospective randomized 
trial in patients undergoing RT with curative intent 
for tumors of the oral cavity and oropharynx. Patients 
were randomized to receive either GM-CSF or placebo 
subcutaneously, three times a week, during the radia-
tion course. There was no protective effect of GM-CSF 
in terms of severity of OM and no impact on the QOL 
during and after completion of therapy [27]. These data 
do not support the standard use of G-CSF or GM-CSF 
in clinical practice.

KGF-1, a keratinocyte growth factor, exerts 

cyto protective effects on epithelial cells. Palifermin 
(Kepivance; Swedish Orphan Biovitrum, Stockholm, 
Sweden), an N-terminal, truncated version of KGF, has 
been used in clinical practice. Two double-blinded, 
randomized, placebo-controlled trials assessed the 
efficacy of Palifermin on the prevention of OM in head 
and neck cancer patients. In the first trial, 186 patients 
with stages II–IVB carcinoma of the oral cavity, oro-
pharynx, hypopharynx, or larynx received adjuvant 
therapy after surgical resection. CRT with triweekly 
cisplatin was the adjuvant regimen used in this trial. 
Patients were randomly assigned to receive weekly 
palifermin 120 µg/kg or placebo from 3 days before 
and continuing throughout CRT. Severe OM was seen 
in 47 (51%) of 92 patients administered palifermin 
and 63 (67%) of 94 administered placebo (p = 0.027). 
Neither patient-reported mouth and throat soreness 
scores nor treatment breaks differed between treat-
ment arms [28]. In the second trial, patients with newly 
diagnosed, un resected stage III–IVB squamous cell 
carcinoma of the oral cavity, oropharynx, nasophar-
ynx, hypopharynx, or larynx receiving CRT with 
cisplatin (100 mg/m2 on days 1, 22, and 43) received 
palifermin (180 µcg/kg) or placebo before starting 
CRT and then once weekly for 7 weeks. OM was sig-
nificantly lower for palifermin than for placebo (54 
vs 69%; p = 0.041). However, opioid analgesic use, 
average mouth and throat soreness scores, and CRT 
compliance were not significantly different between 
treatment arms [29]. Interestingly, the benefit of pal-
ifermin in physician-assessed OM in both trials was 
not paralleled by a better patient-reported outcome, 
assessed through the mouth and throat soreness score. 
Generally, adverse events reported by physicians are 
less accurate than those reported by patient-reported 
outcome instruments. Indeed, for OM, some clini-
cians have proposed replacing physician scales with 
patient-assessed OM reporting. On the other hand, 

Table 1. Compounds studied for mucositis prevention in head and neck cancer.

Compound Study type Efficacy Use recommended by current 
guidelines (ASCO, ESMO, MASCC)

G-CSF Phase III No improvement No

GM-CSF Phase III No improvement No

KGF-1 Phase III Insufficient data No

Amifostine Phase III Insufficient data No 

Glutamine Phase III Insufficient data No

Benzydamine 
hydrochloride

Phase III Effective in patients receiving 
moderate RT doses

Yes (MASCC, ESMO)

LLLT Phase III Insufficient data No
ASCO: American Society of Clinical Oncology; ESMO: European Society for Medical Oncology; LLLT: Low-level laser therapy; 
MASCC: Multinational Association of Supportive Care in Cancer; RT: Radiotherapy.
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it appears that both the patient and clinician provide 
information of value that, when combined, provides 
a more accu rate understanding of the patient’s symp-
toms [24,30]. Thus, the role of palifermin in OM preven-
tion, along with its safety profile, remains unproven 
and must be more fully defined in future trials.

Amifostine (WR-1035, Ethyol®; MedImmune 
Pharma, Nijmegen, The Netherlands) is an organic 
thiophosphate that initially was thought to have 
a protective effect on the bone marrow and the GI 
mucosa in cancer patients receiving CRT. Its mech-
anism of action is as a free radical scavenger that 
protects the DNA from direct damage and reduces 
the levels of pro-inflammatory cytokines that are 
up-regulated during the course of RT. A literature 
review on the use of amifostine to prevent OM in 
patients receiving RT or CRT for SCCHN was unable 
to give any recommendation for or against its rou-
tine use due to inconsistent results [31]. A randomized 
Phase II study assessed the preventive effect of ami-
fostine on the incidence of severe OM. Head and neck 
cancer patients with locoregionally advanced disease 
received definitive CRT with weekly carboplatin/
paclitaxel with or without amifostine. The treatment 
schedule consisted of four weekly doses of carboplatin 
with an AUC of 1.5 and paclitaxel 45 mg/m2 con-
currently with a concomitant boost radiation tech-
nique. The patients that participated in the study were 
randomized to a daily dose of 500 mg of amifostine 
administered subcutaneously or no amifostine. The 
severity of OM and xerostomia was similar in both 
arms with an incidence of grade III OM of 75% in the 
group of patients randomized to amifotine and 70% 
in the group of patient that did not receive the study 
drug [32]. The results of these studies do not support 
the use of amifostine for the prevention of OM or 
xerostomia associated with CRT.

Glutamine is one of the most important sources 
of energy for the constant cell renewal of the GI 
tract epithelium. During a normal metabolic state, 
the human body has a large repository of glutamine. 
There is strong evidence that during many catabolic 
states, such as sepsis or cancer, the body’s glutamine 
stores are depleted [33]. It has been shown that head 
and neck cancer patients receiving cancer treatments 
have depleted stores of glutamine with the consequent 
increased risk of CRT-induced toxicities [34,35]. The 
supplementation of glutamine to this patient popu-
lation may reduce the side effects of different cancer 
treatments. The protective effect of glutamine admin-
istered orally on the incidence of OM was assessed in 
head and neck cancer patients. In a double-blinded 
placebo-controlled trial, patients with head and neck 
cancer receiving definitive or postoperative RT were 

randomized to receive daily oral glutamine suspen-
sion (16 g) or placebo. Patients were instructed to 
swish the test solutions four times per day during the 
course of radiation. There was a shorter duration of 
severe OM assessed clinically in the group of patients 
receiving glutamine. No difference in the severity and 
duration of OM was reported by the patients [34]. In 
a second double-blinded, placebo-controlled study, 
the safety and OM-preventive effects of glutamine 
administered intravenously were assessed in head 
and neck cancer patients receiving definitive CRT. 
Patients were blindly assigned to receive either intra-
venous l-alanyl-l-glutamine 0.4 g/kg weight/day or 
an equal volume of saline (placebo) during chemo-
therapy days. There was a higher incidence of patients 
suffering severe OM in the placebo group compared 
with the glutamine group (67 vs  14%; p  =  0.007). 
Another interesting finding of the study was that 
patients receiving the study drug experienced less 
pain and had fewer PEG tube insertions for nutri-
tional support compared with the group of patients 
receiving placebo [35]. The difference in these results 
might be partially explained by the fact that oral glu-
tamine is usually absorbed in the upper part of the 
jejunum and only a small fraction can be detected in 
the portal vein. The rest is utilized mainly by entero-
cytes and immune competent cells of the upper part 
of the GI tract. In addition, when the portal blood 
reaches the liver, more glutamine is utilized before a 
smaller fraction of the enterally provided glutamine 
can appear in the general circulation to become avail-
able to different tissues. In contrast, parenterally pro-
vided glutamine is distributed to the different tissues 
of the body in relation to the bloodflow distribution 
between these tissues and organs [33]. Currently, the 
use of glutamine for prevention of mucositis in head 
and neck cancer patients is not recommended by 
international guidelines [18–20].

Benzydamine hydrochloride, a nonsteroidal agent 
with analgesic, anesthetic, anti-inflammatory and 
antimicrobial properties, has been found to be effi-
cacious for both stomatitis and RT-induced OM. The 
safety and preventive effect of 0.15% benzydamine 
oral rinse on the incidence of OM were prospec-
tively assessed in patients with head and neck cancer. 
Patients receiving RT to the head and neck area were 
included in a double-blinded placebo-controlled trial. 
Study patients were instructed to rinse with 15 ml 
for 2 min, 4–8 times daily before and during RT, and 
for 2 weeks after completion. Patients were evaluated 
clinically on a weekly basis before, during and up to 
3 weeks after the completion of treatment. In the Ben-
zydamine group, there was a 30% reduction in the 
incidence of erythema and radiation-induced ulcers. 
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Of note, one third of patients receiving the study drug 
did not experience any signs of radiation-induced 
ulcers, as opposed to 18% of patients who received 
placebo (p = 0.037). Patients receiving benzydamine 
rinses experienced a significant delay in the need for 
opioid analgesics when compared with the group 
receiving placebo (p < 0.05). It is important to note 
that benzydamine did not show any clinical benefit 
in the group of patients that underwent a full course 
of accelerated RT [36]. A second study was performed 
to assess the preventive effect of oral rinses of benzy-
damine in the incidence of OM. Patients receiving a 
definitive course of RT or CRT as primary treatment 
for cancers of the head and neck area were included 
in the study. Subjects were randomized to receive 
an oral rinse of either benzydamine or placebo. The 
group of patients receiving the study drug had a 44% 
incidence of severe OM that compared favorably with 
the 79% incidence observed in the group receiving 
placebo (p = 0.001) [37]. The results of these trials sup-
port the prophylactic use of benzydamine oral rinses 
in patients receiving a standard course of radiation 
[18,20]. However, it is unclear if patients receiving con-
comitant CRT would benefit from it considering the 
small number of cases treated with this modality in 
both trials [36,37].

Low-level laser therapy (LLLT) is a local applica-
tion of a monochromatic, narrow-band, coherent 
light source. LLLT is recommended for prevention 
and treatment of OM in patients receiving high-dose 
chemotherapy for hematopoietic stem-cell trans-
plant [20]. It is important to note that there are some 
inconsistencies in the reported clinical benefits of 
LLLT due to the lack of standardized laser param-
eters and differences in the dose levels described in 
the literature. The mechanism of action of LLLT is 
still unclear, but it seems to have a protective effect 
at the cellular level during the periods of oxidative 
stress in patients receiving radiation treatments to 
the head and neck area [38]. In a recent meta ana lysis 
on the preventive effect of LLLT, a reduction in the 
incidence of severe OM was observed. Interestingly, 
there was a larger clinical benefit in terms of OM pre-
vention when the ana lysis was restricted to the trials 
that included patients who received doses higher than 
1 J [38]. Moreover, in a double-blinded, randomized 
trial comparing two different LLLT groups: group 1 
(660 nm/15 mW/3.8 J/cm2/spot size 4 mm2) and group 
2 (660  nm/5  mW/1.3  J/cm2/spot size 4  mm2) that 
were administered daily during the full course of RT, 
it was shown that patients randomized to the high 
LLLT (group 1), had less severe OM and reduced pain 
during the radiation treatment [39]. Currently, there 
are several ongoing clinical trials for OM prevention; 

most of which are focusing on the anti-inflammatory 
properties of the studied compounds (Table 2).

Mucositis-associated pain
OM pain is reported in essentially all head and neck 
cancer patients [8] and interferes with daily activities 
in approximately a third of patients and with social 
activities and mood in 50–60% of patients receiv-
ing RT or concurrent CRT treatments for head and 
neck malignancies [40]. Pain usually arises as a con-
sequence of activation of primary nociceptive affer-
ents by tissue-damaging stimuli and processing of 
this activity within the nociceptive system. Pain may 
also arise by activity generated within the nociceptive 
system without adequate stimulation of its periph-
eral sensory endings. This type of pain is called neu-
ropathic and is defined as pain initiated or caused 
by a primary lesion or dys function in the nervous 
system [41]. In a study of patients with tumors of the 
upper aerodigestive tract, which assessed the inci-
dence and type of pain prospectively, neuropathic 
pain was diagnosed in 56% of studied subjects. In 
most of the cases, neuropathic pain was part of a 
mixed picture [42]. Approximately a third to a half of 
patients with severe OM develop concomitant local 
infections with Candida species and Herpes virus 
family [12,43,44]. Patients with local infections usually 
report higher pain and dysphagia and complain of a 
‘neuropathic’ component during the pain episodes. 
Although current guidelines do not recommend the 
prophylactic use of antimycotics, antivirals and/or 
antibiotics, this component is very important to rec-
ognize in order to provide adequate pain relief using 
etiological targeted measures [12,18,19,44,45]. This subset 
of patients may often require increased doses of sys-
temic analgesics, as well as additional local anesthetic 
or analgesic agents [43,44].

Opioid use for management of mucosi-
tis-associated pain
Morphine is the classic example of an analgesic 
opioid. Its effects on analgesia, as well as many of 
its side effects, are a result of its binding capacity 
to the opioid receptors in the central nervous sys-
tem and to the receptors located on the peripheral 
nerve terminals. There are strong data obtained from 
basic research, as well as clinical experience, which 
support the premise that morphine still has potent 
analgesic effect when applied locally in the setting of 
painful conditions associated with tissue damage due 
to inflammatory events [46–48]. Morphine seems to be 
the opioid of choice to use topically for the manage-
ment of OM-associated pain for two reasons. First, 
the opioid ligands with a preference for µ-receptors 
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are generally more potent when applied locally [49]. 
Second, morphine has shown a low transmucosal and 
sublingual absorption. The absorption capacity of any 
given drug depends on the pK of the drug, the pH of 
the absorbing tissue and on the solubility of the drug 
in lipids [50–52]. Considering that morphine has a low 
solubility in lipids and has a high pK, it is the drug of 
choice to apply on an inflamed tissue with a low pH 
such as the oral cavity of a patient suffering OM. In 
a study performed on head and neck cancer patients 
with primary tumors of the naso pharynx, oropharynx 
and oral cavity treated with CRT, 26 patients were 
randomized to either morphine mouth washes or a 
formulation of ‘magic mouth wash’. In the morphine 
arm, patients were instructed to use an oral rinse of 
15 ml 2‰ morphine solution (2000 mg morphine 
diluted in 1000 ml of water) on an ‘as-needed’ basis, 
every 3 h. The magic mouth wash group used a mix-
ture of magnesium aluminum hydroxide, viscous 
lidocaine and benadryl on an ‘as needed’ basis, every 
3 h. Patients received instructions to avoid swallow-
ing the oral rinses and to hold the mouthwash for 
2 min. The duration of pain reported by patients was 
3.5 days shorter in the morphine group. As expected, 
most of the patients randomized to the magic mouth 
wash group needed the addition of systemic opioids 
for pain control [24]. In a two block-design pilot study 
on patients with locoregionally advanced primary 
tumors of the upper aerodigestive tract receiving 
definitive treatment with concomitant CRT, different 
morphine dosing and pharmacokinetic ana lysis of the 
solution were performed. The first group of patients 
suffering from painful OM was randomized into two 
different dose levels of morphine oral rinses. The first 
group received 15 ml of 1‰ morphine solution, and 
the second group received the morphine solution 

diluted at 2‰. In an extended phase (second block), 22 
patients were included to assess the efficacy and safety 
of the morphine solution diluted at 2‰. The group of 
patients receiving the oral morphine solution with 
the higher dose (2‰) had better pain control than 
the group of patients receiving the lower dose (1‰). 
Interestingly, there were no detectable concentrations 
of morphine that could be of clinical significance in 
the subgroup of patients who underwent pharmaco-
kinetic studies [43]. 

The use of systemic opioids for the management of 
OM associated pain was assessed prospectively in the 
setting of bone marrow transplant. Fentanyl, a syn-
thetic opioid that can be administrated intravenously 
or subcutaneously, produces short-acting analgesic 
activity. The low molecular weight, high potency, and 
high lipid solubility of fentanyl can be easily delivered 
via the transdermal therapeutic system with variable 
dosages (12.5, 25, 50, 75 and 100 µg/h). As such, fen-
tanyl is steadily released from a 72-h reservoir by dif-
fusion through a controlled-release membrane, and 
then absorbed into the microcirculation through the 
skin. Two prospective trials showed that the routine 
use of transdermal fentanyl reduced the intensity of 
pain and improved the QOL of patients suffering from 
severe OM [53,54]. In our experience, due to the inability 
of most head and neck cancer patients suffering from 
severe OM to swallow the sustained-release opioid for-
mulations, the transdermal use of fentanyl becomes the 
opioid of choice to use in this setting.

Adjuvant analgesic therapies
In those patients with OM-associated neuropathic 
pain or a mixed picture, adjuvant systemic therapies 
should be considered [55]. Two retrospective studies 
on head and neck cancer patients treated with RT 

Table 2. Clinical trials in development for mucositis prevention.

Compound Type of 
study

Sponsor Estimated enrollment (n) Estimated 
completion date

Hydrogel coating agent
(MuGard)

Phase IV Access 
Pharmaceuticals

120 November 2012

Oral immunomodulatory 
solution

Phase III Centre Val d’Aurelle 
- Paul Lamarque

160 December 2013

Anti-IL-6 Ab
(Ald-518)

Phase II Alder 
Biopharmaceuticals

96 February 2013

Lactobacillus brevis CD2 Phase III NCCTG/NCI 148 July 2013

Lactococcus lactis secreting 
trefoil factor 1

Phase III Actogenix Not available Not available

Honey mouthwash Phase II Cyprus University 
of Technology

60 June 2013

NCCTG: North Central Cancer Treatment Group; NCI: National Cancer Institute.
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or CRT showed that by adding gabapentin up to a 
median dose of 2.700 mg/day, the opioid require-
ments in order to obtain good pain control seemed 
to be reduced [56,57]. In a randomized trial of opioids 
versus tricyclic anti depressants for the management 
of OM-associated pain in head and neck cancer 
patients undergoing RT, it was shown that, although 
opioids generally produced greater pain relief, up 
to 40% of patients achieved sufficient pain control 
on tricyclic antidepressants alone [58]. Even though 
there are no randomized trials on the addition of 
anticonvulsivants and antidepressants to opioids for 
the management of mucositis-associated pain with 
neuropathic features, this data support their use in 
this clinical setting.

Nutritional support during treatment
In patients with malignancies of the upper 
aero digestive tract, an adequate nutritional support 
is needed during the course of definitive CRT with 
curative intent. It has been shown that the lack of 
such a supportive therapy increases the risk of inter-
ruptions during the course of treatment, reducing 
the likelihood of tumor control and overall survival 
[59]. Regular dietary counseling during the course of 
CRT appears to maintain or to improve nutritional 
status [60]. Moreover, it has been shown that patients 
who meet protein-related goals during the course of 
RT have less severe OM [61]. The use of pro phylactic 
enteral feeding to maintain adequate nutritional 
status during the course of CRT has been recom-
mended for patients with pretreatment body-mass 
index of less than 20, large primary tumors and/or 
hypopharyngeal involvement, and/or with the pres-
ence of dysphagia before treatment is started [62]. 

The duration of PEG tube feeding is considerably 
longer than that of nasogastric tube feeding [62,63]. 
However, a recent randomized trial on the prophy-
lactic use of PEG tube in patients with advanced head 
and neck cancer treated with curative intent showed 
that prophylactic PEG tube was associated with 
significantly earlier start and longer use of enteral 
nutrition, fewer malnourished patients over time, 
and with improved health-related QOL at 6 months 
post-treatment. Interestingly, the group receiving 
the PEG tube prophylactically rated higher physi-
cal function, role function, and cognitive function. 
They also had significantly less fatigue and feelings 
of illness [64]. It has also been shown that there is a 
significant relationship between percent creatinine, 
or blood urea nitrogen rise, and percent body-weight 
loss during concomitant CRT in patients without an 
adequate nutritional support. Dehydration associated 
with severe dysphagia during CRT may be one of the 
causative factors [65]. In our experience, the routine 
addition of daily parenteral hydration during the 
last 2 weeks of RT is associated with improved renal 
function and less fatigue. The above data highlights 
the importance of the routine nutritional counseling, 
the prophylactic use of PEG tubes, and of hydration 
beyond standard hydration during cisplatin admin-
istration for those patients with advanced head and 
neck tumors treated with concomitant CRT therapy.

Future perspective  
The increased understanding of the molecular mecha-
nisms that underlie the etiology of OM offers new tar-
gets for potential therapeutic interventions. Different 
topical and systemic medications have been studied 
for prevention and treatment of OM in head and neck 

Executive summary

Background
 ■ Oral mucositis (OM) is a frequent and a dose-limiting toxicity of concomitant chemoradiotherapy delivered to the head and neck 
area.

Mucositis prevention
 ■ There are no defined strategies yet for preventing mucosal injury or lessening its severity.

Mucositis-associated pain
 ■ OM pain is reported in essentially all head and neck cancer patients receiving concomitant chemoradiotherapy.
 ■ Adequate oral hygiene and topical and systemic analgesics remains the cornerstone of symptomatic treatment.

Nutritional support
 ■ The use of prophylactic percutaneous endoscopic gastrostomy is associated with significantly earlier start and longer use of 
enteral nutrition, fewer malnourished patients over time, and with improved health-related quality of life.

 ■ The addition of parenteral hydration during the last weeks of radiotherapy is associated with improved renal function and less 
fatigue.

Future perspective
 ■ Currently, there are several ongoing clinical trials for OM prevention; most of which are focusing on the anti-inflammatory 
properties of the studied compounds.
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cancer patients, but a single efficacious 
intervention or agent for the prophylaxis 
or management of CRT-induced OM has 
not yet been identified. However, there 
are several ongoing clinical trials for OM 
prevention; most of which are focusing 
on blocking the inflammatory process 
responsible for the tissue damage associ-
ated with CRT. Adequate oral hygiene and 
topical and systemic analgesics remain the 
cornerstone of symptomatic treatment. 
In addition, patients with local infections 
usually report higher pain and dysphagia 
and complain of a ‘neuropathic’ compo-
nent during the pain episodes. This com-
ponent is very important to recognize in 
order to provide adequate pain relief using 
measures such as antimicotics, antivirals 
and/or antibiotics. In those patients with 
OM-associated neuropathic pain or a 
mixed picture, adjuvant systemic thera-
pies with anticonvulsants or antidepres-
sants should be considered in order to 
optimize the opioid analgesic window. 
The importance of an early nutritional 
counseling, it should also be emphasized, 
along with the prophylactic use of PEG 
tubes and hydration beyond standard 
hydration,  during cisplatin administra-
tion for those patients with advanced head 
and neck tumors treated with CRT.

Financial & competing interests 
disclosure
The authors have no relevant affiliations or finan-
cial involvement with any organization or entity 
with a financial interest in or financial conflict 
with the subject matter or materials discussed in 
the manuscript. This includes employment, con-
sultancies, honoraria, stock ownership or 
options, expert t estimony, grants or patents 
received or pending, or royalties. No writing 
assistance was utilized in the production of this 
manuscript. 

References
Papers of special note have been highlighted as:
n	 of interest
n		n	 of considerable interest

1 Trotti A, Bellm L, Epstein JB et al. 
Mucositis incidence, severity and 
associated outcomes in patients with head 
and neck cancer receiving radiotherapy 
with or without chemotherapy: a systemic 

literature review. Radiother. Oncol. 66(3), 
253–262 (2003).

2 Bourhis J, Lapeyre M, Tortochaux J et al. 
Accelerated radiotherapy and concomitant 
high dose chemotherapy in non resectable 
stage IV locally advanced HNSCC: results 
of a GORTEC randomized trial. Radiother. 
Oncol. 100(1), 56–61 (2011).

3 Awwad HK, Lotayef M, Shouman T et al. 
Accelerated hyperfractionation (AHF) 
compared to canvational fraction (CF) in 
the postoperative radiotherapy of locally 
advanced head and neck cancer: influence 
and proliferation. Br. J. Cancer 86(4), 
517–523 (2002).

4 Vissink A, Jansma J, Spijkervet F et al. Oral 
sequelae of head and neck radiotherapy. 
Crit. Rev. Oral Bio. Med. 14(3), 199–212 
(2003).

5 Vera-Llonch M, Oster G, Hagiwara M, 
Sonis S. Oral mucositis in patients 
undergoing radiation treatment for head 
and neck carcinoma. Cancer 106(2), 329–
336 (2006).

6 Elting LS, Keefe DM et al. Patient-reported 
measurements of oral mucositis in head 
and neck cancer patients treated with 
radiotherapy and with or without 
chemotherapy: demonstration of increased 
frequency, severity, resistance to palliation, 
and impact of quality of life. Cancer 
113(10), 2704–2713 (2008).

7 Sonis S, Elting L, Keefe D, Peterson D, 
Schubert M et al. Perspectives on cancer 
therapy-induced mucosal injury. 
Pathogenesis, measurements, 
epidemiology, and consequences for 
patients. Cancer 100(Suppl. 9), 1995–2025 
(2004).

8 Epstein J, Stewart K. Radiation therapy and 
pain in patients with head and neck cancer. 
Eur. J. Cancer. B. Oral. Oncol. 29B(3), 
191–199 (1993).

9 Raber-Durlacher JE, Elad S, Barasch A. Oral 
mucositis. Oral Oncol. 46(6), 452–456 (2010).

10 Rosenthal DI, Trotti A. Strategies for 
managing radiation-induced mucositis in 
head and neck cancer. Semin. Radiat. Oncol. 
19(1), 29–34 (2009).

11 Sonis S. Oral mucositis. Anticancer Drugs 
22(7), 607–612 (2011).

12 Nicolatou-Galitis O, Athanassiadou P, 
Kouloulias V et al. Herpes simplex virus-1 
(HSV-1) infection in radiation-induced oral 
mucositis. Support Care Cancer 14(7), 
753–762 (2006).

13 Sonis ST. Mucositis. The impact, biology and 
therapeutic opportunities of oral mucositis. 

Oral. Oncol. 45(12), 1015–1020 (2009).

14 Murphy B, Gilbert J, and Ridner S. Systemic 
and global toxicities of head and neck 
treatment. Expert Rev. Anticancer Ther. 7(7), 
1043–1053 (2007).

15 Meirovitz A, Kuten M, Billan S et al. 
Cytokines levels, Severity of acute mucositis 
and the need of PEG tube installation during 
chemo-radiation for head and neck cancer – 
a prospective pilot study. Radiat. Oncol. 
25(5), 16–23 (2010).

16 Utech A, Tadros E, Hayes T, Garcia J. 
Predicting survival in cancer patients: the 
role of cachexia and hormonal, nutritional 
and inflammatory markers. J. Cachexia 
Sarcopenia Muscle doi: 10.1007/s13539-012-
0075-5 (2012) (Epub ahead of print).

17 Sonis S. The pathobiology of mucositis. 
Semin. Oncol. Nurs. 20(1), 11–15 (2004).

18 Peterson D, Bensadoun R, Roila F. 
Management of oral and gastrointestinal 
mucositis: ESMO clinical practice guidelines. 
Ann. Oncol. 22(Suppl. 6), vi78–vi84 (2011).

19 Hensley M, Hagerty K, Kewalramani T et al. 
American society of clinical oncology 2008 
clinical practice guideline update: use of 
chemotherapy and radiation therapy 
protectants. J. Clin. Oncol. 27(1), 127–145 
(2009).

20 Keefe D, Schubert M, Elting L et al. Updated 
clinical practice guidelines for the prevention 
and treatment of mucositis. Cancer 109(5), 
820–831 (2007).

21 Cox J, Stetz J, Pajak T. Toxicity criteria of the 
radiation therapy oncology group (RTOG) 
and the european organization for research 
and treatment of cancer (EORTC). Int. 
J. Radiat. Oncol. Biol. Phys. 31(5), 1341–1346 
(1995).

22 Sonis S, Eilers J, Epstein J et al. Validation of 
a new scoring system for the assessment of 
clinical trial research of oral mucositis 
induced by radiation or chemotherapy. 
Cancer 85, 2103–2113 (1999).

23 Liu Y, Zhu G, Guan X. Comparison of the 
NCI-CTCAE version 4.0 and version 3.0 in 
assessing chemoradiation-induced oral 
mucositis for locally advanced 
nasopharyngeal carcinoma. Oral. Oncol. 
48(6), 554–559 (2012).

24 Cerchietti L, Navigante A, Bonomi M et al. 
Effect of topical morphine for mucositis-
associated pain following concomitant 
chemoradiotherapy for head and neck 
carcinoma. Cancer 95(10), 2230–2236 (2002).

n		n	 Randomized controlled trial demonstrating 
that the use of topical morphine reduces the 
intensity of oral mucositis (OM)-associated 



Assessment & management of mucositis in head & neck cancer patients Review: Clinical Trial Outcomes

future science group Clin. Invest. (2012) 2(12) 1239

pain on patients receiving chemotherapy 
and radiotherapy for head and neck cancer.

25 Su Y, Vickers A, Zelefsky M et al. Double-
blind, placebo-controlled, randomized trial 
of granulocyte-colony stimulating factor 
during postoperative radiotherapy for 
squamous head and neckcancer. Cancer J. 
12(3), 182–188 (2006).

26 Staar S, Rudat V, Stuetzer H et al. Intensified 
hyperfractionated accelerated radiotherapy 
limits the additional benefit of simultaneous 
chemotherapy-results of a multicentric 
randomized german trial in advanced head-
and-neck cancer. Int. J. Radiat. Oncol. Biol. 
Phys. 50(5), 1161–1171 (2001).

n		n	 A randomized trial evaluating the 
preventive effect of G-CSF on patients 
receiving hyperfraccionated radiotherapy 
or concomitant chemoradiotherapy showed 
an unexpected increase in locoregional 
failures in patient with stage III–IV head 
and neck squamous cell carcinomas.

27 Ryu J, Swann S, Leveque F et al. The impact 
of concurrent granulocyte macrophage-
colony stimulating factor on radiation-
induced mucositis in head and neck cancer 
patients: a double-blind placebo-controlled 
prospective Phase III study by radiation 
therapy oncology group 9901. Int. J. Radiat. 
Oncol. Biol. Phys. 67(3), 643–650 (2007).

28 Henke M, Alfonsi M, Foa P et al. Palifermin 
decreases severe oral mucositis of patients 
undergoing postoperative 
radiochemotherapy for head and neck 
cancer: a randomized, placebo-controlled 
trial. J. Clin. Oncol. 29(20), 2815–2820 (2011).

n	 Randomized trial on the use of paliferimin 
for OM prevention.

29 Le Q, Kim H, Schneider C et al. Palifermin 
reduces severe mucositis in definitive 
chemoradiotherapy of locally advanced head 
and neck cancer: a randomized, placebo-
controlled study. J. Clin. Oncol. 29(20), 2808–
2814 (2011).

n	 Randomized trial on the use of paliferimin 
for OM prevention.

30 Basch E, Bennett A, Pietanza M. Use of 
patient-reported outcomes to improve the 
predictive accuracy of clinician-reported 
adverse events. J. Natl Cancer Inst. 103(24), 
1808–1810 (2011).

31 Bensadoun R, Schubert M, Lalla R et al. 
Amifostine in the management of radiation-
induced and chemo-induced mucositis. 
Support Care Cancer 14(6), 566–572 (2006).

32 Haddad R, Sonis S, Posner M et al. 
Randomized Phase II study of concomitant 
chemoradiotherapy using weekly 

carboplatin/paclitaxel with or without daily 
subcutaneous amifostine in patients with 
locally advanced head and neck cancer. 
Cancer 115(19), 4514–4523 (2009).

33 Wernerman J. Role of glutamine 
supplementation in critically ill patients. 
Curr. Opin. Anaesthesiol 21(2), 155–159 
(2008).

34 Huang E, Leung S, Wang C et al. Oral 
glutamine to alleviate radiation-induced oral 
mucositis: a pilot randomized trial. Int. 
J. Radiat. Oncol. Biol. Phys. 46(3), 535–539 
(2000).

35 Cerchietti L, Navigante A, Lutteral M et al. 
Double-blinded, placebo-controlled trial on 
intravenous l-alanyl-l-glutamine in the 
incidence of oral mucositis following 
chemoradiotherapy in patients with head-
and-neck cancer. Int. J. Radiat. Oncol. Biol. 
Phys. 65(5), 1330–1337 (2006).

36 Epstein J, Silverman S, Paggiarino D et al. 
Benzydamine HCl for prophylaxis of 
radiation-induced oral mucositis. Results 
from a multicenter, randomized, double-
blind, placebo-controlled clinical trial. 
Cancer 92(4), 875–885 (2001).

37 Kazemian A., Kamian S., Aghili M et al. 
Benzydamine for prophylaxis of radiation-
induced oral mucositis in head and neck 
cancers: a double-blind placebo-controlled 
randomized clinical trial. Eur. J. Cancer Care 
18(2), 174–178 (2009).

38 Bjordal J, Bensadoun R, Tunèr J et al. A 
systematic review with meta-analysis of the 
effect of low-level laser therapy (LLLT) in 
cancer therapy-induced oral mucositis. 
Support Care Cancer. 19(8), 1069–1077 
(2011).

n	 Extensive review on the use of low-level 
laser therapy for the prevention of OM.

39 Carvalho P, Jaguar G, Pellizzon A et al. 
Evaluation of low-level laser therapy in the 
prevention and treatment of radiation-
induced mucositis: a double-blind 
randomized study in head and neck cancer 
patients. Oral Oncology 47, 1176–1181 (2011).

40 Epstein J, Elad S, Eliav E et al. Orofacial pain 
in cancer: part II – clinical perspectives and 
management. J. Dent. Res. 86(6), 
506–518 (2007).

41 Treede R, Jensen T, Campbell J et al. 
Neuropathic pain. Redefinition and grading 
system for clinical and research purposes. 
Neurology 70(18), 1630–1635 (2008).

42 Potter J, Higginson I, Scadding J et al. 
Identifying neuropathic pain in patients 
with head and neck cancer: use of the leeds 
assessment of neuropathic symptoms and 

signs scale. J. R. Soc. Med. 96(8), 379–383 
(2003).

43 Cerchietti L, Navigante A, Korte M et al. 
Potential utility of the peripheral analgesic 
properties of morphine in stomatitis-related 
pain: a pilot study. Pain 105(1–2), 265–273 
(2003).

n	 First study to show that there is no systemic 
absorption of topical morphine on patients 
receiving chemotherapy and radiotherapy 
for head and neck cancer.

44 Deng Z, Kiyuna A, Hasegawa M et al. Oral 
candidiasis in patients receiving radiation 
therapy for head and neck cancer. 
Otolaryngol. Head Neck Surg. 143(2), 242–
247 (2010).

45 LeBon, B, Zeppetella G, Higginson I. 
Effectiveness of topical administration of 
opioids in palliative care: a systematic 
review. J. Pain Symptom Manage. 37(5), 913–
917 (2009).

46 Hassan AHS, Ableitner A, Stein C et al. 
Inflammation of the rat paw enhances 
axonal transport of opioid receptors in the 
sciatic nerve and increases their density in 
the inflamed tissue. Neuroscience 55(1), 185–
195 (1993).

47 Schafer M, Imai Y, Uhl GR et al. 
Inflammation enhances peripheral opioid 
analgesia, but not opioid receptor 
transcription in dorsal root ganglia. 
Eur. J. Pharmacol. 279(2–3), 165–169 (1995).

48 Likar R, Koppert W, Blatnig H et al. Efficacy 
of peripheral morphine analgesia in 
inflamed, non-inflamed and perineural 
tissue of dental surgery patients. J. Pain 
Symptom Manage. 21(4), 330–337 (2001).

49 Stein C. Peripheral mechanism of opioid 
analgesia. Anesth. Analg. 76(1), 182–191 
(1993).

50 Kaufman J, Semo N, Koski W. 
Microelectrode titration measurements of 
the pKas and partition and drug distribution 
coefficients of narcotics and narcotic 
antagonists and their pH and temperature 
dependence. J. Med. Chem. 18(7), 647–655 
(1975).

51 Weinberg DS, Inturrisi CE, Reidenberg B 
et al. Sublingual absorption of selected 
opioid analgesics. Clin. Pharmacol. Ther. 
44(33), 335–342 (1988).

52 Ripamonti C and Bruera E. Rectal, buccal 
and sublingual narcotics for the 
management of pain. J. Palliat. Care 7(1), 
30–35 (1991).

53 Kim J, Sohn S, Kim D et al. Effectiveness of 
transdermal fentanyl patch for treatment of 
acute pain due to oral mucositis in patients 



www.futurescience.com future science group1240

Review: Clinical Trial Outcomes  Bonomi, Camille, Misiukiewicz et al.

receiving stem cell transplantation. 
Transplant Proc. 37(10), 4488–4491 (2005).

54 Demarosi F, Lodi G, Soligo D et al. 
Transdermal fentanyl in HSCT patients: an 
open trial using transdermal fentanyl for the 
treatment of oral mucositis pain. Bone 
Marrow Transplant 33(12), 1247–1251 
(2004).

55 Ling I, Larsson B. Individualized 
pharmacological treatment of oral mucositis 
pain in patients with head and neck cancer 
receiving radiotherapy. Support Care Cancer 
19(9), 1343–1350 (2011).

56 Bar Ad V, Weinstein G, Dutta P et al. 
Gabapentin for the treatment of pain related 
to radiation-induced mucositis in patients 
with head and neck tumors treated with 
intensity-modulated radiation therapy. 
Head Neck 32(2), 173–177 (2010).

57 Bar Ad V, Weinstein G, Dutta P et al. 
Gabapentin for the treatment of pain 
syndrome related to radiation-induced 
mucositis in patients with head and neck 
cancer treated with concurrent 
chemoradiotherapy. Cancer 116(17), 
4206–4213 (2010).

58 Ehrnrooth E, Grau C, Zachariae R et al. 
Randomized trial of opioids versus tricyclic 
antidepressants for radiation-induced 
mucositis pain in head and neck cancer. Acta. 
Oncol. 40(6) 745–750 (2001).

n	 Randomized trial demonstrating the 

analgesic effects of opioids and tricyclic 
antidepressants for OM-related pain.

59 Al-Othman MO, Amdur RJ, Morris CG, 
Hinerman RW, Mendenhall WM. Does 
feeding tube placement predict long-term 
swallowing disability after radiotherapy for 
head and neck cancer? Head Neck 25(9), 
741–747 (2003).

60 Garg S, Yoo J, Winquist E. Nutritional 
support for head and neck cancer patients 
receiving radiotherapy: a systematic review. 
Support Care Cancer 18(6), 667–677 (2010).

61 Zahn K, Wong G, Bedrick E et al. 
Relationship of protein and calorie intake to 
the severity of oral mucositis in patients with 
head and neck cancer receiving radiation 
therapy. Head Neck 34(5), 655–662 (2011).

62 Mekhail TM, Adelstein DJ, Rybicki LA et al. 
Enteral nutrition during the treatment of 
head and neck carcinoma: is a percutaneous 
endoscopic gastrostomy tube preferable to a 
nasogastric tube? Cancer 91(9), 1785–1790 
(2001).

63 Corry J, Poon W, McPhee N et al. 
Randomized study of percutaneous 
endoscopic versus nasogastric tubes for 
enteral feeding in head and neck cancer 
patients treated with (chemo)radiation. 
J. Med. Imaging Radiat. Oncol. 52(5), 503–
510 (2008).

64 Silander E, Nyman J, Bove M et al. Impact of 
prophylactic percutaneous endoscopic 

gastrostomy on malnutrition and quality of 
life in patients with head and neck cancer: a 
randomized study. Head Neck 34(1), 1–9 
(2011).

n		n	 Randomized trial demonstrating that the 
use of prophylactic percutaneous endoscopic 
gastrostomy tube is associated with 
significantly earlier start and longer use of 
enteral nutrition, fewer malnourished 
patients over time, and improved health-
related quality of life.

65 Lin A, Jabbari S, Worden F et al. Metabolic 
abnormalities associated with weight loss 
during chemo-irradiation of head-and-neck 
cancer. Int. J. Radiat. Oncol. Biol. Phys. 63(5), 
1413–1418 (2005).

n	 First study to show the metabolic 
abnormalities and the potential role of 
parenteral hydration for the management of 
head and neck patients receiving 
chemotherapy and radiotherapy.

 ■ Website
101 National Cancer Institute. Common 

Terminology Criteria for Adverse Events v.3.0 
and v.4.0 (CTCAE) (2011).  
http://ctep.cancer.gov/
protocolDevelopment/electronic_
applications/ctc.htm


