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Efficacy of a supersaturated calcium phosphate oral rinse for the prevention and treatment of oral mucositis in
patients receiving high-dose cancer therapy: a review of current data

Oral mucositis (OM] is a painful and debilitating complication of cancer therapy that can adversely affect
patients’ treatment regimens and quality of life. It is also considered to be a substantial burden on the financial
and human resources of health services. Despite progress in the understanding of the pathophysiology of OM
and the number of new treatments that have been developed, there remains an unmet need for effective
preventative measures in clinical practice. Literature on oral healthcare management in oncology patients
suggests that a preventative approach consisting of a supersaturated Ca“/ PO,* oral rinse (Caphosol®) aimed
at maintaining oral hygiene, moistening and lubricating the oral cavity, effectively reduces the incidence and
severity of OM. This review looked at data from all known adult and paediatric studies investigating the use
of Caphosol® in patients receiving high-dose cancer therapy in order to evaluate its efficacy for both the
prevention and treatment of OM. Thirty studies were identified. The majority of these studies (n = 24) found
Caphosol® to be efficacious at reducing the grade and/or duration, as well as pain associated with OM. Despite
important limitations, these data warrant serious consideration for the inclusion of Caphosol® in regimens for
preventing or reducing the debilitating effects of OM.
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INTRODUCTION

Oral mucositis (OM) is a painful and debilitating inflam-
matory complication that frequently affects patients
receiving chemotherapy and/or radiotherapy; the pain
and ulceration can adversely affect a patient’s daily
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functioning, quality of life (QoL) and nutrition, and may
lead to local and systemic infections (Pico et al. 1998;
Cerchietti et al. 2002; Avritscher et al. 2004; Brown &
Wingard 2004; Eilers & Epstein 2004; Sonis 2004b; Quinn
et al. 2007; Stone et al. 2007). OM may also have a dose-
limiting effect on cancer treatments, necessitating a
reduction in dosage and/or delays or interruptions to
treatment. Not only can OM negatively impact the mor-
bidity and mortality of cancer patients, but it may also
increase hospitalisation and treatment costs, putting
increased pressure on healthcare resources (Pico et al.
1998; Cerchietti et al. 2002; Avritscher et al. 2004;
Epstein & Schubert 2004; Sonis 2004b, 2009; Keefe 2006;
Elting et al. 2007).
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The ultimate aim of any OM therapeutic strategy
should be to try to prevent OM from occurring; however,
where OM cannot be prevented, effective treatments
should be used to reduce the symptoms (Quinn et al.
2007). If oral ulceration is minimised, pain, infection,
requirement for total parenteral nutrition (TPN), length of
hospitalisation, and health service resources could be
reduced, while QoL could be improved (Sonis 2004b,
2009).

There are several products available for the treatment
of OM but, to date, there are relatively few that are aimed
at preventing OM from developing. Palifermin, a recom-
binant human keratinocyte growth factor is one such
product, but it is an expensive option and is only recom-
mended in the stem cell transplant setting (Keefe et al.
2007). Some OM treatments provide barriers that protect
the oral mucosa from external damage while the OM
resolves; others help maintain oral hygiene, moisten and
lubricate the oral cavity, or offer anti-infective prophylaxis.
The efficacy of all of these products is not well established
and healthcare professionals may struggle to choose a
product or a treatment regimen that will bring benefits to
the patient and be cost-effective. This is also reflected by
the work of the Mucositis Study Group of the Multina-
tional Association of Supportive Care in Cancer (MASCC)
and the International Society for Oral Oncology (ISOO)
who have been unable to make recommendations on some
of these products due to a lack of robust clinical evidence
(Keefe et al. 2007).

Recent UK guidelines on the prevention and treatment of
OM, produced by a UK multidisciplinary expert group of
cancer and palliative care specialists, suggest the use of a
number of measures — including regular assessment, good
oral hygiene, saline mouth rinses, cryotherapy, Caphosol®
(EUSA Pharma, Langhorne, PA, USA), palifermin, mucosal
protectants, low-level laser therapy, topical and systemic
analgesia, and the prevention and treatment of oral infec-
tions — for patients at risk of mild, moderate or severe OM.
For patients at risk of moderate to severe OM, the guide-
lines recommend the use of Caphosol® (a neutral super-
saturated Ca*/PO,* oral rinse), 4-10 times daily, from the
first day of chemotherapy and/or radiotherapy (Quinn et al.
2012).

To date there have been two full-length peer-reviewed
publications and numerous single-centre observational
evaluations examining the efficacy of Caphosol® in the
cancer care setting. A substantial body of this evidence has
already been presented at international conferences. This
review set out to collate and examine the data from all
known studies investigating the use of Caphosol® in
patients receiving anti-cancer therapy in order to further

evaluate its efficacy for both the prevention and treatment
of OM.

METHODOLOGY

The following electronic databases were searched for
studies, papers, conference abstracts and posters investi-
gating the efficacy of Caphosol® for the prevention or
treatment of OM in patients undergoing cancer therapy:
PubMed, Google Scholar, Stanford HighWire and the
Cochrane library. A search for relevant conference abs-
tracts and posters from international conferences, includ-
ing the Multinational Association of Supportive Care in
Cancer/International Society of Oral Cancer (MASCC/
ISOOQ), the European Group for Blood and Marrow Trans-
plantation (EBMT), the American Society for Radiation
Oncology (ASTRO), the European Society for Radiotherapy
and Oncology (ESTRO), the European Haematology Asso-
ciation (EHA), the American Society of Haematology (ASH)
annual meetings and the Oral Complications of Emerging
Cancer Therapies conference held in 2009, was under-
taken. In addition, the author obtained all conference
abstracts that had been supplied to EUSA Pharma by inves-
tigators (worldwide] who had conducted trials with
Caphosol®. Search strings for the literature searches are
listed in Table 1.

STUDY DETAILS
Inclusion and exclusion criteria

For inclusion in this review, studies had to be published in
English between January 2003 and April 2012 and involve
an evaluation of Caphosol® for the prevention or treat-
ment of OM in patients with cancer. After elimination
of duplicates, 83 unique hits from the literature searches
and other sources described in the methodology were
identified. Any study that did not involve an evaluation
of Caphosol® for the prevention or treatment of OM in
patients with cancer were considered to be out of the
scope for this review, and these were excluded. Of the
remaining 38 studies, two were excluded because they
did not measure OM directly (instead adopting surrogate
measures of OM, e.g. antifungal, antibacterial or antiviral
prophylaxis use) (Yablonovich et al. 2010; Oh et al. 2011).
Two studies were excluded because they assessed stand-
ardised oral care protocols in which the contribution of
Caphosol® was unclear (Bhatt et al. 2010; Ng et al. 2011).
Three studies were excluded because they did not report
the incidence or severity of OM (Bechtel & Devine 2009;
Papadakis 2011; Recchia et al. 2011). Finally, one study
was excluded because the description of the experimental

© 2013 John Wiley & Sons Ltd
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Table 1. Search strings used for the online search

Search string Database Hits

(‘supersaturated calcium phosphate’ OR ‘caphosol’) AND (‘mucositis’ OR ‘stomatitis’) PubMed 3

(‘supersaturated calcium phosphate’ OR ‘caphosol’) AND (‘chemotherapy’ OR ‘stem PubMed 2
cell transplantation’ OR ‘radiotherapy’)

(‘supersaturated calcium phosphate’ OR ‘caphosol’) AND (‘mucositis’ OR ‘stomatitis’) Google Scholar 68

(‘supersaturated calcium phosphate’ OR ‘caphosol’) AND (‘chemotherapy’ OR ‘stem Google Scholar 67
cell transplantation’ OR ‘radiotherapy’)

(‘supersaturated calcium phosphate’ OR ‘caphosol’) AND (‘mucositis’ OR ‘stomatitis’) Stanford HighWire 10

(‘supersaturated calcium phosphate’ OR ‘caphosol’) AND ‘chemotherapy’ Stanford HighWire 6

(‘supersaturated calcium phosphate’ OR caphosol) AND ‘stem cell transplantation’ Stanford HighWire 6

(‘supersaturated calcium phosphate’ OR caphosol) AND ‘radiotherapy’ Stanford HighWire 4

(‘supersaturated calcium phosphate’ OR caphosol] AND (‘mucositis’ OR ‘stomatitis’) Cochrane library 3

(‘supersaturated calcium phosphate’ OR ‘caphosol’) AND (‘chemotherapy’ OR ‘stem Cochrane library 2
cell transplantation’ OR ‘radiotherapy’)

Unique hits 59

design was not sufficient to interpret the results (Illemova
et al. 2010). The resultant 30 studies (26 adult and 4 pae-
diatric) that met all inclusion criteria consisted of two
full-length peer-reviewed articles and 28 published
abstracts/conference presentations, evaluating a total of
1392 patients from a range of cancer specialist centres, of
whom 890 received Caphosol®.

RESULTS

Patients enrolled in the studies included those with hae-
matological malignancies undergoing autologous or allo-
geneic haematopoietic stem cell transplantation (HSCT)
(n = 754), as well as patients with solid cancers, including
head and neck cancers (n = 638).

Most studies had a single-centre design and compared
patients receiving Caphosol® with randomised, matched
or historic controls receiving standard therapy. The most
common method of OM assessment was the 5-point WHO
grading scale (World Health Organization 1979) (n = 16)
but the National Cancer Institute Common Toxicity
Criteria (NCI-CTC) scale (National Cancer Institute
2010) (n = 4), Radiation Therapy Oncology Group (RTOG)
(Cox et al. 1995) (n = 2), Oral Mucositis Assessment Scale
(OMAS,) (Sonis et al. 1999) (n =2), the Objective Mucositis
Score (OMS) (n = 1), and the National Institute of Dental
and Craniofacial Research (NIDCR) (Wolff et al. 1990)
(n = 1) assessment scales were also used.

All studies are summarised in Table 2, those that
included 30 or more patients (n = 17) are described below.

Prevention of OM and reduction of OM
severity or duration

Twelve of the 17 studies with 30 or more patients directly
compared Caphosol® with a control treatment. Nine of
these reported that Caphosol® prevented the development

© 2013 John Wiley & Sons Ltd

of OM or reduced the severity of OM. The other five
studies were non-comparative, and each reported a lower
incidence and severity of OM than would be expected,
given the incidence of OM reported in the literature in
similar patient populations (Blijlevens et al. 2008). The
largest full-length publication reporting a comparative
study of Caphosol® for the prevention and treatment of
OM was published by Papas and colleagues in 2003. This
was a double-blind, prospective, randomised controlled
trial that compared Caphosol® with fluoride treatment in
95 allogeneic and autologous HSCT patients receiving
high-dose chemotherapy. Patients in the Caphosol® treat-
ment arm experienced significantly fewer mean days of
OM (3.72 vs. 7.22; P < 0.001) and ulceration (2.18 vs. 5.27;
P < 0.002) than controls, and had a significantly lower
peak level of OM (1.38 vs. 2.41 on the NIDCR scale; P <
0.004). The study also reported that 40% of patients in the
Caphosol® arm had no OM compared with 19% in the
control arm (significance level was not reported). Duration
of OM was similar for allogeneic and autologous patients
receiving Caphosol®, whereas in the control arm, OM
duration was longer for allogeneic transplant patients than
for those receiving autologous transplants (Papas et al.
2003).

Wasko-Grabowska etal. (2011), also evaluated
Caphosol® in patients undergoing HSCT. This was
a single-centre study that compared Caphosol® with
standard treatment in 56 patients receiving high-dose mel-
phalan (MEL 200) or BEAM (carmustine, etoposide, cytara-
bine, and melphalan) chemotherapy prior to autologous
HSCT. None of the patients treated with Caphosol® in
the BEAM group experienced severe OM (grade 3/4 on
the WHO OM scale), 50% only had mild OM (grade 1/2),
and 50% had no signs or symptoms at all. By contrast,
all patients in the control arm had OM, with 60% expe-
riencing mild signs and 40% having severe signs and
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symptoms. The distribution of OM severities in the
BEAM group was significantly different (P < 0.05) between
the two treatment arms, in favour of Caphosol®. Addition-
ally, patients treated with Caphosol® who did experience
mild OM, had symptoms for a significantly shorter dura-
tion than patients in the control group who received
standard treatment (2.25 vs. 8.6 days; P < 0.001). In the
MEL 200 group, the incidence of grade 0 to 2 OM for
both the Caphosol® and control arms was 93% (P = 0.74);
incidence of grade 3 to 4 OM was 7% for both arms (P =
0.74); mean duration of OM in days was 1.73 and 2.42 days
respectively (P = 0.73).

Dtuzniewska et al. (2011) describe a single-centre study
assessing the efficacy of Caphosol® in the management of
OM following HSCT. This study prospectively assessed
34 HSCT patients (8 autologous and 26 allogeneic) who
were treated with Caphosol® from the start of the condi-
tioning regimen until signs of engraftment, and compared
them with 52 historical controls (31 autologous and 21
allogeneic HSCT patients) who had not been treated with
Caphosol®. The study found that a significantly lower
proportion of patients in the Caphosol® group experienced
severe OM (grade 3-4 on the WHO scale) than patients in
the control group (32% vs. 60%; P = 0.013) (Dtuzniewska
et al. 2011).

Ambard et al. (2011) carried out a single-centre study
comparing the efficacy of Caphosol® with standard care in
56 patients undergoing autologous or allogeneic HSCT
receiving BEAM, cyclophosphamide with total body
irradiation (TBI), or melphalan. Twenty-eight patients
received Caphosol® from the start of conditioning until the
end of neutropenia. Another 28 matched patients who did
not receive Caphosol® served as controls. OM incidence
was lower in patients receiving Caphosol® than controls
(19 vs. 24 patients; P =0.227), and fewer patients receiving
Caphosol® than controls had grade 3-4 OM (WHO scale) (4
vs. 10 patients; P = 0.227) (Ambard et al. 2011).

Rzepecki et al. (2010) reported a single-centre assess-
ment of the use of Caphosol® for the prevention of OM
following HSCT. The study included 44 patients (12 receiv-
ing allogeneic and 32 receiving autologous transplantation)
who were treated with Caphosol® (four times daily) starting
on the day prior to commencing chemotherapy until the
end of hospitalisation. Allogeneic HSCT patients received
busulfan/cyclophosphamide, cyclophosphamide, fludarab-
ine or reduced intensity conditioning chemotherapy
regimens (with four patients receiving concomitant TBI);
autologous HSCT patients received MEL 200, BEAM,
treosulfan/melphalan, or carboplatin/etoposide chemo-
therapy. Granulocyte colony-stimulating factor was given
to accelerate neutrophil engraftment and methotrexate and
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cyclosporin A to prevent graft-versus-host disease (GvHD).
Although moderate to severe OM would be expected in this
group of patients, the study reported no cases of severe OM
(grade 3-4 on the WHO scale), while regimen-related
mucositis manifested itself in the lower part of the alimen-
tary canal in the form of diarrhoea, intestinal colic, nausea,
and vomiting (Rzepecki et al. 2010).

Markiewicz et al. (2010) assessed the efficacy of
Caphosol® vs. standard treatment in 40 patients undergo-
ing allogeneic HSCT. Patients were stratified according to
chemotherapy or radiotherapy regimen (busulfan, treosul-
fan or TBI), type of transplant (related or unrelated donors)
and age prior to randomisation. The treatment group (n =
20) received Caphosol® four times daily starting from com-
mencement of conditioning until an absolute neutrophil
count (ANC) of 0.2 G/I, while the control group (n = 20)
received standard topical mouth care, with salvia (plant
extract), antibacterial and antifungal solutions. Mean grade
of OM (measured on the WHO scale) was significantly
lower in the Caphosol® group (0.9) than in the control group
(1.8; P = 0.02). Duration of OM was also significantly
shorter for Caphosol®-treated patients than for control
patients (3.2 vs. 7.1 days; P=0.02) (Markiewicz et al. 2010).

Nguyen et al. (2010) published a retrospective study
that investigated the efficacy of Caphosol® in 38 patients
with multiple myeloma (MM) receiving autologous HSCT
with MEL 200 (27 treated with Caphosol® vs. 11 not
treated with Caphosol®). OM was absent in just under
one-third (30%) of patients treated with Caphosol®, while
all those who did not receive Caphosol® had some level
of the condition. Grade 3 OM was more common in the
non-Caphosol® treated arm than the Caphosol®-treated
arm (18% vs. 4%); no patients in either group experienced
grade 4 OM (Nguyen et al. 2010).

A broader range of patients were included in an obser-
vational study by Haas and co-workers (2008a), which
evaluated 218 cancer patients from an observational reg-
istry who received radiotherapy, chemotherapy or a com-
bination of both, and were considered to be at high risk
of developing OM. Patients in the registry had performed
an oral rinse with Caphosol® 4-10 times daily. Results
showed low incidence and severity of OM (graded using
the NCI-CTC OM scale). Of the 170 patients who com-
pleted follow-up after receiving chemotherapy (cisplatin,
carboplatin, oxaliplatin, docetaxel, paclitaxel, gemcitab-
ine, capecitabine, doxorubicin, fluorouracil, cetuximab,
cyclophosphamide, vincristine and others), radiotherapy,
or both, 60% experienced no OM (grade 0), 20% had grade
1, and 15% grade 2 OM. Grade 3 or 4 OM was seen in only
5% and 1% of these patients respectively (Haas et al.
2008a).



QUINN

A sub-analysis of the registry data, looking specifically
at head and neck cancer patients (12% of whom received
chemotherapy, 22% of whom received radiation therapy,
and 66% of whom received combination therapy), also
reported a low incidence and severity of OM: grade O or 1
OM was observed in 37-49% of patients; grade 2 in
33-39%; and grade 3 or 4 in 18-23% (Haas et al. 2008b).

In a study involving 60 patients undergoing whole
mouth irradiation for oral and oropharynx cancers (30
patients receiving Caphosol® vs. 30 retrospective con-
trols who received standard treatment with chlorhexi-
dine), Thomson (2011) found that Caphosol® treatment
was associated with significantly less severe OM than
standard treatment, with a lower median OM grade (on
the CTC/EORTC/RTOG assessment 5-point scale) at
weeks 3 (P =0.004), 4, 5, 6 and 7 (P = 0.000 for weeks 4,
5, 6 and 7).

A similar result was obtained by Miyamoto et al. (2009)
who assessed the efficacy of Caphosol® in 42 head and
neck cancer patients undergoing intensity-modulated
radiation therapy (IMRT) (some with adjuvant chemo-
therapy). Twenty-one patients received Caphosol® 4-10
times daily from the first day until completion of treat-
ment, while 21 matched historic control patients had
received salt and soda rinses plus ‘magic mouthwash’ (one
of numerous compounded topical solutions that included
one or more of the following: anticholingeric agents,
anaesthetics, oral antacids, oral protectants, sucralfate,
and low doses of an opioid analgesic (Chan & Ignoffo
2005). Results showed a lower incidence of severe OM
among patients treated with Caphosol® (Miyamoto et al.
2009). Likewise, Santos et al. (2010) carried out a single-
centre observational study with 30 head and neck cancer
patients receiving high-dose chemotherapy, radiotherapy
or both and found Caphosol® to have had a positive impact
on the onset and severity of OM.

In a multicentre study presented at the 2012 EMBT
annual meeting, Potting et al. (2012) audited 154 patients
undergoing autologous HSCT who received high-dose
melphalan. Forty-seven patients who were administered
a dose of 5.25 mg/kg of melphalan or higher received
Caphosol® four times daily in addition to standard oral
care for 21 days following the start of high-dose melphalan
conditioning. The remaining 107 patients who received
less than 5.25 mg/kg of melphalan received standard oral
care. The incidence of severe OM in the high-dose mel-
phalan group was only 45% compared with 65% incidence
observed in a similar patient population in the European
Prospective Oral Mucositis Audit (POMA) (Blijlevens
et al. 2008; Potting et al. 2012). Moreover, there was
no statistically significant difference in maximum mean
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OM grade (on the WHO scale) in the high-dose (with
Caphosol®) vs. low-dose (without Caphosol®) melphalan
group. The study also reported that a significantly smaller
proportion of high-dose melphalan (Caphosol®-treated)
patients suffered from neutropenic fever than those who
received low-dose melphalan without Caphosol® (53% vs.
76%; P =0.0055) (Potting et al. 2012).

Lalioui et al. (2012) presented data from a prospective
observational study with 30 paediatric patients receiving
high-dose chemotherapy in preparation for autologous
HSCT. All patients received Caphosol® six times daily
from the first day of high-dose chemotherapy condition-
ing. Two patients had to discontinue Caphosol® treatment
because of vomiting. Twenty-six patients showed good
compliance and grade 3-4 OM was only observed in 46%
of these patients. The remaining two patients, who were
poorly compliant with Caphosol®, developed grade 4 OM.

In addition to these results, findings from studies
with fewer than 30 (n = 13) participants generally corrobo-
rated the efficacy of Caphosol® in lowering the incidence
and/or severity of OM (Table 2): Ten of the 13 studies
found Caphosol® prevented the development, or reduced
the incidence and severity of OM; eight in patients under-
going HSCT (Cannas et al. 2009; Somé et al. 2009;
Hawcutt et al. 2010; Mourao et al. 2010; Felicio et al.
2011; Pinto Marques & Branco 2011; Pomper et al. 2011;
Skorobogatova et al. 2011), and two in head and neck
cancer patients (Feyer & Scholz 2009; Nicolatou-Galitis
et al. 2010).

Three studies with more than 30 patients did not find
a positive effect of Caphosol®. Rao et al. (2011) carried out
a phase II multicentre trial investigating the efficacy of
Caphosol® in 98 patients receiving radiotherapy for head
and neck cancer. In addition to radiation therapy, 64% of
patients had received cisplatin, 7% had received carbopla-
tin, and 10% had received cetuximab. The primary end-
point of the study was the rate of functional mucositis
(WHO grade =2), with the hypothesis that fewer than
75% of patients treated with Caphosol® would develop
grade =2 OM. All evaluable patients in the study experi-
enced grade =2 OM and thus the study concluded that
Caphosol® did not prevent OM. Despite this result,
between weeks 4 and 11 of the study, 50% of patients
reported improved OM symptoms, which correlated
highly with pain, swallowing and eating scores.

In a single-centre study to assess the efficacy of
Caphosol® in patients with oral or oropharyngeal malig-
nancies treated with chemoradiotherapy, Stokman et al.
(2010) found no significant difference in development and
severity of OM (measured on OMAS) between Caphosol®-
treated patients (n = 27) and concurrent controls (n = 16)
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who were treated with NaHCQO; solution. Similarly, in a
single-centre study assessing the efficacy of Caphosol® and
MuGard™ against standard first-line mouth care consisting
of a mixture of aspirin, glycerine, sucralfate, and Gelclair®
(Helsinn Healthcare SA, Lugano, Switzerland), Pettit et al.
failed to observe a significant difference in grade and dura-
tion of OM between three groups of head and neck cancer
patients treated with Caphosol® (n=21), MuGard™ (n=16),
or standard oral care (n = 48) (Pettit et al. 2011).

Reduction of pain associated with OM

Fourteen of the 17 studies with more than 30 patients
reported an evaluation of OM pain (e.g. its prevention,
reduction, or the use of analgesics associated with OM).
All the comparative studies found that Caphosol® relieved
or reduced OM-associated pain, and all the observational
studies reported a low incidence and severity of OM-
associated pain.

A significantly lower mean peak level of pain was
reported for patients treated with Caphosol® than controls
who received a fluoride rinse (19.80 vs. 50.33 on the Visual
Analogue Scale (VAS); P < 0.0001) in the study carried
out by Papas et al. (2003); Caphosol®-treated patients
also experienced a lower mean number of days of pain
than controls (2.86 vs. 7.67; P < 0.0001). The study by
Markiewicz et al. (2010) showed that mean subjective
peak pain [measured on a patient self-assessment scale
graded from O (no pain) up to 10 (largest possible pain)] in
the mouth were lower in the Caphosol® group than in
patients receiving standard topical mouth care (0.85 vs.
1.75, respectively; P = 0.005) as was mean pain intensity
throughout the duration of OM (data were not reported).
The intensity of swallowing problems during the period
when OM was experienced also tended to be lower with
Caphosol® than patients in the control group.

The head and neck cancer subgroup analysis of
Caphosol®-treated patients in the Haas registry revealed
that over 40% had grade 1 pain or lower, while grades 2
and 3 pain on the NCI-CTC scale were experienced by
38% and 18% of patients, respectively; no grade 4 pain
was reported (Haas et al. 2008Db).

Requirement for analgesia was the most common
method of pain evaluation. All studies that assessed pain
in this way reported a reduced requirement for analgesia
with Caphosol® relative to control groups (where used). In
the Papas et al. study, patients treated with Caphosol®
used a lower mean total amount of morphine during
OM (34.54 mg vs. 122.78 mg; P < 0.0001) for a lower
mean number of days (1.26 vs. 4.02; P < 0.00015) than
those treated with the fluoride rinse. In the study by
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Wasko-Grabowska et al. (2011), only one Caphosol®-
treated patient in the BEAM group required opioid anal-
gesics, while all patients in the control arm required
opioid analgesia; in the MEL 200 group, one patient from
each treatment arm required opioid analgesics. Thomson
(2011) also reported a reduced requirement for analgesia
in radiotherapy patients receiving Caphosol® than those
receiving standard treatment for OM at weeks 4, 5, 6 and
7 (P = 0.000 for week 4, P = 0.001 for week 5 and 6, P =
0.003 for week 7), and Nguyen et al. (2010) found that
74% of HSCT patients rinsing with Caphosol® required
opiate analgesics compared with 91% of those who
did not use Caphosol®. In patients receiving allogeneic
HSCT, Markiewicz et al. (2010) found that analgesics
were required in fewer patients for fewer days receiving
Caphosol® than those receiving standard topical mouth
care (3 and 9 patients, respectively) (1.1 vs. 3.4 days P =
0.047). Dtuzniewska et al. (2011) found that the mean
number of days of parenteral opioid use was 8.0 vs. 10.86
in the Caphosol® and control group respectively (P =0.12).
Ambard etal. (2011) reported that fewer patients
treated with Caphosol® required morphine analgesia than
controls (10 vs. 13 patients) and the Caphosol®-treated
patients who did require it, did so for a shorter mean
duration than controls (9.9 vs. 11.4 days). However, these
results did not reach statistical significance (P = 0.549 and
0.088 respectively). Similarly, Potting et al. (2012) found
that Caphosol®-treated patients required significantly
less analgesia and antifungal medication than patients not
receiving Caphosol® (data were not reported).

In the non-comparative study of Caphosol® by Haas
et al. (2008a), 54% of patients required no pain medica-
tion, while opioids and non-opioids (including NSAIDs)
were used by 25% and 21% of patients respectively. The
sub-analysis of head and neck cancer patients from this
study showed that opioid analgesia was required by 54%
of patients at week 3 and 64% at week 8 of the study (Haas
et al. 2008b). In the study by Santos et al. (2010), none
of the head and neck cancer patients (all treated with
Caphosol®) required major opiates for OM-associated pain.
Conversely, Miyamoto et al. (2009) observed a similar
opioid analgesia requirement in patients treated with
Caphosol® and controls (48% vs. 52%; no significance
level reported).

Six studies that had fewer than 30 participants pro-
duced similar findings in terms of amelioration of
OM-associated pain and reduction in requirement for
analgesia with Caphosol® use in patients undergoing
HSCT (Somé et al. 2009; Mourao et al. 2010; Felicio et al.
2011; Pinto Marques & Branco 2011; Pomper et al. 2011;
Skorobogatova et al. 2011).
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Two studies with more than 30 patients, however, did
not find evidence that Caphosol® produced a benefit in
terms of OM-associated pain. Although Stokman et al.
(2010) found a positive trend in favour of Caphosol® in
terms of mouth and throat soreness (via a patient self-
reported measure) compared with a historical control
group of patients who were not given Caphosol®, this
was not statistically significant. Similarly, Pettit et al.
(2011) found no evidence suggesting that Caphosol®-
treated patients performed better on an analgesia score
than patients treated with MuGard™ or standard oral care.

Effect on nutrition

Wasko-Grabowska et al. (2011), Nguyen et al. (2010), and
Markiewicz et al. (2010) all reported that none of the
patients receiving Caphosol® required TPN. Although in
the Nguyen et al. (2010) study there was no difference in
need for enteral feed between the two treatment groups,
in the Markiewicz et al. (2010) study, there was a statisti-
cally significant difference between the Caphosol® and the
control group in the mean number of days of TPN required
(0 vs. 1.9 days; P = 0.009). Dtuzniewska et al. (2011) also
reported that patients in the Caphosol® group required
a significantly smaller mean number of days of TPN
than control patients (9.9 vs. 14.9; P = 0.011). Similarly,
Miyamoto et al. (2009) found that fewer patients treated
with Caphosol® than controls required percutaneous endo-
scopic gastrostomy (PEG) (33% vs. 57%; no significance
level reported). Thomson (2011) made a similar observa-
tion, whereby oral intake of food was significantly higher
in patients treated with Caphosol® than controls at weeks
3,5, 6(P=0.004 for week 3, P =0.01 for week 5, P = 0.02
for week 6). In the sub-analysis of head and neck cancer
patients, Haas et al. (2008b) reported that 18 % of patients
did not experience any dysphagia while 21%, 36% and
25% of patients experienced grade 1, 2 and 3 dysphagia,
respectively. Contrary to the findings reported in all
of these studies, Pettit et al. (2011) found that there was
no significant difference in the experience of nausea
or dysphagia between patients treated with Caphosol®,
MuGard”, or standard oral care. Data from two studies
with fewer than 30 participants, also suggest that
Caphosol®-treated patients required less TPN than
patients not treated with Caphosol® (Mourao et al. 2010;
Pinto Marques & Branco 2011).

Patient satisfaction

Four of the 17 studies with 30 patients or more reported
data relating to the effect of Caphosol® on patient satis-
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faction. Data from the study by Haas et al. (2008a) suggest
that Caphosol® is well-tolerated, with 76% of patients
reporting being ‘satisfied’ or ‘very satisfied’. Additionally,
a high level of compliance was reported with 96% of days
with one or more rinses and up to 90% of days with
2-6 rinses (Haas et al. 2008b). This was corroborated by
Lalioui et al. (2012), who observed good compliance
among 87% of the patients being assessed, as well as
Santos et al. (2010) who reported that treatment compli-
ance and patient satisfaction were high (no statistics
reported). Similarly, seven studies with fewer than 30
participants, found that Caphosol® was well-tolerated,
with little to no aversion to its taste being observed, even
among paediatric patients (Cannas et al. 2009; Feyer &
Scholz 2009; Somé et al. 2009; Godfrey & Cuccurullo
2010; Hawecutt etal. 2010; Mourao etal. 2010;
Skorobogatova et al. 2011). One of two studies looking
at treatment compliance, reported that patients used
Caphosol® at least four times daily on 77% of treatment
days (Cannas et al. 2009), while the other found that 95%
of patients used Caphosol® at least four times daily
(Mourao et al. 2010).

Duration of hospitalisation

Four of the 17 studies with 30 patients or more reported
data relating to the effect of Caphosol® on duration of
hospitalisation. Miyamoto et al. (2009) found that none of
the Caphosol®-treated patients had OM-related hospitali-
sation compared with 19% in control group (no signifi-
cance level reported). However, data from Papas et al.
(2003), Nguyen et al. (2010) and Dtuzniewska et al. (2011)
indicate no differences in duration of hospital stay
between patients treated with Caphosol® and those not.
Data on the effect of requirement for hospitalisation from
a study with fewer than 30 participants were in favour of
Caphosol® (Godfrey & Cuccurullo 2010).

Potential cost savings

Two studies in this review reported data on the potential
impact of Caphosol® on treatment cost. Using independ-
ent cost models reported in the literature, Miyamoto et al.
(2009) estimated per patient incremental costs related to
OM and calculated that Caphosol® could yield a potential
cost saving of between US $1722 and $6917. Similarly,
Dtuzniewska et al. (2011) estimated that the reduction of
five days of TPN requirement they observed in patients
treated with Caphosol® compared with controls equated
to a saving of €251 per patient in TPN costs.
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DISCUSSION

Until recently, despite the recognition of the seriousness
of OM in the cancer setting and the distress it can cause,
much of the focus has been on treating the condition once
the damage has occurred. However, with a greater under-
standing of the pathophysiology of OM, it is now easier to
appreciate the damage caused to the oral cavity by cancer
treatment, some of which may occur at a level that cannot
be detected by gross medical examination (Sonis 2004a).
Therefore, clinicians should endeavour to support patients
in caring for their mouths, while employing appropriate
preventative OM strategies, before any noticeable damage
becomes apparent. Moreover, if OM does occur, effective
treatments should be utilised to reduce the severity of OM
and minimise the effect on the patient and their cancer
therapy.

This review evaluated data from a variety of studies
of heterogeneous design on the efficacy of Caphosol®, a
supersaturated Ca*/PO,* oral rinse, for the prevention
and/or treatment of OM. The vast majority of the studies
(24 out of 30) found Caphosol® to be beneficial for the
prevention or treatment of OM in patients receiving high-
dose chemotherapy and/or radiotherapy. In five compara-
tive studies, including two full-length peer reviewed
publications (Papas et al. 2003; Wasko-Grabowska et al.
2011), Caphosol® was associated with a statistically
significant reduction in the severity of OM compared
with control treatment with standard oral care (with or
without ‘magic mouthwash’) or topical fluoride (Papas
et al. 2003; Markiewicz et al. 2010; Dtuzniewska et al.
2011; Thomson 2011; Wasko-Grabowska et al. 2011). In
Wasko-Grabowska et al.’s study (2011) no patient under-
going BEAM treatment prior to HSCT who had received
Caphosol® as a preventative measure, experienced severe
mucositis however severe OM was reported in 40% of the
control group. Papas et al. (2003) also saw a reduction in
OM, with 40% of the control experiencing OM versus
19% experiencing OM in the Caphosol® treated group.
Most other studies showed a lower incidence or severity
of OM in Caphosol®-treated patients than controls but
results did not reach statistical significance; in some cases
OM was prevented completely. In one such study the
results were surprising as severe OM would be expected
in some patients receiving MEL 200 while undergoing
autologous HSCT (Nguyen et al. 2010). Indeed, these posi-
tive findings were found despite the fact that many of
the cytotoxic treatments received by the patients in
the studies (i.e. high-dose chemotherapy, TBI, high-doses
radiotherapy to the head and neck region, and treatments
for GvHD prevention) are well known to be potentially
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toxic to the oral cavity. In particular, some studies
included patients receiving a combination of chemo-
therapy and radiotherapy, in whom OM prevention can be
very difficult to achieve.

Several of the studies included in the review were
non-comparative studies; in these cases, it is pertinent to
compare the reported rate of OM with the expected inci-
dence for the given patient population. Most of the studies
included patients receiving treatment for head and neck
cancer, or autologous or allogeneic HSCT, where severe
OM is expected to occur owing to the toxicity of the
standard treatments. A good indicator of the expected
OM incidence in the autologous transplant setting, and a
robust comparator for these trial data, is the European
POMA, which examined the incidence of OM in patients
with either non-Hodgkin lymphoma (NHL) or MM. Severe
OM (WHO grade 3 or 4 OM) occurred in 46% of patients
with MM and 42% of patients with NHL, with a mean
duration of 5.3 days and 5.5 days respectively (Blijlevens
et al. 2008). Other studies have reported even higher inci-
dences of OM. Grade 3 or 4 OM was observed in 67% of
patients undergoing HSCT, and in 85% of patients receiv-
ing radiotherapy with or without chemotherapy for head
and neck cancer (Wardley et al. 2000; Elting et al. 2005).
Observational studies included in this review with high-
risk populations such as these, suggest a preventative
effect of Caphosol® as they generally report lower inci-
dences of severe OM (grades 3-4) (1-27 %) than would be
expected.

Pain from OM is an important factor to consider when
making treatment decisions, as its relief can potentially
improve the QoL of adult and paediatric patients who may
be dealing with numerous side effects of cancer therapy. In
our review, studies that reported measures of OM pain
prevention or reduction, or the use of analgesics associated
with OM, gave results that were predominantly in favour
of Caphosol®. Two studies reported statistically signifi-
cantly greater reductions in pain intensity and duration in
Caphosol®-treated patients than in non-Caphosol®-treated
controls (Papas et al. 2003; Markiewicz et al. 2010). Papas
et al. (2003) observed a significantly lower mean number of
days of pain in the Caphosol®-treated group (2.86) com-
pared with patients in the control group (7.67), a statistical
difference of P =0.0001, the study also noted that the dose
of opiate required was lower in the Caphosol®-treated
group. Two studies reported a reduced requirement
for analgesia for OM-associated pain (Thomson 2011;
Wasko-Grabowska et al. 2011). Wasko-Grabowska et al.
(2011) observed that while only one patient treated with
Caphosol® under the BEAM regimen required opiates for
pain, 100% of those who underwent the same cytotoxic
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regimen but who did not receive Caphosol® required
opiates. Although none of the studies reported using a QoL
assessment tool, one could surmise that any reduction in
the severity and duration of OM and OM-associated pain,
would lead to less distress and improved patient QoL,
which are especially important for patients undergoing
demanding treatments.

Nutrition is another factor that can be challenging for
many adults and children with cancer, particularly for
those undergoing HSCT or treatment for oral, or head and
neck cancers. In studies reporting use of TPN, incidence
of dysphagia, or PEG, favourable outcomes were achieved
in patients treated with Caphosol®. In two studies,
Caphosol®-treated patients were found to require signifi-
cantly fewer days of TPN than patients not receiving
Caphosol® (Markiewicz et al. 2010; Diuzniewska et al.
2011). In addition to these findings, a small number
of studies reported data on compliance and found that
few patients discontinued treatment, suggesting that
Caphosol® was well-tolerated.

Beyond the clinical efficacy, it is important to consider
the potential reduction in healthcare costs (length of hos-
pitalisation, analgesia, and specialist care) that could be
achieved by preventing or reducing the incidence and/or
duration of OM, particularly in a time when cost-
effectiveness has become a necessary aspect of health
commissioning. Many studies covered in this review
observed reductions in the required amount and duration
of analgesia and TPN, with two studies reporting esti-
mates of potential cost-savings with the use of Caphosol®
(Miyamoto et al. 2009; Dtuzniewska et al. 2011).

While the overall findings from these studies suggest
that Caphosol® treatment was beneficial in preventing
or reducing the severity and/or duration of OM, it is
important to note that this review has a number of limi-
tations. First, the study designs and patient populations
were heterogeneous in nature and hence data could not be
pooled or consolidated. Some of the studies evaluated
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an inevitable consequence of treatment that cannot be
prevented. The data from this review show that the inclu-
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