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Objective. To analyse the incidence and the deter-
minants of severe oral mucositis (OM) in young
cancer patients treated by standard chemotherapy.
Methods. The study was carried out at the Pediatric
Hemato-Oncology unit of Children’s Hospital of
Rabat. Patients under 16 years of age with malig-
nant disease treated by chemotherapy between
January 2001 and December 2006 were recorded.

Results. Consecutive patients (7 = 970) with
malignant disease were studied. The age ranges
from 2 months to 16 years (mean, 6.8 + 4.1
years). OM occurred in 540 (55.6%) patients, and
17.9% of them encountered severe grades. Mean

time to onset of the lesions was 10.5 + 6.8 (range,
1-22 days) and mean duration was 6.8 = 3.1
(range, 2-23 days). All chemotherapeutic proto-
cols were associated with OM development
(range, 20-100%). Patients with severe OM were
more likely to have undifferentiated carcinoma of
nasopharyngeal type (RR = 2.6, 95% IC 1.1-6.1),
non-Hodgkin lymphoma (RR =2.1, 95% CI
1.2-2.4) and acute leukaemia (RR = 1.7, 95% CI
1.5-3.6). Methotrexate-based therapies were also
associated with the worsening of OM (RR = 1.7,
95% IC 1.2-2.6).

Conclusion. Underlying disease and chemotherapy
regimens are the principal risk factors of OM
development. This model can help in the identifi-
cation of patients at risk for adequate preventive
and therapeutic measures.

Introduction

Oral mucositis (OM) is a common adverse
effect of cancer treatments resulting from
damage to epithelial cells lining the oral cav-
ity'. This related-anticancer secondary effect
has been reported to affect 40% of patients
receiving standard-dose chemotherapy and
exceed 60% of patients receiving conditioning
treatment®>. Clinical symptoms range from
soreness and mild mucosal erythema to wide-
spread ulceration®”. The latter is associated
with intractable pain that may cause marked
disruption of the patient’s quality of life and
can compromise cancer treatment by necessi-
tating drug dose modifications, treatment
breaks or treatment cessation®®. The morbid-
ity of mucositis in affected patients is signifi-
cant and occurrence of moderate-severe OM
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has been associated with increased number of
hospital days, parenteral nutrition, need for
narcotic analgesia and mortality’.

Recent development in mucositis research
indicates that multiple factors contribute to
mucosal injury. Mucositis is the result of a
pathological process to which treatment-
induced and patient-related factors contrib-
ute®’. Factors such as gender, age, nutritional
status, oral microbial environment, and sali-
vary function have been associated with
either increased or decreased severity of
OM'"'2, Differences in the severity of muco-
sitis among patients treated with the same
chemotherapy regimens were related to the
genetic predisposition for mucotoxicity'’.
Despite all these findings, the full spectrum of
pathogenesis and the exact risk factors of the
disease are still poorly understood, especially
in the paediatric cancer population where
only few studies are undertaken. The use of
busulfan in children receiving alkylant che-
motherapy before autologous haematopoietic
stem cell transplant was associated with
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increased risk of OM'*. Rask et al'®> found
severe OM significantly related to a high
plasma MTX concentration at 28 h after start-
ing the infusion. A recent study by Cheng'®
confirmed the association between the meth-
otrexate-induced stomatotoxicity and the
plasma methotrexate concentration at 66 h as
well as the level of chemotherapy-induced
nausea and emesis (CINV). Another study of
Cheng et al.'” suggest that low body weight
prior to chemotherapy, neutropenia, and
altered liver and renal function during che-
motherapy are determinants in the aetiology
of OM in children. Other studies'''? support
that pre-existing oral condition and degree of
oral hygiene play a role in the development
of OM. Recently, we demonstrated for the
first time a relationship between ABO blood
group antigens and OM occurrence. The risk
of OM was two times higher in patients with
blood group O compared to patients with
blood group A and blood group B'®.

In this research, we conducted a large pro-
spective study to determine the incidence,
risk factors and causes of OM in young cancer
patients; notably regarding variations across
chemotherapy regimens and type of cancer.
This will help greatly in identification of
patients at risk for a better implementation of
therapeutic approaches.

Methods

This prospective cohort study was conducted
at the Pediatric Hemato-Oncology Unit of
Children’s Hospital of Rabat between January
2001 and December 2006. Nine hundred and
seventy patients under 16 years and sched-
uled to receive chemotherapy during this per-
iod were enrolled. Exclusion criteria were: (i)
previous chemotherapy, (ii) radiation therapy
affecting the salivary glands, (iii) children
with other disease than malignancies, and
(iv) presence of oral abnormalities at baseline
corresponding to WHO scale grade >1.
Demographic and clinical data including
age, gender, body surface area (BSA), under-
lying disease, and type and dosage of chemo-
therapy were collected from patients” medical
records. Baseline interviews and oral exami-
nation were conducted systematically in all
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patients before the administration of chemo-
therapy. Buccodental exploration and follow-
up were performed by the same assessor
(dentist who had received training on using
the chosen scoring system) in all patients
with the purpose of reducing any possible
subjectivity. Then children and their parents,
who are their primary care givers, were
instructed to maintain oral health practices
and to perform three times a day a mouth-
wash with a solution of water and sodium
bicarbonate. Adjunction of topical Amphoteri-
cin B was added if necessary in patients with
high risk of candidiasis (according to our unit
practices).

On every hospitalization or outpatient visit,
patients meet the medical staff and are
referred to the dental practitioner when there
are oral complaints or soreness. WHO scale
was used'” for grading OM: grade 0 = none;
grade 1 =soreness and erythema; grade
2 = painful ulceration, ability to eat solids;
grade 3 = painful ulceration, requires liquid
diet; and grade 4 = alimentation not possible,
requires parenteral support. Moderate OM
grade was designed as the WHO grade 1-2
and severe OM grade as the WHO grade 3-4.
Haematological toxicity was also recorded
with neutropenia defined as absolute neutro-
phil count (ANC) <1000/mm’ and severe
neutropenia as ANC <500/mm’.

Statistical analyses were performed using
the Statistical Package for the Social Sciences
software version 10.0 (SPSS, Inc., Chicago,
IL, USA). Data were summarised using
descriptive statistics. Where appropriate, a
chi-squared test and the Fisher’s exact test
were used to investigate the relationship
between two specific variables. Multivariate
analysis was used to estimate the risk of
severe OM versus no/moderate OM. Statisti-
cal significance was defined by P < 0.05.

Results

Study population

From January 2001 and December 2006, 970
consecutive patients at the Pediatric Hemato-
Oncology Unit of Children’s Hospital of Rabat
were studied. Six hundred and ten (62.8%)
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Table 1. Baseline characteristics of the patients studied.

All patients Patients with no mucositis Patients with mucositis
Parameters n =970 n =430 n = 540 P-value
Age years, mean + SD 6.8 4.1 6.7 +4.1 6.8 £ 4.1 0.38
Gender, male/female (%) 619/351 (63.8/36.2) 288/142 (46.5/40.4) 331/209 (34.1/21.5) 0.06
BSA (m?), mean + SD 0.8+0.3 0.8+0.2 0.8+0.3 0.95
Underlying disease n (%)
Haematological malignancies 610 245 (40.2) 365 (59.8) <0.0001

Acute leukaemia 318 108 (33.9) 210 (66.1)

Non-Hodgkin lymphoma 202 71 (35.2) 131 (64.8)

Hodgkin lymphoma 90 66 (73.4) 24 (26.6)

Solid tumours 360 185 (51.4) 175 (48.6)

Renal tumours 95 61 (64.3) 34 (35.7)

Neuroblastoma 72 28 (38.9) 44 (61.1)

Bone tumours 70 41 (58.5) 29 (41.5)

Soft tissue sarcoma 48 18 (37.5) 30 (62.5)

Retinoblastoma 30 14 (46.6) 16 (53.4)

UCNT 25 11 (44) 14 (56)

Hepatic tumours 7 6 (85.7) 1(14.3)

Teratoma 8 4 (50) 4 (50)

Other 5 2 (40) 3 (60)

ANC, median (IQR) cells/mm3
Onset (days), mean + SD (range)
Duration (days), mean = SD (range)

414 (100-1472.5) =
10.5 + 6.8 (1-22) -
6.8 + 3.1 (2-23) =

were diagnosed with haematological malig-
nancies, and 360 (37.2%) with solid tumours.
There were 619 males (63.8%) and 351
females (36.2%). The mean age = SD was
6.8 + 4.1 years (range, 2 months-16 years),
and the mean BSA + SD was 0.8 = 0.3 at the
time of diagnosis (Table 1).

Incidence of oral mucositis

Oral mucositis was experienced by 540
patients (55.6%). On average, OM tends to
occur on day 10.5 + 6.8 after the start of che-
motherapy (range, 1-22 days) and to resolve
on day 6.8 3.1 (range, 2-23 days). More
than 67% of patients with OM showed con-
comitant neutropenia with severe neutro-
penia (ANC <500/mm’) occurring in 51.4%
of the cases.

Patients with acute leukaemia and non-
Hodgkin lymphoma developed OM in 66.1%
and 64.8%, respectively. In the setting of
solid tumours, patients with soft tissue sar-
coma and neuroblastoma showed the higher
proportion of OM with 62.5% and 61.1%,
respectively.

Patients with haematological malignancies
experienced more OM (59.8%) than those
with solid tumours (48.6%) (P < 0.0001). No

significant relationship was found between
OM occurrence and sex, age and body surface
area (BSA) (P > 0.05).

All chemotherapeutic regimens were associ-
ated with expression of OM (Table 2). In
patients with haematological malignancies,
treatments for acute myeloid leukaemia
showed the highest incidence of OM: 83.3%
with AMLMA protocol, and 71.4% with VIC
protocol. Patients with acute lymphoblastic
leukaemia developed OM in 61.4% and
62.1%, respectively, for Frall and Marall regi-
mens. Regimens for non-Hodgkin lymphomas
showed an incidence of 74.1% with LMB
protocol and 68% with LMT protocol. In the
setting of solid tumours, the highest incidence
of OM was showed in CEV-IVE protocol
(100%) and VAC-VAD protocol (69.2%),
used for soft tissue sarcoma.

Determinants of severe OM

Of the 540 patients with OM, 366 (67.7%)
developed moderate OM (WHO Grade 1-2),
and 174 (32.3%) developed severe OM
(WHO Grade 3-4). Patients with haematolog-
ical malignancies were more prone to develop
severe grades than those with solid tumours
(RR =2.3, 95% IC 1.5-3.4). Children with
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Table 2. Chemotherapy protocols and OM incidence.

All Patients with

Regimen by type of disease  patients mucositis
Acute lymphoblastic leukaemia

Frall 122 75 (61.4)

Marall 119 74 (62.1
Acute myeloblastic leukaemia

VIC 35 25(71.4)

AMLMA 42 35 (83.3)
Non-Hodgkin B lymphoma

GFALB 65 31 (47.

LMB 108 80 (74.1)
Non-Hodgkin T lymphoma

LMT 25 17 (68)
Anaplastic lymphoma

ALCL 5 3 (60)
Hodgkin lymphoma

ABVP-COPP 22 7(31.8)

OPPA-COPP 51 12 (23.5)

VAMP 5 1(20)

VBVP 8 2 (25)
Ewing sarcoma

Memphis 28 8 (28.5)
Osteosarcoma

Adria-Cispl 33 15 (45.4)
UCNT

BEC 25 14 (56)
Neuroblastoma

Cco 11 6 (54.5)

CADO/VP16-Cispl 43 24 (55.8)
Retinoblastoma

CADO/VP16-Cispl 31 16 (51.6)
Soft tissue sarcoma

CEV-IVE 9 9 (100)

IVA 32 17 (53.1)

VAC-VAD 13 9 (69.2)
Teratoma

VIP 7 4 (57.1)

VBP 1 -
Hepatoblastoma

SIOPEL 8 2 (25)
Nephroblastoma

GFA nephro 91 31 (34.1)
Others 39 23 (58.9)

Values in parentheses are in percentages.

non-Hodgkin lymphoma and acute leukaemia
had, respectively, 2.1-fold (95% CI 1.2-2.4)
and 1.7-fold (95% CI, 1.5-3.6) increase in
risk of developing severe OM (Table 3).
Among patients with solid tumours, those
with undifferentiated carcinoma of nasopha-
ryngeal type (UCNT) were more likely to
experience severe OM (RR = 2.6, 95% IC
1.1-6.1). Of the different chemotherapy
agents, methotrexate (RR=1.7, 95% IC
1.2-2.6) was the only molecule associated
with the worsening of OM in this patient
population.

© 2011 The Authors

Determinants of severe oral mucositis 213

Discussion

The present prospective study, in which a
great number of patients with a variety hae-
matological malignancies and solid tumours
have been included, showed that OM is a
substantial clinical problem in young cancer
patients. OM was experienced by 55.6% of
our patients and 17.9% of them encountered
severe OM. This incidence was similar to that
referred by Herlofson et al.>°, but was lower
than that reported by Bonnaure-Mallet et al.'?
and Fayle and Curzon®' where the incidence
approximates 80%. Similar to previous
reports*>, OM occurred during the second
week after chemotherapy infusion and the
majority of patients (98.3%) showed resolu-
tion on or before 2 weeks.

In agreement with earlier reports'™!”, no
association was found between OM grades
and age or gender in paediatric patients;
whereas studies in adults have found that
female patients are more susceptible to the
development of mucositis’>. On the other
hand, we could not establish an association
between the BSA prior to chemotherapy and
severity of OM, although this factor was pro-
posed as determinant in mucositis occurrence
by other studies'®'”.

Conflicting data exist regarding the rela-
tionship between the type of the malignancy
and OM development. Although some studies
consider mucositis not to be directly related
to a specific malignant disease''**, others
have suggested that the type of cancer affect
the OM worsening”'*?°. According to the
results of Martino et al.®*®, we found that
patients with haematological malignancies are
at higher risk of developing severe OM than
those with solid tumours. Similar to the study
of Vera-Llonch et al.*” we identified patients
with undifferentiated carcinoma of nasopha-
ryngeal type (UCNT) as a population at risk
of high grades OM.

It is generally agreed that chemotherapeutic
agents are the most important factor influenc-
ing the susceptibility to OM. In the young
population, the incidence rate of OM was
increased with methotrexate therapies'>'°.
Regimens combining an alkylating agent,
anthracycline, a vinca-alkaloid, and metho-
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Table 3. Severity of OM according to selected characteristics.

Moderate OM

Severe OM

RR (95% IC) Severe

Parameters n =366 (67.7%) n =174 (32.3%) vs no/mild OM P
Underlying disease n (%)

Haematological malignancies 230 (63.1) 135 (36.9) 2.3(1.5-3.4) <0.0001
Acute leukaemia 135 (64.3) 75 (35.7) 1.7 (1.2-2.4) 0.001
Non-Hodgkin lymphoma 5(57.2) 56 (42.8) 2.1 (1.4-3.0) <0.0001
Hodgkin lymphoma 20 (83.3) 4 (16.4) 0.1 (0.06-0.5) <0.0001

Solid tumours 136 (77.7) 39 (22.3) 0.4 (0.2-0.6) <0.0001
Renal tumours 29 (85.3) 5(14.7) 0.2 (0.09-0.5) 0.001
Neuroblastoma 7 (84.1) 7 (15.9) 0.4 (0.2-1.0 0.05
Bone tumours 26 (89.6) 3(10.3) 0.1 (0.05-0.6) 0.001
Soft tissue sarcoma 21 (70) 9 (30) 1.0 (0.5-2.2) 0.88
Retinoblastoma 12 (75) 4 (25) 0.6 (0.2-2.0) 0.63
UCNT 5(35.7) 9 (64.3) 2.6 (1.1-6.1) 0.01
Hepatic tumours 1 (100) - - -
Teratoma 3 (75) 1 (25) 0.6 (0.08-5.3) 1.00
Other 2 (66.6) 1(33.4) 1.5(0.1-11.7) 0.54

Cytotoxic agents (%)

Cisplatin—-Carboplatin 39 (65) 21 (35) 0.9 (0.5-1.5) 0.72

Vincristine 214 (71.6) 85 (28.4) 0.7 (0.5-1.1) 0.17

Daunorubicin—Doxorubicin 174 (69.9) 75 (30.1) 0.6 (0.4-0.9) 0.02

Methotrexate 127 (65.8) 66 (34.2) 1.7 (1.2-2.6) 0.002

Cytarabine 84 (67.2) 41 (32.4) 1.0 (0.6-1.5) 0.82

Etoposide 30 (71.4) 12 (28.6) 0.4 (0.2-0.8) 0.007

CPM 105 (69.1) 47 (30.9) 0.6 (0.4-0.9) 0.03

[fosfamide 18 (81.8) 4(18.2) 0.4 (0.1-1.4) 0.18

Bleomycin 9 (50) 9 (50) 1.1 (0.5-2.5) 0.64

Actinomycin-D 31 (81.6) 7 (18.4) 0.6 (0.2-1.4) 0.24

6-mercaptopurine 36 (63.2) 21 (36.8) 1.2 (0.7-2.0) 0.48

Vinblastine 5(83.3) 1(16.7) 0.2 (0.03-1.6) 0.15

Asparaginase 47 (74.6) 16 (25.4) 0.5 (0.3-1.0) 0.04

trexate (MTX) or etoposide were also associ-
ated with a very high rate of severe mucositis
in children®®. In this study, treatment with
CEV-IVE regimen used in soft tissue sarcoma
and AMLMA regimen used in acute myeloid
leukaemia were associated with the highest
incidence of OM. Mucosal toxicity was also
increased in non-Hodgkin lymphoma patients
treated by LMB and LMT protocols, and in
those with acute lymphoblastic leukaemia
treated by Frall or Marall protocols. Metho-
trexate therapies were found independent risk
factors for worsening mucositis. Antimetabo-
lites have already been associated with OM in
our previous report'®. These drugs which are
S-phase-specific agents have a direct toxic
effect on rapidly dividing oral mucosal cells,
resulting in inflammation and epithelial dam-
age®. The excretion of these drugs into the
saliva may contribute to the development of
such lesions®’

Despite the availability of many therapeutic
agents that claim to prevent or reduce OM

severity, there has been no clear-cut standard
of care defined to prevent severe mucositis in
young patients. The Multinational Association
of Supportive Care in Cancer and Interna-
tional Society for Oral Oncology (MASCC/
ISOO) guidelines recommend implementation
of good oral hygiene practices prior to com-
mencing cancer therapy>>°. Pain control and
nutritional support are also required. Until
more evidence-based guidelines are available,
more research based on the analysis of the
different factors that interact in mucositis
pathogenesis is needed.

Conclusion

This study with a large sample size and a
broad representation of patients gives more
insights about patterns and determinants of
chemotherapy-induced OM in children.
Results confirmed that OM is a widespread
and serious problem among children with
cancer, and showed the greater risk of severe
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OM in patients with acute leukaemia, non-
Hodgkin lymphoma, undifferentiated carcinoma

of

nasopharyngeal type and in those under

methotrexate-based regimens. This model may
help in the development of novel preventive and
therapeutic modalities designed specifically for
these patients.

What this paper adds

e Oral mucositis is a substantial clinical problem in
young cancer patients.

e Patients with haematological malignancies are more
prone to develop oral mucositis than those with solid
tumours.

e Patients with undifferentiated carcinoma of nasopha-
ryngeal type, non-Hodgkin lymphoma and acute leu-
kaemia are at higher risk of severe oral mucositis.

Why this paper is important to paediatric dentists

e The study showed the incidence of OM in a variety of
malignancies and chemotherapy protocols.

¢ This model can help in identification of patients at risk
for adequate preventive and therapeutic measures.
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