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Abstract

Background: Oral mucositis (OM) is a common side effect of antineoplastic-drug administration. It is frequently related
to risk of infection and poor intake of foods and fluids. This might adversely affect the patients’ nutritional status, cause
dose reductions, prolong treatment time and length of hospital stay, and increases costs of treatment.

Aim: To investigate if the use of glutamine (GIn) administered by mouthwash during methotrexate(MTX)-chemotherapy
in the consolidation-phase reduces oral mucositis in children with acute lymphoblastic leukemia (ALL).

Procedure: A double blind randomized study was conducted from January 2009 to December 2010 with two independent
samples. Eligible patients were children with ALL between 0-18 years. These patients were randomized into two groups:
an experimental-group and a placebo-group, which received Gln or maltodextrin as placebo.

Results: OM occurred in 10.7% of the experimental group and 13.6% in the control group, with no significant difference
in the severity or incidence of OM.

Conclusions: There was no significant difference in the prevention of OM by mouthwash with Gln vs. placebo. Proper
oral hygiene and an adequate hyperhydration regimen before and during MTX-chemotherapy, as well as the measurement
of serum-methotrexate concentrations are likely to be sufficient to prevent OM.
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1 Introduction

Chemotherapy treatment in children with acute lymphoblastic leukemia (ALL), especially methotrexate (MTX)
administration, may cause oral mucositis (OM), which affects the rapidly dividing mucosal cells of the gastrointestinal
tract . This toxicity is frequently related to a higher risk of infections, dysgeusia, dysphagia and a poor intake of food and
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fluids that could affect the patient’s nutritional status 2. In addition, OM may prolong the treatment time, length of
hospital stay, as well as increase costs of treatment > *!

OM has been associated with a decreased quality of life and emotional state in terms of mood disturbance, depression, and
anger in patients receiving chemotherapy !,

The prevalence of OM is variable and has been reported in 18% to 52% of patients who received standard-doses of
chemotherapy ! and younger patients seem to have an increased risk of chemotherapy-induced OM !,

In recent years different therapies have been investigated ways to prevent OM such as antibiotic pastille or paste,
cryotherapy or glutamine. However there is no standard prophylactic therapy ©* 7.

Glutamine (GlIn) is a dispensable amino acid that regulates the intracellular redox potential. Previous clinical studies
suggest that this amino acid might reduce proinflammatory cytokine cascade and can increase collagen and fibroblasts
synthesis improving mucosal wound healing .. But there is still controversy about the use and effectiveness of GIn on OM
prevention !, Clinical research studies have demonstrated that GIn can reduce and even prevent the incidence and severity
of OM %1 however, other studies could not confirm these results % *1. Therefore, up to now it is not possible to consider
the use of Gln as evidence-based standard therapy for OM treatment [/,

The aim of this study was to investigate if the use of GIn administered by mouthwash during MTX-chemotherapy in the
consolidation-phase could prevent or reduce OM in Mexican pediatric patients with ALL from 0 to 18 years.

2 Patients and methods

The study was a randomized, double-blind, placebo-controlled trial. Those patients who did not perform adequately
mouthwashes or patients whose condition worsened were excluded (see Figure 1).

This project was approved by the Ethics Committee of the Civil Hospital in Guadalajara “Dr. Juan I. Menchaca”. Children
between 0 to 18 years with newly diagnosed ALL and without Down Syndrome undergoing consolidation therapy were
eligible upon written consent of parents. The patients were treated with the protocol Guadalajara 2007 adapted from St.
Jude Children's Research Hospital, Memphis, TN and the Children’s Oncology Group (see Figure 2).

The patients were randomized to an experimental group, which received a solution of 10g of GIn (provided by PiSA
pharmaceutical®, Guadalajara, Mexico) in 20 mL of water and a control group with an equivalent quantity of a placebo
(maltodextrin) twice daily from the first day and during ten days of chemotherapy. The patients swished the mouthwash
during one minute and then expectorated the solution. They were also instructed not to drink liquid or eat solid foods for at
least thirty minutes after the mouthwash. Before starting the MTX-cycle, every day during hospitalization and as
outpatient at the 10th day, the oral mucosa of the patients were assessed by a trained dentist applying the National Cancer
Institute Common Terminology Criteria for Adverse Events version 3.0 2.

The nutritional status of all patients was evaluated at the beginning of each MTX-cycle and at the 10th day afterwards,
when patients attended the follow up visit at the day clinic. Weight for Height (W/H) was estimated with EPI Info (2000)
program using the National Center for Health Statistics/World Health Organization reference standards 1978 **! and the
body mass index (BMI), arm muscle area (AMA) and arm fat area (AFA) were calculated using the Frisancho (1990)
reference ™. All indicators were expressed as Z scores and a deficit was considered when the W/H, BMI, AMA and AFA
were less than -1 SD from the median according to the Mexican Official Norm ®% and WHO Standards.

Student T test was used to evaluate differences between groups. U-Mann-Whitney test was applied to assess differences on
the continuous test variables (anthropometric indices, age, GIn and placebo) and dichotomous variables (gender, OM and
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grade of OM) were assessed with Fisher's exact test and Chi-square test. We used SPSS 17.0 for Windows and EPI Info
2000 to analyze the data. A P-value of 0.05 or less was considered to be statistically significant.
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Figure 1. Study design
3 Results

A total of 122 cycles of methotrexate-chemotherapy were evaluated of 38 randomly assigned patients, with an average of
3.2 MTX-cycles with GIn or placebo mouthwashes per patient. The reason that some patients could not be evaluated
during the four MTX-cycles of the consolidation chemotherapy was due to mouthwash noncompliance. The Gin
mouthwash was used in 66 whereas the placebo solution in 56 MTX-cycles. The average age in the control and
experimental group was 7.0 £ 4.3 and 6.6 + 3.6 years respectively, and no statistically difference of age, gender, number of
cycles of chemotherapy with MTX and dosage of the drug in relation to the risk of ALL were found. Table 1 describes the
doses of MTX. No significant difference was recorded between both groups.
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Consolidation therapy (This is repeated every 2 weeks for two months= 4 cycles)

MTX

Hours 0O 12 24

lercaptopurine was administered at 25 a 50mg/m‘/day during eight weeks

60 72

I= Triple intrathecal chemotherapy (TIC), one dose was administered shortly after the KTX- bolus infusion

L= Leucovorine doses -.\,ere_1frng-n'r' in bolus infusion every 6h for 4 doses

MTX doses were: 5.0g/m" for high risk ALL and 2.5¢/m® for standard risk ALL (33% administered by bolus and
87% by intravenous infusion for 23 hours after bolus infusion)

Figure 2. Protocol Guadalajara 2007

The means and + SD of anthropometric data of both study groups are given in Table 2. Before the first MTX-treatment the
W/H index and BMI showed significant differences between both groups (P < 0.05) but all patients presented an adequate
nutritional status according to their W/H index and the BMI, AMA and AFA indicators. During the MTX-cycles, no
significant intra- or intergroup differences of the anthropometric indices and indicators were found.

The incidence and intensity of OM (see Table 3) showed no significant difference between both groups and no relation in

the incidence of OM in relation to the dose of methotrexate was found.

Table 1. MTX administration in both study groups

Control group

Experimental group

Number of evaluated MTX-cycles 56

MTX-cycles with standard risk ALL (2.5g/m?) 5.4
MTX-cycles with high risk ALL (5.0 g/m?) 94.6

Table 2. Anthropometric characteristics of both study groups (mean of Z score +£SD) before the first MTX chemotherapy

Control group

Experimental group

(n=56) (n=66) P
Weigh/Height 0.58+1.38 0.05+1.10 0.03
BMI 0.53+1.33 -0.09+1.19 0.02
AMA -0.49+1.24 -0.92+0.66 0.10
AFA -0.42+1.15 -0.46+0.93 0.58
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Table 3. Severity of OM in both study groups

Control group Experimental group

Oral mucositis grade

n % n %
Grade 0 50 89.3 57 86.4
Grade | 2 3.6 2 3.0
Grade Il 4 7.1 6 9.1
Grade 11 0 0.0 1 15
Grade IV 0 0.0 0 0.0
Total 56 100.0 66 100.0

4 Discussion

The appearance of OM is a common dose-limiting toxicity of MTX-treatment in pediatric patients with ALL, which may
be meaningful for the overall treatment outcome. A reduction of the dosage, or a delay of the administration in response to
the toxicity, decreases the therapeutic effect of the treatment and consequently the outcome. In addition, dysphagia and
oral pain may cause a low dietary intake, which affects the nutritional status and has an impact on the quality of life.

In this study the overall incidence of OM was 12.3%, the experimental group presented 13.6%, and the control group
10.7%. In other studies with children with ALL where high doses of MTX were used, elevated incidences of OM were
reported as in the investigation made by Figliolia et al. where 46% of OM were detected ! or in the study of Viera et al.
where an incidence of 52.4% of OM were found " and Ponce-Torres observed 38.8% of OM in the same group of
patients ™ The reduction of OM observed in our Pediatric Hematology-Oncology Department over the last years is
probable due to a better monitoring of the oral hygiene after the incorporation of a dentist to our multidisciplinary
treatment team. It has been reported recently that the state of prior oral health can influence decisively in the appearance of
mucositis ™ and a professional oral health care may reduce the incidences of OM as evidenced by Kashiwazaki
etal 29,

Furthermore an optimal hyperhydration schedule in each patient who receives MTX may influence the occurrence of OM.
Adequate hyperhydration prevents the drug from precipitating in renal tubules avoiding nephrotoxicity, which would
delay the elimination of the drug causing toxicity. In addition, since 2009 serum MTX levels are measured after 24h, 36h
and 48h of MTX-administration in our Pediatric Hematology-Oncology Department. This allows to modify (if necessary)
the dosage of the drug in the next cycle of chemotherapy and the ability to adjust the dosage and frequency of folinic acid
rescue to avoid further toxicities.

In recent years an increasing number of pharmacological interventions have been used in order to prevent OM. A
systematic review identified that the polymixin/tobramycin/amphotericin (PTA) antibiotic pastille/paste, cryotherapy and
keratinocyte growth factor, aloe vera and honey have been effective in OM prevention Y. Nevertheless, clinical trials
with GIn showed discrepancies about its effectiveness in the prevention or decrease of OM &1,

In our study GIn was used as a mouthwash (10 g of GlIn and an equivalent quantity of a placebo twice daily) and the
comparison of the incidence and intensity of OM in the experimental group vs. the control group showed no significant
difference. These results differ from other authors where different doses and administration were used. Anderson et al. for
instance realized one study with 2 g GIn/m? twice/day during the chemotherapy administration and for at least 14
additional days 2 and in another investigation in patients undergoing bone marrow transplantation (BMT) 4 g GIn/m?/day
or placebo were administered from admission until day +28 1. In both studies they observed a significant decrease in the
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intensity of OM and a decreased duration of mouth pain. Peterson et al. utilized “Saforis” which is composed of glutamine
vs. placebo. It was administered orally at a dose of 2.5 g per 5 mL three times per day and it was found to be safe and
effective for preventing and treating OM in patients receiving mucotoxic cancer chemotherapy ©. Fukui et al. used a
nutritional supplement containing GIn and their results suggest that GIn supplement has preventive and/or reducing effects
on OM [,

However the results of our study concur with the findings of Jebb et al. who used a similar dose of 16 g of GIn or placebo
daily with the first cycle of treatment in a cross-over trial. Okuno et al. administered 4 g of GIn or an identical-appearing
placebo twice daily for 14 days beginning on the first day of chemotherapy and Ward et al. conducted a study where the
GIn doses used were 0.35, 0.5 and 0.65 g/kg. In all the last three clinical trials mentioned, the dose and schedule of Gin

used did not show significant effects of GIn on OM 1011251,

Another interesting finding was that a patient from our experimental group suffered OM after three of four MTX-cycles,
despite the use of GIn mouthwash. This could be due to a single-nucleotide polymorphism (SNP) of the child that
predisposes this patient to present toxicity with MTX. Ramirez, et al. observed a significant association (P = 0.031) among
patients carrying the SNP of methyl tetrahydrofolate reductase (MTHFR) CC and the development of OM in Mexican
children with ALL . Another study by Lopez-Lopez et al. analyzed polymorphisms in genes and found a statistically
significant association between MTX plasma concentration and some genotype (P = 0.030). They confirmed the
suitability of MTX plasma levels as a toxicity marker and the importance of identifying polymorphisms in children with
ALL for monitoring patients at risk of low-MTX clearance in order to avoid MTX-related toxicity *"). However, the
limitation of our study was the lack of determination of SNP of our patients. Further studies are needed to demonstrate if
there is a difference in the incidence of OM in those patients who cleared the MTX after 24 hours vs. 36 hours vs. 48 hours.

In investigations with GIn where improvements of OM were observed, GIn was administered in parenteral nutrition or in
mouthwashes which the patient had to swallow as well. In the present study, our multidisciplinary team decided that the
patients had only to swish with the GIn solution and then to expectorate it because GIn might inhibit the action of
6-mercaptopurine because of the role of Gln as a precursor of nucleotides as purine and pyrimidine. It is important to note
that the current treatment protocol provided to our pediatric patients with ALL which includes the care of a
multidisciplinary team, is quite effective with a low incidence of OM with or without glutamine mouthwash as evidenced
by a complete remission in 92% of the patients with an overall 4-year disease free survival (DFS) of 73%. This data is in
accordance compared to other countries in Latin-America such as Brazil where the 5-year DFS estimate was 63% %%,
Bonilla et al. reported an overall 4-year DFS of 48 + 6% in El Salvador !, On the other hand, Vergara et al. observed in
Cuba an overall 4-year DFS of 80% B,

Regarding the nutritional status before the first MTX-chemotherapy, we did not find significant differences between the
Z-scores of the anthropometric indicators and patients maintained an adequate nutritional status during the treatment with
MTX. Numerous patient-related factors as the BMI may influence the risk of developing OM *. A poor nutritional
status seems to interfere with mucosal regeneration by decreasing cellular migration and renewal . It is possible that the
low incidence of OM in our patients did not affect their food intake.

The trend to have multidisciplinary teams also in developing countries as Mexico might be reflected by a decrease of
toxicity and improved survival. In our department, a Nutrition Unit is responsible for monitoring closely the nutritional
status of the patients and for early nutritional interventions, a Psychology Unit conducts occupational therapy, applying the
Ludic Model of Play to relieve depression, anxiety and fear in children which could influence appetite and caloric intake.
The Dentist cares the oral hygiene and health and the social workers create networks that help with the sponsorship of
patients from low-income families. As evidenced a multidisciplinary team in developing countries can improve the quality
of life and outcomes of cancer patients during the chemotherapy treatment. In this study our findings does not support Gln
as a supportive care agent in cancer treatment protocols.
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A proper oral hygiene and an adequate scheme of hyperhydration before and during the administration of MTX as well as
the measurement of serum drug concentrations are likely to be sufficient to prevent and maintain a low incidence of OM in
a Pediatric Hematology-Oncology Department.

There is a need for further well designed, conducted trials with a sufficient numbers of participants to perform subgroup
analyses by age, type of cancer and chemotherapeutic agents, this will allow the ability to analyze which doses and form of
administration of GIn might be useful to prevent or reduce the OM. Additionally, evaluation of the role of the SNP of
MTHFR or another enzyme or gene related to the appearance of OM may be explored. The aim of these scientific efforts is
to improve the quality of life of patients during chemotherapy, and avoid side effects of OM such as pain and low dietary
intake that could affect nutritional status.
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