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A supersaturated calcium phosphate solution seems to effectively prevent and
treat oral mucositis in haematopoietic stem cell transplanted cancer patients -

single centre experience
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Summary

Purpose: Oral mucositis (OM) is one of the most fre-
quent and bothersome complications of high-dose chemo-
therapy with subsequent auto- and allogeneic haematopoietic
stem cell transplantation (HSCT). We have assessed the effec-
tiveness of supersaturated calcium phosphate rinse (Capho-
sol®) and palifermin (Kepivance®) in the prophylaxis of OM
caused by HSCT.

Methods: Caphosol® and Kepivance™ were prospective-
ly evaluated in OM prophylaxis in 64 patients after HSCT and
compared against themselves and an historical control group.

Results: Grade 3 and 4 OM was not observed in patients
treated with Caphosol® and palifermin. None of those patients

®

Introduction

OM is a common complication of oncological
treatments. It represents one of the most important
dose-limiting toxicities of chemotherapy and occurs
frequently after high-dose chemotherapy with subse-
quent auto- and allogeneic HSCT. It affects around 60-
100% of patients undergoing preparatory regimes [ 1-4].

The occurrence and progression of OM (e.g. when
assessed on a 5-grade WHO scale) puts the HSCT pa-
tients at higher risk of infection, additional medical pro-
cedures (parenteral nutrition and/or opioids) and pro-
longed hospital stay [5]. The infection caused by mi-
croorganisms from the oral cavity is the main cause of
death among patients undergoing HSCT [6,7].

The risk factors for development of OM after au-
tologous HSCT include previous radiotherapy, non-

needed total parenteral nutrition (TPN), too. In the Caphosol®™
group 40.9% of the patients did not develop OM, and 70% of
patients treated with palifermin were free of any kind of OM
symptoms. In the control group OM was observed in all cases.
Conclusion: Caphosol® seems to decrease the inci-
dence, severity and duration of OM, the demand for opioids
and for TPN. It needs to be tested in randomized trials, because
its easy administration and cost-effectiveness may render it a
valuable addition to the standard care in the treatment of OM.
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Hodgkin’s lymphoma as the reason for the transplanta-
tion, using etoposide in chemotherapy for mobilizing
the haematopoietic stem cells or in the preparatory re-
gime before transplantation [8,9].

Hitherto, there has been no uniform standard of
care in prophylaxis and treatment of OM [10,11]. In a
clinical practice guidelines published in 2004, an ex-
pert panel recommended basic oral care, systemic and
local anaesthetics/analgesics, low-level laser therapy
and cryotherapy (in patients who are treated with bolus
doses of 5-fluorouracil/ 5-FU or edatrexate) for OM pre-
vention and treatment [11]. Since that time, one medi-
cation has gained a regulatory approval for the OM - a
recombinant human protein that mimics endogenous
growth factor for epithelial cells (KGF) - palifermin
(Kepivance®). This agent proved to decrease the oc-
currence and duration of OM, as well as to alleviate the
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symptoms in patients receiving myeloablative therapy
and requiring stem cell transplantation [12,13]. Based
on palifermin trials’ findings, in 2007 the updated MAS-
CC/ISOO mucositis guidelines recommend this drug
for the prevention of OM in autologous HSCT recipi-
ents conditioned with high dose chemotherapy and total
body irradiation. Also cryotherapy is recommended for
the prevention of OM in HSCT patients receiving high
dose melphalan [14].

A new preparation has been recently registered,
a supersaturated calcium phosphate solution - (trade
name Caphosol®). It is used as a mouthwash in order
to moisten and cleanse the oral cavity, including oral
mucosa, tongue and the oropharynx. It is assumed that
highly concentrated Ca®" and PO, ions diffuse to the
epithelium interstitial matrix and help maintaining mu-
cosal integrity and healing the deficits [15].

In this study the 3-year single-institution experi-
ence with 3 OM treatment modalities in patients after
high-dose chemotherapy with subsequent auto- and al-
logeneic HSCT (from a related donor) is being reported.
We especially investigated whether Caphosol® is an ef-
fective mean to prevent and treat OM in HSCT cancer
patients.

Methods

Patients

The study was conducted in the at the BMT Unit of the De-
partment of Oncology, Military Institute of Medicine in Warsaw,
Poland. A total of 84 patients were included. Patients treated with
palifermin and Caphosol®, in addition to the standard oral care,
were prospectively recruited. Data of patients treated with standard
care were retrieved retrospectively. During the time of patients’ re-
cruitment into the two consecutive prospective groups, all Unit’s
patients were screened daily for study eligibility by one of the study
coordinators, who were oncologists in charge on the bone marrow
transplant unit. From 2005 to 2007, 20 patients with haematological
malignancies were given palifermin therapy as an extension of their
standard oral care. The results from that group have already been
published [16]. Between January and December 2009, 44 adult pa-
tients received supersaturated calcium phosphate oral rinse in addi-
tion to the standard oral care. Another 20 subsequent patients, hospi-
talized from 2005 through 2006, constituted a historical group - they
received a standard of care treatment and were daily followed for
the development of mucositis as a part of the standard care protocol.

The institutional review board approved this study and all the
patients from the prospective subgroups gave informed consent for
their participation.

The protocol

All of the patients underwent a preconditioning protocol ad-
ministered according to the standard practice, regardless of the OM
prophylaxis. The auto- or allogeneic HSCT has been performed us-

ing stem cells from bone marrow and/or peripheral blood. All of the
allogeneic transplants were obtained from the patients’ siblings. The
treatment did not diverge from universally accepted standards of
care in patients having HSCT. Standard oral care, given to all of the
patients, included topical fluoride rinses and prophylaxis of fungal,
herpetic and P. carinii infections.

The independent variable was the treatment the patients re-
ceived:

1. Palifermin (Kepivance®; Biovitrum, Stockholm, Sweden)
- 60 mg/kg once daily i.v. for 3 consecutive days before and after
conditioning therapy (total of 6 doses).

2. Supersaturated calcium phosphate solution (Caphosol®,
EUSA Pharma Europe Ltd, Oxford, UK) - 4 times per day, each
dose of 15 ml, beginning on the first day of the preparatory regime
until discharge.

TPN was used according to the standard protocol.

Methods of measurement and definitions

OM was assessed using the 5-grade WHO oral toxicity scale
[17]. OM was assessed on a daily basis, beginning at the start of the
preparatory regime and continuing until discharge from hospital or
death. In patients with suspected OM, the diagnosis was confirmed
by a supervising researcher. Onset of OM indicated the first day of
appearance of OM symptoms after HSCT. The duration of OM was
defined as the time of OM symptoms after HSCT or until death. The
patient records were prospectively analyzed with use of a standard-
ized data-collection case report form to retrieve demographic and
clinical data. All patients were followed until discharged from hos-
pital by one of the study physicians and were monitored for the oc-
currence of any complications.

Statistical analysis

Dependent variables included the occurrence, duration and
severity of OM and the number of days with opioid treatment. The
baseline characteristics of the patients (age, diagnosis and condi-
tioning regimens) were compared between the groups using one-
way ANOVA test. Non-parametric tests for multiple independent
samples (Kruskal-Wallis test and Mann-Whitney U test) were used
to compare the groups for outcomes of interest - incidence of OM
grades 1-4 and 3-4, the duration and severity of OM, TPN and opi-
oid usage.

The statistical analysis was performed using the program
Statistica 9.0, with a p value of <0.05 (for a two-sided test) consid-
ered significant.

Results

Comparison of baseline characteristics showed
no statistical differences between all 3 groups (Table 1).

Addition of either Caphosol® or palifermin to
the standard regimen decreased the overall incidence
and the severity of OM, when compared with standard
oral care (p<0.01 in both cases). Of note, 14 patients in
the palifermin group and 18 patients in the Caphosol®
group did not develop OM at all. Moreover, a significant
reduction in the occurrence of grade 3 and 4 OM was
observed (0% in both treated groups in comparison with
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Table 1. Characteristics of patients in the palifermin, caphosol® and standard care (historical control) groups

No Age  Disease Bpe of Conditioning Peak grade of Duration of Opioids Study group
(vears) transplantation regimen mucositis (WHO) mucositis used (days)
(total, days)
1 45 ALL allogeneic TBI/VP-16 I 4 0 palifermin
2 52 AML autologous BuCy 0 0 0 palifermin
3 43 MM allogeneic Flu/LPAM I 5 3 palifermin
4 47 CML allogeneic BuCy 0 0 0 palifermin
5 44 MDS allogeneic BuCy 0 0 0 palifermin
6 54 NHL autologous BEAM-+rituximab 0 0 0 palifermin
7 53 AML autologous BuCy 0 0 0 palifermin
8 42 NHL autologous BEAM-rituximab I 4 0 palifermin
9 28 NHL autologous BEAM-+rituximab I 5 3 palifermin
10 56 MM autologous LPAM I 5 0 palifermin
11 53 MM autologous LPAM 0 0 0 palifermin
12 49 AML allogeneic BuCy 0 0 0 palifermin
13 59 NHL autologous BEAM 0 0 0 palifermin
14 49 HD autologous BEAM 0 0 0 palifermin
15 62 HD autologous BEAM 0 0 0 palifermin
16 22 NHL allogeneic  Flu/treosulfan/alemtuzumab 0 0 0 palifermin
17 50 AML allogeneic  Flu/treosulfan/alemtuzumab 0 0 0 palifermin
18 22 ALL allogeneic TBI/VP-16 1 4 0 palifermin
19 29 HD autologous BEAM 0 0 0 palifermin
20 22 NHL allogeneic  Flu/treosulfan/alemtuzumab 0 0 0 palifermin
21 45 AML allogeneic BuCy 2 5 5 Caphosol®
22 42 AML allogeneic BuCy 2 6 6 Caphosol®
23 40 AML allogeneic BuCy 1 4 0 Caphosol®
24 39 AML allogeneic BuCy 1 5 0 Caphosol®
25 40 AML allogeneic BuCy 1 4 0 Caphosol®
26 39 AML allogeneic BuCy 1 4 0 Caphosol®
27 30 MDS allogeneic BuCy 1 5 0 Caphosol®
28 55 MDS allogeneic BuCy 1 5 0 Caphosol®
29 42 ALL allogeneic TBI/Cy 2 7 7 Caphosol®
30 33 ALL allogeneic TBI/Cy 1 4 0 Caphosol®
31 22 HD allogeneic TBI/FluRIC 0 0 0 Caphosol®
3223 HD allogeneic TBI/Flu RIC 0 0 0 Caphosol®
33 56 MM autologous Mel200 1 4 0 Caphosol®
34 53 MM autologous Mel200 1 5 0 Caphosol®
35 64 MM autologous Mel200 1 4 0 Caphosol®
36 39 MM autologous Mel200 0 0 0 Caphosol®
37 54 MM autologous Mel200 0 0 0 Caphosol®
38 53 MM autologous Mel200 0 0 0 Caphosol®
39 60 MM autologous Mel200 0 0 0 Caphosol®
40 58 MM autologous Mel200 1 4 0 Caphosol®
41 62 HD autologous BEAM 2 7 7 Caphosol®
42 49 HD autologous BEAM 2 6 6 Caphosol®
43 29 HD autologous BEAM 1 4 0 Caphosol®
44 22 HD autologous BEAM 1 5 0 Caphosol®
45 25 HD autologous BEAM 0 0 0 Caphosol®
46 30 HD autologous BEAM 0 0 0 Caphosol®
47 23 HD autologous BEAM 0 0 0 Caphosol®
48 29 HD autologous BEAM 0 0 0 Caphosol®
49 37 HD autologous BEAM 1 5 0 Caphosol®
50 33 HD autologous TreoMel 1 4 0 Caphosol®
51 23 HD autologous TreoMel 0 0 0 Caphosol®
52 42 NHL autologous BEAM 1 5 0 Caphosol®
53 28 NHL autologous BEAM 0 0 0 Caphosol®
54 59 NHL autologous BEAM 1 4 0 Caphosol®
55 22 NHL autologous BEAM 1 0 0 Caphosol®
56 54 NHL autologous BEAM 0 0 0 Caphosol®
57 28 NHL autologous BEAM 0 0 0 Caphosol®
58 24 NHL autologous BEAM 0 0 0 Caphosol®
59 32 NHL autologous TreoMel 0 0 0 Caphosol®
60 34 NHL autologous TreoMel 0 0 0 Caphosol®

Continued on next page
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No Age  Disease Bpe of Conditioning Peak grade of Duration of Opioids Study group
(vears) transplantation regimen mucositis (WHO) mucositis used (days)
(total, days)
61 21 GCT autologous CarboVP16 1 4 0 Caphosol®
62 24 GCT autologous CarboVP16 2 6 0 Caphosol®
63 20 GCT autologous CarboVP16 1 4 0 Caphosol®
64 19 GCT autologous CarboVP16 0 0 0 Caphosol®
65 57 NHL allogeneic BEAM-+ alemtuzumab II 7 6 control
66 41 MDS allogeneic BuCy II 9 10 control
67 54 HD autologous BEAM II 10 10 control
68 23 NHL autologous BEAM I 6 5 control
69 23 HD autologous BEAM I 6 5 control
70 43 NHL autologous BEAM 1T 6 4 control
71 40 NHL autologous BEAM I 10 12 control
72 44 NHL autologous BEAM II 10 11 control
73 25 ALL allogeneic TBI/VP+16 v 18 22 control
74 24 MDS allogeneic Flu/LPAM/alemtuzumab v 12 14 control
75 47 MM allogeneic Flv/LPAM v 10 15 control
76 33 CML allogeneic BuCy 11 8 7 control
77 56 AML autologous BuCy 1 10 10 control
78 64 AML autologous BuCy 1I 14 9 control
79 55 MM autologous LPAM 1 5 0 control
80 58 MM autologous LPAM I 7 6 control
81 26 AML allogeneic BuCy v 12 15 control
82 22 NHL allogeneic Flu/LPAM v 15 17 control
83 56 AML allogeneic BuCy v 20 22 control
84 60 HD autologous BEAM 111 13 12 control
85 57 NHL allogeneic BEAM-+alemtuzumab II 7 6 control

AML: acute myeloid leukemia, ALL: acute lymphoblastic leukemia, CML: chronic myeloid leukemia, HD: Hodgkin’s lymphoma, NHL: non Hodgkin’s
lymphoma, MDS: myelodysplastic syndrome, MM: multiple myeloma. Conditioning regimens: VP-16 (etoposide), TBI: total body irradiation, Bu: bu-
sulphan, Cy: cyclophosphamide, Flu: fludarabine, LPAM: melphalan, BEAM- BCNU+ etoposide+ cytosine arabinoside

50% for the control group, p<0.01), as well as of the av-
erage time of OM duration (mean 10.4 days for the con-
trol group, 1.35 days for palifermin, and 2.73 days for
Caphosol®; p=0.02 and 0.03, respectively).

In comparison with the historical control group,
addition of any of the two preparations decreased sig-
nificantly the requirement for opioids by shortening the
period of their usage (mean duration of administration
was 0.59 days for Caphosol®, 0.3 days for palifermin and
10.6 for the control group; p<0.01 for both comparisons).

Differences in OM incidence and duration were
observed for all 3 groups, regardless of the type of trans-
plantation. While comparing two prospectively evalu-
ated treatment modalities, a significant difference was
observed (Mann-Whitney U test, p=0.02) in the sever-
ity of OM for palifermin and Caphosol® - none of the
patients treated with palifermin developed more than
grade 1 OM, grade 2 OM developed in 13.6% of the pa-
tients treated with Caphosol®. However, no significant
differences in overall occurrence and duration of OM or
requirement for analgesics were observed between the
groups treated with Caphosol® and palifermin (p=1.0).

No patient in the Caphosol® or palifermin groups
required TPN and no adverse reactions were noted. One

patient receiving Caphosol® expressed dislike for the
taste of the preparation, though it did not lead to discon-
tinuation of the rinse. In the historical group, more than
ahalf (51%) of the patients required TPN.

Discussion

In this study we have shown that the addition of
Caphosol® or palifermin to the standard oral care regi-
mens leads to sustained improvement in clinical out-
comes in HSCT transplant patients who are at risk of de-
veloping OM. Evidence of improved oral mucosa func-
tion is that until discharge of our HSCT patients (both
allo- and autologous) who were given either Caphosol®
or palifermin, the OM morbidity and severity were less
compared with those treated with standard care treat-
ment. The incidence of severe mucositis was markedly
reduced compared to the control group. This was also
reflected in the limited need for analgesics and no need
for TPN. The effectiveness of Caphosol® in the pro-
phylaxis of OM is comparable to the effectiveness of
another medication, well acknowledged in OM thera-
py - palifermin [12,18]. None of the patients from both



groups developed grade 3 or 4 OM. The supersaturated
calcium phosphate appeared to be inferior only in the
reduction of the percentage of patients with advanced
grades of OM. Who grade 2 OM was present in 13.6%
of the patients taking Caphosol®, as compared to none
in the palifermin group, with same total incidence of
OM in both treatment groups. An advantage of Capho-
sol® is its ease of use as an oral rinse, which guarantees
good patient compliance [19], and lack of any adverse
reactions. The medication has also an excellent safety
and pharmacoeconomic profile (Table 2).

So far, only one antimucositis agent - palifermin
- has been proven to reduce the incidence, severity and
duration of OM [18,20-23]. In 2004 Spielberger et al.
published promising results of their phase 111 research,
assessing the efficacy of palifermin in patients receiv-
ing high-dose chemotherapy with total body irradiation
with subsequent HSCT. It has been stated that palifer-
min decreased the rates of occurrence and shortened
the duration of acute OM, decreased the demands for
narcotic analgesics and the duration of their usage and
decreased the occurrence of neutropenic fever, duration
of hospitalization and the necessity of TPN. All these
results were statistically significant. Lower numbers of
hematogenous infections were also observed, but with-
out statistical significance [23].

The other now available agent is a supersaturated
calcium phosphate rinse (Caphosol®). In 2003 Papas et
al. published a results of a prospective randomized, dou-
ble-blind clinical study, which demonstrated significant
benefit using Caphosol® with standard oral hygiene in
the treatment and prophylaxis of OM related to high-
dose chemotherapy and radiotherapy [15].

Another point regarding the clinical course of our
study and clinical practice in the future is worth noting,.
Palifermin is given in a total of 6 doses i.v., which re-
quires the presence and supervision of qualified nurs-
ing personnel. This is not the case for Caphosol® which
can be easily and safely self - administered throughout
the treatment period. This advantage can be also used
if Caphosol® was to be used for prolonged periods to
reduce the OM linked to the graft versus host disease.

Some authors recommend other, non-medical
treatment modalities for OM treatment, like oral cryo-

Table 2. Pharmacoeconomic profile of the palifermin, caphosol®
and standard of care in Poland

Substance Duration of Total cost of treatment per
treatment (days) patient (in euros)

Palifermin 6 6000

Caphosol 30 200

Standard care 50 100
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therapy (especially in patients receiving preparatory re-
gimes with short half-life chemotherapeutics, e.g. like
melphalan or 5-fluorouracil) or low-energy laser ther-
apy. For the latter, though, limited access to expensive
equipment and necessity of professional training of the
team are the main obstacles [24-26]. The cost-effective-
ness might play a role in a preferential choice of medi-
cal treatment too, as Caphosol® therapy, even if used
throughout the whole hospital stay, is manyfold cheaper
than palifermin (Table 2).

Although the core of our research was conducted
prospectively, its historic control group is an obvious
limitation. Further research with randomization is nec-
essary to establish a universal, successful and safe stan-
dard of care in such a common and bothersome compli-
cation as OM [27].

We conclude that the supersaturated calcium phos-
phate rinse (Caphosol®) seems to be an effective means
to prevent and treat OM in HSCT cancer patients. It re-
quires validation in further trials, before putting it to the
everyday use. However, based on available data, this
preparation being easy-to-apply, non-toxic and cost-ef-
fective already seems that it will become a new hope for
abetter solution of the old problem of OM.
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