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Abstract

We transplanted 47 patients with Fanconi anemia using an alternative
source of hematopoietic cells. The patients were assigned to the
following groups: group 1, unrelated bone marrow (N = 15); group 2,
unrelated cord blood (N = 17), and group 3, related non-sibling bone
marrow (N = 15). Twenty-four patients (51%) had complete engraft-
ment, which was not influenced by gender (P = 0.87), age (P = 0.45),
dose of cyclophosphamide (P = 0.80), nucleated cell dose infused (P
= 0.60), or use of anti-T serotherapy (P = 0.20). Favorable factors for
superior engraftment were full HLA compatibility (independent of the
source of cells; P = 0.007) and use of a fludarabine-based conditioning
regimen (P = 0.046). Unfavorable factors were ≥25 transfusions pre-
transplant (P = 0.011) and degree of HLA disparity (P = 0.007).
Intensity of mucositis (P = 0.50) and use of androgen prior to trans-
plant had no influence on survival (P = 0.80). Acute graft-versus-host
disease (GVHD) grade II-IV and chronic GVHD were diagnosed in 47
and 23% of available patients, respectively, and infections prevailed
as the main cause of death, associated or not with GVHD. Eighteen
patients are alive, the Kaplan-Meyer overall survival is 38% at ~8
years, and the best results were obtained with related non-sibling bone
marrow patients. Three recommendations emerged from the present
study: fludarabine as part of conditioning, transplant in patients with
<25 transfusions and avoidance of HLA disparity. In addition, an
extended family search (even when consanguinity is not present)
seeking for a related non-sibling donor is highly recommended.
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Introduction

In addition to having chromosomal in-
stability and malformations, Fanconi ane-
mia (FA) patients also have a tendency to
marrow failure and the risk of developing
acute myeloid leukemia, myelodysplastic
syndromes and epithelial malignancies later
in life (1). Allogeneic hematopoietic stem
cell transplantation (HSCT) is currently the
only way to restore normal hematopoiesis,
improving the survival of these patients (2).
Unfortunately only ~25% have an available
compatible sibling donor, a fact that has led
to a search for alternative hematopoietic stem
cell (HSC) sources. These sources have in-
cluded matched or partially matched rela-
tives, unrelated volunteer donor bone mar-
row, and related or unrelated cord blood.

We have previously reported the encour-
aging results of HSCT in FA patients from a
compatible matched sibling donor, using
progressively lower doses of cyclophospha-
mide during the conditioning regimen (3-5).
Other single institution and multicenter stud-
ies using cyclophosphamide alone or associ-
ated with radiotherapy have also reported
similar good results, with >60% probability
of long-term survival (2,6,7). However, when
alternative donors are used, higher rates of
graft failure, transplant-related toxicity and
graft-versus-host disease (GVHD) are ob-
served and long-term survival is ~30% (7).

We report here a retrospective analysis
of our experience with 47 FA patients trans-
planted with HSC from an alternative donor,
with emphasis on factors predicting the out-
come.

Patients and Methods

Patients

We transplanted 134 patients with FA
from March 1983 to August 2004. Forty-
seven of these 134 FA patients received
HSC from an alternative donor between

August 1992 and August 2004. All patients
were in the severe or moderately aplastic
phase of the illness, with no clinical or he-
matologic evidence of leukemia or myelo-
dysplasia. Diagnosis was based on clinical
features of FA and diepoxybutane-induced
chromosomal breakage. The complementa-
tion groups were analyzed in 36 patients, but
had been defined in only 20 by August 2004,
with 13 belonging to FANC A, 4 to FANC
G, and 3 to FANC C. All related donors were
tested before transplant and none showed
evidence of FA.

The protocol was approved by the Ethics
Committee of the Hospital de Clínicas and
all patients or parents gave written informed
consent. Typing of both donor and recipient
pairs involved low resolution for HLA-A
and HLA-B by reverse sequence specific
oligonucleotides using Luminex technology
(One Lambda Cat. RSSO1A/RSSO1B, Ca-
noga Park, CA, USA), and high resolution
for DRB1 using sequence specific primers
(One Lambda Cat. SSP2H). Unrelated bone
marrow and cord blood were identified and
obtained through the National Marrow Do-
nor Program, Caitlyn Raymond International
Registry, New York Blood Center, and Bra-
zilian Marrow Donor Registry. The patients
were divided into three groups according to
the source of HSC: group 1, unrelated bone
marrow (UBM, N = 15); group 2, unrelated
cord blood (UCB, N = 17), and group 3,
related non-sibling bone marrow (RnsBM,
N = 15). In the RnsBM group, consanguinity
was observed in the families of 5 patients,
with great-grand parents being cousins in 1,
grandparents in 2, and parents in 2 families.
No consanguinity was present in 7 patient
families. The presence or absence of con-
sanguinity could not be determined in 3
patient families. Information about patients
is presented in Table 1.

Methods

Conditioning regimens are listed in Table
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2. Patients were isolated in single or double
rooms with high efficiency particulate air
filters. In case of ABO incompatibility, red
blood cells or plasma were removed by starch
sedimentation. Patients seronegative for cy-
tomegalovirus (CMV) were transfused with
CMV-negative blood or leukodepleted blood.
Acyclovir prophylaxis for herpes virus and
trimethopim-sulfamethoxazole for Pneumo-
cystis carinii were used in all patients along
with fluconazole for fungus prevention.
Weekly antigenemia for monitoring CMV
viremia and preemptive treatment with gan-
ciclovir were the routine. Details about
GVHD prevention are given in Table 2.
Acute GVHD (aGVHD) grade II to IV was
defined using published criteria (12) and
patients surviving >21 days post-transplant
with engraftment were considered to be at
risk. Patients engrafted and surviving >70
days were at risk for chronic GVHD
(cGVHD) (13). Neutrophil engraftment is
defined as an absolute neutrophil count >0.5
x 109/L for at least 2 consecutive days with-
out treatment with a growth factor. Time to
platelet engraftment is defined as the first of
three consecutive days on which the platelet
count was higher than 50 x 109/L without
transfusion for 7 days. Documented marrow
donor engraftment was confirmed by ABO
typing in patients with major red blood cell
group differences, by chromosomal analysis
for sex-mismatched patient/donor pairs and
by PCR targeting variable number of tan-
dem repeat loci.

Statistical analysis

Odds-ratios and 95% confidence interval
were calculated to estimate the association
of engraftment with the studied factors. The
evaluation included univariate analysis and
unconditional logistic regression consider-
ing the following variables: age at the time
of bone marrow transplantation (<10 years
and ≥10 years), HLA compatibility (none,
one or two mismatches), number of transfu-

sions prior to transplant (<25 transfusions
and ≥25 transfusions), number of nucleated
cells infused (median as cutoff), gender, and
use of fludarabine, anti-serotherapy and other
conditioning regimens. The variables in-

Table 2. Characteristics of the transplant procedures.

No. of patients References

Conditioning regimens
CFA140 6 3
CFA60 12 5
CFA60 + FLU + ATS 11 8
CFA40 + ATS + TBI 2 9
FLU + TBI 4 10
CFA40 + TBI 2 9
CFA60 + FLU 7 11
CFA100 + ATS 2 9
CFA60 + Bu + ATS 1 9

Graft-versus-host disease prophylaxis
CSA + MTX 33 12
CSA alone 8 9
CSA + MMf 4 10
CSA + TCD 2 9

Superscript numbers indicate the total dose of cyclophosphamide in mg/kg of patient
weight; CFA = cyclophosphamide; FLU = fludarabine; ATS = anti-T serotherapy; TBI =
total body irradiation; Bu = busulfan; CSA = cyclosporine; MTX = methotrexate; MMf =
mycophenolate mofetil; TCD = T-cell depletion.

Table 1. Pre-transplant features of 47 patients.

Group 1 Group 2 Group 3

No. of patients 15 17 15
Gender (male:female) 9:6 5:12 8:7
Age, years (median) 7-19 (11) 5-14 (8) 3-31 (8)
No. of transfusion (median) 0-400 (41) 1-101 (29) 2-61 (24)
No. of cells (median) 2.3-19.3 x 108/kg 2.7-19.2 x 107/kg 1.9-8.8 x 108/kg

(4.8 x 108/kg) (5.2 x 107/kg) (4.6 x 108/kg)
HLA match

6/6 12 2 8
5/6

B 3 4 3
A 3 3
DRB1 1

    4/6
    A,B 7
    B,DRB1 1

Previous TX 2 7 5

No. of transfusions = number of packed red cells and platelets given before hemato-
poietic stem cell transplantation (HSCT); No. of cells = nucleated cell dose infused; 6/
6: full match; 5/6: 1 mismatch (in B, A or DRB1); 4/6: 2 mismatches (in A and B or B
and DRB1); previous TX = use of an androgen prior to HSCT.
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dose of cyclophosphamide and use of anti-T
serotherapy and/or fludarabine).

Statistical analysis (Table 3) demon-
strated that gender (P = 0.87), age (P = 0.45),
dose of cyclophosphamide (P = 0.80), nucle-
ated cell dose infused (P = 0.16), and use of
anti-T serotherapy had no influence on en-
graftment (P = 0.20). The same statistical
analysis showed that favorable factors for
superior engraftment were HLA full com-
patibility independent of the source of cells
(P = 0.007), as well as fludarabine as part of
the conditioning regimen (P = 0.046). Unfa-
vorable factors were ≥25 transfusions prior
to transplant (P = 0.01) and degree of HLA
disparity (P = 0.007).

Transplant-related toxicity

Five patients were considered to be in-
fected before HSCT and 2 survived. Inten-
sity of mucositis had no influence on sur-
vival, since 23 patients had grade 0 to II and
24 patients grade III to IV, and 12 and 17
died, respectively (P = 0.50). The use of an
androgen prior to transplantation also had no
influence on survival (P = 0.80).

aGVHD grade II-IV was diagnosed in 14
of 30 patients (47%) and cGVHD in 5 of 22
available patients (23%). The source of HSC
had no influence on the development of
aGVHD (P = 0.80) and cGVHD (P = 0.90).

Infections were commonly encountered
among these patients, prevailing as the main
cause of death, associated or not with GVHD.
We also observed the incidence of concomi-
tant infections. Among the UBM, UCB and
RnsBM groups, death occurred between days
31 and 217 (median: 57 days), days 7 and
256 (median: 58 days) and days 8 and 98
(median: 45 days), respectively.

Survival

Overall, 18 of the 47 patients described
here are alive with a median post-transplant
follow-up of 18 months (range: 6-97 months).

cluded in the model were chosen if the P
value was less than 0.20, or when the vari-
able was considered to be important for the
model (14). We used the Stata 8 software to
perform forward multivariate analysis. Esti-
mates of survival were calculated by the
Kaplan-Meier product limit method (15) us-
ing the Graph Pad Prism software.

Results

Engraftment

The median time to granulocytic engraft-
ment was 18 days (range: 10 to 58 days), and
the median time to platelet recovery was 23
days (range: 15 to 64 days). Five patients died
before time to engraftment could be deter-
mined (2 in the UCB group and 3 in the
RnsBM group), and 6 engrafted partially (only
neutrophil engraftment, 2 in the UBM group,
3 in the UCB group and 1 in the RnsBM
group). Twenty-four patients (51%) had com-
plete hematopoietic recovery (7 in the UBM
group, 7 in the UCB group and 10 in the
RnsBM group). Factors that might influence
engraftment were analyzed. These included
age, gender, nucleated cell dose infused, HLA
compatibility, transfusion prior to transplant,
and conditioning regimen used (specifically

Table 3. Odds ratio of engraftment success associated with the factors studied in uni-
and multivariate analyses.

Studied factors            Univariate                   Multivariate

OR   95% CI   P OR  95% CI P

HLA compatibility 2.43 1.13-5.21 0.02 4.90 1.56-15.45 0.007
Prior transfusion (≥25) 4.55 1.20-17.27 0.01 7.21 1.59-32.78 0.011
Fludarabine (yes) 0.77 0.24-2.46 0.66 0.16 0.03-0.96 0.046
Other conditioning regimen 1.47 0.29-7.61 0.64 4.90 0.64-37.58 0.13
Nucleated cells infused (>median) 0.32 0.09-1.13 0.06 0.38 0.10-1.46 0.16
Other immunosuppression 2.36 0.37-14.60 0.36 4.20 0.51-34.83 0.18
Anti-serotherapy 0.86 0.23-3.13 0.82 0.43 0.08-2.35 0.33
Age at bone marrow transplantation 1.29 0.40-4.12 0.67 1.96 0.34-11.41 0.45
Methotrexate 0.54 0.16-1.86 0.31 0.70 0.16-3.09 0.65
Gender 0.76 0.24-2.46 0.66 0.89 0.22-3.64 0.87

OR = odds ratio; 95% CI = 95% confidence interval.
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The Kaplan-Meier estimate of survival was
38% at ~8 years (Figure 1). Complete HLA
compatibility influenced survival (P = 0.04),
as also did pre-transplant transfusion (P =
0.04) (Figures 2 and 3, respectively). The
degree of HLA mismatch and respective
survival for all patients are illustrated in
Figure 4. There was a survival benefit when
comparing the fully matched RnsBM group
with the mismatched UCB group (P = 0.04),
the fully matched UBM group (P = 0.04), the
mismatched RnsBM group (P = 0.009), the
mismatched UBM group (P = 0.001), and
the UCB group with two mismatches (P =
0.05).

Discussion

Since the HSCT is the only way to restore
normal hematopoiesis and improve survival
of FA patients with hematological manifes-
tation of the disease, efforts have been made
to search for a methodology capable of ad-
equate engraftment associated with low tox-
icity. When a compatible matched sibling
donor is available, survival has improved
from a few survivors in the early 80’s (16) to
an almost 90% survival rate in 2003 (17).
Lower doses of alkylating agents associated
or not with low doses of radiotherapy, use of
fludarabine and anti-T serotherapy, along
with new approaches to GVHD prevention
and superior resources of support therapy,
have significantly contributed to the im-
proved survival of FA patients. Unfortu-
nately, these benefits favor only ~25% of FA
patients, while the other ~75% undergoing
HSCT from an alternative donor still face a
high incidence of graft rejection and trans-
plant-related toxicity, which drastically af-
fect their survival.

Graft failure (GF) was the main factor
directly involved in the poor survival of our
patients. Twenty-three patients (49%) had
only partial or no engraftment, dying shortly
after the transplant. Of 24 patients with he-
matopoietic recovery, 18 remain alive. We

Figure 1. Probability of survival.

Figure 2. Probability of survival according to HLA-com-
patibility (P = 0.04, log-rank test ).

Figure 3. Probability of survival according to number of
transfusions prior to transplant (P = 0.04, log-rank test).

retrospectively analyzed the risk factors in-
volved in GF. HLA incompatibility and de-
gree of disparity, ≥25 transfusions prior to
transplantation and absence of fludarabine
in the conditioning regimen had an unfavor-
able influence on engraftment. In a retro-
spective multicenter study, Guardiola et al.
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(7) reported that 17 and 31% of patients had
no granulocyte or platelet recovery, respec-
tively, after marrow transplant from an unre-
lated donor, and the probability of second-
ary graft failure was 19% at 1 year. GF was
noted more frequently when female donors
were used, mainly because the nucleated
cell dose infused was smaller when com-
pared with grafts from male donors, a fact
not observed in our analysis. In a retrospec-
tive multicenter study of 72 unrelated cord
blood transplants in FA, Gluckman et al.
(18) reported GF in 46% of patients. Unfa-
vorable factors were number of HLA differ-
ences >2 antigens and nucleated cell dose
<4.4 x 107/kg, while fludarabine had a posi-
tive impact on engraftment. In a study of 31
patients, MacMillan et al. (19) obtained 100%
primary neutrophil engraftment, but patients
considered at high risk (age >18 years, HLA
mismatched and a high degree of disparity,
advanced phase of disease with myelodys-
plastic syndrome or acute myelogenous leu-
kemia, and previous bacterial or fungal in-
fections) had a 33% probability of survival
at 2 years against 81% for standard risk

patients. Since all patients received fludara-
bine, it was not possible to analyze the influ-
ence of fludarabine on survival. In our anal-
ysis, age and previous infection had no in-
fluence on outcome. Recently, Wagner et al.
(11) examined 98 patients receiving a trans-
plant from an unrelated marrow donor, with
46% receiving non-fludarabine-based pre-
parative regimens. Fludarabine positively
influenced neutrophil and platelet recovery,
with consequent lower mortality. The corre-
sponding probability of overall survival was
57 vs 17% in the non-fludarabine group.
These investigators also observed a signifi-
cantly higher mortality in patients receiving
>20 blood product transfusions prior to trans-
plantation. Thus, we conclude from these
studies that a small number of transfusions
pre-transplant, lesser HLA differences and
fludarabine-based conditioning regimen are
important for the outcome of FA patients.

Transplant-related mortality was closely
related to engraftment. Twenty-three (49%)
of 47 patients died between days +7 and
+226 (median: 45 days). Five died very early,
before engraftment, and only 4 died after
day +100. A second transplant was provided
to 7 patients with primary GF, but engraft-
ment failed again. All of these patients were
severely immunosuppressed, a fact favoring
opportunistic infections by concomitant
agents. The finding of disseminated toxo-
plasmosis in four patients was clear evi-
dence of their severe immunosuppression
(20). In addition, in states of iron overload,
free iron catalyzes the conversion of reactive
oxygen species, such as superoxide anion
and hydrogen peroxide, to highly toxic free
radicals, potentially increasing the risk of
bacterial, fungal and other opportunistic in-
fections (21). We observed aGVHD grade
≥II in 14 cases (47%), and 12 had grade III-
IV. Literature data regarding unrelated do-
nor transplantation in FA patients have shown
an incidence of aGVHD ≥II ranging from 17
to 55% (6,17,19,22) with recipients of T-
cell-depleted grafts having a lower incidence

Figure 4. Probability of survival according to group and degree of compatibility. G1 = group
1, unrelated bone marrow patients; G2 = group 2, unrelated cord blood patients; G3 = group
3, related non-sibling bone marrow patients; M = matched; m = mismatched; m2 = 2/6
mismatches; N = number of patients.
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of aGVHD. Boyer et al. (23) using highly
purified CD34+ peripheral blood stem cells
for transplant with alternative donors in 8
FA patients, noticed only 2 cases of aGVHD
of the skin, and no development of II-IV
aGVHD or cGVHD. Nine of our patients
died as a consequence of aGVHD. cGVHD
was observed in 4 (18%) of 22 available
patients, and previous reports demonstrated
a cGVHD incidence of 11 to 18%, with T-
cell-depleted and cord blood grafts being
favorable factors (7,11,18,22).

In an effort to overcome the barrier of
rejection, we have tried to intensify the con-
ditioning regimen, but, as observed by
MacMillan et al. (24), more intensive condi-
tioning and post-transplant immunosuppres-
sion have not improved engraftment and
have probably increased GVHD due to the
release of cytokines secondary to damage
and activation of host tissues, including in-
testinal mucosa and liver.

Our best outcomes were obtained when
the source of HSC was a related non-sibling
donor. When comparing the three groups of
patients, there was a survival advantage for
the RnsBM group over the UCB group (P =
0.01) and UBM group (P = 0.05). Guardiola
et al. (7) reported similar transplant results
whether the graft was from an HLA-matched
pheno-identical related donor or from an
HLA geno-identical sibling donor. However,
in the presence of HLA incompatibility, the
2-year survival was dismal (~6%). In con-
trast, Harris (17) reported that, even with a
fully matched phenotypically identical rela-
tive donor, the higher risk of graft rejection
and GVHD recommends the use of a condi-
tioning regimen suited for unrelated donors.
When searching for an HSC donor, if a
sibling donor is not available, our routine

has been to look for a suitable donor among
aunts, uncles, cousins, and grandparents. In
our extended family search we studied 263
families and found a suitable donor for 45
patients (17%). Twenty-four had a full-match
compatible relative donor, 17 had a one
mismatch donor in class I, and 4 patients had
a one mismatch donor in class II. A German
study (25) showed that only 4% of pediatric
patients with hematological malignancies had
an HLA-acceptable donor after an extended
family search. Nevertheless, studies enroll-
ing Arabic families with consanguinity dem-
onstrated that an HLA-matched donor was
found by an extended family search for ~60%
of the patients (26). Thus, an extended fam-
ily search may be worthwhile, particularly in
distinct ethnic populations. In general, the
larger the size of the extended family, the
more useful the search for identical donors
will be (27). Besides, consanguinity is not a
pre-requisite for donor procurement, as ob-
served in the present study.

When transplanting FA patients with HSC
from an alternative stem cell source, over-
coming the barrier of rejection with less
transplant toxicity is crucial. Efforts must be
directed towards tailored regimens, and three
recommendations emerge: fludarabine as part
of the conditioning regimen, transplant for
patients with <25 transfusions and use of the
closest HLA matched selection. Also, in con-
formity with our results, an extended family
search seeking a relative donor is highly
recommended.
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