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ABSTRACT

Introduction: Mucositis is acute oral toxicity induced by radiation or systemic cytotoxic Keywords:
chemotherapy agents in patients with cancer that may lead to discontinuing the treatment or L-Carnitine
reducing the administered dose. In this study, we aimed to evaluate the preventive effect of oral Mucositis
L-carnitine on chemotherapy-induced mucositis. Chemotherapy
Methods: This prospective clinical trial employed a double-blind, randomized, placebo- Cancer

controlled design. All consecutive cancer patients who met the inclusion criteria were enrolled Antineoplastic drugs

in the oncology ward of Imam Khomeini Hospital, Urmia, Iran. Patients were randomly
allocated to one of two groups: one receiving L-Carnitine 1000 mg three times daily (total dose
3000 mg/day) and the other receiving a placebo. Mucositis severity was evaluated clinically
using the WHO scoring system every week throughout the 21-day study period.

Results: L-carnitine supplementation did not significantly reduce the incidence of mucositis
compared to placebo (p-value = 0.748). Among the 40 enrolled patients, 20 (50%) developed
mucositis: 9/16 (56.25%) in the L-carnitine group and 11/24 (45.83%) in the placebo group.
Grade 2 mucositis was the most common presentation, affecting 31.3% (5/16) of the L-carnitine
group and 29.2% (7/24) of the placebo group.

Conclusion: Our investigation did not identify a statistically significant impact of L-Carnitine
supplementation on the incidence, severity progression, or WHO grade distribution of
chemotherapy-induced oral mucositis compared to the placebo group.
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Introduction

Cancer therapies frequently induce a spectrum of oral
toxicities, with oral mucositis (OM) being a prevalent
acute and self-resolving manifestation. Characterized
by reversible inflammation and ulcerative lesions with-
in the oral cavity's soft tissues (Peterson et al., 2011),
OM affects a significant proportion of cancer patients
undergoing treatment. Studies report that 20-40% of in-
dividuals receiving standard chemotherapy experience
OM, with this incidence escalating to 80% for patients
undergoing hematopoietic cell transplantation (HCT)
or radiation-involving regimens (Lalla et al., 2014; So-
nis 2004; Sonis et al., 2004). The prevailing hypothesis
attributes most OM cases to an oxidative stress mech-
anism, resulting in the generation of reactive oxygen
species (ROS) (Nguyen et al., 2022). Excessive ROS
production during oxidative stress disrupts cellular ho-
meostasis by damaging DNA and altering protein struc-
tures. Furthermore, chemotherapy-induced activation of
nuclear factor kappa B (NFkB) stimulates the produc-
tion of pro-inflammatory cytokines (Pham et al., 2015).
In essence, OM represents the culmination of a cascade
of inflammatory events leading to mucosal ulceration
and increased susceptibility to oral infections (Sangavi
and Pandiyan 2024).

A growing body of research explores preventative
and therapeutic interventions for chemotherapy-induced
mucositis, a prevalent clinical challenge. Several agents
demonstrate promise for prophylaxis, including pali-
fermin, glutamine, calcium phosphate rinses, and allo-
purinol mouthwash (Ana et al., 2020). Management of
established mucositis often relies on topical analgesics
(lidocaine, morphine), doxepin rinses, diluted hydrogen
peroxide solutions, and vitamin E, although further data
are needed in this area (Ngeow et al., 2008). Notably,
the risk of mucositis is significantly higher with DNA
cycle-specific chemotherapeutic agents like bleomy-
cin, fluorouracil, and methotrexate compared to cell
phase non-specific drugs (Kazmierczak-Siedlecka et al.,
2023). Drugs secreted in saliva, such as methotrexate
and etoposide, further elevate the risk of stomatotox-
icity (Sledzinska et al., 2023). Additionally, high-dose
regimens of Cytarabine, Doxorubicin, Etoposide, and
Melphalan, along with bolus administration schedules
of fluorouracil and treatment with mammalian target
of rapamycin (mTOR) inhibitors are associated with a
substantially increased risk of developing oral mucosal

lesions (approximately 70%) (Chaveli-Lopez 2014).

Mammals possess a "carnitine pool" comprised pri-
marily of L-carnitine (3-hydroxy-4-N-trimethylammo-
nium butyrate), a small, polar, and endogenous mole-
cule. The liver, brain, and kidneys synthesize L-carnitine
from lysine and methionine (Askarpour et al., 2020).
This molecule plays a crucial role in cellular metabolism
by facilitating the transport of free fatty acids (FFAs)
from the cytosol to the mitochondria (Edwards and Mo-
hiuddin 2023). Within the mitochondria, FFAs under-
go beta-oxidation, generating acyl-CoA intermediates.
These intermediates then enter the tricarboxylic acid
(TCA) cycle, a process that consumes significant oxy-
gen and produces ATP via the electron transport chain
and oxidative phosphorylation. Notably, the complete
reduction of oxygen at the end of the TCA cycle and
its conversion to water (H,O) minimizes the formation
of reactive oxygen species (ROS) (Mayes and Botham
2000).

Beyond its role in fatty acid metabolism, L-carnitine
also demonstrates antioxidant and cytoprotective prop-
erties. Studies suggest it regulates nitric oxide levels
during cellular respiration and helps preserve antioxi-
dant enzymes such as glutathione peroxidase, catalase,
and superoxide dismutase (Essawy et al., 2022). En-
couragingly, animal studies have shown L-carnitine's
potential to mitigate mucosal damage, delay the onset of
mucositis, and enhance serum antioxidant levels (Kokli
etal., 2015). However, to date, no clinical investigations
have explored the impact of L-carnitine on preventing
oral ulcers associated with chemotherapy. This research
aims to address this gap in knowledge by evaluating the
efficacy of L-carnitine supplementation in preventing
mucositis in patients undergoing chemotherapy.

Materials and Methods

This controlled, double-blinded, randomized paral-
lel clinical trial compared the effectiveness of a daily
oral L-Carnitine supplement (3000 mg) with a placebo
in preventing chemotherapy-induced mucositis among
cancer patients admitted to the oncology ward (Cruciani
et al., 2006). The study period spanned from February
2017 to August 2017. Prior to commencement, ethical
approval was granted by the relevant ethics committee
(code: 1395-01-63-2524), and the trial was registered
with the clinical trial registry (IRCT201102265914N1).
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Written informed consent was obtained from all adult
participants, and for minors, from their parents or legal
guardians.

Study Population

Throughout the study period, all patients referred to
the Haematology ward at Urmia Medical Science Uni-
versity, Urmia, Iran, underwent screening for eligibility.
Patients were included if they met the following criteria:
(1) age 14 years or older, (2) signed informed consent,
(3) planned to receive at least one chemotherapy med-
ication with a documented risk of mucositis exceeding
10%, and (4) a history of mucositis from prior chemo-
therapy regimens was not an exclusion factor.

Conversely, patients were excluded from participation
if they presented with (1) head and neck or oral cavity
cancers, (2) a documented history of adverse reactions
to L-carnitine supplementation, (3) prior radiotherapy
treatment, (4) concurrent use of vitamin, carnitine, or
mineral supplements within the past eight weeks, (5)
severe hepatic or renal dysfunction, or (6) experienc-
ing significant side effects such as extreme nausea that
would impede their ability to participate in the study
protocol.

Randomization and Intervention

To ensure allocation concealment and minimize bias,
a double-blinded approach was implemented throughout
the study. Karen Yazd Company supplied both L-carni-
tine and placebo capsules. The capsules were identical
in appearance and packaging, making it impossible to
distinguish between the two interventions. Neither in-
vestigators nor patients were aware of their assigned
group (L-carnitine or placebo). An independent phar-
macist performed the randomization process. Medica-
tions were allocated into groups A and B, and allocation
assignments were concealed within opaque envelopes.
This ensured that all participants involved in the trial,
including pharmacists, nurses, physicians, and patients,
remained blinded to group allocation until the study was
completed and data analysis commenced.

Outcomes and follow-up

The World Health Organization (WHO) grading sys-
tem served as the primary tool for assessing the severity
of chemotherapy-induced mucositis in this study (Wil-
kes 1998). This standardized system employs a five-

point scale:

Grade 0: Absence of any signs or symptoms of mu-
cositis.

Grade 1: Non-inflamed ulcers, edema, or mild pain
without impacting dietary intake.

Grade 2: Painful erythema, edema, or ulcers; howev-
er, patients can still maintain a normal diet.

Grade 3: Presence of painful erythema, edema, or ul-
cers that significantly impair oral intake, necessitating
enteral or parenteral nutritional support.

Grade 4: Severe mucositis requiring complete reli-
ance on enteral or parenteral nutrition.

The Naranjo Adverse Drug Reaction Probability Scale
was utilized to evaluate the potential association be-
tween any reported nausea and L-Carnitine supplemen-
tation (Naranjo et al., 1981). This established scale gives
scores based on a number of factors. Scores of nine or
higher mean that there is definitely an adverse drug re-
action, scores of five to eight mean that there is probably
one, scores of one to four mean that there is possibly
one, and scores of zero or less mean that there is not one.

Study Protocol and Data Collection

Following assessment for eligibility based on the
outlined inclusion and exclusion criteria, patients were
randomly allocated to either the L-Carnitine or placebo
group using a table of random numbers. Data collec-
tion employed a multifaceted approach, encompassing
patient interviews, clinical observations, and electronic
medical records retrieval from the hospital information
system. Demographic information (gender, age, weight,
medication history, smoking status, and alcohol con-
sumption) and clinical characteristics (type of cancer/
tumor, presence, and severity of oral mucositis) were
collected through a combination of interviews, observa-
tions, patient charts, and the hospital information sys-
tem. Data collection occurred on the first day of treat-
ment and continued weekly throughout the 21-day study
period.

All participants received standardized instructions to
abstain from alcohol, cigarettes, and spicy or sour foods,
and to maintain meticulous oral hygiene by brushing
twice daily with a soft toothbrush. Mouthwash use was
discouraged during the study. While the protocol did not
involve the use of any adjuvant or pretreatment medica-
tions for mucositis due to ethical considerations, patients
experiencing a worsening of symptoms or expressing
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519 patients were assessed for eligibility |

470 patients were excluded based on
exclusion criterias:

chemotherapy medication had low risk
(«10%) of causing mucositis

history/current radio therapy

taking other supplements in the past 8
weeks

extreme nausea

rendered to participate

49 patients underwent randomization

24 patients were assigned to L-carnitine

| | 25 patients were assigned to placebo

8 patients were
withdrawn :

6 non-compliance
2 lostto follow-up

1 patient was
withdrawn (lostto |
follow-up)

24 patients in

16 patients in
L-carnitine
group finished
the study

placebo group
finished the study

FIGURE 1. Flowchart of the study

dissatisfaction were withdrawn from the study and re-
turned to standard care for mucositis management.

The intervention commenced with the first dose of
the chemotherapy regimen. Patients in the L-Carnitine
group received a total of 3000 mg daily, divided into
three oral doses (1000 mg each) administered in the
morning, noon, and evening for 21 days. The placebo
group received a matching regimen with identically ap-
pearing capsules devoid of the active ingredient.

Statistical analysis

Sample size estimation was based on a review of
relevant databases and animal studies demonstrating a
potential 20% reduction in mucositis with L-Carnitine
supplementation (Koklii et al., 2015). Employing a sig-
nificance level (o) of 0.05 and a power () of 0.2, a sam-
ple size of 16 participants per group (L-Carnitine and
placebo) was calculated to ensure adequate statistical
power for detecting a clinically relevant effect size.

Statistical analyses were performed using the Statis-
tical Package for Social Sciences (SPSS) version 21.
Descriptive statistics were generated for both continu-
ous and nominal variables. Continuous variables were
expressed as mean + standard deviation, while nominal
variables were presented as frequencies and percentages.

Group comparisons for continuous variables were con-
ducted using the independent-samples t-test, assuming
normality was confirmed using the Kolmogorov-Smirn-
ov test. For non-normally distributed continuous data,
such as age or weight, the Mann-Whitney U test was
employed. Categorical variables, including sex, smok-
ing status, and medication use (antibiotics, antifungals,
antivirals, and antidepressants), as well as the incidence
of mucositis, were analyzed using the chi-square test.
A p-value of less than 0.05 was considered statistically
significant.

Results

Baseline Characteristics

A total of 519 patients were screened for eligibility.
Following assessment, 49 patients were enrolled and

randomized into either the L-carnitine (n=24) or place-
bo (n=25) group (Figure 1). Details regarding random-
ization procedures should be provided (e.g., sequence
generation, allocation concealment). Nine patients were
excluded from the study. Six patients experienced ad-
verse effects associated with L-carnitine, while three pa-
tients withdrew due to personal reasons. The final anal-
ysis included 16 patients in the L-carnitine group and 24
patients in the placebo group. It is important to note that
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TABLE 1: Baseline characteristics of patients among L-carnitine and placebo group

Placebo

L-carnitine (N=16) (N=24) p-Value

Female: Male 5:11 13: 11 0.154 *
Age (years) § 48 £12.6 51+17.9 0.272
Weight (kg) § 71.8 +8.5 70 £12.2 0.138
Smoking, N (%) 4 (25%) 2 (8.2%) 0.195%*
Concomitant Antibiotic Use, N (%) 2 (12.5%) 1(4.2%) 0.553*
Concomitant Antidepressant use, N (%) 0 1(4.2%) 1.000*
Concomitant Antiviral use, N (%) 0 1(4.2%) 1.000*
ConcomitantAntifungal use, N (%) 1 (6.2%) 1(4.2%) 1.000*
Oral hygiene with toothbrush 16 (100%) 24 (100%) -

No tooth 4 (25%) 7 (29%)

No decay 3 (18.7%) 2 (8%)
Tooth decay, N (%) 0.713

1-4 decays 6 (37.5%) 12 (50%)

> 5 decays 3 (18.7%) 3 (12.5%)

* Chi-square test. T-test. Mann-Whitney test. § Mean £SD

all participants were undergoing chemotherapy and had
no prior history of radiation therapy.

The baseline characteristics of the study participants
were well-matched between the L-carnitine and placebo
groups (Table 1). The mean age of the patients was 50
+ 15.9 years old, and a majority (55%) were male. The
distribution of cancer types showed gastric cancer as the
most prevalent (22.5%), followed by acute lymphocyt-
ic leukemia (17.5%), acute myeloid leukemia (15%),
breast cancer (10%), and colon cancer (7.5%). Cyclo-
phosphamide (37.5%) and 5-FU (27%) were the most
commonly administered chemotherapeutic agents. It is
noteworthy that among patients receiving 5-FU, approx-
imately 37.5% belonged to the L-carnitine group (Table
2). Cisplatin plus 5-FU and docetaxel was the most fre-
quent chemotherapy regimen used (10%).

Mucositis, a common side effect of chemotherapy, was
observed in 50% of the study population during the fol-
lowup period. Notably, the incidence of mucositis was
numerically higher in the L-carnitine group compared
to the placebo group (56.25% vs. 45.83%). However,
statistical analysis revealed no significant difference in
mucositis rates between the groups (p-value = 0.748) as
illustrated in Figure 2.

According to Figure 3 , most patients (27.5%) experi-
enced mucositis during the first week of the treatment,
25% were in L-Carnitine, and 31.3% were in placebo
groups, but the difference was insignificant. In the sec-
ond week, the prevalence of mucositis was the same

between L-Carnitine and placebo groups (12.5%). In
the third week of treatment, the prevalence of mucositis
among placebo recipients was lower (8.3% ) than among
L-Carnitine recipients (12.5%), (P-value= 0.540) (Fig.
3).

As shown in FIGURE 3, mucositis developed in a
substantial proportion of patients throughout the first
three weeks of treatment. In the first week, the preva-
lence of mucositis was highest, affecting 27.5% of all
participants. While the incidence appeared slightly
higher in the placebo group (31.3%) compared to the
L-Carnitine group (25.0%), this difference was not sta-
tistically significant (p-value = 0.540). The following
two weeks exhibited a downward trend in mucositis,
with equal prevalence observed between the groups in
week two (12.5% for both) and a lower prevalence in
the placebo group (8.3%) compared to the L-Carnitine
group (12.5%) in week three. However, similar to week
one, the difference in week three did not reach statistical
significance (p-value = 0.540).

Nine out of 24 patients (37.5%) receiving L-Carnitine
experienced nausea. An assessment using the Naranjo
scale revealed that eight of these patients scored between
5-8, indicating a probable association between nausea
and L-Carnitine use. Six patients discontinued the study
due to nausea, suggesting a possible intolerance. Inter-
estingly, nausea subsided in the two remaining patients
despite continued L-Carnitine administration. Notably,
no other adverse effects attributable to the drug were ob-
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TABLE 2: Administered Chemotherapy medications among L-Carnitine or placebo groups, N (%).

L-Carnitine (N=16)

Placebo (N=24)

Category Specific drug
Chemotherapy agents associated with mucositis'®
Alkylating agents Carboplatin
Cisplatin
Cyclophosphamaide
Ifosfamide
Anthracyclines Daunorubicin
Doxorubicin
Epirubicin
Mitoxantrone
Antimetabolites 6-Mercaptopurine
Capecitabine
Cytarabine
Fludarabine
5- Fluorouracil
Methotrexate
Antitumor antibiotics Bleomycin
Taxanes Docetaxel
Topoisomerase inhibitors Etoposide
Irinotecan
Molecularly targeted agents Cetuximab
Other administered drugs Vincristine

L-Asparginase
Oxaliplatin
Rituximab
Pegagen

1(6.25%)
5(31.20%)
3 (18.75%)
1(6.25%)
2(12.5%)
0 (0%)

3 (18.75%)
1(6.25%)
1(6.25%)
3 (18.75%)
2(12.5%)
1(6.25%)
6 (37.5%)
0 (0%)
1(6.25%)
3 (18.75%)
3 (18.75%)
2(12.5%)
0 (0%)

2(12.5%)
2(12.5%)
4 (25%)
2(12.5%)
3 (18.75%)

0 (0%)
5(20.83%)
12 (50%)

0 (0%)

4 (16.66%)
8(33.33%)
1 (4.16%)
1 (4.16%)
1 (4.16%)
1 (4.16%)
4 (16.66%)
2(8.33%)
5(20.83%)
1 (4.16%)
2(8.33%)
3(12.5%)
1 (4.16%)
1 (4.16%)
1 (4.16%)

5(20.83%)
1 (4.16%)
4(16.7%)
4(16.66%)
3(12.5%)

Figure 2. Incidence of mucositis during the 21-day study period

N (% within each treatment group)

16

14

12 A

10 A

Number of patients
(o4}

9 (56.25%)

7 (43.75%)

L-carnitine
(N=16)

11 (45.83%)

Placebo

B Mucositis
mmm No mucositis
13 (54.17%)

FIGURE 2. The incidence of mucositis among L-Carnitine and placebo groups during the whole study (21 days), N (%)
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Figure 3. Week of mucositis onset during the 21-day study period
% within each treatment group

40

35

31.3%

30 A

25.0%

% within group

12.5%

Week 1

Week 2

B L-carnitine (N=16)
m Placebo (N=24)

12.5%

Week 3

FIGURE 3. The onset time of mucositis in patients during the study period, (%)

Figure 4. WHO mucositis-grade distribution

N (% within each

treatment group)

16
B | -carnitine (N=16)
mmm Placebo (N=24)
14 A
13 (54.2%)
12 A
£ 10
.0
=
©
o
—
8 -
° 7 (43.8%) 7 (29.2%)
&
£
6 -
= 5 (31.2%)
4 -
3(18.8%) 3 (12.5%)
2 -
1(6.2%) 1(4.2%)
0(0.0%) 0 (0.0%)
0- T
No mucositis Grade 1 Grade 2 Grade 3 Grade 4
Grade 0

FIGURE 4. Mucositis grading in L-Carnitine and placebo group according to the World Health Organization grading system, N (%).

served in this study.

Discussion

This randomized controlled trial (RCT) represents the
first investigation to evaluate the efficacy of oral L-Car-
nitine in preventing chemotherapy-induced mucositis in
humans. While prior research has explored various ap-

plications of L-Carnitine, only two pre-clinical studies
using animal models have examined its potential role
in mucositis management (Cruciani et al., 2006; Koklii
et al., 2015; Naranjo et al., 1981; Ugiincii et al., 2006;
Wilkes 1998). One study involving 35 male mice with
radiation-induced mucositis demonstrated that daily ad-
ministration of 200 mg/kg L-Carnitine delayed the onset
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of mucositis, lessened the severity of mucosal damage,
and increased blood antioxidant levels (Koklii et al.,
2015). These findings suggest a potential mechanism
by which L-Carnitine may exert its protective effects.
Another randomized trial compared the effects of daily
L-Carnitine (100 mg/kg and 200 mg/kg) with vitamin
E (100 mg/kg) and a control group in 24 albino rats.
All groups exhibited improvements in serum levels of
malondialdehyde (MDA), catalase, and superoxide dis-
mutase, along with enhanced wound healing. Notably,
the L-Carnitine groups displayed a faster rate of wound
healing compared to the vitamin E group (Ugiincii et al.,
2006). These findings warrant further investigation in
human trials.

Mucositis and oral ulcers, arising from local tissue
damage, are characterized by elevated oxidative stress
and increased production of free radicals. These radicals
interact with fatty acids in damaged cell membranes,
triggering a lipid peroxidation reaction that hinders
healing. Multiple studies in animals and humans have
demonstrated the wound-healing benefits of antioxi-
dants, which act by preventing and limiting oxidative
damage (Fitzmaurice et al., 2011).

L-Carnitine, a naturally occurring antioxidant mole-
cule present in all mammals, has emerged as a potential
candidate for wound healing due to its antioxidant prop-
erties (Fitzmaurice et al., 2011; Hosseini et al., 2016).
Synthesized in the kidneys from methionine and lysine,
with additional dietary intake contributing about 75%,
L-Carnitine's primary function is facilitating fatty acid
transport into the mitochondria for energy production
via beta-oxidation. Beyond this essential role, L-Carni-
tine also plays a crucial part in mitochondrial and per-
oxisomal metabolism. Notably, L-Carnitine's ability to
scavenge free radicals suggests its potential to protect
cells from oxidative damage (Flanagan et al., 2010).

Pre-clinical studies suggest that L-Carnitine supple-
mentation may exert its protective effects against muco-
sitis through its antioxidant properties. In elderly mice,
L-Carnitine administration increased the activity of
glutathione and other antioxidant enzymes, suggesting
a potential mechanism for mitigating oxidative stress
(Babicova et al., 2013). Furthermore, L-Carnitine's
ability to reduce lipid peroxidation safeguards cellular
components like DNA, proteins, and lipids from oxida-
tive damage (Babicova et al., 2013). Notably, research
has also demonstrated protective effects of L-Carnitine

against radiation therapy-induced damage in tissues like
the oral mucosa of mice and guinea pigs (Babicova et
al., 2013). Given that free radical production and lip-
id peroxidation are established mechanisms underlying
chemotherapy-induced mucositis, L-Carnitine's antioxi-
dant properties make it a rational candidate for mucosi-
tis prevention.

Over the 21-day study period, mucositis developed
in 50% of the participants. While the incidence was
numerically higher in the L-carnitine group (56.25%
[9/16]) than in the placebo group (45.83% [11/24]),
the difference was not statistically significant (p-value
= 0.748). It is noteworthy that the observed mucositis
rates (50%) are consistent with findings from a previous
review article, which reported mucositis rates of 40%
and 75% in patients undergoing standard and high-dose
chemotherapy, respectively (Naidu et al., 2004).

The severity of mucositis, as assessed using WHO cri-
teria, did not exhibit a statistically significant difference
between the L-Carnitine and placebo groups (p-value =
0.589). Consistent with previous findings (da Cruz Cam-
pos et al., 2014; Naidu et al., 2004), grade 2 mucositis
was the most prevalent, affecting 30% of participants.
Notably, the distribution within each group mirrored
this trend, with 31.3% and 29.2% experiencing grade
2 mucositis in the L-Carnitine and placebo groups, re-
spectively.

Similar to the absence of grade 4 mucositis in our
study, a 2016 randomized controlled trial by Elyasi et
al. investigating silymarin for radiotherapy-induced mu-
cositis reported no patients experiencing grade 4, while
the placebo group exhibited grade 3 or 4 mucositis in
some patients (Hosseini et al., 2016). This suggests a po-
tential protective effect against severe mucositis in both
interventions (L-Carnitine and silymarin) compared to
placebo.

Consistent with established literature (Naidu et al.,
2004; Wong 2014), our study observed the peak inci-
dence of chemotherapy-induced mucositis during the
first week of treatment. In this initial week, 27.5% of
participants developed signs and symptoms of mu-
cositis, with a slightly higher prevalence in the place-
bo group (31.1%) compared to the L-Carnitine group
(25.0%). However, this difference was not statistically
significant. This initial peak aligns with the findings of
Epstein et al. and Naidu et al. who reported that mu-
cositis typically manifests soon after commencing che-
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motherapy, reaching its peak around day seven (Naidu
et al., 2004; Wong 2014). Following this initial week,
the prevalence of mucositis decreased in both groups,
with equal rates observed in week two (12.5% for both)
and a slightly lower prevalence in the placebo group
(8.3%) compared to the L-Carnitine group (12.5%) in
week three. The gradual decline in mucositis prevalence
after the first week is consistent with the reported reso-
lution timeframe of 10-14 days following chemotherapy
(Naidu et al., 2004; Wong 2014).

L-Carnitine has a generally well-tolerated profile in
human and animal studies, with both acute and chronic
use demonstrating minimal safety concerns (Cruciani
et al., 2012; Farahzadi et al., 2016; Hatamkhani et al.,
2014; Kokli et al., 2015; Marx et al., 2017; Matsui et
al., 2018; Thal et al., 1996; Ugiincii et al., 2006). Gastro-
intestinal symptoms, particularly nausea, have been re-
ported in rare cases, but these often resolve with contin-
ued use (Koklii et al., 2015; Ugiincii et al., 2006). These
findings suggest that L-Carnitine, if proven effective
in preventing mucositis, has the potential to be a safe
therapeutic option. However, our study findings present
a nuance to consider. While the overall number of ex-
cluded patients was small (n=9), six of these individuals
discontinued due to adverse effects attributed to L-Car-
nitine, as assessed by the Naranjo scale with scores be-
tween 5-8 (probable association). Three other patients
withdrew for unrelated personal reasons. Further inves-
tigation with a larger sample size is warranted to defin-
itively assess L-Carnitine's safety profile in this specific
context of preventing chemotherapy-induced mucositis.

Limitations of study

Several limitations may have contributed to the in-
conclusive findings regarding the primary endpoint of
preventing mucositis. The relatively small sample size
limited the study's statistical power to detect potential
differences between the L-Carnitine and placebo groups.
Additionally, the study design did not evaluate the time
to mucositis healing, which would provide valuable
insights into L-Carnitine's potential impact on the du-
ration of this adverse effect. Furthermore, the probable
dose-dependent effect of L-Carnitine warrants further
investigation. While previous studies suggest higher
doses (above 3g daily) may be more effective (Chave-
li-Lopez 2014), the potential for increased adverse ef-
fects necessitates a careful risk-benefit analysis. Explor-

ing a loading dose before chemotherapy initiation, as
suggested by other research, could also be a promising
avenue for future studies (Chaveli-Lopez 2014). Patient
compliance also emerged as a potential challenge. The
large size of the pills and the required three-times-a-day
regimen might have contributed to non-adherence. This
is particularly relevant for outpatients, who were more
difficult to monitor compared to hospitalized patients
(typically admitted for only one week). Ideally, future
studies could incorporate strategies to improve adher-
ence, such as directly observing medication intake or
utilizing smaller, easier-to-swallow tablets.

Conclusions

This randomized controlled trial did not demonstrate
a statistically significant effect of L-Carnitine on pre-
venting chemotherapy-induced mucositis, its progres-
sion, or WHO grade severity compared to the placebo
group. While these findings do not support the use of
L-Carnitine for this specific purpose in clinical practice
at present, they contribute valuable data to the limited
body of human research on L-Carnitine's impact on
mucositis. Further investigation is warranted to address
the limitations of the current study and establish a more
robust knowledge base for future research. Specifical-
ly, exploring the influence of L-Carnitine on mucositis
within the context of specific chemotherapy regimens or
tumor types may yield more definitive results. Addition-
ally, larger sample sizes and a focus on patient adher-
ence could enhance the generalizability of future trials.
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