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ABSTRACT
Oral mucositis is a common morbidity induced by radiation therapy and chemo-radiotherapy for head and neck malignancies. This often results in treatment delays, premature treatment cessation and increased cost. New treatments of oral
mucositis are emerging but effective remedies remain limited. Between February 2007 and May 2008, 21 patients with
head and neck malignancies were treated with a supersaturated calcium phosphate oral rinse (Caphosol) that was performed for 4 - 10 times daily, each consisting of two one-minute rinses. There were 21 matched patients who received
supportive care without the oral rinse. All patients in the two groups were treated with intensity modulated radiation
therapy (IMRT) for average prescription doses of 66 Gy in 33 fractions. The effects of this rinse vs. supportive care on
mucositis, PEG tube requirements, hospitalization, Xerostomia, analgesic requirements and weight was respectively
evaluated. We have observed statistically significant decreases in the incidence of radiation induced oral mucositis (p =
0.0002) with WHO grade 3 (38% vs. 52%) and 4 mucositis (0% vs. 19%), need for PEG tube placement (33% vs. 57%)
and hospitalization (0% vs 19%). There was also a favorable impact on the incidence of grade 3 (29% vs. 43%)
Xerostomia in the treated patients but it was statistically insignificant (p = 0.58). Incremental costs related to treatment
of oral mucositis were reduced considerably. Our data suggest that use of a supersaturated calcium phosphate oral rinse
is an effective treatment for mucositis in patients undergoing IMRT. It may also be helpful in the reduction of hospitalization and PEG tube requirements.
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1. Introduction
Oral mucositis (OM) can affect up to 100% of patients
with malignancies of the head and neck receiving radiation treatment and up to 80% receiving chemotherapy
and hematopoietic stem cell transplantation (HSCT) [1].
It is a leading cause of treatment-limiting toxicity [2].
Mucositis continues to be a major challenge for healthcare providers with severe cases adding significantly to
health care costs [3,4].
Mucositis is defined as painful inflammation and ulceration of the mucous membranes of the oral and gastrointestinal tract [5,6]. As a result of cell death in reaction to chemo- or radiotherapy, the mucosal lining of the
mouth becomes thin, may slough off and then become
red, inflamed and ulcerated. Oral mucositis can be severely painful and have a significant impact on a patient’s quality of life. The degree of pain is usually re*
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lated to the extent of the tissue damage [7]. Pain is often
described as a burning sensation accompanied by reddening. Due to pain, the patient may experience trouble
speaking, eating, or even opening the mouth [8].
Pain and loss of taste perception makes it more
difficult to eat, which leads to weight loss. Ulcers may
act as a site for local infection and a portal of entry for
oral flora that, in some instances, may cause septice- mia
[5]. For patients receiving standard dose chemother- apy
the incidence and severity of OM varies considerably as
a function of the specific agent and schedule administered. Among chemotherapy patients that experience
Grade 3 - 4 OM, more than 62% require hospital admission or extended hospitalization for total parenteral nutrition, intravenous analgesia, and intravenous antibiotics
and 70% require feeding tubes [7]. Infectious episodes
are twice as common during cycles of chemotherapy
with oral and/or GI mucositis than those without (73% vs.
36%; p < 0.001). Similarly, dose reductions in the
following cycle of chemotherapy are twice as likely after
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cycles with oral and/or GI mucositis than after cycles
without mucositis (23% vs. 11%; p < 0.0001) [2,9].
Diagnosis is based largely on the symptoms the patient
is experiencing and the appearance of the tissues of the
mouth. Red burn-like sores or ulcers throughout the
mouth is enough to diagnose mucositis. It is graded on a
scale of 0 to 4 according to the World Health Organization (WHO) grading scale. In grade 3 OM, the patient is
unable to eat solid food, and in grade 4, the patient is
unable to consume liquids as well [10].
Among patients undergoing head and neck radiotherapy, pain and decreased oral function may persist long
after the conclusion of therapy. Fractionated radiation
dosage increases the risk of severe mucositis to >70% of
patients in most trials. Mucositis associated with radiotherapy usually appears at the end of the second week of
treatment and may last for six to eight weeks [11].
Two recent studies [3,4] have examined the costs of
supportive care associated with the development of OM
in patients with head and neck cancers treated with radiation and chemotherapy. Elting [3] reported the per patient
incremental cost of Grade 1 - 2 OM to be approximately
$1700 and that of Grade 3 - 4 OM to be approximately
$6000. Nonzee’s [4] analysis which was limited to severe
OM (Grade 3 - 4) found the incremental cost per patient
to be approximately $17,000. The differences in costs
between these analyses are related primarily to a shorter
duration of hospitalization for the patients in the Elting
study, potential explanations for which are discussed in
each of the publications [3,4].
Current clinical management of mucositis is mainly
supportive, with a concentration on reducing risk factors
and symptomatic relief. The European Society of Medical Oncology (ESOM) and Multinational Association of
Supportive Care in Cancer and International Society of
Oral Oncology (MASCC/ISOO) have recently published
guidelines for treating mucositis [12]. Recommendations
focus mainly on preventative measures, including highquality clinical practice, good oral hygiene, nutritional
support, and adequate pain management. These include
using bland oral rinses, topical anesthetics, mucosal
coating agents, and analgesic rinses.
Several promising therapeutic agents are currently under review and being assessed for evidence-based evaluation. Experimental therapies, including the use of
various cytokines and growth factors, vitamin and mineral supplementation, and cryotherapy, have been reported, although there remains to be no definitive treatment regimen [13-20]. A Cochrane Database systemic
review addressing this issue identified several intervenetions had some benefit at preventing or reducing the severity of mucositis associated with cancer treatment, although they call for more trials with sufficient numbers
Copyright © 2012 SciRes.
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of participants to perform subgroup analyses [21].
Caphosol, a supersaturated calcium phosphate rinse
(SCPR) (EUSA Pharma (USA), Inc., Langhorne, PA),
has recently been identified as a possible preventative
measure against OM for patients receiving chemo- and
radiation therapy [22-29]. High concentrations of Ca2+
and PO4 in caphosol are known to be valuable and beneficial supplemental source for damaged oral mucosal
surfaces. However, the molecular mode of action of the
repair by caphosol is not clear. Papas, et al. [27] hypothesized that high concentration of Ca2+ ions, diffuse
into intercellular spaces of the epithelium and permeate
the mucosal lesions in mucositis. Thus these Ca2+ ions
may play an important role in the inflammatory process,
the blood clotting cascade and tissue repair. It is also
suggested that inorganic phosphate is essential for the
biochemical processes involved in mucositis. There have
been several studies evaluating the use of SCPR to reduce the incidence, severity and duration of mucositis in
cancer patients undergoing chemo- and/or radiotherapy
with and without haematopoietic stem cell transplantation (HSCT) treatments [22-29].
The purpose of this study is to look at outcomes of patients diagnosed with head and neck malignancies,
subsequently treated with radiation therapy, and the impact of SCPR on symptom-related outcomes, including
oral mucositis and other associated comorbidities.

2. Materials and Methods
From February 2007 to May 2008, twenty-one patients
were subjected to a SCPR treatment regimen for the prevention and management of radiation induced mucositis.
Consistent with the approved labeling, patients were instructed to rinse their mouths for one minute two times
with SCPR 4 - 10 times daily. The patients began use of
the SCPR the first day of cancer treatment and continued
until the treatment was completed. All patients were
treated with intensity-modulated radiation therapy (IMRT).
The details of the inclusion and exclusion criteria, types
of cancers included as well as radiation treatment regimen used in this study are listed below:
The inclusion criteria:
1) Patients had to have IMRT fields that included
evaluable oral mucosa.
2) Patients had a minimum of 4500 cGy to the oral
mu- cosa.
3) Patients used Caphosol at least daily.
4) Patients had their mucous membranes evaluated at
least once a week.
5) Patients had to have a corresponding case matched
patient.
The exclusion criteria:
1) Patients who did not have a corresponding case
JCT
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match patient.
Patients who did not have radiation therapy
including the oral mucosa or achieve a minimum
total dose of 4500 cGy.
3) Did not use Caphosol at least daily.
4) Did not have weekly evaluation of the oral mucosa.
The control group consisted of case matched patients
who did not use Caphosol but had to have the following
criteria:
1) Patients had to have IMRT fields that included
evaluable oral mucosa.
2) Patients had a minimum of 4500 cGy to the oral
mu- cosa.
3) Patients had their mucous membranes evaluated at
least once a week.
4) Patients had to have a corresponding case matched
patient who used Caphosol.
5) When indicated, patients also had chemotherapy.
Types of Cancer included in this study:
Control group: Sites: glottis 6 patients, parotid 2 patients, oropharynx 8 patients, maxillary sinus 1 patient,
supraglottic larynx 4 patients.
Treatment group: glottis 2 patients, parotid 1 patient,
oropharynx 5 patients, floor of mouth 4 patients, pyriform sinus 3 patients, nasopharynx 2 patients, unknown
primary 1 patient, metastatic disease to the parotid 1 patient, hypopharynx 1 patient and supraglottic larynx 1
patient.
Radiation treatment regimen:
Control group: 180 - 225 cGy/fraction for 20 patients
and 285 cGy/fraction for 1 patient. Total doses: 7 patients > 7000 cGy, 11 patients > 6000 cGy - 7000 cGy
and 3 patients < 6000 cGy.
Caphosol group: 180 - 225 cGy/fraction for all patients.
Total doses: 10 patients > 7000 cGy, 8 patients > 6000
cGy - 7000 cGy and 3 patients < 6000 cGy.
The average prescription doses for both groups are 200
cGy per fraction for total 33 fractions. Treatment planning was carried out using the Pinnacle3™ treatment
planning system by ADAC and dose to regions of interest were quantified.
To assess the effectiveness of this new treatment
regimen a retrospective chart review was carried out including all patients using SCPR during radiation therapy.
SCPR treated patients were match-controlled with patients receiving standard supportive care. All patients
were treated at Temple University Hospital, Department
of Radiation Oncology. Match control patients were
treated during the same time period. They were matched
by age, radiation technique, fractionation, total dose and
evaluable mucosa in the radiation fields. Control patients
received other supportive regimens including analgesics,
“magic mouthwash” (diphenhydramine, bismuth sub2)

Copyright © 2012 SciRes.

salicylate, and viscous lidocaine), salt and soda rinses,
percutaneous endoscopic gastrostomy (PEG) tubes, etc.
Data collected included patient demographics and
clinical characteristics (age, gender, treatment dates,
cancer diagnosis), daily fraction size, total dose, amount
of radiation to each parotid gland, maximum grade of
mucositis and Xerostomia acquired during treatment,
weight loss, whether analgesics were prescribed during
radiation therapy, need for PEG tube, and incidence and
duration of mucositis related hospitalization during
treatment. Mucositis and Xerostomia were graded according to physician’s physical exam and clinical assessment based on the WHO grading system [10].
While comparing the two data sets of the patient
groups, the probability (p-value) of Student’s t-Test with
paired and two tails was calculated for determination of
the significant differences for the evaluated effects on
OM and Xerostomia. If the p-value is <0.05, the effect of
Caphosol is considered to be significant for a given
group of patients.
The cost of OM was estimated using two independent
previously reported cost models [3,4] each of which reported incremental costs related to mucositis based on
severity (Grade 1 - 2 and Grade 3 - 4 for the Elting model
and Grade 3 - 4 for the Nonzee model). Costs for each
model were converted to 2009 dollars assuming a 5%
annual rate of inflation. The impact of treatment with
SCPR on costs related to OM was evaluated by comparison of the magnitude of the incremental cost per patient for the treated and control groups based on each of
the models.

3. Results
3.1. Demographics
Demographic and clinical characteristics are presented in
Table 1. SCPR treated and control patients were very
similar with regard to age, sex and cancer diagnosis.
Both groups received similar amounts of radiation with
regard to both total dose and daily fractions. Concomitant
chemotherapy was received by nine patients in the SCPR
treated group (2 patients with cetuximab, 2 patients cisplatin, 1 patient 5-fluorouracil and cisplatin, 2 patients
carboplatin and paclitaxol, 1 patient paclitaxol and 1 patient carboplatin and paclitaxol) and 13 patients in the
matched control group (6 patients cisplatin, 4 patients
carboplatin and paclitaxol, 2 patients with cetuximab and
1 patient with gemcitabine, cetuximab, carboplatin and
paclitaxel). Two patients in the matched control group
received only one cycle of chemotherapy.

3.2. Oral Mucositis and Xerostomia
As compared to the control patients, a greater proportion
JCT
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Table 1. Demographics and treatment characteristics in
SCPR and control groups.
SCPR group
No. (%)

Control group
No. (%)

63

61

36 - 95

46 - 74

Male

14 (67%)

15 (61%)

Female

7 (33%)

6 (29%)

Oral

4

0

Nasopharynx

2

1

Oropharynx

7

9

Hypopharynx

4

1

Larynx

4

10

204

207

6770 ± 750

6780 ± 600

9 (43%)

13 (62%)*

Characteristics
Age (median, range)

Sex

3.4. Costs Related to Oral Mucositis

Cancer Dx

Dose fraction, cGy per day
Total dose, cGy
Adjuvant chemotherapy

Patients were admitted during treatment in three cases
and immediately after treatment in one case. There were
no differences between groups in regards to weight loss
or incidence of prescribed analgesics during treatment
(Table 3). No patients developed secondary effects from
the oral rinse.

*

Two patients received one cycle of chemotherapy.

of the SCPR treated patients, experienced mild (Grade 0
or 1) OM (48% vs. 29%) and a smaller proportion experienced severe (Grade 3 or 4) OM (38% vs. 71%). This
was a dose-dependent finding; all patients diagnosed
with Grade 4 OM received at least 7400 cGy during radiation therapy.
There were similar incidences of Xerostomia between
groups during therapy (62% of the treated patients had no
more than Grade 1 Xerostomia and 57% of control patients had similar results), although the treated group
received on average 157% more radiation to their parotid
glands than the control group (3090 cGy vs. 1950 cGy,
respectively). All results are presented in Table 2.
OM data of the two groups of individual patients have
the p-value of 0.0002 in the Student’s t-Test which indicates the statistically significant improvement with the
use of SCPR. On the other hand, Xerostomia data
showed the p-value of 0.58 which indicates that the difference between the two groups is insignificant.

Incremental per patient costs related to the treatment of
oral mucositis were $5306 - $14,882 for control patients
depending on the cost model employed (Table 4). For
the SCPR treated patients the corresponding values were
$3584 - $7965. This resulted in a savings of $1722 $6917 per patient for the treated patients.

4. Discussion
Radiation and chemotherapy induced mucositis continues
Table 2. Rates of oral mucositis and Xerostomia in SCPR
and control groups.
SCPR group
No. (%)

Control group
No. (%)

Oral mucositis
Grade 0

3 (14%)

2 (10%)

Grade 1

7 (33%)

4 (19%)

Grade 2

3 (14%)

0

Grade 3

8 (38%)

11 (52%)

Grade 4

0

4 (19%)

5 (24%)

11 (52%)

Xerostomia
Grade 0
Grade 1

8 (38%)

1 (5%)

Grade 2

2 (10%)

0

Grade 3

6 (29%)

9 (43%)

Grade 4

0

0

Table 3. Cancer treatment related morbidities in SCPR and
control groups.
Outcome
Weight loss (lbs)

SCPR group
No. (%)

Control group
No. (%)

9.6

8.4

Need for analgesics

10 (48%)

11 (55%)

3.3. Cancer Treatment Related Morbidities

PEG requirement

7 (33%)

12 (57%)

Only 33% of treated patients required PEG tubes for nutrition while 57% of control patients needed them. In
addition, four of the control patients (19%) were admitted for in-patient treatment during radiation therapy for
failure to thrive; however, no patients receiving SCPR
treatment required hospitalization. The hospitalized patients were admitted for 6, 9, 15 and 16 days. In all cases
dysphagia was a significant component for admission.

OM related hospitalization

0

4 (19%)

Copyright © 2012 SciRes.

Table 4. Estimated per patient incremental costs related to
oral mucositis ($).
Cost model

Control patients

Treated patients

Cost difference

Elting

5306

3584

1722

Nonzee

14,882

7965

6917
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to be one of the most debilitating and dose limiting secondary effects of contemporary management of patients
with head and neck malignancies. It can result in treatment delays, early stoppage of treatment, hospitalization,
malnutrition, dehydration and death. There have been
few studies demonstrating effective treatments. SCPR is
an approved treatment for radiation and chemotherapy
induced mucositis. Papas, et al., published two studies
that demonstrated that SCPR treatment was well tolerated
and reduced the incidence of oral mucositis in patients
receiving hematopoietic stem-cell transplantation and
head and neck radiotherapy [25,26]. A subsequent
placebo controlled trial in transplant patients confirmed
these positive results and showed that the severity of oral
mucositis was significantly lower in the group treated
with SCPR in comparison to the control group [27].
Similar studies by Wasko-Grabowska, et al. [28,29] reiterated that SCPR reduces in the incidence, severity and
duration of mucositis as well as decrease in the days of
taking pain killers among the patients treated with
BEAM (BCNU [carmustine] + etoposide + ARA-C [cytarabine] + melphalan) but not in MEL 200 (melphalan)
regimen. However, these studies were conducted in single centers and only in transplant patients, although the
results are similar to the previous retrospective studies.
An open label multicenter observational registry was
conducted that included patients with a variety of primary malignancies who received radiotherapy and/or
chemotherapy with the risk of developing OM. Oral mucositis was assessed using the NCI common toxicity criteria. Consistent with our findings, among the 68 head
and neck cancer patients reported in that study [23] no
patient experienced Grade 4 functional oral mucositis
and only a single patient experienced Grade 4 clinical
oral mucositis.
In this study we retrospectively reviewed patients
treated with IMRT for head and neck malignancies and
compared them with match controlled patients receiving
essentially the same regimen. We found clinically meaningful decreases in the incidence of radiation induced
WHO grade 3 (38% vs. 52%) and 4 (0% vs. 19%) mucositis.
These reductions in high grade mucositis were accompanied by similar reductions in the need for PEG tube placement (33% vs. 57%) and hospitalization (0% vs. 19%).
We also observed a reduction in the development of grade
3 Xerostomia (29% vs. 43%) in Caphosol treatment
group in spite of the fact that these patients received a
157% higher dose of radiation therapy to the parotid
glands. It is not clear whether this difference was due
simply to the wetting action associated with the oral rinse
or whether use of the rinse may have an, as of yet
unexplained, protective effect on the major/minor salivary
glands. However, the observed effect was found to be
Copyright © 2012 SciRes.

statisticcally insignificant (p = 0.58) in our study.
Probably a study with a larger cohort of patients may be
required to validate this interesting observation. If this
finding proves to be true, the reduction in Xerostomia
will definitely provide an additional benefit to improve
the patient’s quality of life during treatment.
Our OM data compares favorably with the results of
several recently presented studies. In a multinational,
randomized, double-blind, placebo-controlled study by
Wu, et al. [30] compared the therapeutic effect of recombinant human epidermal growth factor (EGF) on
mucositis in patients with head and neck cancer undergoing radiotherapy with or without chemotherapy. This
study showed that the EGF (50 µg/mL) treated patients
had a reduced incidence of severe OM (64% response
with EGF vs. 37% with placebo) compared to controls.
Another multinational, randomized, double blind, placebo controlled, phase 3 trial by Le, et al. [31], palifermin (180 µg/kg) was given intravenously 3 days before
the start of chemo-radiotherapy (2 Gy/fraction to 7000
cGy with concurrent cisplatin at 100 mg/m2) followed
once weekly until completion of treatment. This study
showed that the incidence of severe mucositis was reduced from 69% for the placebo group to 54% for the
palifermin group (p = 0.041). Although caution needs to
be taken when comparing prospective randomized data
with retrospective data, our findings provide a strong
rationale for a prospective evaluation of the efficacy of
this agent in the prevention and treatment of OM in patients receiving radiation and chemotherapy for malignancies of the head and neck.
The rates of both overall and severe OM observed for
the control patients in the current study were very similar
to those reported in the studies which provided the basis
for estimating the impact on treatment costs. Elting [3]
reported an overall rate of OM of 91% with a rate of severe (Grade 3 - 4) OM of 66% as compared to corresponding rates of 90% and 71%, respectively for the
control patients in the current study. Similarly, the rate of
severe OM (the only measure reported) in the Nonzee
study was 70% [4].
The reductions in the severity of OM for the SCPR
treated patients resulted in an estimated cost savings of
$1722 - $6917 per patient. The reductions in need for
hospitalization and PEG tubes in the treated patients in
the current study corroborated the cost saving estimates
derived from the previously published cost models based
on OM severity. The difference between models in costs
associated with mucositis derives primarily from differences in the duration of hospitalization which was 15
days in the Nonzee study as compared to seven days in
the Elting study. The duration of hospitalization in our
study (12 days) was closer to that reported by Nonzee
JCT
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indicating that the per patient cost savings associated
with SCPR treatment would be expected to be closer to
the upper end of the range given above based on our
findings.
In conclusion, even with the limited number of 42 patients in our match-controlled study, the reduction in the
occurrence of OM has been proved to be statistically
significant in Caphosol treated group of patients. Furthermore, the Caphosol oral rinse was well tolerated (no
patients developed secondary effects) and patients were
able to carry it with them in individually dosed containers allowing them to be compliant with the treatment.
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