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Abstract 

Goals of work  Severe oral mucositis developed in allogeneic hematopoietic stem cell 

transplantation (HSCT) accompanies intolerable pain and risk for systemic bacteremia infection. 

Conventional stem cell transplantation (CST) and reduced-intensity regimens for allogeneic 

HSCT (RIST) may differently affect the occurrence and severity of oral mucositis. Here, we 

comparatively examined oral mucositis in patients undergoing CST and that in RIST patients to 

search for measures to alleviate oral mucositis. 

Patients and methods  We retrospectively analyzed the data of 130 consecutive patients 

undergoing HSCT (conventional, 60; RIST, 70). Oral mucositis was evaluated according to the 

National Cancer Institute Common Terminology Criteria for Adverse Events (NCI-CTCAE) 

version 3.0. We also investigated risk factors for severe oral mucositis in each regimen. 

Main results  The incidence of oral mucositis was not significantly different between RIST and 

CST patients. Use of opioid analgesics to control pain due to oral mucositis was significantly 

less in patients undergoing RIST compared with those receiving CST. The risk factors for severe 

oral mucositis, determined by univariate and multivariate analyses, were “younger age (< 40) ” 

in CST, and “longer duration of neutropenia (≥ 14 days) ” in RIST . 
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Conclusions  Although the incidences of oral mucositis were almost the same, the need for 

opioid analgesics and the risk factors for severe oral mucositis differed between CST and RIST 

patients. 

Keywords: Hematopoietic stem cell transplantation, Oral mucositis, Reduced-intensity 

regimens 

 

Introduction 

  Oral mucositis is one of the most common complications associated with allogeneic 

hematopoietic stem cell transplantation (HSCT). It was seen in 60-90 % of patients who had 

received stem cell transplantation [1, 2, 3]. The oral mucositis in HSCT accompanies so severe 

pain that it can lead to anorexia and dehydration, and a large population of patients with severe 

oral mucositis require total parenteral nutrition and opioid analgesics [4]. Severe oral mucositis 

is also associated with worse clinical and economic outcomes, especially systemic bacteremia 

infection [5]. 

  Recently, reduced-intensity conditioning regimens for allogeneic HSCT (RIST) have been 

developed for patients who are considered unsuitable for conventional stem cell transplantation 
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(CST) because of advanced age or medical contraindications [6, 7]. The conditioning regimens 

typically include a purine analog, such as fludarabine (FLU), an alkylating agent, or low-dose 

total body irradiation (TBI). We need to consider the differences between CST and RIST 

protocols in the effects on oral mucositis, because such a variety of RIST protocols have been 

developed and their toxicity profiles can make differences in the degree of immunosuppression 

or myeloablation [2, 3, 8, 9, 10].  

  The present study was a retrospective analysis to compare oral mucositis in 70 consecutive 

patients who had received RIST, which mainly consisted of FLU, busulfan (BU) and TBI, with 

that in 60 patients who had received CST during the same period. We also investigated risk 

factors for severe oral mucositis in each regimen. 

 

Materials and methods 

Patients 

  We retrospectively analyzed the data of 130 consecutive patients undergoing HSCT between 

March 2006 and December 2009 at Stem Cell Transplantation Center of Hokkaido University 

Hospital (M, 67; F, 63; 47.6±15.2 years). CST and RIST were administered to 60 (M, 28; F, 32) 
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and 70 (M, 39; F, 31) patients, respectively. Characteristics of the patients and transplantation 

are shown in Table 1. 

  The Ethical Committee of Hokkaido University Hospital approved this study. Informed 

consent was obtained from each patient. 

 

Conditioning regimens   

  Most of the conventional conditioning regimens consisted of TBI (12 Gy in six fractions) 

plus cyclophosphamide (60 mg/kg once daily i.v. for 2 days, total dose of 120 mg/kg)  VP-16 

(15 mg/kg once daily i.v. for 2 days, total dose of 30 mg/kg) [11, 12],
 
and most of the 

reduced-intensity conditioning regimens consisted of FLU (30 mg/m
2
 once daily i.v. for 6 days, 

total dose of 180 mg/m
2
) plus oral BU (4 mg/kg p.o. in divided doses daily for 2 days, total dose 

of 8 mg/kg) or intravenous BU (3.2 mg/kg i.v. in divided doses daily for 2 days, total dose of 

6.4 mg/kg) plus low-dose TBI (4 Gy in two fractions). Cyclosporine A (CsA, 3 mg/kg) or 

tacrolimus (FK, 0.03 mg/kg) and short-course methotrexate (MTX) were used for 

graft-versus-host disease (GVHD) prophylaxis. MTX was given at a dose of 15 mg/m
2
 or 10 

mg/m
2
 on day 1, and 10 mg/m

2
 or 7 mg/m

2
 on day 3 and day 6. 
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Assessment of oral mucositis 

  Oral mucositis was graded as follows according to the National Cancer Institute Common 

Terminology Criteria for Adverse Events (NCI-CTCAE) version 3.0[13]:  

Grade 1: Erythema of the mucosa 

Grade 2: Patchy ulcerations or pseudomembranes 

Grade 3: Confluent ulcerations or pseudomembranes, bleeding in response to minor trauma 

Grade 4: Tissue necrosis, significant spontaneous bleeding, life-threatening consequences 

Grade 5: Death 

  Grading was done daily by nurses under the instruction of dentists, and the consistency of 

assessments was double-checked by the dentists during their rounds at least once per week. 

Severe oral mucositis was defined as grade 3-4. 

 

Assessment of use of opioid analgesics to control pain due to oral mucositis 

  Use of opioid analgesics to control pain due to oral mucositis was evaluated for all patients, 

and frequencies of its use were compared among HSCT types.  
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Oral management 

  All subjects were referred to dentists, and necessary dental treatment was completed before 

HSCT. Namely at least two dentists examined the patients’ oral health, including oral hygiene 

and potential causes of infections in the oral region by radiographic survey and by clinical 

examination of the hard and soft tissues; and dental problems that might cause infection, such as 

periapical and marginal periodontitis, dental caries, and semi-impacted or impacted teeth, were 

treated by surgical procedures as much as possible until HSCT. All subjects received instruction 

regarding self-management of oral hygiene: tooth brushing after every meal and before going to 

bed, and oral rinsing with normal saline solution every 3 h during the day. Dentists and 

hygienists weekly performed an oral examination on the patients and monitored their 

compliance in a clean room. 

 

Statistical analysis  

  Univariate analyses were performed using the chi-square test and Fisher's exact test, as 

appropriate. The factors with a P-Value of 0.05 or less in the univariate analyses were included 
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in the multivariate analysis. Multivariate logistic regression models were used to analyze the 

influence of selected variables on the risk for severe oral mucositis. For most of the statistical 

analysis, SPSS 14.0 for Windows (SPSS, Chicago, IL, USA) was used. The P value was set to 

<0.05 as significant. 

 

Results 

Patients and transplantation characteristics 

  Characteristics of the patients and transplantations are shown in Table 1. Median age,  

underlying disease, and disease status at transplantation were significantly different between 

CST and RIST patients. Other parameters such as sex, TBI, GVHD prophylaxis were not 

different between CST patients and RIST patients. 

 

Incidences and severity of oral mucositis in CST and RIST  

  As shown in Table 2, the incidences of oral mucositis (>grade 1) were not significantly 

different between CST and RIST patients according to the NCI CTCAE; the frequencies were 

83.3% (50/60) and 75.7% (53/70), respectively. Severe mucositis (grades 3 and 4) was observed 
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in 33.3% (20/60) of CST patients, and 32.9% (23/70) of RIST patients, which showed no 

significant difference. However, a significantly lower percentage of patients undergoing RIST 

(32.2%) required opioid analgesics to control pain due to oral mucositis compared with those 

undergoing CST (60.4%) as shown in Fig. 1 (P = 0.0028).  . 

 

Univariate and multivariate analyses for severe oral mucositis in CST and RIST 

  To identify risk factors for severe mucositis in CST and RIST, univariate and multivariate 

analyses were performed in each regimen. The results in CST are summarized in Table 3. The 

univariate analysis showed that “younger age (< 40) ”, “VP-16 regimen”, and “longer duration 

of neutropenia (≥ 14 days) ” were significantly associated with a high incidence of severe oral 

mucositis in CST. Of those, only “younger age (< 40) ” remained significant in multivariate 

analysis (odds ratio, 5.6; 95%CI, 1.9-16.5; P<0.05). With regards to RIST, the results are 

summarized in Table 4. Only “longer duration of neutropenia (≥ 14 days) ” was significantly 

associated with sever oral mucositis in RIST in both univariate and multivariate analyses (odds 

ratio, 12.4; 95%CI, 1.4-109; P=0.02). 
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Discussion 

  The results of this study are summarized as follows: (1) The incidence of oral mucositis was 

almost the same between CST and RIST patients; (2) Use of opioid analgesics to control pain 

due to oral mucositis was significantly less in patients undergoing RIST compared with those 

receiving CST; (3) Univariate and multivariate analyses revealed that the risk factors for severe 

oral mucositis were “younger age (< 40) ” in CST, and “longer duration of neutropenia (≥ 14 

days) ” in RIST. 

  While Takahashi et al. reported that the severity of oral mucositis was reduced in RIST 

patients compared with CST patients [1], no significant difference was observed in the 

incidence of severe oral mucositis between patients who received CST and those who received 

RIST in our study. Several studies reported that severe oral mucositis was correlated with TBI 

[14, 15]. One of the reasons for this “no significant difference” in our study might be associated 

with the use of TBI in most RIST patients. The patients who received our RIST regimen 

including TBI tended to have a longer neutropenic period and more mucosal injury than those in 

patients who received other RIST regimens [16, 17]. Furthermore, both CST and RIST regimens 

in the present cases used the same doses of MTX on days 1, 3, and 6 as GVHD prophylaxis.  
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  Severe oral mucositis causes intolerable pain, which is often controlled by administration of 

opioid analgesics. As recent trends in cancer pain control recommend the appropriate use of 

narcotics to minimize pain, the use of opioid analgesics in RIST patients was significantly less 

compared with that in CST patients. As RIST tends to dispense with narcotics, their major side 

effects such as ileus could be also avoided. 

  In multivariate analysis, “younger age (< 40) ” was significantly associated with severe oral 

mucositis in CIST patients (odds ratio, 5.6; 95%CI, 1.9-16.5; P < 0.05). This confirms the report 

of Vagliano where severe oral mucositis was observed more in adult patients than in the elderly 

patients [18]. Sonis reported that young patients, who typically have a higher proliferating 

fraction of basal cells, are three times more likely to develop mucositis than elderly adults in 

whom the basal cell proliferation is slow [19]. In RIST patients, “duration of neutropenia (more 

than 14 days) ” was significantly associated with severe oral mucositis in multivariate analysis 

(OR = 12.4, 95%CI 1.4-109, P = 0.024). Once patients developed oral mucositis, it continued to 

worsen during neutropenia. In those patients, it is important to prevent the development of oral 

mucositis. 

  Although our analysis has limitations due to its retrospective nature and the small sample size, 
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our results showed that the need for opioid analgesics and the risk factors for severe oral 

mucositis differed between CST and RIST patients. Further prospective controlled studies are 

needed to assess the differences between CST and RIST for better management of oral 

mucositis in HSCT patients.   
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Figure legend 

Figure 1  Use of opioid analgesics to control pain due to oral mucositis in CST and RIST. 

Difference in frequencies of patients requiring opioid analgesics between CST and RIST were 

analyzed by the chi-square test.    
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Table 1   Patients and transplantation characteristics

CST (n=60) % RIST (n=70) % P-value

Age, median (range)         36 (17-54) 55 (17-68) < 0.01

Patient sex Male 28 46.70% 39 55.70% 0.3

Underlying disease, ALL 23 38.30% 3 4.30% < 0.01

AML 28 46.70% 22 31.40%

MDS 3 5.00% 7 10.00%

CML 4 6.60% 2 2.90%

ML 1 1.70% 24 34.30%

ATLL 1 1.70% 1 1.40%

MM 0 0.00% 5 7.10%

others 0 0 6 8.60%

Disease status at transplantationCR 41 68.30% 27 38.60% < 0.01

non CR 15 25.00% 31 44.30%

Chronic phase/stable disease 4 6.70% 12 17.10%

Conditioning regimen Fludarabine/ Busulfan           0 0.00% 62 88.60% -

Fludarabine/ Melphalan          0 0.00% 5 7.10%

 CY/ VP-16/ TBI               27 45.00% 0 0.00%

 CY/ TBI               23 38.30% 0 0.00%

 Others                        10 16.70% 3 4.30%

Total Body Irradiation 57 95% 64 91.40% 0.6

GVHD prophylaxis Cyclosporine A+ methotrexate     23 38.30% 27 38.60% 0.9

Tacrolimus+ methotrexate        37 61.60% 43 61.40%

Stem cell source related BM 6 10% 8 11% 0.5

related PBSC 8 13.30% 5 7.10%

unrelated BM 37 61.70% 47 67.20%

unrelated CB 9 15.00% 10 14.30%

Abbreviations: CST, conventional stem cell transplantation; RIST, reduced-intensity stem cell transplantation; ALL, acute lymphoblastic leukemia; 

AML, acute myelogenous leukemia; MDS, myelodysplastic syndrome; CML, chronic myelogenous leukemia; ML, malignant lymphoma; 

ATLL, adult T-cell leukemia/lymphoma; MM, multiple myeloma; CR, complete remission; CY, cyclophosphamide; VP16, etoposide; 

TBI, total body irradiation; GVHD, graft-versus-host disease; BM, bone marrow; PBSC, peripheral blood stem cell; CB, cord blood. 



Table 2  Incidence of oral mucositis

Grades of oral mucositis

0 1 2 3 4

Total (n=130) 27 30 30 42 1

% 20.80% 23.10% 23.10% 32.30% 0.70%

CST (n=60) 10 15 15 19 1

% 16.70% 25.00% 25.00% 31.70% 1.70%

RIST (n=70) 17 15 15 23 0

% 24.30% 21.40% 21.40% 32.90% 0%



Table 3   Univariate and multivariate analysis for severe mucositis in CST (n=60)

Variables Severe mucositis Univariate Multivariate

Yes % No % P-value Odds ratio (95%CI) P-value

Age

<40 16 44.40% 20 55.60% < 0.05 5.6 (1.9-16.5) < 0.05

≥40 4 16.70% 20 83.30%

<50 19 33.30% 38 66.70% 0.53

≥50 1 33.30% 2 66.70%

Sex

Male 8 28.60% 20 71.40% 0.65

Female 12 37.50% 20 62.50%

Disease status at transplantation

CR 14 34.10% 27 65.90% 0.93

non CR 6 40.00% 9 60.00%

Conditioning regimen

VP/CY/TBI 13 48.10% 14 51.60% < 0.05

non VP/CY/TBI 7 31.20% 26 78.80%

GVHD prophylaxis

CsA+MTX 8 34.80% 15 65.20% 0.93

FK+MTX 12 32.40% 25 67.60%

Dose of MTX

15 10 10 12 32.40% 25 67.60% 0.81

10 10 10 5 31.20% 11 68.80%

10 7 7 1 33.30% 2 66.70%

Stem cell source

related BM 3 50.00% 3 50.00% 0.93

related PBSC 2 25.00% 6 75.00%

unrelated BM 12 32.40% 25 67.60%

unrelated CB 3 33.30% 6 66.70%

Duration of neutropenia (<500/ml)

≥21days 9 45.00% 11 55.00% 0.29

<21days 11 27.50% 29 72.50%

≥14days 20 39.20% 31 60.80% < 0.05

<14days 0 0% 9 100%

CI indicates confidence interval; other abbreviations, see Table 1



Table 4   Univariate and multivariate analysis for severe mucositis in RIST (n=70)

Variables Severe mucositis Univariate Multivariate

Yes % No % P-value Odds ratio (95%CI) P-value

Age

<40 2 28.60% 5 71.40% 0.78

≥40 21 33.30% 42 66.70%

<50 4 21.10% 15 78.90% 0.32

≥50 19 37.30% 32 62.70%

<60 17 30.90% 38 69.10% 0.72

≥60 6 40.00% 9 60.00%

Sex

Male 10 25.60% 29 74.40% 0.15

Female 13 41.90% 18 58.10%

Disease status at transplantation

CR 10 37.00% 17 63.00% 0.7

non CR 10 32.30% 21 67.70%

Conditioning regimen

FLU/BU 21 33.90% 41 66.10% 0.88

FLU/LPAM 1 20.00% 4 80.00%

Total Body Irradiation

Yes 21 32.80% 43 67.20% 0.67

No 2 33.30% 4 66.70%

GVHD prophylaxis

CsA+MTX 7 25.90% 20 74.10% 0.47

FK+MTX 16 37.20% 27 62.80%

Dose of MTX

15 10 10 6 17.10% 29 82.90% 0.06

10 10 10 13 52.00% 12 48.00%

10 7 7 0 0% 2 100%

Stem cell source

related BM 0 0% 8 100% 0.98

related PBSC 2 40.00% 3 60.00%

unrelated BM 16 34.00% 31 66.00%

unrelated CB 5 50.00% 5 50.00%

Duration of neutropenia (<500/ml)

≥21days 11 57.90% 8 42.10% 0.015

<21days 12 23.50% 39 76.50%

≥14days 21 46.70% 24 53.30% 0.0024 12.4 (1.4-109) 0.024

<14days 2 8.00% 23 92.00%


