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Abstract  

Since the safety of folinic acid administration and its efficacy 

for reducing the toxicity of methotrexate (MTX) remain 

controversial, we assessed the effect of folinic acid 

administration after MTX treatment for GVHD prophylaxis on the 

incidence of oral mucositis and acute GVHD. We retrospectively 

analyzed data for 118 patients who had undergone allogeneic 

hematopoietic stem cell transplantation and had received MTX for 

GVHD prophylaxis. Multivariate analysis showed that systemic 

folinic acid administration significantly reduced the incidence 

of severe oral mucositis (OR = 0.13, 95%CI 0.04-0.73, P = 0.014). 

There was also a tendency for a lower incidence of severe oral 

mucositis in patients who received folinic acid mouthwash (OR = 

0.39, 95%CI 0.15-1.00, P = 0.051). No significant difference was 

observed in the incidence of acute GVHD between patients who 

received systemic folinic acid administration and those who did 

not (P = 0.88). Systemic folinic acid administration and mouthwash 

appear to be useful for reducing the incidence of severe oral 

mucositis in patients who have received allogeneic hematopoietic 

stem cell transplantation using MTX as GVHD prophylaxis. 
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Introduction 

Oral mucositis is one of the most common complications 

associated with allogeneic hematopoietic stem cell 

transplantation, occuring in 60-90% of patients who have received 

stem cell transplantation.
1,2,3

 Oral mucositis is associated with 

severe pain, which can lead to anorexia and dehydration. A large 

population of patients with severe oral mucositis require total 

parenteral nutrition and opioid analgesics.
4
 Severe oral mucositis 

is associated with not only severe pain but also poor clinical and 

economic outcomes.
5
  

Oral mucositis is caused mainly by the toxicity associated with 

chemotherapy and total body irradiation as a conditioning regimen; 

however, it is also associated with the use of methotrexate (MTX) 

for GVHD prophylaxis.
6,7 

Although several studies have shown that  

folinic acid administration reduced the toxicity of MTX,
8,9,10

 the 

efficacy and safety of folinic acid administration remain 

controversial. Ruutu et al. reported that folinic acid was 

administered after MTX in 37 (45.7%) of 81 European Group for Blood 

and Marrow Transplantation (EBMT) centers,
11
 and Bhurani et al. 

reported that folinic acid was administered after MTX in 8 (44.0%) 

of 12 centers in Australia and New Zealand.
12
 More than half of the 

centers surveyed in those studies did not use systemic folinic acid 

administration because of the lack of support for its efficacy or 

because of the risk of acute GVHD being induced by folinic acid. 
 

Therefore, this study was performed to assess the effects of 

systemic folinic acid administration after MTX for GVHD 

prophylaxis on the incidence of oral mucositis and acute GVHD. 
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Patients and methods 

 We retrospectively analyzed data for 141 consecutive patients 

who had undergone allogeneic hematopoietic stem cell 

transplantation and had received MTX for GVHD prophylaxis between 

March 2006 and December 2009 in Stem Cell Transplantation Center 

of Hokkaido University Hospital. We excluded 7 patients whose data 

were insufficient. Furthermore, we excluded 16 patients who failed 

to achieve engraftment because we hypothesized that duration of 

neutropenia was a risk factor for the development of mucositis and 

that engraftment failure might be an extremely strong risk factor 

for the development of mucositis. Therefore, data for 118 patients 

were analyzed in this study. The study protocol was approved by 

the review board of Hokkaido University Graduate School of 

Medicine. 

 

Conditioning regimens and transplantation procedures 

 Most of the conventional conditioning regimens consisted of 

total body irradiation (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),
13
 and most of the reduced-intensity conditioning  

regimens consisted of fludarabine (30 mg/m
2
 once daily i.v. for 

6 days, total dose of 180 mg/m
2
) plus oral busulfan (4 mg/kg p.o. 

in divided doses daily for 2 days, total dose of 8 mg/kg) or 

intravenous busulfan (3.2 mg/kg i.v. in divided doses daily for 

2 days, total dose of 6.4 mg/kg) plus low-dose total body 

irradiation (4 Gy in two fractions).
14
 Cyclosporine A (CsA, 3 mg/kg) 

or tacrolimus (FK, 0.03 mg/kg) and short-course MTX were used for 
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GVHD prophylaxis. MTX was given at a dose of 15 mg/m
2
 or 10 mg/m

2
 

on day 1 and at a dose of 10 mg/m
2
 or 7 mg/m

2
 on day 3 and day 6.  

 

Supportive care and infection prophylaxis 

Granulocyte colony-stimulating factor was administered from 

day 5 until engraftment. Levofloxacin was administered for 

prevention of bacterial infections until engraftment, and an 

antifungal (fluconazole, itraconazole, or micafungin) was 

administered for prevention of fungal infections. Oral acyclovir 

was given on day -7 to day 35 for prevention of herpes simplex virus 

(HSV) infection. 

 

Systemic folinic acid administration and mouthwash 

Folinic acid was given intravenously at the same dose as that 

used for each administration of MTX at 12 hr, 18 hr and 24 hr after 

administration of MTX on days 1 and 3 and at 24 hr, 30 hr and 36 

hr after administration of MTX on day 6. Folinic acid mouthwash 

(13.0% folinic acid) was given four times a day from day 1 to day 

7. Systemic folinic acid administration and folinic acid mouthwash 

were given according to physicians’ discretion. They were given 

to the patients who were considered by physicians to be at high 

risk for severe oral mucositis. For example, conventional 

conditioning regimens, female gender and higher doses of MTX were 

considered as high risk for severe oral mucositis. 

 

Grading of oral mucositis 

Oral mucositis was graded by the National Cancer Institute 

Common Terminology Criteria for Adverse Events (NCI-CTCAE) version 
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3.0. The criteria for oral mucositis were as follows: Grade 0, none; 

Grade 1, erythema of the mucosa; Grade 2, patchy ulcerations of 

pseudomembranes; Grade 3, confluent ulcerations or 

pseudomembranes, bleeding with minor trauma; Grade 4, tissue 

necrosis, significant spontaneous bleeding, life-threatening 

consequences. Severe oral mucositis was defined as grade 3 or 4 

oral mucositis. 

The incidence and severity of oral mucositis were evaluated 

daily by physicians and nurses. Dentists and dental hygienists 

evaluated oral mucositis at least once per week. The grading of 

oral mucositis was assigned at the time of evaluation. 

 

Evaluation of GVHD 

 Acute GVHD was graded according to the consensus criteria.
15
 

 

Statistical analysis 

Univariate analyses were performed using the chi-square test 

and Fisher's exact test, as appropriate. Factors with a P-value 

of 0.2 or less in the univariate analyses were included in the 

multivariate analysis. Stepwise multivariate logistic regression 

models were used to analyze the influence of selected variables 

on the risk of severe oral mucositis. Cumulative incidence of acute 

GVHD was calculated using the Gray method
16
, considering death 

without acute GVHD or relapse as competing events. Similarly, in 

the analysis of relapse incidence, death resulting from other 

causes was considered as a competing risk. In the analysis of 

non-relapse mortality, relapse was considered as a competing risk. 

JMP software version 8.0.2 (SAS Institute, Cary, NC, USA) was used 
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for most of the statistical analyses. Analysis of cumulative 

incidences was carried out with the package 'comprsk' of the R 

statistical software 2.10.1 (R Foundation for Statistical 

Computing, Vienna, Austria; available at 

http://www.r-project.org/). All P-values were two-sided, and 

differences were considered to be statistically significant when 

P < 0.05. 

 

Results 

The patient characteristics are shown in Table 1. Systemic 

folinic acid administration was given to 29 patients. The systemic 

folinic acid administration group had significantly higher 

proportions of female patients (P = 0.03), patients who received 

higher doses of MTX (P = 0.0002) and patients who received folinic 

acid mouthwash (P < 0.0001). The mean duration of neutropenia in 

all patients was 18.3 days. No significant difference was observed 

in the duration of neutropenia between patients who received 

systemic folinic acid administration and those who did not (17.3 

days vs 18.6 days, P = 0.53). There was a difference over time. 

Systemic folinic acid administration was not given to any patients 

in 2006 - 2007. In 2008 - 2009, 29 (42.0%) of 69 patients received 

systemic folinic acid administration. Other characteristics in the 

two groups were the same.  

 Oral mucositis was observed in 91 (77.1%) of the patients (Table 

2), and severe oral mucositis (NCI-CTCAE Grade 3 or Grade 4) was 

observed in 37 (31.4%) of the patients. The incidence of oral 

mucositis was significantly lower in patients who received 

systemic folinic acid administration than in patients who did not 
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receive systemic folinic acid administration (58.6% vs 83.2%, P 

= 0.0063), and the incidence of severe oral mucositis was also 

significantly lower in patients who received systemic folinic acid 

administration than in patients who did not receive systemic 

folinic acid administration (10.3% vs 38.2%, P = 0.005). 

 Table 3 shows clinical factors and results of univariate 

analysis of clinical factors associated with the incidence of 

severe oral mucositis. Severe oral mucositis was significantly 

associated with VP/CY/TBI (P = 0.048) and duration of neutropenia 

(< 500/l) (P = 0.0047). Systemic folinic acid administration and 

folinic acid mouthwash reduced the incidence of severe oral 

mucositis (P = 0.0038 and P = 0.0017, respectively). Age, gender, 

disease status at transplantation, GVHD prophylaxis, stem cell 

source, and dose of MTX did not correlate with severe oral mucositis. 

In multivariate analysis, duration of neutropenia was 

significantly associated with severe oral mucositis (OR = 4.78, 

95%CI 1.77-13.9, P = 0.0019), and systemic folinic acid 

administration significantly reduced the incidence of severe oral 

mucositis (OR = 0.13, 95%CI 0.04-0.73, P = 0.014) (Table 4). There 

was a tendency for a higher incidence of severe oral mucositis in 

patients who received VP/CY/TBI (OR = 2.42, 95%CI 0.86-6.99, P = 

0.095), and there was a tendency for a lower incidence of severe 

oral mucositis in patients who received folinic acid mouthwash (OR 

= 0.39, 95%CI 0.15-1.00, P = 0.051). 

 No significant difference was observed in the incidence of acute 

GVHD on day 100 after transplantation between patients who received 

systemic folinic acid administration and those who did not (acute 

GVHD grade 1-4, 71.3% vs 68.5%, P = 0.88; acute GVHD grade 2-4, 



 - 9 - 

49.9% vs 40.4%, P = 0.36; acute GVHD grade 3-4, 6.0% vs 11.2%, P 

= 0.51)(Figure 1). There was no difference in the incidence of 

severe oral mucositis between patients who developed acute GVHD 

and those who did not (GVHD grade 1-4; 29.6%, grade 0; 31.25%, P 

= 0.87). There was no difference in the incidence of severe oral 

mucositis between patients who had severe acute GVHD (grade 3-4) 

and those who did not (GVHD grade 3-4; 16.7%, grade 1-2; 31.9%, 

P = 0.47). 

No significant difference was observed in the incidences of 

relapse and non-relapse mortality after transplantation between 

patients who received systemic folinic acid administration and 

those who did not (relapse, 7.4% vs 22.8%, P = 0.19; non-relapse 

mortality, 7.8% vs 12.1%, P = 0.71)(Figure 2). 

 Table 5 shows the effects of systemic folinic acid 

administration and/or  mouthwash. Use of intravenous opioid 

analgesics and duration of inability to eat were significantly 

reduced in patients who received systemic folinic acid 

administration and/or mouthwash compared with those in patients 

who received neither systemic folinic acid administration nor 

folinic acid mouthwash. There was no difference in the duration 

of total parenteral nutrition between patients who received 

systemic folinic acid administration and/or mouthwash and patients 

who received neither systemic folinic acid administration nor 

folinic acid mouthwash. 

 

Discussion 

The efficacy and safety of folinic acid administration have 

been controversial so far. Less than half of the centers surveyed 
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have used  folinic acid administration.
11,12

 Therefore, we 

retrospectively analyzed data for 118  patients who had undergone 

allogeneic hematopoietic stem cell transplantation and had 

received MTX for GVHD prophylaxis. 

Multivariate analysis showed that systemic folinic acid 

administration significantly reduced the incidence of severe oral 

mucositis (OR = 0.13, 95%CI 0.04-0.73, P = 0.014). Furthermore, 

use of opioid analgesics and duration of inability to eat were 

significantly reduced in patients who received systemic folinic 

acid administration.  

 The group of patients who received systemic folinic acid 

administration had significantly higher proportions of female 

patients (P = 0.03) and patients who received higher doses of MTX 

(P = 0.0002). Although gender did not correlate with severe oral 

mucositis in our study, several studies have shown that female 

gender is one of the risk factors for oral mucositis.
17,18

 In our 

retrospective study, systemic folinic acid administration was 

performed according to physicians’discretion. Therefore, it is 

likely that systemic folinic acid administration was used for 

patients who were considered by physicians to be at high risk for 

severe oral mucositis. 

There are data that provide a rationale for using MTX and folinic 

acid in combination for GVHD prophylaxis.
19
 Gratwohl et al. reported 

that systemic folinic acid administration 6 hr after each 

administration of MTX reduced the toxicity of MTX and maintained 

the effect of MTX on prevention of GVHD in dogs
20
 and that MTX at 

concentrations above 10
-6
M completely abrogated thymidine uptake 

in lymphocytes with stimulation for 6 hours in vitro.
21
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In pediatrics, European Group for Blood and Marrow 

Transplantation Working Party Paediatric Diseases and 

International BFM Study Group-Subcommittee Bone Marrow 

Transplantation recommended that folinic acid (15 mg/m
2
/day) 

should be given 24 hours after MTX.
22
 However, there are no 

recommendations or guidelines in adult transplant groups for the 

use of folinic acid following MTX. Therefore, systemic folinic acid 

administration was given at various doses and schedules, starting 

6-24h after MTX administration.
11, 23

 We used folinic acid 

intravenously at the same dose as that used for each administration 

of MTX at 12 hr, 18 hr and 24 hr after administration of MTX on 

days 1 and 3 and at 24 hr, 30 hr and 36 hr after administration 

of MTX on day 6. We decided the dose and timing of systemic folinic 

acid administration according to the dose and timing of systemic 

folinic acid administration after high-dose MTX. Although there 

was no significant difference in the incidence and severity of acute 

GVHD in our study, our dose of folinic acid, which is about 

three-times higher than that of the pediatric recommendation,  

might be in excess of those required. Further studies are needed 

to establish the optimal dose and timing of systemic folinic acid 

administration.   

Although there is no evidence to support the use of folinic 

acid mouthwash for prevention of mucositis, folinic acid 

mouthwashes have been given to patients who received MTX 

administration in some centers.
25, 26, 27

 In our study, multivariate 

analysis showed that there was a tendency for a lower incidence 

of severe oral mucositis in patients who received folinic acid 

mouthwash (OR = 0.39, 95%CI 0.15-1.00, P = 0.051). Not only systemic 
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folinic acid administration but also folinic acid mouthwash 

significantly reduced the use of opioid analgesics and the duration 

of inability to eat. Therefore, it is likely that folinic acid 

mouthwash had a positive effect on the prevention of severe oral 

mucositis. 

 In multivariate analysis, duration of neutropenia (more than 

21 days) was significantly associated with severe oral mucositis 

(OR = 4.78, 95%CI 1.77-13.9, P = 0.0019). The mean duration of 

neutropenia was 18.3 days in our study. Therefore, the cutoff point 

of duration of neutropenia appeared to be three weeks (21 days). 

The use of folinic acid did not reduce the duration of neutropenia 

in our study (17.3 days vs 18.6 days, P = 0.53). It is important 

to reduce the duration of neutropenia to prevent severe oral 

mucositis. 

 Hoyt et al.
27
 reported that etoposide induces more severe 

mucositis than dose CY when added to TBI. In our study, there was 

a tendency for a higher incidence of severe oral mucositis in 

patients who received VP/CY/TBI (OR = 2.42, 95%CI 0.86-6.99, P = 

0.095). A VP/CY/TBI regimen may increase the incidence of severe 

oral mucositis compared with the effects of other conditioning 

regimens. In patients with a high risk of severe oral mucositis, 

use of MTX for GVHD prophylaxis may cause more severe oral mucositis. 

Therefore, systemic folinic acid administration may be useful to 

reduce the incidence of severe oral mucositis in patients who have 

received a VP/CY/TBI regimen. 

 Although Takahashi et al. reported that the severity of oral 

mucositis was reduced in RIST patients compared with that in CST 

patients,
1
 no significant difference was observed in the incidence 
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of severe oral mucositis between patients who received CST and those 

who received RIST in our study. Several studies have shown that 

severe oral mucositis was correlated with TBI.
26,27

 One reason for  

no significant difference being found in our study might be the 

use of TBI in most RIST patients.  

 Although Sonis et al. reported that oral mucositis is associated 

with significantly worse economic outcomes,
5
 there was no 

difference in the duration of total parenteral nutrition in our 

study. We were not able to show the cost effectiveness of the use 

of folinic acid. Further studies are needed to clarify the cost 

effectiveness.  

In this retrospective study, systemic folinic acid 

administration and mouthwash appear to be useful for reducing the 

incidence of severe oral mucositis in those patients who were 

considered by physicians to be at high risk  for severe oral 

mucositis. Further prospective controlled studies are needed to 

assess the efficacy of systemic folinic acid administration and 

mouthwash. 

 

Acknowledgements 

 We thank Ms. M. Yamane, Ms. M. Mayanagi and Ms. Y.Ishimaru for their technical assistance.  

 

 

 

 

 

 

 



 - 14 - 

Reference 

1  Takahashi K, Soga Y, Murayama Y, Udagawa M, Nishimoto H, Sugiura Y, et al. Oral mucositis 

in patients receiving reduced-intensity regimens for allogeneic hematopoietic cell 

transplantation: comparison with conventional regimen. Supportive care in cancer 2010; 18: 

115-119. 

2  Vokurka S, Steinerova K, Karas M, Koza V. Characteristics and risk factors of oral mucositis 

after allogeneic stem cell transplantation with FLU/MEL conditioning regimen in context with 

BU/CY2. Bone marrow transplant 2009; 44: 601-605. 

3  Langner S, Staber P, Schub N, Gramatzki M, Grothe W, Behre G, et al. Palifermin reduces 

Incidence and severity of oral mucositis in allogeneic stem-cell transplant recipients. Bone 

marrow transplant 2008; 42: 275-279. 

4  Sonis ST, Elting LS, Keefe D, Peterson DE, Schubert M, Hauer-Jensen M, et al. Perspectives on 

cancer therapy-induced mucosal injury: pathogenesis, measurement, epidemiology, and 

consequences for patients. Cancer 2004; 100: 1995-2025. 

5  Sonis ST, Oster G, Fuchs H, Bellm L, Bradford WZ, Edelsberg J, et al. Oral mucositis and the 

clinical and economic outcomes of hematopoietic stem-cell transplantation. Journal of clinical 

oncology 2001; 19: 2201-2005. 

6  Cutler C, Li S, Kim H, Laglenne P, Szeto K, Hoffmeister L, et al. Mucositis after allogeneic 

hematopoietic stem cell transplantation: a cohort study of methotrexate-and 

non-methotrexate-containing graft-versus-host disease prophylaxis regimens. Biology of Blood 

and Marrow Transplantation 2005; 11: 383–388. 

7  Bolwell B, Sobecks R, Pohlman B, Andresen S, Rybicki L, Kuczkowski E, et al. A prospective 

randomized trial comparing cyclosporine and short course methotrexate with cyclosporine and 

mycophenolate mofetil for GVHD prophylaxis in myeloablative allogeneic bone marrow 

transplantation. Bone marrow transplant 2004; 34: 621-625. 

8  Torres A, Martinez F, Gomez P, Herrera C, Rojas R, Gomez-Villagran JL, et al. Cyclosporin A 

versus methotrexate, followed by rescue with folinic acid as prophylaxis of acute 



 - 15 - 

graft-versus-host disease after bone marrow transplantation 1989; 58: 63-68. 

9  Nevill TJ, Tirgan MH, Deeg HJ, Klingemann HG, Reece DE, Shepherd JD, et al. Influence of 

post-methotrexate folinic acid rescue on regimen-related toxicity and graft-versus-host disease 

after allogeneic bone marrow transplantation. Bone marrow transplant 1992; 9: 349-354. 

10  Russell JA, Woodman RC, Poon MC, Jones AR, Ruether BA. Addition of low-dose folinic acid 

to a methotrexate/cyclosporin A regimen for prevention of acute graft-versus-host disease. Bone 

marrow transplant 1994; 14: 397-401. 

11  Ruutu T, Niederwieser D, Gratwohl A, Apperley JF. A survey of the prophylaxis and treatment 

of acute GVHD in Europe: a report of the European Group for Blood and Marrow, 

Transplantation (EBMT). Chronic Leukaemia Working Party of the EBMT. Bone marrow 

transplant 1997; 19: 759-764. 

12  Bhurani D, Schifter M, Kerridge I. Folinic acid administration following MTX as prophylaxis 

for GVHD in allogeneic HSCT centres in Australia and New Zealand. Bone marrow 

transplantat 2008; 42: 547–550. 

13  Shigematsu A, Kondo T, Yamamoto S, Sugita J, Onozawa M, Kahata K, et al. Excellent 

outcome of allogeneic hematopoietic stem cell transplantation using a conditioning regimen 

with medium-dose VP-16, cyclophosphamide and total-body irradiation for adult patients with 

acute lymphoblastic leukemia. Biology of blood and marrow transplantation 2008; 14: 

568-575. 

14  Takahata M, Hashino S, Okada K, Onozawa M, Kahata K, Sugita J, et al. Reduced intensity 

conditioning regimen with fludarabine, busulfan, and low-dose TBI (Flu-BU2-TBI): clinical 

efficacy in high-risk patients. American journal of hematology 2010; 85: 243-248. 

15 Przepiorka D, Weisdorf D, Martin P, Klingemann HG, Beatty P, Hows J, et al. 1994 Consensus 

Conference on Acute GVHD Grading. Bone Marrow Transplant 1995; 15: 825-828. 

16 Gray RJ, A class of K-sample tests for comparing the cummulative incidence of a competing 

risk. Ann stat 1988; 16: 1141-1154. 

17  Vokurka S, Bystrická E, Koza V, Scudlová J, Pavlicová V, Valentová D, et al. Higher incidence 



 - 16 - 

of chemotherapy induced oral mucositis in females: a supplement of multivariate analysis to a 

randomized multicentre study. Supportive care in cancer 2006; 14: 974-976. 

18  Vokurka S, Bystrická E, Koza V, Scudlová J, Pavlicová V, Valentová D, et al. The comparative 

effects of povidone-iodine and normal saline mouthwashes on oral mucositis in patients after 

high-dose chemotherapy and APBSCT--results of a randomized multicentre study. Supportive 

care in cancer 2005; 13: 554-558. 

19  Gratwohl A. Folinic acid administration following MTX as prophylaxis for GVHD. Bone 

marrow transplant 2009; 44: 257. 

20 Gratwohl AA, Bull MI, Graw RG, Norton L, Knutsen T. Methotrexate and citrovorum factor 

after histoincompatible allogeneic bone marrow transplants in dogs. Acta haematologica 1978; 

60: 233-242. 

21 Gratwhol A, Deisseroth A. Suppression of humoral immune response with methotrexate and 

citroforum factor. In: International Society of Chemotherapy (eds) Current Chemotherapy. 

American Society for Microbiology, 1978, pp 1262-1263. 

22 Peters C, Minkov M, Gadner H, Klingebiel T, Vossen J, Locatelli F, et al. Statement of current 

majority practices in graft-versus-host disease prophylaxis and treatment in children. Bone 

Marrow Transplant 2000; 26: 405-411. 

23  Gori E, Arpinati M, Bonifazi F, Errico A, Mega A, Alberani F, et al. Cryotherapy in the 

prevention of oral mucositis in patients receiving low-dose methotrexate following 

myeloablative allogeneic stem cell transplantation: a prospective randomized study of the 

Gruppo Italiano Trapianto di Midollo Osseo nurses group. Bone marrow transplant 2007; 39: 

347-352. 

24 Stark AN, Jackson G, Carey PJ, Arfeen S, Proctor SJ; Severe renal toxicity due to 

intermediate-dose methotrexate. Cancer Chemother Pharmacol 1989; 24: 243-245. 

25 van den Bongard HJ, Mathĵt RA, Boogerd W, Schornagel JH, Soesan M, Schellens JH, et al.  

Successful rescue with leucovorin and thymidine in a patient with high-dose methotrexate 

induced acute renal failure. Cancer Chemother Pharmacol 2001; 47: 537-540. 



 - 17 - 

26 Craig JV, Gibson F, Glenny AM; on behalf of Children’s Cancer and Leukaemia Group and 

Paediatric Oncology Nurses Forum (CCLG–PONF) Mouth Care Group. Audit to monitor the 

uptake of national mouth care guidelines for children and young people being treated for cancer. 

Support Care Cancer 2010; e-pub ahead of print 31 July 2010; doi: 

10.1007/s00520-010-0953-3 

27 Hoyt R, Ritchie DS, Wirth A, Szer J, Grigg AP; Etoposide induces more severe mucositis than 

CY when added to TBI as conditioning in allograft recipients receiving CsA and MTX. Bone 

Marrow Transplant 2010; 45: 1457-1462.  

28  Robien K, Schubert M, Bruemmer B, Lloid M, Potter J, Ulrich C; Predictors of oral mucositis 

in patients receiving hematopoietic cell transplants for chronic myelogenous leukemia. Journal 

of Clinical Oncology 2004; 22: 1268. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 - 18 - 

Figure legends 

Figure 1. Cumulative incidence of grade II-IV acute GVHD (a) and grade III-IV acute GVHD (b) 

grouped according to the use of folinic acid administration. 

 

Figure 2. Cumulative incidence of relapse (a) and non-relapse mortality (b) grouped according to the 

use of folinic acid administration. 
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Table 1 Patient characteristics 

YES 
 (n = 29) 

No 
 (n = 89) 

P-values 

Age (years) 

    Median 

    Range 

Gender 

    Male 

    Female 

Disease 

    AML 

    ALL 

    MDS 

    CML 

    HL 

    NHL 

    ATLL 

    MM 

    AA 

    MF 

Disease status at transplantation 

    CR 

    non CR 

    Chronic phase / stable disease 

Conditioning 

    CST 

       VP/CY/TBI 

       CY/TBI 

    RIST 

        Flu/BU/TBI 

GVHD prophylaxis 

    CsA+MTX 

    FK+MTX 

Doses of MTX 

    15-10-10 (mg/m2) 

    10-10-10 (mg/m2) 

    10-7-7 (mg/m2) 

Stem cell source 

    related BM 

    related PBSC 

    unrelated BM 

    unrelated CB 

Duration of neutropenia (< 500 /ml) 

     ≥ 21 days 

    <  21 days 

Folinic acid mouthwash     

    Yes 

    No 

 

41 

18-66 

 

10 

19 

 

12 

9 

0 

0 

0 

5 

1 

1 

1 

0 

 

18 

10 

1 

 

18 

7 

9 

11 

7 

 

9 

20 

 

27 

1 

1 

 

4 

5 

16 

4 

 

8 

21 

 

25 

4 

 

48 

17-68 

 

51 

38 

 

32 

14 

9 

5 

2 

18 

2 

3 

3 

1 

 

48 

27 

14 

 

38 

18 

12 

51 

44 

 

35 

54 

 

45 

40 

4 

 

10 

8 

66 

5 

 

20 

69 

 

35 

54 

0.17 

 

 

0.03 

 

 

0.48 

 

 

 

 

 

 

 

 

 

 

0.23 

 

 

 

0.07 

 

 

 

 

 

0.42 

 

 

0.0002 

 

 

 

0.21 

 

 

 

 

0.57 

 

 

< 0.0001 

 

Abbreviations: AA = aplastic anemia; ATLL = adult T-cell leukemia/lymphoma; CB = cord blood; 

CST = conventional stem cell transplantation; FK = tacrolimus; Flu = fludarabine; HL = Hodgkin 

lymphoma; MDS = myelodysplastic syndrome; MF = myelofibrosis; MM = multiple myeloma; NHL 

= non Hodgkin lymphoma; VP16 = etoposide. 

Folinic acid administration 
Total 

 (n = 118) 

 

47 

17-68 

 

61 

57 

 

44 

23 

9 

5 

2 

23 

3 

4 

4 

1 

 

66 

37 

15 

 

56 

25 

21 

62 

51 

 

44 

74 

 

72 

41 

5 

 

14 

13 

82 

9 

 

28 

90 

 

60 

58 



Table 2 Incidence of oral mucositis 

Grades of oral mucositis 

0 1 2 3 4 

Yes (n = 29) 

No (n = 89) 

12 

(41.4 %) 

9 

(31.0 %) 

5 

(17.2 %) 

3 

(10.3 %) 

0 

(0.0 %) 

15 

(16.9 %) 

17 

(19.1 %) 

23 

(25.8 %) 

33 

(37.1 %) 

1 

(1.1 %) 

Folinic acid administration 

Total 27 

(22.9 %) 

26 

(22.0 %) 

28 

(23.7 %) 

36 

(30.5 %) 

1 

(0.85 %) 



Table 3 Univariate analysis of severe oral mucositis  

P-values 

Age 

     ≥ 50 

    < 50  

Gender 

   Male  

   Female 

Disease status at transplantation 

    CR 

    non CR 

Conditioning 

    CST 

    RIST 

    VP/CY/TBI 

    non VP/CY/TBI 

GVHD prophylaxis 

    CsA+MTX 

    FK+MTX 

Doses of MTX 

    15-10-10 

    10-10-10 

    10-7-7 

Stem cell source 

    related BM 

    related PBSC 

    unrelated BM 

    unrelated CB 

Duration of neutropenia (< 500 /ml)  

     ≥ 21 days 

    <  21 days 

Folinic acid administration 

    Yes 

    No 

Folinic acid mouthwash 

    Yes 

    No 

 

16 

(33.3 %) 

21 

(30.0 %) 

 

16 

(26.2 %) 

21 

(36.8 %) 

 

24 

(36.4 %) 

10 

(27.0 %) 

 

18 

(32.1 %) 

19 

(30.6 %) 

12 

(48.0 %) 

25 

(26.9 %) 

 

12 

(27.3 %) 

25 

(33.8 %) 

 

18 

(25.0 %) 

18 

(43.9 %) 

 1 (28.0 %) 

 

 3 (21.4 %) 

 4 (30.8 %) 

27 

(32.9 %) 

 3 (33.3 %) 

 

15 

(53.6 %) 

22 

(24.4 %) 

 

 3 (10.3 %) 

34 

(38.2 %) 

 

11 

(18.3 %) 

26 

(44.8 %) 

 

1.17 

1 

 

1 

1.64 

 

1.54 

1 

 

1.07 

1 

2.51 

1 

 

0.74 

1 

 

1.33 

3.13 

1 

 

1 

1.62 

1.80 

1.83 

 

3.57 

1 

 

0.20 

1 

 

0.28 

1 

 

0.70 

 

 

 

0.22 

 

0.33 

 

 

0.86 

 

0.048 

 

 

0.46 

 

 

0.80 

0.29 

 

 

 

0.58 

0.38 

0.53 

 

0.0047 

 

 

0.0038 

 

 

0.0017 

 

n severe oral mucositis (%) 95%CI 

 

48 

70 

 

61 

57 

 

66 

37 

 

56 

62 

25 

93 

 

44 

74 

 

72 

41 

5 

 

14 

13 

82 

9 

 

28 

90 

 

29 

89 

 

60 

58 

OR 

 

0.53-2.56 

 

 

 

0.75-3.64 

 

0.65-3.84 

 

 

0.49-2.34 

 

1.01-6.28 

 

 

0.32-1.65 

 

 

0.18-27.0 

0.42-64.1 

 

 

 

0.29-10.2 

0.51-8.44 

0.27-12.9 

 

1.48-8.78 

 

 

0.04-0.62 

 

 

0.12-0.62 



Table 4 Multivariate analysis of severe oral mucositis  

P-values 

Conditioning 

    VP/CY/TBI 

    non VP/CY/TBI 

 

Duration of neutropenia (< 500 /ml)  

     ≥ 21 days 

    <  21 days 

 

Folinic acid administration 

     Yes 

     No 

 

Folinic acid mouthwash 

     Yes 

     No 

 

2.42 

1 

 

 

4.78 

1 

 

 

0.13 

1 

 

 

0.39 

1 

 

 

0.095 

 

 

 

0.0019 

 

 

 

0.014 

 

 

 

0.051 

 

95%CI OR 

 

0.86-6.99  

 

 

 

1.77-13.9 

 

 

 

0.04-0.73 

 

 

 

0.15-1.00 



Table 5 Effect of folinic acid administration and mouthwash 

without folinic acid 

 

(n = 54) 

Folinic acid administration 

with or without mouthwash 

(n = 29) 

Folinic acid mouthwash 

wtihout administration 

(n = 35) 

Severe oral mucositis 

(grade 3-4) 

 

Use of opioid analgesics 

 

 

Duration of inability to eat 

(days; mean (range)) 

 

Duration of total parenteral nutrition 

(days; mean (range)) 

25 

(46.3 %) 

 

32 

(59.3 %) 

 

25.6 

(0 - 53) 

 

41.8 

(0 - 272) 

9 

(25.7 %) 

 

11 

(31.4 %) 

 

12.6 

(0 - 55) 

 

26.0 

(0 -96) 

3 

(10.3 %) 

 

10 

(34.5 %) 

 

8.5 

(0 - 30) 

 

31.6 

(0 -90) 

P = 0.053 

P = 0.010 

P < 0.0001 

P = 0.054 

P = 0.0008 

P = 0.038 

P < 0.0001 

P = 0.32 


