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Abstract
Purpose  This study was performed to examine the effects of conditioning regimens on oral mucositis in haploidentical 
(haplo) donor hematopoietic stem cell transplantation (HSCT) with posttransplant cyclophosphamide (PTCy).
Methods  Thirty consecutive patients (male, 23; female, 7; 18–68 years, median, 59 years) undergoing haplo-HSCT with 
PTCy using one of three conditioning regimens—reduced intensity conditioning (RIC)-melphalan (Mel); RIC-Busulfan 
(Bu); and myeloablative conditioning (MAC)-Bu—were enrolled in this study. Data on the WHO grade of oral mucositis 
(day − 7 to + 20) were collected retrospectively. The incidences of ulcerative and severe mucositis (Grade 2–4 and Grade 
3–4, respectively) were compared between the three groups.
Results  Ulcerative mucositis occurred in 0% (0/10) of patients in the RIC-Mel group, 57.1% (4/7) in the RIC-Bu group, and 
100% (13/13) in the MAC-Bu group. The differences between the RIC-Mel and RIC-Bu groups and between the RIC-Bu and 
MAC-Bu groups were significant (all P < 0.05). Severe mucositis occurred in 57.1% (4/7) of patients in the RIC-Bu group 
and 100% (13/13) of patients in the MAC-Bu group, and the difference was significant (P < 0.05). The rates of ulcerative 
mucositis (≥ grade 2) and of severe mucositis (≥ grade 3) were significantly higher in the MAC-Bu group than the RIC-Bu 
group on days 10, 13, 15, and 16 and on days 10, 14, 15, and 16, respectively (all P < 0.05).
Conclusion  The risk of oral mucositis in patients undergoing haplo-HSCT with PTCy is highest with the MAC-Bu condi-
tioning regimen, followed by RIC-Bu, and lowest with RIC-Mel.
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Introduction

Oral mucositis is a common complication in hematopoietic 
stem cell transplantation (HSCT) [1]. Severe oral mucositis 
significantly reduces quality of life and increases the treat-
ment-related mortality risk in patients undergoing HSCT [1, 
2]. Oral mucositis is associated with various issues, includ-
ing pain, difficulty with eating and speaking, inability to take 
medications, prolonged hospital stay, the need for parenteral 
nutrition, and high risks of infection and sepsis [3, 4].

To better manage oral mucositis, it is essential to under-
stand its severity and clinical course during HSCT. Theo-
retically, the intensity of the conditioning regimen should 
be correlated with the degree of oral mucositis. How-
ever, a systematic review by Chaudhry et al. showed that 
reduced-intensity conditioning (RIC) regimens led to a 
high frequency of oral mucositis comparable to that seen 
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in myeloablative regimens [5], although some reports sug-
gested that RIC regimens are associated with a lower rate 
of severe oral mucositis [6, 7]. These discrepancies were 
likely due to the lack of standardization of various confound-
ing factors, including the many types of regimens used for 
conditioning and graft-versus-host disease (GVHD) proph-
ylaxis, HLA matching status, donor stem cell source, and 
local oral condition with/without dental treatment before 
HSCT and oral management during HSCT. Therefore, it is 
challenging to identify risk factors by analyzing associations 
between each conditioning regimen and the severity of oral 
mucositis.

Significant progress has been made in allogeneic HSCT, 
allowing the clinical use of haploidentical HSCT (haplo-
HSCT) with posttransplant cyclophosphamide (PTCy) 
and calcineurin inhibitors [8–10]. Previously, we reported 
the clinical course and degree of oral mucositis in patients 
receiving RIC regimens for allogeneic HSCT [11]. We also 
reported progress in oral care and reduction of oral mucositis 
by multidisciplinary intensive oral management [12]. Dur-
ing our ongoing activities, we have observed many patients 
with less severe mucositis in haplo-HSCT with PTCy. A 
recent systematic review and meta-analysis conducted by 
Al-Jamaei revealed that the risk of severe oral mucositis 
is higher in patients receiving methotrexate (MTX) com-
pared to other approaches to prevent GVHD [13]. Therefore, 
haplo-HSCT with PTCy, which does not include posttrans-
plant MTX administration, would exhibit a characteristic 
trend in the clinical course of oral mucositis. However, few 
studies specifically evaluated the severity of oral mucositis 
as a primary end point based on the conditioning regimen 
used in haplo-HSCT with PTCy.

This study was performed to examine the effects of con-
ditioning regimens on oral mucositis in haplo-HSCT with 
PTCy.

Subjects and methods

This single-center retrospective study was performed at 
the Division of Hospital Dentistry and the Department of 
Hematology and Oncology, Okayama University Hospi-
tal. The institutional ethics committee approved this study 
(Ken 2309–018). The procedures in human participants were 
performed in accordance with the Declaration of Helsinki. 
Informed consent was obtained by following the Ethical 
Guidelines for Medical and Biological Research Involving 
Human Subjects of the Japanese Ministries.

Subjects

Thirty consecutive patients undergoing haplo-HSCT with 
PTCy with the conditioning regimens described below and 

discharged from a protective environment after engraftment 
between September 2021 and December 2023 were enrolled 
in the study.

Conditioning regimens and GVHD prophylaxis

One of three conditioning regimens was applied at the dis-
cretion of the attending physician taking the disease status 
and condition of the patient into consideration:

1)	 RIC-melphalan (Mel) consisted of fludarabine (Flu) 
(180 mg/m2; 30 mg/m2 from day − 7 to − 2), Mel (80 
mg/m2; 40 mg/m2 on days − 3 and − 2), and total body 
irradiation (TBI) (2 Gy; 2 Gy × 1 on day − 1) [14–16]. 
Dose changes of Mel (50–100 mg/m2; 25–50 mg/m2 on 
days − 3 and − 2) and TBI (2 or 4 Gy; 2 Gy × 1 or 2 on 
day − 1) were allowed at the physician’s discretion.

2)	 RIC-Bu consisted of Flu (150 mg/m2; 30 mg/m2 from 
day − 6 to − 2), Busulfan (Bu) (6.4 mg/kg; 3.2 mg/kg on 
days − 6 and − 5), and TBI (4 Gy; 2 Gy × 2 on day − 1) 
[17, 18].

3)	 Myeloablative conditioning (MAC)-busulfan (Bu) con-
sisted of Flu (150 mg/m2; 30 mg/m2 from day − 6 to − 2), 
Bu (12.8 mg/kg; 3.2 mg/kg from day − 6 to − 3), and TBI 
(4 Gy; 2 Gy × 2 on day − 1) [17].

The standard PTCy regimen consisted of PTCy at 50 mg/
kg/day on days + 3 and + 4, and tacrolimus (Tac) initiating 
on day + 5. Dose changes of PTCy (40 or 50 mg/kg/day) 
and changes to the day of initiation of Tac (from day − 1 or 
day + 5) were allowed at the discretion of the attending phy-
sician. All patients received mycophenolate mofetil (MMF) 
at a dose of 15 mg/kg orally twice daily from day + 5 to + 30, 
with a maximum daily dose of 2000 mg.

General infection control

Fluoroquinolone was administered orally for prophylaxis 
against bacterial infection, and micafungin and posacona-
zole were administered until the end of PTCy administration 
for prophylaxis against fungal infection. Prophylaxis was 
also provided against herpes virus infection with acyclovir 
and against cytomegalovirus reactivation with letermovir. 
Neutropenic fever was managed as reported previously 
[19]. Briefly, empirical antibiotic therapy was administered 
promptly in all neutropenic patients at the onset of fever and 
in afebrile patients who were neutropenic but who had signs 
or symptoms compatible with infection. A fourth-generation 
cephalosporin (e.g., cefepime) or carbapenem (e.g., merope-
nem) was administered intravenously as empirical antibiotic 
therapy. G-CSF (lenograstim 5 g/kg/day or filgrastim 300 
g/m2) was given intravenously for 60 min starting on day 1 
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or 5 and was continued until the absolute neutrophil count 
exceeded 500/L.

Oral management

Intensive oral care was performed for all patients receiv-
ing HSCT as described in our previous reports with minor 
modifications [11, 12]. Before HSCT, all patients scheduled 
to undergo HSCT were referred to dentists, and necessary 
dental treatment was performed if the patient’s general con-
dition allowed. Measures such as grinding the sharp edges 
of the teeth and restorations that may lead to ulcer formation 
were also taken. All subjects received instruction regard-
ing self-management of oral hygiene; tooth brushing with 
soft bristles after every meal and gentle oral rinsing with 
0.0048% azulene sodium sulfonate and 12% glycerin solu-
tion every 2 h during the day were also indicated. Chlorhex-
idine could not be used due to a warning from the Ministry 
of Health, Labour and Welfare, Japan, regarding the risk of 
allergic anaphylaxis. To protect the oral mucosa, episil® oral 
liquid (Solasia Pharma K. K., Tokyo, Japan) and petroleum 
jelly were used as appropriate. Nurses, dental hygienists, 
and dentists performed oral management in patients with 
poor condition. When brushing was impossible in patients 
with severe mucositis, dental hygienists gently wiped out 
the dental and mucosal plaque using cotton swabs wet with 
normal saline solution to minimize the presence of any vis-
ible dental plaque.

Oral cryotherapy

Following the recommendations of the MASCC/ISOO Clin-
ical Practice Guidelines for the Management of Mucositis 
[20, 21], patients undergoing conditioning regimens with 
Mel received oral cryotherapy based on the description of 
Mori et al. [22]. Patients were instructed to place ice chips 
in their mouth 15 min before, during (30–60 min), and for 
an additional 30 min after Mel infusion.

Assessment of oral mucositis

The degree of oral mucositis in patients undergoing HSCT 
was assessed daily using the World Health Organization 
(WHO) grading system [23]. This system is recommended 
for evaluating oral mucositis in HSCT patients, as described 
in the guidance on mucositis assessment from the MASCC 
Mucositis Study Group and ISOO [24]. The criteria for oral 
mucositis were as follows:

Grade 0: No change.
Grade 1: Soreness/erythema.
Grade 2: Erythema, ulcers; can eat solids.
Grade 3: Ulcers; requires liquid diet only.

Grade 4: Alimentation not possible.

Nurses, dental hygienists, and dentists conducted 
assessments as part of their daily clinical routines. The 
dental professionals performed oral assessments and man-
agement at least once a week, and more frequently (2–5 
days per week) in cases with mucositis. They also ensured 
their assessments were consistent with those of the nurses. 
When the assessments of dental professionals and nurses 
differed, the evaluation by the dental professionals was 
prioritized. However, the evaluations of both dental pro-
fessionals and nurses were examined in detail and judged 
accordingly.

Statistical analysis

Comparisons between two groups were performed 
using Fisher’s exact test. Comparisons of quantita-
tive data among three groups were performed using the 
Kruskal–Wallis and Dunn-Bonferroni tests. Comparisons 
of qualitative data among three groups were performed 
using the Fisher-Freeman-Halton Exact Test. Statistical 
analyses were performed using IBM® SPSS® Statistics 
29 (IBM, Armonk, NY, USA). In all analyses, P < 0.05 
was taken to indicate statistical significance.

Results

Patient characteristics

Patient characteristics are shown in Table 1. The total 
study population consisted of 23 males and 7 females with 
a median age of 59 years (18–68 years). There was a signif-
icant difference in age distribution between the RIC-Mel, 
RIC-Bu, and MAC-Bu groups (P = 0.001, Kruskal–Wal-
lis test). The RIC-Bu group was significantly older than 
the RIC-Mel and MAC-Bu groups (both P = 0.002, Dunn-
Bonferroni test). The median (range) time to engraftment 
was 15 (12–28) days. There were no significant differences 
in distribution of PTCy dose (standard or reduced), timing 
of Tac initiation (day − 1 or + 5), or days to engraftment 
between these groups.

Changes to the dose of Mel and TBI were allowed at 
the physician’s discretion only in the RIC-Mel group, as 
described in the Methods section. Mel doses were 50 mg/
m2 (Mel 50), 80 mg/m2 (Mel 80), and 100 mg/m2 (Mel 
100), and TBI dose was 2 or 4 Gy. The combination and 
numbers of patients were as follows: Flu/Mel 50/TBI 2 Gy, 
n = 1; Flu/Mel 80/TBI 2 Gy, n = 3; Flu/Mel 80/TBI 4 Gy, 
n = 3; Flu/Mel 100/TBI 2 Gy, n = 3.
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Oral mucositis in all subjects

The frequency of the highest grade and the clinical course 
of oral mucositis in all subjects during the study period are 
shown in Fig. 1. Ulcerative mucositis (≥ grade 2) was seen in 
56.7% (17/30) of patients, and severe mucositis (≥ grade 3) 
occurred in 43.3% (13/30) of patients (Fig. 1A). The sever-
ity of oral mucositis increased, peaking between 11 and 15 
days with grade 3 or higher, and subsequently decreased 
(Fig. 1B). The earliest occurrence of ulcerative oral mucosi-
tis was on day 5 (Fig. 1B).

Oral mucositis in RIC‑Mel and RIC‑Bu groups

The frequencies of the highest grade of oral mucositis in 
the RIC-Mel and RIC-Bu groups during the study period 
are shown in Fig. 2. Ulcerative mucositis (≥ grade 2) and 
severe mucositis (≥ grade 3) were only seen in the RIC-Bu 
group with rates of 57.1% (4/7) and 28.6% (2/7), respectively 
(Fig. 2). Despite the same RIC regimen, the Bu regimen was 
associated with ulcerative/severe mucositis, while there were 
no cases of ulcerative mucositis among patients treated with 
the RIC-Mel regimen. A significant difference was observed 
in ulcerative mucositis (≥ grade 2) between the RIC-BU 

group and the RIC-Mel group (P < 0.05). The difference in 
severe mucositis (≥ grade 3) was not significant. The daily 
frequencies of ulcerative/severe mucositis (≥ grade 2/3) 
tended to be higher in the RIC-Bu group than the RIC-Mel 
group, in which no ulcerative mucositis occurred during the 
observation period, but the differences were not significant.

Oral mucositis in RIC‑Bu and MAC‑Bu groups

The frequencies of the highest grade and clinical course 
of oral mucositis in RIC-Bu and MAC-Bu groups during 
the study period are shown in Fig. 3. The frequencies of 
the highest grade during the study period were as follows. 
Ulcerative mucositis (≥ grade 2) occurred in 57.1% (4/7) of 
patients in the RIC-Bu group and 100% (13/13) of patients 
in the MAC-Bu group (P < 0.05) (Fig. 3A). Severe mucositis 
(≥ grade 3) occurred in 28.6% (2/7) of patients in the RIC-
Bu group and 84.6% (11/13) of patients in the MAC-Bu 
group (P < 0.05). Bu showed a dose-dependent influence 
on severity of oral mucositis. Daily frequencies of ulcera-
tive mucositis (≥ grade 2) were significantly higher in the 
MAC-Bu group compared with the RIC-Bu group on days 
10, 13, 15, and 16 (all P < 0.05) (Fig. 3B). Daily frequencies 
of severe mucositis (≥ grade 3) were significantly higher in 

Table 1   Patient characteristics 
by conditioning regimen and 
GVHD prophylaxis

ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; ATLL, adult T-cell leukemia-lym-
phoma; Bu, Busulfan; Cy, cyclophosphamide; DLBCL, diffuse large B-cell lymphoma; HSCT, hematopoi-
etic stem cell transplantation; MAC, myeloablative-conditioning; MAC-Bu, Flu (150 mg/m2)/Bu (12.8 mg/
kg)/TBI (4 Gy) group; MDS, myelodysplastic syndrome; Mel, melphalan; PTCL, peripheral T-cell lym-
phoma; RIC, reduced-intensity conditioning; RIC-Bu, Flu (150 mg/m2)/Bu (6.4 mg/kg)/TBI (2 Gy) group; 
RIC-Mel, Fludarabine (Flu) (180 mg/m2)/Mel (50–100 mg/m2)/total body irradiation (TBI) (2 or 4 Gy) 
group; Tac, tacrolimus
* P < 0.05. a Kruskal–Wallis test. b Fisher-Freeman-Halton exact test. c Comparison between the frequency 
with the standard dose (50–50 mg/kg/day) and other reduced doses

All RIC-Mel RIC-Bu MAC-Bu P

Number of subjects 30 10 7 13
Median age (range), (years) 59 (18–68) 58.5 (29–62) 65 (64–68) 57 (18–65) 0.001*a

Diagnosis at transplantation, no. (%)
AML 14 (46.7) 3 (30.0) 6 (85.7) 5 (38.5)
ALL 5 (16.7) 3 (30.0) 2 (15.4)
MDS 8 (26.7) 1 (10.0) 1 (14.3) 6 (46.2)
DLBCL 1 (3.3) 1 (10.0)
ATLL 1 (3.3) 1 (10.0)
PTCL 1 (3.3) 1 (10.0)
post-PTCy dose (day + 3 to day + 4, mg/kg/day)
50–50 17 (56.7) 6 (60.0) 2 (28.6) 9 (69.2) 0.263b,c

50–40 1 (3.3) 1 (14.3)
40–40 12 (40.0) 4 (40.0) 4 (57.1) 4 (30.8)
Day of Tac initiation (days relative to HSCT)
 − 1 10 (33.3) 4 (40.0) 3 (42.9) 3 (23.1) 0.687b

 + 5 20 (66.7) 6 (60.0) 4 (57.1) 10 (76.9)
Days to engraftment (range), days 15 (12–28) 15 (14–18) 16 (12–19) 16 (14–28) 0.481a
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the MAC-Bu group than the RIC-Bu group on days 10, 14, 
15, and 16 (all P < 0.05).

Discussion

Although Mel has been reported to cause severe oral mucosi-
tis, the most notable result of this study was the absence of 
ulcerative oral mucositis presenting as ulcers in the RIC-Mel 
group. In addition, we showed that Bu had a dose-dependent 
influence on the severity of oral mucositis.

Mel is a cytotoxic alkylating agent [25] for which mucosi-
tis is a well-known nonhematological dose-limiting toxicity 
[26]. However, no ulcerative oral mucositis was observed in 
the present study. In haplo-HSCT with PTCy, oral mucosi-
tis was not worsened by post-HSCT MTX administration, 
which may have contributed to this result. In a recent study 
performed in Australia, Nakagaki et al. reported low rates of 
severe oral mucositis (WHO grade 3–4) and ulcerative oral 
mucositis (WHO grade 2–4) of 19% and 41%, respectively, 
in PTCy (100 mg/kg) HSCT with Flu (160 mg/m2), Mel 
(100 mg/m2), and TBI (2 Gy) [27]. This reduced frequency 
of ulcerative oral mucositis in haplo-HSCT with PTCy using 
RIC-Mel was consistent with our observations, while our 

Fig. 1   Oral mucositis in all 
subjects. A: Frequency of the 
highest grade of oral mucositis 
during the evaluation period. 
Ulcerative mucositis (≥ grade 
2) occurred in 56.7% (17/30) of 
patients, and severe mucositis 
(≥ grade 3) appeared in 43.3% 
(13/30) of patients. B: The clini-
cal course of oral mucositis in 
all patients. The severity of oral 
mucositis increased, peaking 
between days 11 and 15 with 
grade 3 or higher, and subse-
quently decreased. The earliest 
day of ulcerative oral mucositis 
was day 5

Fig. 2   Oral mucositis in RIC-Mel and RIC-Bu groups. Frequency 
of the highest grade of oral mucositis during the evaluation period. 
Ulcerative mucositis (≥ grade 2) and severe mucositis (≥ grade 
3) were only seen in the RIC-Bu group at rates of 57.1% (4/7) and 
28.6% (2/7), respectively. There were no cases of ulcerative mucositis 
among patients treated with the RIC-Mel regimen (0/10). The inci-
dence of ulcerative mucositis (≥ grade 2) was significantly different 
between the RIC-Bu group and the RIC-Mel group (*P < 0.05, Fish-
er’s exact test). The difference in severe mucositis (≥ grade 3) was not 
significant
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results showing no ulcerative mucositis were clear. This was 
likely because the dose of Mel used at our institute is lower, 
with a base dose of 80 mg/m2 (range 50–100 mg/m2).

The frequencies of ulcerative mucositis were 100% in the 
MAC-Bu group and 57.1% in the RIC-Bu group, and this dif-
ference was significant. The only difference in treatment regi-
men between these two groups was the dose of Bu (12.8 mg/
kg and 6.4 mg/kg, respectively). Furthermore, oral mucositis 
occurred in the RIC-Bu group, but was absent in the RIC-Mel 
group. Taken together, these results suggest that Bu plays a 
role in determining the severity of oral mucositis.

As no ulcerative mucositis was observed in haplo-HSCT 
with PTCy using RIC-Mel (Flu/Mel/TBI) conditioning, the 
doses for Flu and TBI used at our institute (180 mg/m2 and 
2–4 Gy, respectively) were also confirmed to have a low risk of 
inducing oral mucositis. Indeed, a previous study showed that 

conditioning with TBI alone at a dose of 2 Gy did not cause reg-
imen-related painful mucositis [28]. Flu acts synergistically with 
radiation to kill tumor cells [29]. However, the impact of TBI at 
a low dose of 2–4 Gy will likely be limited for oral mucositis.

This study had some limitations. Mel doses were low and 
inconsistent. All of our Mel regimens were based on the regi-
men reported by Brammer et al. [15], and dose modifications of 
Mel (50–100 mg/m2) as a RIC regimen were frequently utilized 
at the discretion of the attending physician based on the condi-
tion of the patient at our institution. This RIC (low-dose) Mel 
regimen in haplo-HSCT with PTCy is becoming increasingly 
common, and our results will serve as reference data. Another 
limitation was the retrospective nature of this study. However, 
to use the data for clinical research in the future, dentists and 
dental hygienists have been participating in the routine clinical 
evaluation of oral mucositis with high accuracy in our ward 

Fig. 3   Oral mucositis in RIC-Bu and MAC-Bu groups. A: Frequency 
of the highest grade of oral mucositis during the evaluation period. 
The frequencies of ulcerative mucositis (≥ grade 2) were 57.1% (4/7) 
in the RIC-Bu group and 100% (13/13) in the MAC-Bu group, and 
the difference was significant (*P < 0.05, Fisher’s exact test). The 
frequencies of severe mucositis (≥ grade 3) were 28.6% (2/7) in the 
RIC-Bu group and 84.6% (11/13) in the MAC-Bu group, and the dif-
ference was significant (#P < 0.05, Fisher’s exact test). B: Clinical 

courses of ulcerative (≥ grade 2) and severe (≥ grade 3) oral mucosi-
tis in RIC-Bu (n = 7) and MAC-Bu (n = 13) groups. Daily frequencies 
of ulcerative mucositis (≥ grade 2) were significantly higher in the 
MAC-Bu group than the RIC-Bu group on days 10, 13, 15, and 16 
(*P < 0.05, Fisher’s exact test). Daily frequencies of severe mucositis 
(≥ grade 3) were significantly higher in the MAC-Bu group than the 
RIC-Bu group on days 10, 14, 15, and 16 (#P < 0.05, Fisher’s exact 
test)
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since our previous reports [11, 12]. In addition, the number of 
subjects included in this study was small. We perform HSCT 
in about 50–60 patients per year. However, there are many dif-
ferent regimens for HSCT, and focusing on specific regimens 
to eliminate confounding factors limits the sample size. Fac-
tors potentially associated with oral mucositis, such as disease 
status, oral health prior to conditioning, and systemic diseases, 
were not taken into account due to the small sample size. There-
fore, we are planning to conduct a prospective multicenter study 
in the near future based on the present study.

In conclusion, the risk of oral mucositis in patients under-
going haplo-HSCT with PTCy was highest with the MAC-Bu 
conditioning regimen, followed by RIC-Bu, and lowest with 
RIC-Mel.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00520-​025-​09313-z.

Acknowledgements  The authors are grateful to Mses. Yukiko 
Takauma, Keiko Takahashi-Arimasa, Youko Yoshida, and Mayu 
Fujishiro (Division of Dental Hygienist, Okayama University Hospital) 
and nurses in the ward bio clean room (Department of Nursing, Okay-
ama University Hospital) for providing daily oral care/management to 
HCT patients and performing assessment of oral mucositis.

Author contributions  All authors contributed to the study concep-
tion and design. Data collection and analysis were performed by Saki 
Ogura, and Yoshihiko Soga. The first draft of the manuscript was writ-
ten by Saki Ogura, and Yoshihiko Soga and all authors commented on 
previous versions of the manuscript. All authors read and approved 
the final manuscript.

Funding  Open Access funding provided by Okayama University. This 
study was performed by the Management Expense Grant of Okayama 
University.

Data availability  Data is provided within the manuscript or supple-
mentary information files.

Declarations 

Ethics approval  The Ethics Committee of Okayama University Gradu-
ate School of Medicine, Dentistry, and Pharmaceutical Sciences and 
Okayama University Hospital approved this study (Ken 2309–018). 
The procedures involving human participants complied with the Dec-
laration of Helsinki.

Consent  Informed consent was obtained by opt-out according to 
the Ethical Guidelines for Medical and Biological Research Involv-
ing Human Subjects of the Japanese Ministry of Education, Culture, 
Sports, Science and Technology, Ministry of Health, Labour and Wel-
fare, and Ministry of Economy, Trade and Industry.

Competing interests  The authors declare no competing interests.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 

otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Sonis ST, Oster G, Fuchs H, Bellm L, Bradford WZ, Edelsberg 
J, Hayden V, Eilers J, Epstein JB, LeVeque FG, Miller C, Peter-
son DE, Schubert MM, Spijkervet FK, Horowitz M (2001) Oral 
mucositis and the clinical and economic outcomes of hematopoi-
etic stem-cell transplantation. J Clin Oncol 19:2201–2205. https://​
doi.​org/​10.​1200/​jco.​2001.​19.8.​2201

	 2.	 Staudenmaier T, Cenzer I, Crispin A, Ostermann H, Berger K 
(2018) Burden of oral mucositis in stem cell transplant patients-
the patients’ perspective. Support Care Cancer 26:1577–1584. 
https://​doi.​org/​10.​1007/​s00520-​017-​4000-5

	 3.	 Niscola P, Romani C, Cupelli L, Scaramucci L, Tendas A, Den-
tamaro T, Amadori S, de Fabritiis P (2007) Mucositis in patients 
with hematologic malignancies: an overview. Haematologica 
92:222–231. https://​doi.​org/​10.​3324/​haema​tol.​10232

	 4.	 Peterson DE, Cariello A (2004) Mucosal damage: a major risk fac-
tor for severe complications after cytotoxic therapy. Semin Oncol 
31:35–44. https://​doi.​org/​10.​1053/j.​semin​oncol.​2004.​04.​006

	 5.	 Chaudhry HM, Bruce AJ, Wolf RC, Litzow MR, Hogan WJ, 
Patnaik MS, Kremers WK, Phillips GL, Hashmi SK (2016) The 
Incidence and Severity of Oral Mucositis among Allogeneic 
Hematopoietic Stem Cell Transplantation Patients: A Systematic 
Review. Biol Blood Marrow Transplant 22:605–616. https://​doi.​
org/​10.​1016/j.​bbmt.​2015.​09.​014

	 6.	 Garming Legert K, Ringden O, Remberger M, Torlen J, Mattsson 
J, Dahllof G (2021) Oral mucositis after tacrolimus/sirolimus or 
cyclosporine/methotrexate as graft-versus-host disease prophy-
laxis. Oral Dis 27:1217–1225. https://​doi.​org/​10.​1111/​odi.​13663

	 7.	 Sugita J, Matsushita T, Kashiwazaki H, Kosugi M, Takahashi S, 
Wakasa K, Shiratori S, Ibata M, Shono Y, Shigematsu A, Obara 
M, Fujimoto K, Endo T, Nishio M, Kondo T, Hashino S, Tanaka 
J, Asaka M, Imamura M (2012) Efficacy of folinic acid in prevent-
ing oral mucositis in allogeneic hematopoietic stem cell transplant 
patients receiving MTX as prophylaxis for GVHD. Bone Marrow 
Transplant 47:258–264. https://​doi.​org/​10.​1038/​bmt.​2011.​53

	 8.	 Fuchs EJ, O’Donnell PV, Eapen M, Logan B, Antin JH, Dawson 
P, Devine S, Horowitz MM, Horwitz ME, Karanes C, Leifer E, 
Magenau JM, McGuirk JP, Morris LE, Rezvani AR, Jones RJ, 
Brunstein CG, Blood obot, Network MTCT, (2021) Double unre-
lated umbilical cord blood vs HLA-haploidentical bone marrow 
transplantation: the BMT CTN 1101 trial. Blood 137:420–428. 
https://​doi.​org/​10.​1182/​blood.​20200​07535

	 9.	 Sugita J, Atsuta Y, Nakamae H, Maruyama Y, Ishiyama K, Shi-
ratori S, Fukuda T, Kurata M, Shingai N, Ozawa Y, Masuko M, 
Nagafuji K, Uchida N, Tanaka M, Onizuka M, Kanda J, Kimura 
T, Ichinohe T, Teshima T (2022) Comparable survival outcomes 
with haploidentical stem cell transplantation and cord blood trans-
plantation. Bone Marrow Transplant 57:1681–1688. https://​doi.​
org/​10.​1038/​s41409-​022-​01770-y

	10.	 Atsuta Y, Sugita J, Nakamae H, Maruyama Y, Ishiyama K, Shi-
ratori S, Fukuda T, Kurata M, Shingai N, Ozawa Y, Masuko M, 
Nagafuji K, Takada S, Kako S, Kanda Y, Kanda J, Ichinohe T, 
Teshima T (2022) Comparable survival outcomes with haploi-
dentical stem cell transplantation and unrelated bone marrow 
transplantation. Bone Marrow Transplant 57:1781–1787. https://​
doi.​org/​10.​1038/​s41409-​022-​01822-3

https://doi.org/10.1007/s00520-025-09313-z
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1200/jco.2001.19.8.2201
https://doi.org/10.1200/jco.2001.19.8.2201
https://doi.org/10.1007/s00520-017-4000-5
https://doi.org/10.3324/haematol.10232
https://doi.org/10.1053/j.seminoncol.2004.04.006
https://doi.org/10.1016/j.bbmt.2015.09.014
https://doi.org/10.1016/j.bbmt.2015.09.014
https://doi.org/10.1111/odi.13663
https://doi.org/10.1038/bmt.2011.53
https://doi.org/10.1182/blood.2020007535
https://doi.org/10.1038/s41409-022-01770-y
https://doi.org/10.1038/s41409-022-01770-y
https://doi.org/10.1038/s41409-022-01822-3
https://doi.org/10.1038/s41409-022-01822-3


	 Supportive Care in Cancer          (2025) 33:252   252   Page 8 of 8

	11.	 Takahashi K, Soga Y, Murayama Y, Udagawa M, Nishimoto 
H, Sugiura Y, Maeda Y, Tanimoto M, Takashiba S (2010) Oral 
mucositis in patients receiving reduced-intensity regimens for 
allogeneic hematopoietic cell transplantation: comparison with 
conventional regimen. Support Care Cancer 18:115–119. https://​
doi.​org/​10.​1007/​s00520-​009-​0637-z

	12.	 Soga Y, Sugiura Y, Takahashi K, Nishimoto H, Maeda Y, Tani-
moto M, Takashiba S (2010) Progress of oral care and reduction 
of oral mucositis–a pilot study in a hematopoietic stem cell trans-
plantation ward. Support Care Cancer 19:303–307. https://​doi.​org/​
10.​1007/​s00520-​010-​1002-y

	13.	 Al-Jamaei AAH, Epstein JB, de Visscher J, Spielberger RT, Naka-
mura R, Raber-Durlacher JE (2024) Comparing the risk of severe 
oral mucositis associated with methotrexate as graft-versus host-
disease prophylaxis to other immunosuppressive prophylactic 
agents in hematopoietic cell transplantation: a systematic review 
and meta-analysis. Support Care Cancer 32:519. https://​doi.​org/​
10.​1007/​s00520-​024-​08722-w

	14.	 Tanaka T, Nakamae H, Ito A, Fuji S, Hirose A, Eto T, Henzan H, 
Takase K, Yamasaki S, Makiyama J, Moriuchi Y, Choi I, Nakano 
N, Hiramoto N, Kato K, Sato T, Sawayama Y, Kim S-W, Inoue 
Y, Inamoto Y, Fukuda T (2021) A Phase I/II Multicenter Trial of 
HLA-Haploidentical PBSCT with PTCy for Aggressive Adult T 
Cell Leukemia/Lymphoma. Transplantation and Cellular Therapy 
27:928.e921-928.e927. https://​doi.​org/​10.​1016/j.​jtct.​2021.​07.​010

	15.	 Brammer JE, Khouri I, Gaballa S, Anderlini P, Tomuleasa C, 
Ahmed S, Ledesma C, Hosing C, Champlin RE, Ciurea SO (2016) 
Outcomes of Haploidentical Stem Cell Transplantation for Lym-
phoma with Melphalan-Based Conditioning. Biol Blood Marrow 
Transplant 22:493–498. https://​doi.​org/​10.​1016/j.​bbmt.​2015.​10.​
015

	16.	 van Besien K, Artz A, Champlin RE, Guarneri D, Bishop MR, 
Chen J, Gergis U, Shore T, Liu H, Rondon G, Mayer SA, Srour 
SA, Stock W, Ciurea SO (2019) Haploidentical vs haplo-cord 
transplant in adults under 60 years receiving fludarabine and mel-
phalan conditioning. Blood Adv 3:1858–1867. https://​doi.​org/​10.​
1182/​blood​advan​ces.​20190​00200

	17.	 Sugita J, Kagaya Y, Miyamoto T, Shibasaki Y, Nagafuji K, Ota 
S, Furukawa T, Nara M, Akashi K, Taniguchi S, Harada M, Mat-
suo K, Teshima T (2019) Myeloablative and reduced-intensity 
conditioning in HLA-haploidentical peripheral blood stem 
cell transplantation using post-transplant cyclophosphamide. 
Bone Marrow Transplant 54:432–441. https://​doi.​org/​10.​1038/​
s41409-​018-​0279-1

	18.	 Sugita J, Kamimura T, Ishikawa T, Ota S, Eto T, Kuroha T, 
Miyazaki Y, Kumagai H, Matsuo K, Akashi K, Taniguchi S, 
Harada M, Teshima T (2021) Reduced dose of posttransplant 
cyclophosphamide in HLA-haploidentical peripheral blood stem 
cell transplantation. Bone Marrow Transplant 56:596–604. https://​
doi.​org/​10.​1038/​s41409-​020-​01065-0

	19.	 Hughes WT, Armstrong D, Bodey GP, Bow EJ, Brown AE, 
Calandra T, Feld R, Pizzo PA, Rolston KV, Shenep JL, Young 
LS (2002) 2002 guidelines for the use of antimicrobial agents 
in neutropenic patients with cancer. Clin Infect Dis 34:730–751. 
https://​doi.​org/​10.​1086/​339215

	20.	 Elad S, Cheng KKF, Lalla RV, Yarom N, Hong C, Logan RM, 
Bowen J, Gibson R, Saunders DP, Zadik Y, Ariyawardana A, 

Correa ME, Ranna V, Bossi P (2020) MASCC/ISOO clinical 
practice guidelines for the management of mucositis secondary 
to cancer therapy. Cancer 126:4423–4431. https://​doi.​org/​10.​1002/​
cncr.​33100

	21.	 Correa MEP, Cheng KKF, Chiang K, Kandwal A, Loprinzi CL, 
Mori T, Potting C, Rouleau T, Toro JJ, Ranna V, Vaddi A, Peter-
son DE, Bossi P, Lalla RV, Elad S (2020) Systematic review of 
oral cryotherapy for the management of oral mucositis in cancer 
patients and clinical practice guidelines. Support Care Cancer 
28:2449–2456. https://​doi.​org/​10.​1007/​s00520-​019-​05217-x

	22.	 Mori T, Yamazaki R, Aisa Y, Nakazato T, Kudo M, Yashima T, 
Kondo S, Ikeda Y, Okamoto S (2006) Brief oral cryotherapy for 
the prevention of high-dose melphalan-induced stomatitis in allo-
geneic hematopoietic stem cell transplant recipients. Support Care 
Cancer 14:392–395. https://​doi.​org/​10.​1007/​s00520-​005-​0016-3

	23.	 World Health Organization (1979) WHO Handbook for reporting 
results of cancer treatment. World Health Organization, Geneva

	24.	 Abdalla-Aslan R, Bonomo P, Keefe D, Blijlevens N, Cao K, Cheung 
YT, Fregnani ER, Miller R, Raber-Durlacher J, Epstein J, Van 
Sebille Y, Kauark-Fontes E, Kandwal A, McCurdy-Franks E, Fin-
kelstein J, McCarvell V, Zadik Y, Ottaviani G, Amaral Mendes R, 
Speksnijder CM, Wardill HR, Bossi P, Group MMS (2024) Guid-
ance on mucositis assessment from the MASCC Mucositis Study 
Group and ISOO: an international Delphi study. EClinicalMedicine 
73:102675. https://​doi.​org/​10.​1016/j.​eclinm.​2024.​102675

	25.	 Kohn KW (1981) Molecular mechanisms of crosslinking of 
alkylating agents and platinum complexes. In: Sartorelli AC, Lazo 
JS, Bertino JR (eds) Molecular Actions and Targets for Cancer 
Chemotherapeutic Agents. Academic, San Diego, pp 3–16

	26.	 Sarosy G, Leyland-Jones B, Soochan P, Cheson BD (1988) The 
systemic administration of intravenous melphalan. J Clin Oncol 
6:1768–1782. https://​doi.​org/​10.​1200/​jco.​1988.6.​11.​1768

	27.	 Nakagaki M, Kennedy GA, Gavin NC, Clavarino A, Whitfield K 
(2022) The incidence of severe oral mucositis in patients undergo-
ing different conditioning regimens in haematopoietic stem cell 
transplantation. Support Care Cancer 30:9141–9149. https://​doi.​
org/​10.​1007/​s00520-​022-​07328-4

	28.	 McSweeney PA, Niederwieser D, Shizuru JA, Sandmaier BM, 
Molina AJ, Maloney DG, Chauncey TR, Gooley TA, Hegenbart 
U, Nash RA, Radich J, Wagner JL, Minor S, Appelbaum FR, 
Bensinger WI, Bryant E, Flowers ME, Georges GE, Grumet FC, 
Kiem HP, Torok-Storb B, Yu C, Blume KG, Storb RF (2001) 
Hematopoietic cell transplantation in older patients with hema-
tologic malignancies: replacing high-dose cytotoxic therapy with 
graft-versus-tumor effects. Blood 97:3390–3400. https://​doi.​org/​
10.​1182/​blood.​v97.​11.​3390

	29.	 Grégoire V, Hunter N, Milas L, Brock WA, Plunkett W, Hittelman 
WN (1994) Potentiation of radiation-induced regrowth delay in 
murine tumors by fludarabine. Cancer Res 54:468–474

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1007/s00520-009-0637-z
https://doi.org/10.1007/s00520-009-0637-z
https://doi.org/10.1007/s00520-010-1002-y
https://doi.org/10.1007/s00520-010-1002-y
https://doi.org/10.1007/s00520-024-08722-w
https://doi.org/10.1007/s00520-024-08722-w
https://doi.org/10.1016/j.jtct.2021.07.010
https://doi.org/10.1016/j.bbmt.2015.10.015
https://doi.org/10.1016/j.bbmt.2015.10.015
https://doi.org/10.1182/bloodadvances.2019000200
https://doi.org/10.1182/bloodadvances.2019000200
https://doi.org/10.1038/s41409-018-0279-1
https://doi.org/10.1038/s41409-018-0279-1
https://doi.org/10.1038/s41409-020-01065-0
https://doi.org/10.1038/s41409-020-01065-0
https://doi.org/10.1086/339215
https://doi.org/10.1002/cncr.33100
https://doi.org/10.1002/cncr.33100
https://doi.org/10.1007/s00520-019-05217-x
https://doi.org/10.1007/s00520-005-0016-3
https://doi.org/10.1016/j.eclinm.2024.102675
https://doi.org/10.1200/jco.1988.6.11.1768
https://doi.org/10.1007/s00520-022-07328-4
https://doi.org/10.1007/s00520-022-07328-4
https://doi.org/10.1182/blood.v97.11.3390
https://doi.org/10.1182/blood.v97.11.3390

	Characteristics of oral mucositis in patients undergoing haploidentical stem cell transplantation with posttransplant cyclophosphamide: marked difference between busulfan and melphalan regimens
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Subjects and methods
	Subjects
	Conditioning regimens and GVHD prophylaxis
	General infection control

	Oral management
	Oral cryotherapy
	Assessment of oral mucositis
	Statistical analysis


	Results
	Patient characteristics
	Oral mucositis in all subjects
	Oral mucositis in RIC-Mel and RIC-Bu groups
	Oral mucositis in RIC-Bu and MAC-Bu groups

	Discussion
	Acknowledgements 
	References


