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Abstract
Objectives: This study aimed to investigate the effects of Azithromycin suspension on oral mucositis in
patients undergoing hematopoietic stem cell transplantation (HSCT)

Methods and material: The study was designed as a single-blind randomized controlled trial in Taleghani
medical center a�liated to Shahid Beheshti University of Medical Sciences Tehran Iran. Patients
undergoing HSCT were randomly assigned to intervention or control groups. Azithromycin suspension was
administered twice daily for gargling for 30 seconds and swallow, on the �rst day of chemotherapy for
patients in the intervention group. Graded Oral Mucositis (OM) occurrence based on National Cancer
Institute Common Toxicity Criteria (NCI-CTC) scale (grade 0 to 5) considered as the main outcome and the
Numerical Rating Scale (NRS:0-10) measured the severity of OM symptoms.

Results: In a duration of �fteen months, 88 patients were randomly assigned and �nally 70 patients were
evaluable for study outcomes (randomized 1:1 to azithromycin versus no-azithromycin). The incidence and
duration of the mucositis signi�cantly improved in the intervention group compared to the control.
Azithromycin use was consistent with a lower rate of dryness (P<0.001), dysphagia (P<0.001), and loss of
sense of taste (P<0.001). Also, in the intervention group, lower intensity of pain due to mucositis (P=0.01)
and lower duration of mucositis were observed (p=0.045). No signi�cant adverse drug reaction was
observed in patients receiving azithromycin.

Conclusion: Based on the result from this study Azithromycin suspension is an effective option in the
prevention and treatment of chemotherapy-induced OM. Further study is needed to assess the effect of
azithromycin and comparison with other therapeutic options.

Introduction
Hematopoietic Stem Cell Transplantation (HSCT) is an acceptable cure in many hematologic and
autoimmune diseases (1). This therapeutic approach involves harvesting, maintaining, and administering
stem cells from a donor to the patient after using chemotherapy (2, 3). Donor and recipient are the same in
autologous transplant but the donor is from related or unrelated human leukocyte antigen (HLA) matched
in allogeneic transplantation (4). Using high doses of chemotherapy medication as a conditioning regimen
is accompanied by serious adverse reactions (5). Mucositis is a dose-limiting complication of
chemotherapy in HSCT patients. Mucosal injury is characterized by in�ammation, pain, redness, edema,
ulcer and bleeding, and superinfections (6). This dose-limiting ADR negatively affects the nutritional
condition of the patients (7). Oral mucositis (OM) is seen in 40% of the chemotherapy cycles and 7% in
gastric mucosa in cancer chemotherapy (8). Due to higher doses of chemotherapy agents in HSCT
mucositis has been reported in about 70-80% of patients (9). Mostly, mucosal injury occurs 5-6 days after
cytotoxic therapy and reach their maximum in 14 days (6). Clinically, mucositis usually begins with
erythema or pain and can cause the spread of ulcers and result in the problem of swallowing and reducing
nutritional intake (10). In the case of severe thrombocytopenia, oral bleeding may occur in these patients
(11).
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In order to decrease the symptoms associated with OM, different agents have been investigated. Due to the
in�ammatory and microbial process of mucositis, many antibiotics and anti-in�ammatory agents had been
tested to control and prevent mucositis. In the process of mucositis, the most isolated gram-positive
microorganisms are staphylococcus and streptococcus colonies (12).  Azithromycin is a macrolide
antibiotic with anti-in�ammatory properties by accumulation in the polymorphonuclear leukocytes and
macrophages, and modulate the in�ammatory response (13, 14). In addition, azithromycin antimicrobial
effects against Staphylococci and Streptococci species could be effective in the prevention and treatment
of OM (15). Due to the anti-in�ammatory, immunomodulatory and anti-microbial effects of azithromycin,
we hypothesized that oral azithromycin suspension could be effective in preventing and treating mucositis
and reducing the complications of mucositis.

Methods And Materials
Study design and patient’s selection

We conducted a single-blind, randomized, controlled clinical trial from February 2016 to May 2017 at the
bone marrow transplantation center, Taleghani Teaching Hospital a�liated to Shahid Beheshti University of
Medical Sciences, Tehran, Iran. The study was conducted in accordance to the declaration of Helsinki and
was approved by the board of ethics committee in Shahid Beheshti University of Medical Sciences and
registered in the Iranian Registry of Clinical Trials (IRCT201603093210N13). Written informed consent was
signed by all participants or their legal guardians before enrollment.The inclusion criteria were de�ned as
followed. Patients aged 15 years and older, being a nonsmoker, able to gargle mouthwash solution, with no
history of liver disease and capability of reading and communicating with staff and able to sign the
informed consents included to the study.Exclusion criteria included any serious adverse effect of
azithromycin or allergic reaction to azithromycin suspension, and failure to follow the instruction to use
oral protocol due to any variation of the patient’s health condition.All included patients were randomly
assigned into two groups of azithromycin suspension and control. Randomization of patients was
strati�ed with respect to age, gender, type of transplantation, and malignancy

Intervention

On the �rst day of hospitalization, patients are provided with instructions to maintain good oral hygiene.
Based on bone marrow transplant (BMT) ward protocol, during the hospitalization time, patients in both
groups received sodium chloride 0.9% and chlorhexidine mouthwash 5 mL three times daily to reduce the
risk of oral infections.By adding 30 mL pre-boiled water to the bottle of Azithromycin (Tehran Cheimie
Pharmaceutical Company, Tehran, Iran) powder up to the marked line, the suspension is ready to use by the
concentration of 200mg/5mL. The prepared medication should be consumed by the patients in 48 hours
7.5 mL twice daily. On the �rst day of chemotherapy patients in the test group, received Azithromycin
suspension. They were requested to shake well and gargle 7.5 mL suspension for 30 seconds or more and
then swallow twice daily. The therapy continued to the engraftment day or mucositis resolution.Oral
examination was performed from the �rst day of chemotherapy before intervention and daily thereafter. To
control and manage the symptoms of OM after the occurrence, chlorhexidine mouthwash discontinued and
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symptoms were managed using a mouthwash containing diphenhydramine 12.5mg/5mL, lidocaine 2%,
aluminum hydroxide 225mg/5mL, magnesium hydroxide 200mg/5mL, and nystatin 100000IU/12mL was
prescribed. Refractory episodes of pain were controlled using opioids as patient control analgesia (PCA)
administration in both groups until engraftment day or recovery of the mucosa. Also, patients in the
intervention group were instructed to use Azithromycin suspension until the engraftment day or resolution
of OM. Moreover, the standard protocol of the BMT ward continued for managing mucositis.

Assessment and outcome measures

For each patient, basic demographics and clinical data including age, gender, type of malignancy, type of
transplantation, and any history of allergy to drugs were recorded in prepared sheets. laboratory data
consisting of White Blood Cell (WBC), platelet count, blood culture before and after the intervention, time of
total parenteral nutrition (PN) initiation and its duration (if any), need to opioid analgesic and dose of it (if
any), need to receive antibiotics and length of hospital stay were recorded until discharge from the ward.All
patients were assessed for OM episode incidence as the primary outcome. The patients were visited by the
same practitioner to be examined in accordance with the mucositis and the practitioner was blinded to the
allocation. Patients who were not excluded from the study and �nished the protocol were analyzed. The
secondary outcomes measured in both groups as the time of mucositis occurrence, duration of OM
episodes, maximum grade and, average daily degree of mucositis, the necessity to receive other mucositis
therapies, need to receive and duration of PN, antibiotics utilization, length of hospital stay, days with fever,
�rst episode of infection and engraftment time. Also, patients were assessed for severity of the symptoms
and pain, dryness of oral cavity, dysphagia and alteration taste perception, serum glutamate-pyruvate
transaminase (SGPT), and serum glutamic-oxaloacetic transaminase (SGOT) (due to azithromycin side
effect), Serum creatinine, were assessed and recorded for each patient during the study period.Engraftment
time was represented as the day on which the absolute neutrophil count was greater than 500 per microliter
for 3 days in a row and platelet count of 20000 per microliter for 3 consecutive days (16). Infection was
considered as a positive blood culture and fever was de�ned as a single oral temperature equal, or more
than a based on National Comprehensive Cancer Network (NCCN) guideline.National Cancer Institute
Common Toxicity Criteria (NCI-CTC) version 4 mucositis scale was used to measure the OM severity (Table
1) (17). In patients developing OM, the Oral Mucositis Daily Assessment Worksheet was completed and the
severity of symptoms was evaluated using the Numerical Rating Scale (NRS: 0-10).

Statistical analysis

Intention-to-treat analysis was considered. In the case of quantitative variables, the results were calculated
as the mean ±standard deviation, and in the nominal and qualitative variables, the results were expressed
as percentages. To compare quantitative variables with normal distribution, we used paired and unpaired t-
test, and to compare quantitative variables with non-normal distribution, use Mann-U-Whitney test. Chi-
square was used to compare qualitative and nominal variables. Whenever the chi-square test was more
than 25% of the expected values less than 5, we used Fisher Exact test instead of the chi-square test. All
tests were of two-tailed type. The normal distribution of the variables was evaluated using the Kolmogorov-
Smirnov test. P-value less than 0.05 was considered statistically signi�cant. Statistical analysis was
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performed using SPSS Version 22 software and Minitab software. The 2-sided p-value less than 0.05 is
considered as signi�cant.

Results
A total of 88 eligible patients who met the inclusion criteria were enrolled in this study. Of these, 41 patients
were assigned to the treatment group and 47 patients were assigned to the control group.  Out of 88
enrolled patients, 18 patients were excluded due to prolonged neutropenia phase, death, variation of
patients’ health status, gastrointestinal complications following transplantation, and lack of cooperation.
The detailed study diagram is expressed in Figure 1.Table 2 demonstrated the demographics and basic
characteristics of 70 patients who successfully continued the study. No signi�cant difference was observed
in gender, age, type of transplantation, and malignancy between groups.Developing OM signi�cantly
decreased in the treatment group (P = 0.015). OM occurred in 12 (43.3%) patients who received
azithromycin compared to 22(62.9%) in the control group. In total 34 patients diagnosed with OM, the
mean time of onset was 6.1±2.2 days and azithromycin was associated with delayed onset (7.5±1.4 vs
5.3±2.2, P = 0.015). Furthermore, in the treatment group, the duration of mucositis was 5.1±1.3 days in
comparison to 8.8±4.1 days in control patients which were statistically signi�cant (p=0.045). But there was
no signi�cant difference in the maximum grade of mucositis (p=0.157) and average daily grade of
mucositis (p=0.298).In terms of OM symptoms, a signi�cant decrease was detected in the level of pain
(p=0.01), dryness of oral cavity (p<0.001), sense of taste (p<0.001), and dysphagia (p<0.001) in the
azithromycin suspension group. Compared with the control group, the frequency and description of OM are
represented in Table 3.We found that patients receiving Azithromycin suspension were less likely to require
other OM remedies. Ten patients in the intervention and 22 patients in the control group received the
treatment (p =0.004) and the duration of need for other remedies in the azithromycin group was 1.5±2.6
and 5.2±5.1 days in the control group (p=0.05).Patients who received azithromycin needed lower narcotic
analgesics administration (6 vs 18, p=0.003) and the total dose of morphine sulfate decreased (45.8±24.6
vs 179.2±23.7, p<0.001) in the treatment group compared to the control group. In addition, 7(20%) patients
of the treatment group vs 16(45.7%) of the control group patients needed to receive parenteral nutrition
support (p=0.041) with the duration of 3.1±1.1 vs 3.2±1.3 days in intervention and control groups,
respectively. The duration of days of PN in treatment and control groups were 0.7±2.0 and 3.8±7.7 days,
respectively, and was not signi�cantly different (p=0.922). However, the duration of hospitalization did not
change signi�cantly between the two groups (p=0.814) (treatment group: 27.5±4.7 days, control group:
28.5± 6.4 days).

Fever as an indicator of infection was recorded for 1.5±3.6 days in patients who received azithromycin and
0.9±1.6 days in the control group. The difference was not statistically signi�cant (p=0.68). The time of
platelet and WBC engraftment was not statistically different between the two groups. The average use of
antibiotics in the treatment group was 1.4±1.3 and 1.9±1.5 in the control group. No signi�cant difference in
the use of antibiotics was found between the two groups (p=0.088). In accordance with positive blood
culture, two patients in the intervention and seven patients in the control group found positive (P=0.047)
that was signi�cant.
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By considering safety outcomes, adverse drug reactions associated with azithromycin use, and adherence
to the therapy, only 2 patients have failed to receive the medication due to signs and symptoms of
gastrointestinal disorders (consisting of diarrhea, nausea and vomiting). The QTc prolongation did not
occur in the course of therapy in patients who received cardiac monitoring.

Discussion
OM refers to erythematous and ulcerative lesions of the oral cavity mucosa, is observed in patients with
cancer who received chemotherapy, and/or with radiation therapy to �elds involving the oral cavity (6).
Previously, many treatment options have been proposed to alleviate the bothersome symptoms of these
phenomena (18). In the present study, by administrating azithromycin in mouthwash dosage form we
delivered a high concentration of the medication to mucosa directly. The immunomodulatory and also anti-
infective effect of azithromycin delivered to oral mucosa resulted in positive clinical outcomes such as less
frequent mucositis episodes, and a decrease in associated symptoms severity. Also, patients who received
azithromycin needed less parenteral nutrition support because of lower mucositis incidence and intensity,
and also the functioning gastrointestinal tract in this population have important medical and psychological
aspects. Yuen KY et.al evaluated the effect of Clarithromycin on mucositis in 70 patients undergoing bone
marrow transplantation in 2001. Clarithromycin was prescribed 500 mg two times daily orally from 7 days
before transplantation to 2 days before it then followed by 250 mg clarithromycin two times daily until
engraftment. Clarithromycin signi�cantly decreased the incidence of OM compared to the control group.
However, there was no signi�cant difference between the two groups in terms of infection rate, duration of
fever and need to PN, need for growth factors, incidence, and severity of graft versus host disease (GVHD)
between the two groups could not be seen (19). Other therapies with immunomodulatory effects such as
herbal medicine also showed positive effects in this population. Matricaria recutita and Mentha Piperita
herbal mouthwash effects on the management of OM in patients undergoing hematopoietic stem cell
transplantation were examined. The duration, maximum and average daily grade of OM were signi�cantly
reduced in the treatment group.  compared to the control group. The use of herbal mouthwash led to
signi�cant improvements in pain intensity, dryness, and dysphagia. Other signi�cant results include
reduced need for complementary medications, narcotic analgesics, total parenteral nutrition (TPN) and the
duration of PN have been observed(20).

Furthermore, azithromycin mouthwash administration was consistent with other clinical bene�ts along
with reducing the incidence of mucositis. Although azithromycin was not associated with a decrease in the
severity of the OM episodes according to the results, the time of mucositis was delayed approximately two
days and the duration of the mucositis period decreased. Based on its effect on the immune system and
protecting the damaged mucosa from superinfections, it seems tissue regeneration mucosa healing is
accelerated, and alongside lower incidence, delayed episodes with decrease duration were observed. Also,
we should emphasize the important effect of azithromycin on OM complications. As an important aspect
of chemotherapy-induced OM, many of the patients are afraid of its complications such as dry mouth, taste
perception problems. As important �nding azithromycin signi�cantly decreases the incidence of these
complications.
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Other therapeutic agents with anti-in�ammatory effects and antioxidants such as stimulating factors and
nutritional supplementation have been examined. Hosseinjani et al in 2017 evaluate the e�cacy of
erythropoietin mouthwash in the prevention of OM in patients undergoing autologous HSCT. Based on its
anti-in�ammatory properties the results from this study indicated a clinically meaningful positive effect on
the incidence and duration of OM (5). The e�cacy of selenium was evaluated in the prevention of OM in
patients undergoing HSCT as an antioxidant. Thirty-seven patients received oral selenium tablets (200 mcg
twice daily) from the starting day of high dose chemotherapy to 14 days after transplantation. The
incidence of severe OM (grades 3-4) was signi�cantly lower in the selenium group. Signi�cant elevations in
serum selenium level and plasma Glu.Px activity was observed 7 and 14 days after transplantation
compared with baseline in the selenium group. They conclude that selenium. It could reduce the duration
and severity of OM after high-dose chemotherapy (21). But we should consider limitations to use these
therapies. The �rst and most important limitation to use stimulating factors such as erythropoietin is
�nancial considerations. Compared to azithromycin suspension, erythropoietin is associated with a
signi�cantly higher price and the availability of the dosage form is also problematic.

Although azithromycin could be associated with some adverse reaction but based on the results, we did not
record any serious adverse effects due to azithromycin suspension administration. But we still encourage
to assess and monitor patients. For interpretation of the results, the limitations of the study should be
considered. First, this study is not placebo-controlled. Second, the study is designed as a single-centered
pilot study, and larger studies with more sample size are needed.

Conclusions
Azithromycin suspension can be effective in decreasing the incidence and duration of OM in patients who
received HSCT. Also, the need for PN and duration of PN in this and analgesic therapy decreased. Based on
its immunomodulatory and anti-infective properties and affordability and availability, azithromycin
suspension is a reasonable option to use as a preventive and add-on therapy agent in a patient undergoing
HSCT.
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Tables
Table 1. National Cancer Institute Common Toxicity Criteria of mucositis

Grade Description 

Grade
0

None

Grade
1

Painless ulcers, erythema, or mild soreness in the absence of lesions

Grade
2

Painful erythema, edema, or ulcers but eating or swallowing possible

Grade
3

Painful erythema, edema, or ulcers requiring IV hydration

Grade
4

Severe ulceration or requiring  parenteral or enteral nutritional support or
prophylactic intubation

 

Table 2. Patient’s Demographics Characteristics and Related Clinical Data
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Variable Intervention group

(n=35)

Control group (n=35) P value

Age (mean ± SD)

Years

39.1±13.5 44.1±13 0.495

Gender (8)  

Female

Male

15 (42.9)

20 (57.1)

17 (48.6)

18 (51.4)

0.405

Type of transplantation (8)  

Autologous

Allogeneic

25 (71.4)

10 (28.6)

30 (85.7)

5 (14.3)

0.122

Type of malignancy  

Multiple myeloma

Lymphoma

Leukemia

Giant Cell Tumor

11 (31.4)

15 (42.9)

7 (20)

2 (5.7)

13 (37.1)

13 (37.1)

7 (20)

2 (5.7)

0.997

 

Table 3. Oral mucositis associated characteristics  
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OM characteristics
Intervention

group

(n=35)

Control group (n=35) P value

Frequency (8) 12(34.3) 22(62.9) 0.015

Onset (days) 7.5±1.4 5.3±2.2 0.015

Duration (days) 5.1±1.3 8.8±4.1 0.045

Grade 1.1±0.2 1.3±0.3 0.298

Symptoms Pain 2.0±0.7 4.3±1.4 0.010

Dryness 1.9±1.6 3.8±1.9 <0.001

Sense of taste 8.9±1.1 7.9±1.5 <0.001

Dysphagia 1.7±0.7 2.6±2.6 <0.001

 

Figures
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Figure 1

Flow diagram of the study


