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Abstract

Background: Acute lymphoblastic leukemia (ALL) represents the predominant
childhood cancer. High-dose methotrexate is integral to leukemia treatment protocols.
This study aimed to explore the efficacy of glutamine in preventing mucositis among
leukemia patients undergoing high-dose methotrexate therapy.

Method: This randomized clinical trial encompassed 45 patients (22 in the glutamine
group and 23 in the placebo group). The intervention group was administered a glutamine
mouthwash, while the control group received an identical placebo. Data analysis was
performed using SPSS version 23, with a significance threshold set at P < 0.05.

Results: No significant difference emerged between the groups concerning the
incidence of nausea and vomiting; however, both groups observed a notable reduction
in nausea frequency from the first to the fourth days (P = 0.0001 and P = 0.040,
respectively). Grades III and IV mucositis were absent in both groups on the third and
seventh days post-treatment. Furthermore, no significant difference was detected in
mucositis improvement between the groups (P = 0.848).

Conclusion: Glutamine mouthwash significantly reduced the incidence of nausea
and vomiting, which are common chemotherapy complications. Moreover, up to 95%
of patients were free from mucositis by the seventh-day post-chemotherapy.
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Introduction

Acute lymphoblastic leukemia (ALL) is the
most common malignancy in childhood, and the
B cell type is the most common form of ALL.!
According to prognosis factors, about 80 to 85%
of these patients are cured with new treatment
protocols.2* The most important determining
factor of prognosis in these patients is the type
of treatment received and the protocol used.?
Different protocols have been used to treat these
patients over the years. One of the most commonly
used protocols worldwide for treating these
patients is the COG (children's oncology group)
protocol.>% One of the drugs that is used in this
protocol is methotrexate. Methotrexate is a folic
acid antagonist used as an effective drug in treating

many malignancies like leukemia and lymphoma;
this drug works by inhibiting DNA synthesis in
the S phase of cell division.” Mucositis incidence
and oral mucosal inflammation are determined
as essential side-effects in patients treated with
high doses of methotrexate.® The incidence rate
in patients with a standard dose of methotrexate
has been reported to be 18 to 52%; in higher
doses, the rate is up to 80%.” In addition to causing
feeding disorders, mucositis leads to depression,
increases infection risk, and prolongs hospital-
ization.!? So far, different treatments have been
proposed for mucositis arising from chemotherapy.
Glutamine is an unnecessary amino acid essential
in catabolic conditions such as malignancy.!'!
Glutamine is essential for the proper function of
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Figure 1. This Flow diagram shows the participants’ progression through the trial.
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Table 1. The frequency distribution of nausea and vomiting from day one to day four in the glutamine and placebo groups

The Effect of Glutamine Mouthwash on Mucositis Prevention in Pediatric Acute Lymphoblastic Leukemia

Number of times Studied groups P value
Placebo group Glutamine group

Nausea on the first day 0 17 (73.9%) 16 (72.7%) 0.577
1 5(21.7%) 3 (27.3%)
5 1 (4.3%) 0 (0%)

Nausea on the second day 0 16 (69.6%) 19 (86.4%) 0.237
1 6 (26.1%) 2 (9.1%)
2 1 (4.3%) 0 (0%)
3 0 (0%) 1 (4.5%)

Nausea on the third day 0 19 (82.6%) 21 (95.5%) 0.354
1 3 (13%) 1 (4.5%)
2 1 (4.3%) 0 (0%)

Nausea on the fourth day 0 21 (91.3%) 22 (100%) 0.368
3 1 (4.3%) 0 (0%)
4 1 (4.3%) 0 (0%)

Vomiting on the first day 0 16 (69.6%) 19 (86.4%) 0.386
1 4 (17.4%) 2(9.1%)
2 3 (13%) 1 (4.5%)

Vomiting on the second day 0 18 (78.3%) 18 (81.8%) 0.679
1 2 (7.8%) 2 (9.1%)
2 0 (0%) 0 (0%)
3 2 (7.8%) 1 (4.5%)
4 0 (0%) 1 (4.5%)
5 1 (4.3%) 0 (0%)

Vomiting on the third day 0 16 (96.6%) 21 (95.5%) 0.130
1 1 (4.5%) 3 (13%)
2 1 (4.3%) 0 (0%)
3 3 (13%) 0 (0%)

Vomiting on the fourth day 0 19 (82.6%) 22 (100%) 0.241
1 1 (4.3%) 0 (0%)
2 1 (4.3%) 0 (0%)
3 2 (7.8%) 0 (0%)

the mucus membrane, and studies in adults have ~ Material and Methods

proved that using glutamine supplements can
reduce the mucositis caused by chemotherapy.!2
The immunity of glutamine consumption in
human and cancerous patients has been thoroughly
proven.!3 Despite the systemic use of glutamine
in preventing mucositis, few studies have been
done on using this material as a mouthwash in
mucositis prevention so far. The goal of the present
study is to evaluate the rate of glutamine
mouthwash effect in the decrease of incidence
and severity of mucositis in children receiving
methotrexate in high doses with a clinical random
trial study:.

Study design

This randomized clinical trial was conducted
at the Hematology-Oncology Department of Bou
Ali Sina Hospital, Sari, Iran.
Participants

Children aged 5 to 10 years, diagnosed with ALL
and undergoing treatment within the Hematology-
Oncology Department of Bou Ali Sina Hospital were
enrolled. Eligible participants were those in the first
level of Interim Maintenance of the Children's
Oncology Group (COG) chemotherapy protocol,
receiving high doses of intravenous methotrexate (5
grams/m? over a 24-hour infusion).
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Inclusion criteria

Eligibility was determined by the following
criteria: age between 5 and 10 years, diagnosis
of ALL, undergoing the COG chemotherapy
protocol, treatment with high-dose methotrexate,
absence of mucositis and nausea/vomiting before
methotrexate administration, platelet count above
100x103/uL, absolute neutrophil count above
1500/uL, hemoglobin levels exceeding 8 g/L,
and the capability to retain mouthwash for 30
seconds every 8 hours.
Exclusion criteria

Exclusion criteria encompassed failure to use
mouthwash as prescribed, occurrence of fever,
administration of systemic or local antibiotics,
non-study mouthwash, absence of dental
examination on the fourth day, and presence of
mucositis at the initial dental visit.
Randomization

Based on convenience sampling, participants
were allocated into two groups receiving either
glutamine (intervention group) or placebo (control
group). Random Allocation software was utilized
for assignment, with each patient receiving a
unique identifier.
Blinding

The study implemented a double-blind
approach, with the participating dentists and
patients' parents unaware of the treatment
allocation. Mouthwashes, indistinguishable in
taste and color, were coded as either group one
or group two.
Implementation

Following group assignment via Random
Allocation software, the project executor
dispensed the designated mouthwash to the
nursing staff. Nurses were responsible for
monitoring the parents' adherence to mouthwash
protocols at each usage.
Interventions

The treatment plan was done from the start of
a 24-hour infusion of methotrexate every 8 hours
and at least 30 seconds of mouthwash in the
mouth. In the witness group, patients received
the standard mouthwash without glutamine as a
placebo. In the case group, a mouthwash in a
dish similar to the placebo was used for every

patient, including placebo mouthwash material
added to 16 grams per 260 milliliters of glutamine
prepared by the project co-worker pharmacist in
the pharmacy faculty. Project co-worker nurses
monitored the proper usage of mouthwash, and
in case of wrong usage, the patient was omitted.
In both groups, the frequency of nausea and
vomiting and food consumption were registered
daily. Patients were visited by the project co-
worker's dentist again on the 4 day after receiving
methotrexate and mucositis, registered according
to the WHO criteria.!'* The patient was re-
evaluated on the 7t day by the project co-worker's
dentist in terms of the presence and severity of
mucositis. When patients could not manage an
adequate oral diet due to severe mucositis,
nutrition supplementation was provided.
Sample size

The required sample size was calculated to be
23 individuals in each group using the formula
for estimating the sample size for comparing the
two means and considering the 95% confidence
level, the 80% power, the standard deviation of
the cognitive impairment score obtained in other
studies15 by about 1.28, and the least significant
difference between the two groups which was
considered as 0.8.
Statistical methods

Data analyses were performed using SPSS
version 23. Quantitative data were presented as
mean + standard deviation (SD), and comparisons
between groups were conducted using the
Independent t-test for continuous data and the
chi-square test for categorical data. A P-value of
less than 0.05 was deemed statistically significant.
Welch's t-test was used to analyze continuous
variables, while Fisher's exact test was used for
categorical variables. The Kaplan-Meier method
was applied to evaluate the time to onset of
mucositis.
Ethical considerations

Informed consent was obtained from all
participants' parents or guardians before inclusion
in the study. This research received ethical
approval from the Ethical Committee of the
Medical Sciences University of Mazandaran under
the code IRR-MAZUMS.REC.1398.1183 and was
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Table 2. Daily intake of liquid and solid foods from day one to day four in the glutamine and placebo groups

Studied groups P value

Feeding times according to the number Placebo group Glutamine group

of times of feeding that can be swallowed

Liquid foods /day 1 3 (1-10) 3 (1-6) 0.805
Liquid foods /day 2 2 (0-8) 3 (1-7) 0.916
Liquid foods /day 3 3(0-8) 3 (1-7) 0.899
Liquid foods /day 4 3(0-8) 4 (2-8) 0.100
Solid foods/day 1 4 (2-20) 3 (1-6) 0.879
Solid foods/day 2 4 (2-18) 4 (2-9) 0.855
Solid foods/day 3 4 (2-18) 4 (2-6) 0.265
Solid foods/day 4 4 (2-18) 4 (2-6) 0.855

registered at the Registration Center of Clinical
Trials of Iran (IRCT) with the identifier

frequency decreased significantly in both groups
during the same period (P =0.030 and P = 0.0001,

IRCT20190202042583N2. respectively) (Table 1).
Liquid and solid food intake from day one to
Results day four showed no significant difference in liquid

This study, a randomized clinical trial, aimed
to assess the efficacy of glutamine mouthwash
in preventing mucositis following high-dose
methotrexate administration in children diagnosed
with ALL at the Hematology-Oncology
Department of Bou Ali Sina Hospital, Sari, Iran.
A total of 45 patients participated, divided into
22 patients in the glutamine intervention group
and 23 in the placebo group. Patient recruitment
is detailed in figure 1.

The demographic breakdown revealed that
54.5% of the glutamine group and 52.2% of the
placebo group were male, indicating no significant
gender difference (P = 0.783). The mean age was
5.57 + 2.97 years in the glutamine group and
6.21 + 2.83 years in the placebo group, with no
statistically significant difference (P = 0.574).
Examination of serum biochemical and
hematological parameters showed no significant
differences between the two groups, except for
blood urea nitrogen (BUN) levels, which were
significantly lower in the glutamine group (P =
0.021), suggesting a potential protective effect
of glutamine mouthwash on serum BUN levels.

Regarding nausea, no statistically significant
difference was observed between groups from
day one to day four. However, a significant
reduction in nausea frequency was noted in both
groups over the initial four days (P =0.0001 and
P = 0.040, respectively), as analyzed by
generalized estimating equations (GEE). Vomiting

food consumption between the groups. However,
the glutamine group exhibited a significant
improvement in liquid (P = 0.0001) and solid (P
= 0.0001) food intake by day four, as per GEE
analysis, while no such improvement was noted
in the placebo group for liquid food intake during
the first four days (P =0.111) (Table 2).

Regarding mucositis severity, on day three,
most patients in both the glutamine and placebo
groups were classified as grade I (86.4% and
69.6%, respectively, P = 0.327). By day seven,
95% of the glutamine group had grade 0 mucositis,
and 4.5% had grade I, compared with 100% of
the placebo group at grade 0 mucositis. There
were no grade III or IV mucositis instances in
either group on days three or seven. GEE analysis
revealed no statistically significant difference in
mucositis treatment outcomes between the glutamine
and placebo groups (P = 0.848) (Table 3).

Discussion

This study was a randomized clinical trial
study to investigate the effect of glutamine
mouthwash on mucositis prevention following
high doses of methotrexate in children with ALL.
There was no statistically significant difference
in mucositis improvement between the two
groups, but in the glutamine group, the amount
of nutrition in liquids and solids significantly
improved.

Mucositis and stomatitis are common side-
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Table 3. Mucositis severity frequency in the glutamine and placebo groups

Grade Studied groups P value
Placebo group Glutamine group
Severity of mucositis on day 3 0 1 (4,3%) 0 (0%) 0.327
I 16 (69.6%) 19 (86.4%)
II 6 (21.6%) 3 (13.6%)
1T 0 (0%) 0 (0%)
v 0 (0%) 0 (0%)
Severity of mucositis on day 7 0 23 (100%) 21 (95.5%) 0.301
I 0 (0%) 1 (4.5%)
1I 0 (0%) 0 (0%)
1T 0 (0%) 0 (0%)
v 0 (0%) 0 (0%)

effects related to cancer chemotherapy. Although
this is a common side-effect that influences
patients' quality of life, there are only a few
treatments to reduce its severity or duration.

In a study that was performed on 32 patients
with head and neck cancer going through
chemoradiotherapy treatment, the effect of
glutamine compared to placebo (normal saline)
in reducing mucositis was evaluated. In the
glutamine group, no patient developed grade 4
mucositis, whereas in the control group, 33% of
patients developed grade 4 mucositis.!'® Like the
mentioned study, the study also indicated that
none of the patients developed grade 3 or 4
mucositides on days three and seven, and more
than 95% of patients in the glutamine group
showed that they were mucositis-free on day
seven. Studies that were conducted on the efficacy
of glutamine on chemotherapy side-effects such
as mucositis and diarrhea have been inconsistent
and controversial.!7-20

In a Taiwan study, intravenous glutamine's
effect on mucositis reduction in patients under
18 with ALL following high doses of methotrexate
was evaluated. Out of 96 patients in the study,
72 were placed in the control group and 24 in
the glutamine-receiving group. 48 hours after
stopping methotrexate, the glutamine started at
a dose of 0.4 g per kilogram of body weight and
lasted for 3 days. In the glutamine-receiving
group, mucositis was significantly lower compared
with the control group (3.8% in the glutamine
group versus 17.6% in the control group).
However, in the study, no statistically significant

difference was observed between mucositis
incidence and its recovery rate in the glutamine
and placebo groups. In the mentioned study, other
side-effects such as abdominal pain, diarrhea,
nausea, and vomiting were reported less in the
glutamine-receiving group.

In contrast, in the study, there was no
statistically significant difference in the frequency
of nausea and vomiting between the two glutamine
and placebo groups. Moreover, in the mentioned
study, no patients with grade 3 or 4 mucositis
were seen from the glutamine-receiving group
either, and the results of that study are similar to
ours.?! Studies on animal models have also
provided methods on how glutamine can function
to control cancer.

Some research has shown that glutamine
dietary supplements increase the effectiveness of
chemotherapy against rhabdomyosarcoma and
reduce chemotherapy-related toxicity.2223 The
effect of glutamine on malignant tumor growth
has been extensively investigated.2* Therefore,
it seems that glutamine boosts the immune system,
especially the activity of natural killer cells, and
consequently, it sustains balance and shrinks
tumor growth.23-26 Thus, from the studies that
were primarily conducted on animals, it seems
that glutamine has a therapeutic effect against
cancer, and it can improve the host's immune
system and raise the ability to tolerate
chemotherapy.27-2

In another study, the effects of oral glutamine
on managing mucositis in children under
chemotherapy were examined. In this study, 76
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children who have gone through similar
chemotherapy at least two times, once with oral
glutamine and once without it, were investigated.
This study also showed that there was not a
significant correlation between the two groups
in terms of mucositis incidence, and the findings
of the study are similar to ours. Moreover, this
study indicated that consumption of oral glutamine
in high doses does not affect reducing nausea,
stomach pain, vomiting, and chemotherapy-
induced diarrhea;3? however, in the study, there
was a significant decrease in the number of nausea
and vomiting episodes during the first four days
in the group treated with glutamine. Additionally,
a significant improvement in liquid and solid
(foods) intake was seen in patients.

In another study, the effect of intravenous
glutamine on 12 children aged 48 to 120 months
suffering from Hodgkin's lymphoma was
scrutinized. 30 chemotherapy sessions with an
intravenous glutamine dose of 0.04 milligrams
per kilogram of body weight per day for seven
days and then 31 sessions without glutamine were
investigated. The results showed that 70% of the
group that received glutamine experienced
mucositis, while 74% of the group that did not
receive glutamine also experienced mucositis.
However, no significant difference was observed
between the two groups.3!

Generally, the frequency of mucositis incidence
in their study was higher than ours after seven
days. In fact, in the current study, only 4.5% of
patients had mucositis grade 1, and 95.5% were
mucositis-free on day seven. In a study conducted
in 2000 in Taiwan, the effectiveness of glutamine
as a mouthwash in reducing mucositis caused by
chemotherapy and radiotherapy in children was
examined. 17 children with head and neck
malignancies who received radiotherapy were
evaluated in this pilot study. Eight patients in the
study group used a 30cc glutamine solution
containing 16 grams of glutamine in 240cc normal
saline as a mouthwash for 3 minutes before each
meal and before bedtime. The study's results
indicated that the average maximum grade of
severe mucositis in the glutamine group was
significantly lower than in the control group.

Also, the duration of mucositis was significantly
shorter in all three grades of mucositis (grades 1,
2, and 3) in the glutamine group,3? while in the
study, no significant correlation was observed
between the severity of mucositis in the two
groups receiving glutamine and placebo.

In 2008, Sornsuvit et al. conducted a study on
the effectiveness of intravenous glutamine sup-
plementation in preventing chemotherapy-induced
side-effects in patients with acute myeloid
leukemia (AML). They conducted a clinical trial
study on 16 patients suffering from AML. The
patients were randomly included in two groups,
one receiving intravenous glutamine supplemen-
tation (30 grams per day) and the other receiving
an equivalent amount of a standard amino acid
mixture (25 grams per day) on day 1 to day 5 of
chemotherapy. In patients undergoing treatment
with glutamine, the percentage of neutrophil
phagocytosis was significantly higher than the
placebo group. Also, patients undergoing treatment
with glutamine had significantly less mucositis
than the placebo group. This study demonstrated
that intravenous glutamine supplementation
enhances the performance of the phagocytic
neutrophils, sustains nutritional status, and reduces
mucositis.33 However, that study was not
consistent with ours regarding the effectiveness
of glutamine on mucositis. The reported findings
in the Sornsuvit study demonstrated that the
glutamine had a positive impact on mucositis,
and that is perhaps because most of the patients
in the glutamine group had less severe mucositis
for a shorter period compared with the control
group and given the small number of participants
in the study, it was not possible to demonstrate a
significant effect.

Choi et al. conducted another study on the
effectiveness of oral glutamine on
mucositis/stomatitis induced by chemotherapy.
51 patients with advanced or metastatic cancer
undergoing chemotherapy with 5-FU and
Leucovorin were included in the study. Also, 18
healthy individuals were included in the control
group. After chemotherapy was stopped, mucositis
and stomatitis were examined on day 7. Of 51
patients, 22 received oral glutamine (30 grams
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per day), and 29 received only supportive
healthcare. Mucositis was seen in only 9% of
patients receiving glutamine, as well as 38% of
the patients in the control group, and glutamine
supplements led to a mucositis and stomatitis
incidence reduction in patients undergoing
chemotherapy.3*

Our study has some limitations. First, due to
the lack of facilities, we could not study the phar-
macokinetics of glutamine. Second, we conducted
the study in a single center with a limited larger
sample size. Further studies with larger sample
sizes are recommended to scrutinize the effect
of glutamine mouthwashes and other forms of
glutamine, such as oral and topical. Also, it is
recommended to scrutinize glutamine with various
doses and concentrations.

Conclusion

This investigation found no statistically
significant difference in mucositis outcomes
between children treated with glutamine
mouthwash and those receiving placebo, nor were
differences observed in the incidence of nausea
and vomiting between the groups in the initial
four days. However, both groups experienced a
significant reduction in nausea within the same
timeframe. Notably, the glutamine group
significantly improved liquid and solid food intake
by the fourth day. These findings suggest that
while glutamine mouthwash may not significantly
alter mucositis severity or the frequency of nausea
and vomiting, it could enhance nutritional intake
in pediatric patients undergoing high-dose
methotrexate treatment for ALL.
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