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The incidence of cGVHD was retrospectively evaluated
by using the NIH consensus criteria [18]. Patients who had
at least one “diagnostic” clinical sign or at least one
“distinctive” manifestation, confirmed by relevant labora-
tory tests or histologic examination, were defined as having
c¢GVHD if other possible diagnoses were excluded. Sub-
classification of cGVHD into “classic ¢cGVHD” and
“overlap syndrome” was strictly according to the NIH
criteria. If patients had any features of aGVHD along with
classic cGVHD, they were classified as having an overlap
syndrome. The severity of cGVHD was assessed at its
onset and at maximal clinical worsening and graded into
“mild”, “moderate”, and “severe” categories according to
the global scoring system defined by the NIH criteria.
Treatment of ¢cGVHD was variable, but followed some
general principles; patients with isolated mouth, ocular, or
localized skin cGVHD were treated only with topical
therapy, while patients with more symptomatic cGVHD
were treated with systemic immunosuppressive agents such
as prednisolone at a dose of 0.5-1.0 mg/kg per day com-
bined with calcineurin inhibitors. Although the duration
and dosing of those agents were not standardized, patients
typically received treatment until all symptoms of cGVHD
were resolved or stabilized. Patients with less severe
symptoms were often treated with peroral low-dose pred-
nisolone at a dose of less than 0.5 mg/kg per day.

2.4 Statistical analysis

Descriptive statistics were used to summarize variables
related to patient and transplant characteristics. Compari-
sons among the groups were performed by use of extended
Fisher exact test for categorical variables and Wilcoxon—
Mann-Whitney test for continuous variables. The primary
endpoint of the study was ¢GSS, which is defined as the
time from the day of diagnosis of cGVHD to the day of
death in the absence of relapse or secondary malignancy,
among patients who developed NIH cGVHD stratified by
its subcategory or severity at onset. The probabilities of
cGSS were estimated according to the Kaplan-Meier
method, and univariable comparison between groups was
made using the log-rank test. Patients who were alive
without recurrent or secondary malignancy were censored
at their last follow-up visit and those who experienced
recurrent or secondary malignancy were censored at the
time of its diagnosis. The time to discontinuation of IST
was defined among patients who received systemic IST for
the treatment of NIH cGVHD as the time from the day of
diagnosis of cGVHD to the day of withdrawal of systemic
IST. NRM was defined among all patients included in the
study as rates of death without evidence of primary disease
recurrence. The incidence rates of IST withdrawal and
those of NRM were estimated with the use of the
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cumulative incidence method to accommodate the follow-
ing competing events [31]: the onset of recurrent or sec-
ondary malignancy and death from any cause for IST
withdrawal, and the recurrent primary disease for NRM.
Cox proportional-hazards regression models were used to
evaluate variables potentially associated with ¢GSS, while
competing risks regression models were used to evaluate
variables potentially associated with IST withdrawal and
NRM [32]. The variables included in the analysis were as
follows: patient age, donor-recipient sex combination,
disease status at the time of transplantation, donor-recipient
HLA compatibility, stem cell sources, type of conditioning
regimens, grades of prior aGVHD (grades 0-1 vs. grades
2-4), subcategory of NIH cGVHD (classic cGVHD vs.
overlap syndrome), global severity of NIH cGVHD at onset
(mild to moderate vs. severe), platelet counts, eosinophil
counts, and administration of systemic corticosteroids at the
onset of cGVHD. In the analysis to evaluate the impact of
the presence of each NIH cGVHD subtype on NRM for the
entire cohort of patients in the study, development of each
subtype of cGVHD was treated as a time-dependent
covariate under the assumption that a patient who devel-
oped moderate or severe cGVHD could not revert to less
severe cGVHD and that classic cGVHD and overlap syn-
drome could not switch to each other [33]. Factors having
two-sided P values less than 0.1 for association with out-
come were included in multivariable model using a forward
and backward stepwise method with a predetermined risk of
0.1. Two-sided P values <0.05 were considered to be sta-
tistically significant. All analyses were performed using
STATA version 11 (College Station, TX, USA) according
to patient information available as of 1 July 2009.

3 Results
3.1 Patient characteristics

Table 1 shows the characteristics of the 211 patients
included in the study; they had a median age of 46 years,
included 113 males and 98 females, and underwent trans-
plantation for malignant hematologic neoplasms in most
cases. The number of patients who received bone marrow,
peripheral blood, and cord blood unit was 152 (72%), 44
(21%), and 15 (7%), respectively. After a median follow-
up of 37.2 months (range 3.3—-111.6), a total of 96 patients
(45%) developed manifestations of cGVHD that met the
NIH consensus criteria. There was no statistically signifi-
cant difference in background characteristics between
patients who developed NIH ¢cGVHD and those who did
not, except that the former group included higher propor-
tion of patients with a history of antecedent grade II-IV
aGVHD.
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Table 1 Patient and transplantation characteristics

Characteristic All patients (n = 211) NIH ¢cGVHD
Absent (n = 115) Present (n = 96) P value
Median patient age, years (range) 46 (17-69) 46 (19-69) 47 (17-67) 0.90
Donor/recipient sex combination, n (%) 0.17
Male/male 66 (31) 41 (35) 25 (26)
Male/female 42 (20) 21 (18) 21 (22)
Female/female 56 (27) 33 (29) 23 (24)
Female/male 47 (22) 20 (17) 27 (28)
Diagnosis, n (%) 0.59
Myeloid neoplasms 113 (54) 65 (57) 48 (50)
Precursor lymphoid neoplasms 31 (15) 17 (15) 14 (15)
 Mature lymphoid neoplasms 61 (29) 29 (25) 32 (33)
Aplastic anemia 63 4 (3) 2(2)
Disease status at transplant, n (%) ‘ 041
Standard risk 105 (50) 54 (47) 51 (53)
High risk 106 (50) 61 (53) 45 (47)
Donor type?, n (%) ' 0.71
HLA-matched related 83 (39) 45 (39) 38 (40)
HLA-mismatched related 23 (11 12 (10) 11 (an
HLA-matched unrelated 89 (42) 47 (41) 42 (44)
HLA-mismatched unrelated ) 16 (8) 11 (10) 50) )
Donor/recipient HLA compatibility®, n (%) 0.59
Matched 172 (82) 92 (80) 80 (83)
Mismatched 39 (18) 23 (20) 16 (17)
Stem cell source, n (%) 0.30
Bone marrow 152 (72) 85 (74) 67 (70)
Peripheral blood 44 (21) 20 (17) 24 (25)
Cord blood 15() 10 (9) 5(5)
Conditioning regimen, n (%) 0.55
Myeloablative with TBI 113 (54) 64 (56) 49 (51)
Myeloablative without TBI 15 (7) 10 (9) 5(5)
Reduced intensity with TBI 65 (31) 33 (29) 32 (33)
Reduced intensity without TBI 18 (9) 87 10 (10)
GVHD prophylaxis, n (%) 0.73
Tacrolimus based 169 (80) 91 (79) 78 (81)
Cyclosporine based 42 (20) 24 (21) 18 (19)
Prior aGVHD, n (%) 0.048
Grade 0-1 117 (55) 70 (61) 47 (49)
Grade 2 72 (34) 38 (33) 34 (35)
Grade 34 22 (10) 7 (6) 15 (16)
Median months (range) after transplantation® 37.2 (3.3-111.6) 35.6 (3.3-111.6) 40.6 (4.0-105.3) 0.14

c¢GVHD chronic graft-versus-host disease, aGVHD acute graft-versus-host disease, TBI total-body irradiation
* HLA matching was defined by 2-digit compatibility at HLA-A, -B, and -DRB1 loci
® Median follow-up months among patients who were alive at the time of last follow-up

Table 2 summarizes the characteristics of 96 patients  developed “overlap syndrome”. A total of 31 (40%)
who developed NIH cGVHD according to its subcategory;  patients with classic GVHD and 18 (95%) with overlap
77 (80%) developed “classic cGVHD” and 19 (20%)  syndrome had a prior history of grade II-IV aGVHD. The
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median time from transplantation to the onset of cGVHD in
patients with overlap syndrome was shorter compared to
patients with classic cGVHD (4.1 vs. 7.1 months,
P < 0.001). All patients with overlap syndrome were gra-
ded as having moderate or severe cGVHD, whereas the
proportion of patients who developed severe cGVHD was
similar between patients with classic cGVHD and those
with overlap syndrome. Proportions of patients with
platelet counts less than 100 x 10%/uL, eosinophil counts
less than 500/pL, and ongoing systemic corticosteroid
treatment at the onset of cGVHD were higher among
patients who developed overlap syndrome compared with
those who developed classic cGVHD.

3.2 Chronic GVHD-specific survival

Of the 96 patients who developed NIH ¢cGVHD, recurrent
or secondary malignant neoplasm occurred in 27 patients
and death due to any cause occurred in 31 patients. The
respective 3-year probabilities of ¢cGSS among patients
who developed classic cGVHD and overlap syndrome
were 88 and 70% (P = 0.060) (Fig. la), while those
among subgroups of patients graded to have mild, mod-
erate, and severe cGVHD at onset were 100, 86, and 69%
(mild to moderate vs. severe, P = 0.034) (Fig. 1b).
Table 3 shows the results of univariable and multivariable
analyses for factors potentially associated with cGSS
among the patients who developed NIH cGVHD. In
univariable analysis, the presence of severe cGVHD and
thrombocytopenia at ¢cGVHD onset were significantly
associated with lower ¢GSS, whereas the presence of an
overlap syndrome and high-risk malignant disease tended
to be associated with lower ¢GSS. In multivariable anal-
ysis, the presence of thrombocytopenia at cGVHD onset
was the only significant factor that adversely affected
c¢GSS [hazard ratio (HR) for mortality = 4.05, 95%
confidence interval (CI) = 1.35-12.1, P = 0.013],
although patients with severe cGVHD (HR = 2.58, 95%
CI = 0.90-7.39, P =0.077) or those with high-risk
underlying disease (HR = 2.75, 95% CI = 0.86-8.80,
P = 0.088) also had a trend toward lower cGSS.

3.3 Duration of systemic immunosuppressive treatment

A total of 81 patients received systemic immunosuppres-
sive agents for the treatment of NIH cGVHD. In this group
of patients, the cumulative incidence of withdrawal of
systemic IST was 40% (95% CI = 29-51%) at 3 years
after the onset of cGVHD, while the cumulative incidence
of the competing risks of death or recurrent/secondary
malignancy during systemic IST was 42% (95% CI =
32-55%) (Fig. 2). In univariable analysis, no significant
association was found between discontinuation of IST and
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subcategory or global severity of NIH ¢cGVHD (overlap
syndrome vs. classic ¢cGVHD, HR for IST with-
drawal = 0.51, 95% CI = 0.20-1.31, P = 0.16; severe vs.
mild to moderate, HR = 0.90, 95% CI = 0.42-1.96,
P = 0.80). Multivariable analysis revealed two factors
significantly associated with prolonged administration of
systemic IST; high-risk primary disease (HR = 0.39, 95%
CI = 0.19-0.77, P = 0.007) and the ongoing use of sys-
temic corticosteroids at the onset of cGVHD (HR = 0.40,
95% CI = 0.19-0.84, P = 0.015).

3.4 Non-relapse mortality

Death from non-relapse causes occurred in 16 (17%) of 96
patients who developed NIH ¢cGVHD and in 10 (9%) of
115 patients who did not. In a multivariable analysis of the
entire series of 211 patients, treating the subcategory or
peak severity of NIH cGVHD as a time-dependent covar-
iate, development of the overlap syndrome or severe
c¢GVHD was significantly associated with higher risk of
NRM compared to the absence of cGVHD (overlap syn-
drome vs. no cGVHD, HR = 3.90, 95% CI = 1.32-11.6,
P = 0.014; severe cGVHD vs. no cGVHD, HR = 6.21,
95% CI = 2.25-17.1, P < 0.001). Development of classic
c¢GVHD or mild-to-moderate cGVHD was not significantly
associated with higher risk of NRM when compared with
the absence of NIH cGVHD (classic cGVHD vs. no
c¢GVHD, HR for mortality = 1.39, 95% CI = 0.55-3.53,
P = 0.49; mild-to-moderate ¢cGVHD vs. no c¢cGVHD,
HR = 2.25, 95% CI = 0.62-8.18, P = 0.22).

4 Discussion

In the present study, we evaluated the clinical significance
of subcategory and severity of NIH cGVHD in terms of
their influences on c¢GSS, discontinuation of IST, and
NRM using a retrospective cohort of patients who
underwent allo-HCT for hematologic disorders. In uni-
variable analysis, patients with overlap syndrome tended
to have a lower probability of c¢GSS than those with
classic ¢cGVHD, while patients who developed severe
c¢GVHD had significantly worse cGSS compared with
those who developed mild-to-moderate cGVHD. Although
such differences in cGSS according to NIH c¢cGVHD
subtypes did not reach statistical significance by multi-
variable analysis, patients who developed overlap syn-
drome or severe NIH cGVHD had a significantly higher
NRM than those who did not develop any manifestation
of NIH cGVHD. These results suggest that both subcat-
egory and global severity of NIH cGVHD might be useful
for evaluating the risk of GVHD-associated mortality in
patients diagnosed to have cGVHD by the NIH criteria. In

— 205 —



Clinical significance of NIH chronic GVHD

537

Table 2 Characteristics of chronic GVHD according to subcategory defined by the National Institutes of Health criteria

Characteristics Total (n = 96) NIH cGVHD subcategory
Classic cGVHD (n = 77) Overlap syndrome (n = 19) P value
Median months (range) to onset of cGVHD 6.7 (2.1-29.9) 7.1(2.7-29.9) 4.1 (2.1-20.7) <0.001
Involved organs or sites®, # (%)° 0.92
Skin 55 (57) 40 (52) 15 (79)
Mouth 69 (72) 56 (73) 13 (68)
Eyes 29 (30) 23 (30) 6 (32)
Gastrointestinal tract 34 (35) 25 (32) 9 47
Liver 76 (79) 61 (79) 15 (79)
Lungs 12 (12) 9(12) 3 (16)
Joints and fascia 4 4 34 1(5)
Genital tract 2(2) 2(3) 0 (0)
Number of involved organs or sites®, n (%) 0.14
1 7 709 0 (0)
2 27 (28) 24 (31) 3 (16)
3 or more 62 (65) 46 (60) 16 (84)
Maximum score of involved organs®, n (%) 0.18
Score 1 22 (23) 20 (26) 211
Score 2 (other than lungs) 26 27) 18 (62) 8 (42)
Score 2 (lungs) 6 (6) 4.(5) 2(n
Score 3 42 (44) 35 (45) 737
Severity at onset, n (%) 0.023
Mild 20 21 20 (26) 0(0)
Moderate 53 (55) 39 (51) 14 (74
Severe 23 (24) 18 (23) 5 (26)
Severity at peak, n (%) 0.17
Mild 12 (13) 12 (16) 0 (0)
Moderate 39 41) 29 (38) 10 (53)
Severe 45 47 36 (47) 9 (47)
Platelet count at cGVHD onset, n (%) 0.002
100 x 10%/pL or more 65 (68) 58 (75) 737
Less than 100 x 10%/uL 31 (32) 19 (25) 12 (63)
Eosinophil count at cGVHD onset, n (%) 0.010
Less than 500/pL 68 (71) 50 (65) 18 (95)
500/uL or more 28 (29) 27 (35) 1(5)
Systemic corticosteroids at cGVHD onset, n (%) <0.001
Not received 63 (66) 61 (79) 211
Received 33 (34) 16 21) 17 (89)

¢GVHD chronic graft-versus-host disease

* Data evaluated at peak clinical worsening are shown

® The sum of the number per involved site is not equal to the number of evaluable patients, because the involvement of more than one organ can
occur in a single patient. Accordingly, the sum of percentage among the total number of patients does not equal to one hundred

contrast, duration of IST was neither affected by NIH
c¢GVHD subcategory nor by its severity.

While ¢GSS has been frequently used as a study endpoint
to describe the mortality attributable to cGVHD-associated
organ dysfunction, there have been no established early

surrogates that help to guide the clinical management of

patients with evidence of ongoing cGVHD. Given that the

— 206 —

historic limited/extensive grading system is not a useful
predictor for the severity of organ involvement in terms of
mortality risk, several studies have attempted to develop
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Fig. 1 Chronic GVHD-specific survival in patients with chronic
GVHD diagnosed by the NIH consensus criteria. a Probability of
chronic GVHD-specific survival (¢GSS) among patients who devel-
oped classic chronic GVHD (solid line) and overlap syndrome (dotted
line). b Probability. of ¢cGSS among patients who developed mild
(short dashed line), moderate (long dashed line), and severe chronic
GVHD (solid line)

improved grading scales for established cGVHD. A retro-
spective analysis of data on HLA-identical sibling trans-
plantation reported to the International Bone Marrow
Transplant Registry identified five variables independently
associated with worse survival of those who developed
historic ¢cGVHD: low Karnofsky performance status at
c¢GVHD diagnosis (<80), chronic diarrhea, weight loss,
presence of cutaneous manifestation, and lack of oral
involvement [15]. The Seattle group also proposed a revised
classification for distinguishing limited and extensive
c¢GVHD by the use of 16 clinical criteria [16]. Although
these new classifications do not clearly discriminate
between ¢cGVHD and delayed onset GVHD with features
resembling aGVHD, they have been shown to be at least
useful for identifying patients at higher risk of NRM. Future
studies are strongly warranted to compare the prognostic
values of NIH cGVHD subcategories with those determined
by other cGVHD grading system [21].

So far, several groups have reported the prognostic
relevance of cGVHD severity graded by the NIH criteria
and consistently found the inferior survival of patients
with severe ¢cGVHD [20-23], although such association
was not observed in one earlier study [19]. While only a
few of these studies focused on the significance of
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distinction between “overlap syndrome” and “classic
c¢GVHD”, our study revealed a trend toward worse sur-
vival in patients with overlap syndrome compared to those
with classic GVHD, as was recently reported by Kim et al.
[23]. In the present study, patients with overlap syndrome
had a significantly shorter median time to the development
of cGVHD than patients with classic cGVHD and were
more likely to receive corticosteroid treatment for prior
aGVHD at the onset of cGVHD. Intriguingly, these
observations were very similar to the findings by Arora
et al. [22], who reported that most of patients with overlap
syndrome had a history of prior aGVHD and a progressive
cGVHD onset, although they did not observe worse sur-
vival of this subgroup of patients compared to those with
classic cGVHD. Given that nearly all patients who
developed overlap syndrome had a prior history of
aGVHD in our study cohort, NIH overlap syndrome in
most instances could be considered as a flare of preex-
isting aGVHD, concomitant with development of classic
cGVHD. In this context, it is important to note that early
flare of cGVHD or early treatment change for exacerba-
tion of cGVHD has been reported to be associated with
increased NRM and inferior ¢cGSS [34, 35]. It is also of
note that a significantly higher proportion of patients with
overlap syndrome had thrombocytopenia less than
100 x 10*/uL at ¢cGVHD onset in our study. Since the
progressive ¢cGVHD onset and the presence of thrombo-
cytopenia were consistently associated with an increased
NRM across various studies [16, 36], more effective
management of patients with overlap syndrome and
thrombocytopenia might be needed.

Duration of systemic immunosuppressive therapy is
suggested to be a useful surrogate endpoint to evaluate the
response to specific treatment for cGVHD [26]. Although
we could not find significant association of NIH cGVHD
subtypes with duration of systemic IST, patients who had
been given ongoing systemic corticosteroids at the onset of
c¢cGVHD were found to receive significantly prolonged
systemic IST in multivariable analysis, consistent with the
findings of Vigorito et al. [37]. In our study, the duration of
systemic IST was also prolonged in patients who had high-
risk underlying disease compared with those who had
standard-risk disease. If the activity of cGVHD were likely
to worsen in the high-risk subgroup of patients, one possible
explanation might be the preference of physicians to taper
systemic IST faster for patients at higher risk of relapse.

The present study, however, has several limitations; the
retrospective study design, small cohort size, recording
bias, and heterogeneity of underlying diseases and trans-
plantation procedures might substantially influence the
results. In addition, diagnostic ¢cGVHD manifestations
of affected organs or sites might have originated from
other causes, including drug reactions, infection, and
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Table 3 Univariable and multivariable analysis of factors potentially associated with chronic GVHD-specific survival among patients who

developed chronic GVHD defined by the National Institutes of Health criteria

Variable n (%) Univariable analysis Multivariable analysis
HR (95% CI) P value HR (95% CI) P value

Patient age

Less than 50 years 51 (53) 1.00 -~

50 years or more 45 (47) 1.40 (0.49-4.05) 0.53 -
Donor/recipient sex combination

Other than female/male 69 (72) 1.00 -

Female/male 27 (28) 1.03 (0.32-3.28) 0.97 -~
Disease status at transplant

Standard risk 51 (53) 1.00 1.00

High risk 45 (47) 3.03 (0.95-9.68) 0.061 2.75 (0.86-8.80) 0.088
Donor/recipient HLA compatibility

Matched 80 (83) 1.00 -

Mismatched 16 17 0.33 (0.04-2.53) 0.29 -
Conditioning regimen

Myeloablative intensity 54 (56) 1.00 -

Reduced intensity 42 (44) 1.04 (0.36-3.00) 0.95 -
Stem cell source

Bone marrow 67 (70) 1.00 -

Peripheral blood 24 (25) 2.07 (0.69-6.19) 0.19 -

Cord blood 5(5) 1.63 (0.57-4.68) 0.37 -
Prior aGVHD

Grade 0-1 47 (49) 1.00 -

Grade 24 49 (51) 1.16 (0.40-3.37) 0.78 -
Subcategory of cGVHD

Classic cGVHD 77 (80) 1.00 -

Overlap syndrome 19 (20) 2.76 (0.96-7.97) 0.060 -
Severity of cGVHD at onset

Mild to moderate 73 (76) 1.00 1.00

Severe 23 (24) 3.10 (1.09-8.86) 0.034 2.58 (0.90-7.39) 0.077
Platelet count at cGVHD onset

100 x 10*/pL or more 65 (68) 1.00 1.00

Less than 100 x IOS/uL 31 (32) 4.19 (1.40-12.5) 0.010 4.05 (1.35-12.1) 0.013
Eosinophil count at cGVHD onset

Less than 500/pL 68 (71) 1.00 -

500/uL or more 28 (29) 0.90 (0.28-2.88) 0.86 -~
Systemic corticosteroids at cGVHD onset

Not received 63 (66) 1.00 -

Received 33 (34) 1.74 (0.61-4.97) 0.30 -

CI confidence interval, aGVHD acute graft-versus-host disease, cGVHD chronic graft-versus-host disease

comorbidity before transplantation. Furthermore, genital
tract involvement might be underestimated because female
patients do not always report about their genital symptoms
to physicians.

In conclusion, our present study suggests that both the
subcategory and global severity of cGVHD proposed by

NIH consensus criteria have effects on ¢cGSS and the risk
of NRM among patients who develop NIH cGVHD. Future
prospective studies are warranted to more precisely char-
acterize the clinical significance of the subcategory and
severity of ¢GVHD evaluated by the NIH consensus
criteria.
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Fig. 2 Cumulative incidence of discontinued systemic immunosup-
pressive treatment. The lower curve shows the cumulative incidence
of discontinued systemic immunosuppressive treatment (IST) in the
absence of death, recurrent primary disease, or secondary malignancy
among 81 patients who developed NIH ¢GVHD and received
systemic IST (left-hand scale). The upper curve shows the competing
risks of death or recurrent/secondary malignancy during systemic IST
(right-hand scale). At the onset of ¢cGVHD, 69 patients had been
already given ongoing systemic IST consisting of calcineurin
inhibitors alone (n = 36), calcineurin inhibitors plus corticosteroids
(n = 27), corticosteroids alone (n = 4), or corticosteroids plus
mycophenolate mofetil (n = 2)
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Recent reports revealed that intravenous (iv) busulfan (BU) may not only reduce early nonrelapse mortality
(NRM) but also improve overall survival (OS) probability in adults. Therefore, we retrospectively compared
outcomes for 460 children with acute leukemia who underwent hematopoietic stem cell transplantation with

Key Words: either iv-BU (n = 198) or oral busulfan (oral-BU) (n = 262) myeloablative conditioning. OS at 3 years was
Acute leukemia 53.4% + 3.7% with iv-BU and 55.1% + 3.1% with oral-BU; the difference was not statistically significant
Children (P =.77). OS at 3 years in 241 acute lymphoblastic leukemia and 219 acute myeloid leukemia patients was
Busulfan 56.4% + 5.5% with iv-BU and 54.6% + 4.1 with oral-BU (P = 51) and 51.0% % 5.0% with iv-BU and 55.8% + 4.8%
with oral-BU (P = .83), respectively. Cumulative incidence of relapse at 3 years with iv-BU was similar to that
with oral-BU (39.0% + 3.6% and 36.4% + 3.1%, respectively; P = .67). Cumulative incidence of NRM at 3 years
was 16.6% + 2.7% with iv-BU and 18.3% + 2.5% with oral-BU (P = .51). Furthermore, multivariate analysis
showed no significant survival advantage with iv-BU. In conclusion, iv-BU failed to show a significant survival

advantage in children with acute leukemia.
© 2013 American Society for Blood and Marrow Transplantation.
INTRODUCTION overdosing leads to severe toxicity, and underdosing can

Busulfan (BU) is an alkylating agent that plays an impor-
tant role in myeloablative preconditioning regimens in
hematopoietic stem cell transplantation (HSCT) for patients
with malignant diseases [1]. Although it has a potent anti-
leukemic effect and excellent central nervous system pene-
tration, wide inter- and intrapatient variability in absorption
and metabolism has been observed with oral BU (oral-BU)
[2]. However, its therapeutic potential has been com-
promised with unpredictable adverse events because
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potentially cause a relapse {3,4] or graft failure [5].

In children, BU is an important substitute for total body
irradiation (TBI) [6], which is often associated with a higher
incidence of late complications [7]; however, the range of
heterogeneity in bioavailability with oral-BU is problematic.
Blood concentrations and clearance may vary up to 6-fold
among children receiving oral-BU [8,9], and age-dependent
BU metabolism results in further complications. Therefore,
therapeutic drug monitoring (TDM) of oral-BU has been
considered an essential practice in children undergoing stem
cell transplantation [10,11].

Intravenous BU (iv-BU) has recently replaced oral-BU
because iv-BU avoids oral-BU’s variable bioavailability.
Furthermore, iv-BU showed less hepatic toxicity by avoid-
ing the hepatic first-pass effect of oral-BU [12]. Previous
reports revealed that the use of iv-BU reduced early

1083-8791/$ — see front matter © 2013 American Society for Blood and Marrow Transplantation.
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Table 1
Patients’ Characteristics
Characteristics Total, iv-BU, Oral-BU, P
n n (%) n (%) Value
" All patients 460 198 262
Age at HSCT 23
<lyr 83 34 49
1to 10 yrs 278 128 150
>10 yrs 99 36 63
Gender .19
Male 237 95 142
Female 223 103 120
Year of HSCT <.001
2000 to 2003 159 4 155
2004 to 2007 155 52 103
2008 to 2010 146 142 4
Underlying disease .01
ALL, total 241 90 151
B lineage 198 76 122
T lineage 22 9 13
Not determined 21 5 16
AML, total 219 108 111
MO 7 4 3
M1 31 11 20
M2 37 18 19
M3 3 2 1
M4 31 12 19
M5 46 24 22
M6 6 3 3
M7 48 28 20
Not determined 7 5 2
Disease status .29
CR1 205 85 120
CR2 74 28 46
>CR2 and non-CR 179 85 94
Unknown 2 0 2
Prior HSCT
No 343 147 196
Yes 117 51 66
Doner type <.001
Related donor 189 71 118
BM 131 54 77
PB 58 17 41
Unrelated donor BM 67 43 24
Cord blood 199 83 116
Unknown 5 1 4
Usage in preconditioning
regimens
Y 218 87 132 19
VP16 150 59 91 27
L-PAM 226 101 125 51

ALL indicates acute myeloid leukemia; AML, acute myeloid leukemia; iv-BU,
intravenous busulfan; oral-BU, oral busulfan; CR, complete remission; HSCT,
hematopoietic stem cell transplantation; BM, bone marrow; PB, peripheral
blood; CY, cyclophosphamide; VP16, etoposide; L-PAM, melphalan.

complications, including hepatic sinusoidal obstruction
syndrome (SOS) [13,14], and decreased early nonrelapse
mortality (NRM) [13-15]. Some reports demonstrated that
iv-BU may provide better overall survival (OS) in adults
with malignant diseases [14-17].

Although several reports have been published on children
with iv-BU [18-20], the number of patients included was
small, and the reports mainly focused on acute toxicity or
early clinical outcome because of a short follow-up period.
Therefore, the role of iv-BU in HSCT for children with acute
leukemia is yet to be determined.

In this study, to compare the clinical outcome of HSCT
with iv-BU and oral-BU, we performed a retrospective anal-
ysis in 460 children who underwent myeloablative condi-
tioning regimens including BU after allogeneic
transplantation for acute leukemia,

METHODS

This study was approved by the institutional ethics committee of
Saitama Children’s Medical Center. A total 460 patients were analyzed based
on the data reported in the Japan Society for Hematopoietic Cell Trans-
plantation registry [21] (Table 1). The patients were selected based on the
following criteria: (1) patients diagnosed with either acute lymphoblastic
feukemia (ALL) or acute myeloid leukemia (AML); (2) age 15 years or
younger when receiving HSCT; (3) BU-based myeloablative (more than
8 mg/kg) preconditioning regimens; and (4) HSCT performed between 2000
and 2010.

The OS probability was calculated using Kaplan-Meier estimates.
Cumulative incidence curves were used in competing risks settings to
calculate the probability of engraftment, graft-versus-host disease, and
NRM. Univariate analyses of OS were performed using the log-rank test, and
Gray's test was used for group comparisons of cumulative incidences.
Multivariate analysis was performed using the Cox proportional hazard
regression model, and the variables considered were patient’s age, under-
lying diseases (ALL or AML), disease status (low risk: first complete remis-
sion [CR] or second CR, or high risk: nonremission or later than second CR),
prior HSCT, donor type, and form of BU. All statistical analyses were per-
formed using R software 2.13.0 (The R Foundation for Statistical Computing,
Vienna, Austria), A 2-sided P value of less than .05 was considered to be
statistically significant.

RESULTS

The patients’ characteristics are listed in Table 1. The
median age at HSCT was 4 years (range, 0 to 15 years). Of the
460 HSCT patients, 198 used iv-BU and 262 used oral-BU. The
iv-BU replaced oral-BU in most of the cases after the iv-BU
approval in Japan in 2006 (Table 1). The median follow-up
period was 1828 days (range, 85 to 4619 days) after HSCT
in all the surviving patients and 1185 days (range, 100 to
3759 days) after HSCT in the iv-BU patients.
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Figure 1. Overall survival probability of transplantation. Overall survival probability are shown according to busulfan form, (A) in all patients, (B) in patients with ALL,

and (C) in patients with AML.
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Table 2
Multivariate Analysis of the Risk Factors for Overall Mortality

Characteristics No. of  Overall Mortality

Patients Hazard Ratio P
(95% CI) Value

Patient age at HSCT

<lyr 83 1

1to9yrs 278 1.18(76t0 1.86) 45

>10 yrs 99 139(83t0233) .21
Underlying disease

ALL 241 1

AML 219 1.00(.75t01.34) .98
Disease status

Low risk (CR1 and CR2) 279 1

High risk (>CR2 and nonCR) 179 3.92 (2.86 to 5.39) <.0001
Prior HSCT

No 343 1

Yes 117 1.47 (1.06 to 2.03) .02
Donor type

Related donor 189 1

Unrelated donor (bone marrow) 67 1.09 (.72 to 1.64) .68

Cord blood 199 1.22(90t0 1.66) .19
Form of busulfan

Oral 262 1

Intravenous 198 .80 (.60t01.06) .12

ALL indicates acute lymphoblastic leukemia; AML, acute myeloid leukemia;
(1, confidence interval; CR, complete remission; HSCT, hematopoietic stem
cell transplantation.

The estimated OS probability and standard error at
3 years after HSCT was 54.6% + 2.4%, whereas the cumulative
incidence of relapse and NRM were 37.5% + 2.3% and
17.6% + 1.8%, respectively. :

Although 0OS with iv-BU and oral-BU at day 100 after
HSCT was 72.5% + 3.2% and 66.9% + 2.9%, respectively, OS
at 3 years after HSCT was similar (iv-BU, 53.4% + 3.7%;
oral-BU, 55.1% + 3.1%), and the log-rank test for OS did not
show a statistically significant difference (P = .77)
(Figure 1A). The result was concordant even when the
analysis was limited to patients with ALL or AML. OS at
3 years for patients with ALL using iv-BU (n = 90) and oral-
BU (n = 151) was 56.4% + 5.5% and 54.6% + 4.1%, respec-
tively (P = .51) (Figure 1B). OS at 3 years for patients with
AML using iv-BU (n = 108) and oral-BU (n = 111) was
51.0% + 5.0% and 55.8% + 4.8%, respectively (P = .83)
(Figure 1C).

The similarity of OS was reproduced even with the limited
cohort of 247 patients who received HSCT after the first CRor
second CR without prior HSCT. OS at 3 years was
78.3% =+ 4.2% for iv-BU patients (n = 98) and 78.7% =+ 3.4% for
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oral-BU patients (n = 149) and the difference was not
statistically significant (P = .66).

In addition, the hazard ratio of overall mortality between
iv-BU and oral-BU was not statistically significant based on
the multivariate analysis (Table 2).

The cumulative incidence curve of relapse after 3 years of
iv-BU (39.0% =+ 3.6%) was superimposed on the oral-BU curve
(36.4% + 3.1%) (Figure 2A). The difference did not show
statistical significance after limiting the analyses to each
disease. Relapse incidence at 3 years was 41.7% + 5.5% with
iv-BU and 39.1% + 4.0% with oral-BU in the ALL cohort (P =
.56) (Figure 2B), and 37.0% + 4.8% with iv-BU and
33.6% + 4.7% with oral-BU in the AML cohort (P = .70)
(Figure 2C).

The cumulative incidence of NRM at 100 days after HSCT
was 6.8% + 1.8% with iv-BU and 8.3% =+ 1.7% with oral-BU, and
NRM at 3 years after HSCT was 16.6% + 2.7% with iv-BU and
18.3% + 2.5% with oral-BU (P = .51) (Figure 3A). The SOS
occurrence was evaluable in 173 patients. Twenty-seven
(30.3%) of 89 patients using iv-BU and 23 (27.4%) of 84
patients using oral-BU had SOS (P = .74). One patient using
iv-BU and 4 patients using oral-BU succumbed to SOS. No
significant difference in the causes of death was noted
between the iv-BU and oral-BU groups.

The iv-BU group showed a tendency toward higher
engraftment probability at day 60 (96.0% + 1.5%) compared
with the oral-BU group (89.3% + 2.0%), but the difference was
not statistically significant (P = .22) (Figure 3B). The cumu-
lative incidence of acute graft-versus-host disease (grade Il to
IV) at day 100 was similar (iv-BU, 37.7% + 3.5%; oral-BU,
35.4% £ 3.0%; P =.98).

DISCUSSION

Busulfan is widely used as an alternative myeloablative
agent to TBI. Although previous randomized studies and
a meta-analysis comparing BU with TBI revealed that TBI-
based regimens were at least as good for survival and
disease-free survival [22], it should be noted that majority of
BU in these studies was oral-BU, and recent reports showed
that targeted BU with TDM or iv-BU could improve HSCT
outcome [10,11,14-17,23]. However, this study included the
largest number of children to date and demonstrated that the
advantage of iv-BU on survival probability was not signifi-
cant. The result was reproduced in subgroups, such as
patients with ALL, patients with AML, and patients who
received iv-BU at first or second CR without prior HSCT.

O
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Figure 2. Cumulative incidences of relapse. Cumulative incidences of relapse are shown according to busulfan form, (A) in all patients, (B) in patients with ALL, and

(C) in patients with AML.
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Figure 3. Cumulative incidences of nonrelapse mortality and engraftment. Cumulative incidences of (A) nonrelapse mortality and (B) engraftment are shown.

Moreover, multivariate analysis failed to show any survival
benefit with iv-BU.

Our results regarding the iv-BU usage were discordant
with the previous studies in adults. Although the reason is
unclear, a possible explanation could be that the optimal
dosing was already achieved in most patients, even those on
oral-BU. In children, TDM of oral-BU has been considered an
essential practice [10,11]. Therefore, the administration dose
in oral-BU patients was usually determined based on the
results of the test dose administration result and it was also
adjusted according to TDM result.

Dosing schedule based on body weight using iv-BU
provided adequate therapeutic targeting in children [24]. In
our study, iv-BU failed to show superior outcomes compared
with oral-BU, but it could provide a comparable survival
outcome with a reduced requirement for TDM.

Concordant with previous studies, short-term NRM and
OS in our study seemed to be superior in the iv-BU group
compared with the oral-BU group, although it was caused by
improvement of support therapy. Therefore, iv-BU may be
advantageous for patients with high risk for treatment-
related mortality, such as poor performance status, uncon-
trolled infectious diseases, or organ dysfunction.

This retrospective study, using the registry data, has some
limitations. For example, the selection of iv-BU or oral-BU
was strongly associated with the transplantation period,
which may have introduced bias. Further prospective studies
are required to establish an optimal allogeneic HSCT treat-
ment strategy for children with acute leukemia.

In conclusion, our study provides valuable information on
the role of iv-BU in myeloablative HSCT for pediatric acute
leukemia. In children, iv-BU failed to improve the survival
outcome of acute leukemia.
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Rabbit antithymocyte globulin and cyclosporine as first-line therapy for children with acquired

aplastic anemia

Horse antithymocyte globulin (hATG) and cyclosporine have been
used as standard therapy for children with acquired aplastic anemia
(AA) for whom an HLA-matched family donor is unavailable.
However, in 2009, hATG (lymphoglobulin; Genzyme) was with-
drawn and replaced by rabbit ATG (rATG; thymoglobulin; Gen-
zyme) in Japan. Many other countries in Europe and Asia are facing
the same situation.! Marsh et al recently reported outcomes for
35 adult patients with AA who were treated with rATG and
cyclosporine as a first-line therapy.? Although the hematologic
response rate was 40% at 6 months, several patients subsequently
achieved late responses. The best response rate was 60% compared
with 67% in a matched-pair control group of 105 patients treated
with hATG. The overall and transplantation-free survival rates
appeared to be significantly inferior with rATG compared with
hATG at 68% versus 86% (P = .009) and 52% versus
76% (P = .002), respectively. These results are comparable to
those from a prospective randomized study reported by Scheinberg
et al comparing hATG and rATG.?> Both studies showed the
superiority of hATG over tATG.2?

We recently analyzed outcomes for 40 Japanese children
(median age, 9 years; range, 1-15) with AA treated using rATG and
cyclosporine. The median interval from diagnosis to treatment was
22 days (range, 1-203). The numbers of patients with very severe,
severe, and nonsevere disease were 14, 10, and 16, respectively.
The ATG dose was 3.5 mg/kg/day for 5 days. The median
follow-up time for all patients was 22 months (range, 6-38). At
3 months, no patients had achieved a complete response (CR) and
partial response (PR) was seen in only 8 patients (20.0%). At
6 months, the numbers of patients with CR and PR were 2 (5.0%)
and 17 (42.5%), respectively. After 6 months, 5 patients with PR at
6 months had achieved CR and 4 patients with no response at
6 months had achieved PR, offering a total best response rate of
57.5%. Two patients relapsed at 16 and 19 months without
receiving any second-line treatments. Two patients with no re-

sponse received a second course of rATG at 13 and 17 months, but
neither responded. Sixteen patients underwent hematopoietic stem
cell transplantation (HSCT) from alternative donors (HLA-
matched unrelated donors, n = 13; HLA-mismatched family do-
nors, n = 3). Two deaths occurred after rATG therapy, but no
patients died after HSCT. Causes of death were intracranial
hemorrhage at 6 months and acute respiratory distress syndrome at
17 months. The overall 2-year survival rate was 93.8% and the
2-year transplantation-free survival rate was 50.3% (Figure 1).

In our previous prospective studies with hATG, the response
rates after 6 months were 68% and 70%, respectively, with no
increases in response rates observed after 6 months.*> Our
results support the notion that rATG is inferior to hATG for the
treatment of AA in children. First-line HSCT from an alternative
donor may be justified, considering the excellent outcomes
in children who received salvage therapies using alternative
donor HSCT.
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Figure 1. Kaplan-Meier estimates of overall survival (OS) and
transplantation-free survival (TFS) in 40 Japanese children with AA.
Survival was investigated using Kaplan-Meier methods. OS for all patients
with AA after rATG and cyclosporine as first-line therapy included patients
who later received HSCT for nonresponse to rATG. In the analysis of TFS
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To the editor:

Peripheral blood stem cells versus bone marrow in pediatric unrelated donor stem cell

transplantation

The relative benefits and risks of peripheral blood stem cells
(PBSCs) versus bone marrow (BM) for allogeneic hematopoietic
stem cell transplantation (SCT) are still a matter of highly
controversial debates.!- The first randomized study comparing the
2 stem cell sources in unrelated donor SCT recently documented
comparable overall and event-free survival, but indicated a higher
risk for chronic graft-versus-host disease (GVHD) with PBSCs.*
Only a few pediatric patients were included in this study even
though the long-term sequelae of chronic GVHD are of particular
concern in this patient group.

‘We retrospectively compared the long-term outcome of contem-
poraneous unrelated donor SCT in 220 children transplanted with
BM (n = 102) or PBSCs (n = 118) for hematologic malignancies
and reported to the German/Austrian pediatric registry for SCT. All
patients had received myeloablative conditioning followed by unmanipu-
lated SCT from HL.A-matched unrelated donors. The PBSC and BM
groups were comparable with regard to patient and donor age, sex,
cytomegalovirus (CMV) serostatus, disease status at transplantation,
GVHD prophylaxis, growth factor use, and degree of HLA matching.
The groups differed with regard to disease category with slightly more
myelodysplastic syndrome patients (P = .02) and a higher CD34-cell
dose (P = .001) in the PBSC group.

Neutrophil and platelet engraftment were achieved significantly
faster after PBSC than BM transplantation (Figure 1A-B). In this
entirely pediatric cohort, the incidence of clinically relevant grade

II-1V acute GVHD (Figure 1C) did not differ. Most importantly, the
incidence of chronic GVHD (PBSCs vs BM: 35% vs 33%,
respectively; P = .9) and extensive chronic GVHD (Figure 1D)
proved low and was virtually identical in the 2 groups. With a
median follow-up time of 3 years, overall survival (PBSCs vs BM:
50% = 5% vs 46% * 6%, respectively; P = .63) and event-free
survival (PBSCs vs BM: 45% * 5% vs 44% =* 6%, respectively;
P = .59) were comparable (Figure 1E-F). In multivariable analy-
sis, taking into account all parameters with P < .2 in univariate
analysis, the only significant independent risk factor for treatment
failure was advanced disease status at the time of transplantation
(relative risk = 2.4, 95% confidence interval, 1.5-3.8; P = .001).
In contrast, stem cell source (PBSCs vs BM) had no effect (relative
risk = 1.1, 95% confidence interval, 0.7-1.6; P = .8).

Our registry-based analysis provides evidence that in pediatric
recipients of HLA-matched unrelated-donor transplantation with
consistent antithymocyte globulin (ATG) use during conditioning,
transplantation with PBSCs and BM results in comparable clinical
outcomes without detectable differences in the risk of acute or,
more importantly, chronic GVHD. Consistent with a recent study
underscoring the role of ATG for the prevention of acute and
chronic GVHD,’ the use of ATG in 96% of our transplantation
procedures compared with only 27% in the above-mentioned
randomized study by Anasetti et al* might be one of the key factors
responsible for the overall low and comparable incidence of
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Abstract Fanconi anemia (FA) is a disorder character-
ized by developmental anomalies, bone marrow failure and
a predisposition to malignancy. It has recently been shown
that hematopoietic stem cell transplantation using fludara-
bine (FLU)-based reduced-intensity conditioning is an
efficient and quite safe therapeutic modality. We retro-
spectively analyzed the outcome of bone marrow trans-
plantation (BMT) in eight patients with FA performed in
two institutes between 2001 and 2011. There were seven
females and one male with a median age at diagnosis =
4.5 years (range 2-12 years). The constitutional charac-
teristics associated with FA, such as developmental
anomalies, short stature and skin pigmentation, were absent
in three of the patients. One patient showed myelodys-
plastic features at the time of BMT. All patients received
BMT using FLU, cyclophosphamide (CY) and rabbit anti-
thymocyte globulin (ATG) either from a related donor
(n = 4) or an unrelated donor (n = 4). Acute graft-versus-
host disease (GVHD) of grade I developed in one patient,
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while chronic GVHD was not observed in any patient. All
patients are alive and achieved hematopoietic recovery at a
median follow-up of 72 months (range 4-117 months).
BMT using FLU/low-dose CY/ATG -based regimens
regardless to the donor is a beneficial therapeutic approach
for FA patients.

Keywords Fanconi anemia - Hematopoietic stem cell
transplantation - Fludarabine

Introduction

Fanconi anemia (FA) is a complex disorder characterized
by developmental anomalies, early onset progressive bone
marrow failure (BMF) and a tendency to develop hema-
tological and non-hematological malignancies. The risk of
FA patients to develop BMF and malignancies increases
with progression of age, and the cumulative incidence by
age of 40 years was 90 % for BMF and 30 % for hema-
tologic and nonhematologic neoplasms [1-4]. Short stature
and abnormal skin pigmentation are particularly common
features found in patients with FA and a wide variety of
congenital malformations has been described in 60-75 %
of FA patients [3-5]. The incidence of FA in Japan was
approximately 5-10 new cases diagnosed annually and
hematological abnormalities usually manifested early in
childhood at a median age of 7 years (range 0-31 years).
Owing to the complexity of the disease and multisystem
involvement, FA has a high mortality rate with a median
age of death of 30 years [3-5]. Therefore, the study of FA
holds a great promise for elucidation of the heterogeneity
of this disorder in the future. Hematopoietic stem cell
transplantation (HSCT) is the only curative therapy known
so far for correcting the hematological manifestations in
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Table 1 Clinical characteristics of 8 Fanconi anemia patients

No. Male/ Disease Age at Age at Karyotype Chromosomal fragility Short Skin Other anomalies
female status at diagnosis HSCT test (gap and break/100 stature pigmentation
HSCT (year) (year) cells) (<—18D)
F SAA 7 8 46,XX 114 No No No
2 F SAA 3 5 46,XX 514 —28D Yes Shortness of
first finger
3 F SAA 8 8 ©46,XX 193 No No No
4 F SAA 12 13 46,XX 299 —18D Yes No
5 M SAA 2 7 46,XY 152 —-3SD No Hyperdactylia
6 F MDS 3 6 Other® 148 —~1.58D No Hyperdactylia
(RAEB)
7 F SAA 6 11 46,XX 159 No No No
8 F SAA 3 5 46,XX 169 —2SD Yes Radius defect,
esophageal
atresia

SAA severe aplastic anemia, MDS myelodysplastic syndrome, HSCT hematopoietic stem cell transplantation, RAEB refractory anemia with

excess blasts

? others; 46,XX,add(3)(q26),der(7)add(7)(p22)add(7)(q11)add(8)(q22)

FA patients. Initially, potential problems in designing
HSCT conditioning regimens for patients with FA
appeared due to the acquired hypersensitivity to DNA
cross-linking or oxidative agents such as alkylating agents
or ionizing radiation [6], but recently a significant progress
has been achieved by using FLU-based reduced-intensity
conditioning regimens that markedly improved the effi-
ciency and safety of this procedure [7, 8]. Specifically,
FLU-based reduced-intensity conditioning allogeneic
HSCT resulted in reduction of regimen-related toxicity
(RRT), superior engraftment and less graft-versus-host dis-
ease (GVHD), which in turn led to improvement of patients’
survival. In this study, we aimed to investigate the effec-
tiveness and safety profile of bone marrow transplantation
(BMT) using FLU-based reduced-intensity conditioning
regimens in eight patients with FA, who were transplanted
from either a related donor (3 HLA-genetically matched
and 1 HLA-A locus mismatched) or an unrelated donor
(2 HLA-matched and 2 HLA-DRB1 mismatched).

Patients and methods

We retrospectively analyzed eight patients, who were
diagnosed as having FA and received BMT at Nagoya
University and Nagoya First Red Cross Hospital between
2001 and 2011. There were seven females and one male
with a median age at diagnosis of 4.5 years (range
2-12 years) (Table 1). Clinical features suggestive of FA
including low birth weight, short stature, hyperpigmented

@ Springer

skin, radial abnormality and duplicated thumbs were
defined in five out of eight patients, while three patients
were asymptomatic. Diagnosis of FA was confirmed in all
patients by a reliable cellular marker for FA cells and all of
them showed a high incidence of chromosomal breaks and
gaps, which indicated chromosomal instability by adding
mitomycin C at a final concentration of 0.5 pM (Table 1).
Seven patients suffered from severe aplastic anemia and
one patient evolved to refractory anemia with excess of
blasts (RAEB) with the emergence of cytogenetic abnor-
malities in the form of add(3)(q26) at the time of HSCT.
All patients underwent allogeneic BMT at a median age of
7.5 years (range 5-13 years), and they were transplanted
from either a related donor (3 HLA-genetically matched
and 1 HLA-A locus mismatched) or an unrelated donor (2
HLA- matched and 2 HLA-DRB1 mismatched). All
patients received a preparative regimen including a com-
bination of fludarabine (FLU 120-180 mg/m?), cyclo-
phosphamide (CY 40 mg/kg) and rabbit anti-thymocyte
globulin (ATG, Thymoglobulin, Genzyme, 5-10 mg/kg).
Patients transplanted from unrelated donor received a total
body irradiation (TBI)/total lymphoid irradiation (TLI) of
4-4.5 Gy, and patients transplanted from HLA-A locus
mismatched related donor received 2 Gy. As GVHD pro-
phylaxis, BM recipients from related donor received
cyclosporine A (CyA) plus short-term methotrexate
(MTX), while BM recipients from unrelated donor
received tacrolimus (FK506) plus short-term MTX. Details
on the donors’ characteristics, conditioning regimen and
GVHD prophylaxis are listed in Table 2.
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Table 2 Hematopoietic stem cell transplantation for 8 Fanconi anemia patients

No. Performance Transfusion Conditioning Donor Concordance of Transfused GVHD
status before SCT HLA-serological cell number prophylaxis
typing (x10%kg)
1 0 MAP 2u, FLU (120 mg/m®) + CY Mother 6/6 3.9 CyA + short
PC10u (40 mg/kg) + ATG (10 mg/kg) MTX
2 0 MAP 2u, FLU (150 mg/m? + CY Sister 6/6 74 CyA + short
PC10u (40 mg/kg) + ATG (6 mg/kg) MTX
3 0 MAP 4u, PC FLU (180 mg/mz) + CY Father 5/6 (mismatched A1 3.0 CyA + short
20u (40 mg/kg) + ATG locus) MTX
(10 mg/kg) + TBI (2 Gy)
4 0 MAP 4u, PC  FLU (150 mg/m®) + CY Brother  6/6 2.2 CyA + short
20u (40 mg/kg) + ATG (5 mg/kg) MTX
5 1 MAP 21u, PC  FLU(180 mg/m?) + CY(40 mg/ Unrelated 6/6 3.0 FK506 + short
120u kg) + ATG(10 mg/kg) + TLI MTX
4 Gy)
6 0 MAP 16u, FLU (150 mg/m®) + CY Unrelated  5/6 (mismatched DR1 4.5 FK506 + short
PC100u (40 mg/kg) + ATG locus) MTX
(10 mg/kg) + TBI (4.5 Gy)
7 0 MAP 12y, FLU (120 mg/mz) + CY Unrelated 5/6 (mismatched DR1 3.8 FK506 + short
PC120u (40 mg/kg) + ATG locus) MTX
(10 mg/kg) + TLI (4 Gy)
8 0 MAP 4u, PC  FLU (150 mg/m?) + CY Unrelated  6/6 4.6 FK506 + short
20u (40 mg/kg) + ATG MTX

(10 mg/kg) + TBI (4.5 Gy)

SCT stem cell transplantation, FLU fludarabine, CY cyclophosphamide, ATG anti-thymocyte globulin (rabbit ATG, Thymoglobuiin), TBI total
body irradiation, TLI total lymphoid irradiation, CyA + short MTX cyclosporine plus short-term methotrexate

Results

The median transfused nucleated cell number was 3.8 x
10%kg (range 2.2 to 7.4 x 10%kg) and all patients
achieved sustained engraftment; the median time to neu-
trophil (>500), platelet (>50,000/ml) and reticulocyte
(>10%o) recovery was 15.5, 20.5 and 21.5 days, respec-
tively. Among eight patients enrolled in this study with a
median survival period of 72 months (range 4-117
months), acute GVHD grade I was detected in one patient,
whereas chronic GVHD was not found in any patient. Two
patients experienced hepatic dysfunction and one patient
had gastric hemorrhage as regimen-related toxicities (grade
1 according to the National Cancer Institution-Common
Toxicity Criteria, NCI-CTC Version 4.0). Three patients
exhibited febrile neutropenia and one of them showed
disseminated fungal infection (grade 4 according to NCI-
CTC) complicated by development of a renal abscess that
showed complete remission after amphotericin B treat-
ment. Cytomegalovirus (CMV)-polymerase chain reaction
(PCR) and CMV-pp65 antigen detection were performed
on a weekly basis for identification of CMV infection. We
found four out of eight patients showed CMYV reactivation
without clinical symptom and they were treated with gan-
ciclovir and foscavir. One patient suffered from hemor-
rhagic cystitis and lymphoproliferative disorder (LPD) due

to BK virus and Epstein—Barr virus (EBV) reactivation,
respectively. This patient was completely cured from the
EBV-LPD after successful treatment with rituximab.
Otherwise, no patients developed veno-occlusive disease
(VOD) or thrombotic microangiopathy (TMA) (Table 3).
Over the total length of the follow-up period, no patients
showed secondary bone marrow failure and/or malig-
nancies with a median follow-up of 72 months (range
4-117 months).

Discussion

Through a retrospective analysis of the medical records of
eight pediatric patients with FA, who received FLU-based
reduced-intensity conditioning allogeneic HSCT to evalu-
ate their outcome, we found that all patients achieved
favorable outcome using this procedure and the type of the
donor did not significantly influence the clinical outcome.
In previous studies, it has been proved that the use of
alkylating agents and radiation therapy for FA patients was
harmful. The impact of lower irradiation dose on immune
recovery and risk of malignancy remains a matter of debate
and a longer follow-up period is needed. However, it was
reported that TBI 300 cGy was the lowest possible irradi-
ation dose in the context of FLU/CY-based regimen; other
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Table 3 Results of hematopoietic stem cell transplantation for 8 Fanconi anemia patients

No. Days of Acute  Chronic RRT VOD TMA CMV Ag Other virus FN  Fungal Overall
engraftment GVHD GVHD positivity and  related disease infection survival
treatment (Mo)
19 0 0 No No No Day 35, GCV  No No No 114
2 15 1 0 No No No Day I3, No ' Yes No 41
GCV + FCV :
3 19 0 0 Liver No No Day 30, GCV  No Yes No 17
dysfunction
(grade 1)
4 14 0 0 Gastric - No No No No No ~ No 4
hemorrhage
(grade 1)
5 17 0 0 No No No Day 48, GCV  No No No 117
6 19 0 0 No No No No No No Disseminated 99
fungal
infection,
renal
abscess
(grade 4)
7 15 0 0 Diarrhea No No No Hemorrhagic Yes No 72
(grade 1), cystitis due to
liver BKYV (grade 2)
dysfunction and LPD due to
(grade 1) EBV
8 19 0 0 No No No No No No No 26

RRT grade was determined by National Cancer Institute-Common Toxicity Criteria (NCI-CTC Ver 4.0)

GVHD graft-versus-host disease, RRT regimen-related toxicity, VOD veno-occlusive disease, TMA thrombotic microangiopathy, CMV Ag AMV
antigenemia (pp65), GCV ganciclovir, FCV foscavir, BKV BK virus, EBV, Epstein-Barr virus, FN febrile neutropenia

successful trials of eliminating irradiation in the condi-
tioning regimens even in recipients of BMT from unrelated
donor have been achieved [8—11]. Subsequently, alterna-
tive regimens have been developed to reduce the potential
risk of irradiation and GVHD using a non-irradiation based
preparative therapy including a low-dose CY, FLU and
ATG [6-8, 10]. Here, we showed that BMT using FLU-
based reduced-intensity conditioning regimens led to
improvement of the outcome for FA patients regardless of
the donor type. In line with our findings, other investigators
reported that HSCT using FLU-containing regimens was
associated with a better outcome even for recipients of
allograft from unrelated donor with stable engraftment and
minimal toxicity, whereas adding ATG to the conditioning
regimen contributed to decreasing the incidence of GVHD
[7, 8, 11, 12]. On the other hand, it was reported that bone
marrow recipients from unrelated donor showed less suc-
cessful transfusion rate with high percentage of graft fail-
ure and RRT compared to bone marrow recipients from
related donor [13]. In our cohort, FLU/ATG/low-dose CY-
based conditioning regimen was tolerable and efficient for
FA patients even for BM recipient from unrelated (HLA-1
locus mismatched) donor, but some patients developed
virus reactivation such as CMV, BKV and EBV. To

@ Springer

overcome virus reactivation that might occur as an adverse
event following the use of ATG-containing regimen, it is
better to decrease the ATG dose from 10 to 5 mg/kg. FA
patients are more prone to cancer development such as
squamous cell carcinomas with special predilection sites
(esophagus, head and neck) [4, 14, 15]. FLU-containing
regimens were employed in a limited number of FA
patients, making it difficult to speculate on its implications
on cancer progression. Three out of four patients received
HSCT from HLA-matched related donor without irradia-
tion and they showed successful and excellent outcomes.
Therefore, it is important to consider the use of the con-
ditioning regimen without irradiation for this group of
patients. Several studies have demonstrated that TBI with
300-450 cGY is needed for consistent engraftment in
recipients from unrelated donor [12, 16]. We would like to
emphasize that reduction of irradiation dose in the condi-
tioning regimens even for recipients of HSCT from unre-
lated donor is an important target that will improve the
patient’s quality of life by reducing late effects, particularly
the risk of malignancy. Noteworthy, in our series three out
of eight patients were asymptomatic. Although our findings
were consistent with other investigators’ results [3-5],
early diagnosis and optimal timing of transplant in
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asymptomatic FA patients is challenging and it is of utmost
importance to confirm FA diagnosis in those patients who
might be misdiagnosed with acquired aplastic anemia. In
conclusion, the identification of asymptomatic FA patients
requires careful consideration by testing for cross-linker
hypersensitivity that provides a reliable cellular marker for
FA diagnosis. HSCT using FLU/low-dose CY/ATG-based
regimen is beneficial and could be a promising therapeutic
approach for FA patients regardless of the donor type with
favorable clinical outcome.
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