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Abstract

Twenty severe aplastic anemia (SAA) patients underwent allogeneic stem cell transplantation 

(allo-SCT) with fludarabine (FLU), cyclophosphamide and antithymocyte globulin from a 

matched related (n=7, age ≥ 40) or unrelated donor (n=13, any age). Median age was 34 years 

(range 1–59). Median time from diagnosis to allo-SCT was 12 months (range 2–244). Seventeen 

out of 19 evaluable patients engrafted (90%). There were two secondary graft failures (10%). 

Median time to neutrophil recovery was 15 days (range 8–30). Chimerism studies indicated ≥90% 

donor-derived engraftment in 16/19 evaluable patients (75%). Four out of 20 patients (20%) 

developed acute (grade II–IV) GVHD, and 6/16 evaluable patients (37%) developed chronic 

GVHD. We observed EBV reactivation and viremia in seven patients, which was successfully 

treated with rituximab in all but one instance (where it was self-limiting). Thirteen patients (62%) 

are alive (including eight of the last nine treated) with a median follow-up of 30 months (range 3–

112). Seven patients expired (graft rejection n=1, GVHD n=1, multiorgan failure n=1, infection 

n=2, EBV post-transplant lymphoproliferative disorder/PTLD n=2). Total body irradiation-free, 

FLU-based conditioning for matched related and unrelated allo-SCT is feasible with high 

engraftment rates. EBV PTLD remains a drawback of this approach.
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Introduction

In matched unrelated (or alternative) donor (MUD) allogeneic stem cell transplantation 

(allo-SCT) for severe aplastic anemia (SAA), total body irradiation (TBI) is often employed 

to maximize engraftment and minimize graft rejection, although its toxicities are well 

known1,2. Dose optimization of the TBI component for MUD allografting was reported by 

Deeg et al2, showing that a TBI dose as low as 200cGy of TBI can ensure adequate 

engraftment. However, even at low doses, TBI can cause serious short-term toxicities, 

particularly diffuse pulmonary injury2. Moreover, long-term toxicities, such as growth 

retardation, secondary malignancies and hypothyroidism are also an important 

consideration, particularly in younger patients. Therefore, an effective and well-tolerated 

TBI-free conditioning regimen would be highly desirable. In 2005, Bacigalupo et al3 

published their experience in 38 SAA patients who underwent an alternative donor allograft 

between 1998 and 2004 with a fludarabine (FLU), cyclophosphamide (CY) and 

antithymocyte globulin (ATG) conditioning regimen. The graft failure rate was 18%, and 

the actuarial 2-year survival was 73%. The authors suggested that this approach was 

particularly well suited for younger patients (age up to 14 years), due to a lower graft 

rejection rate in this cohort. Other groups have published similarly encouraging results in 

this setting4,5.

Similarly, in matched related donors (MRD), outcome in older (i.e. over age 40) SAA 

patients with conventional high-dose cyclophosphamide (CY) ± ATG is generally felt to be 

poorer due to graft rejection, GVHD and, to a lesser extent, organ failure6,7. Recently 

fludarabine has been introduced in the conditioning regimen for MRD transplants as well. In 

2006, Srinivasan et al8 reported 13 SAA patients (median age 27 years) allografted with a 

FLU, CY ± ATG regimen with encouraging results. More recently, Maury et al9 have 

summarized the European Group for Blood and Marrow Transplantation (EBMT) 

retrospective experience on 30 SAA patients over the age of 30 years and allografted with 

fludarabine-based conditioning (FLU-CY±ATG). The 5-year survival of this cohort was 

77%, with a trend towards a reduced incidence of primary graft failure. That said, it should 

be pointed out that some disagreement still exists in this area. Sangiolo et al10 reported 20 

SAA patients (median age 47 years, range 40–63) who underwent MRD allograft with 

conventional high-dose CY-ATG conditioning and an overall long-term survival of 70%. 

Their conclusion was that MRD allo-SCT can be successfully performed in patients older 

than 40 years. However, these twenty patients were allografted over an 18-year period 

(1988–2006), therefore patient selection may well have played a significant role in these 

favorable results.

We have tested fludarabine in reduced-intensity conditioning regimens in a variety of 

hematologic malignancies11, 12, and we have long been interested in extending this concept 
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to a TBI-free, fludarabine-based approach to allografting from alternative (and related) 

donors in SAA. This report summarizes the 10-year experience at the M.D. Anderson 

Cancer Center (MDACC) with TBI-free, fludarabine-based conditioning in SAA.

Patients and Methods

All consecutive patients with severe acquired aplastic anemia who underwent allogeneic 

SCT during a 10-year period (1999–2009) at the University of Texas M. D. Anderson 

Cancer Center Hospital (UT-MDACC) following conditioning with fludarabine, 

cyclophosphamide and ATG/thymoglobulin on a clinical protocol or on a compassionate 

basis are included in this report. Patients transplanted for other forms of marrow failure 

(Fanconi anemia, pure red cell aplasia, Diamond-Blackfan anemia, dyskeratosis congenita, 

etc.) were excluded. While initially this approach was limited to patients undergoing 

matched unrelated donor (MUD) transplants, since 2002 it was extended to matched related 

donor (MRD) transplants, provided patients were ≥ 40 years old. This study was approved 

by the UT-MDACC Institutional Review Board (IRB), and all patients or their legal 

guardian provided written informed consent.

Over the 10-year period, doses and schedule for FLU, CY and ATG varied (Table 1). The 

regimen followed most consistently (n=13; patient #1 to patient #13 in the Table) as part of 

a prospective clinical pilot study (ClinicalTrials.gov NCT00427336) was FLU (30 mg/m sq 

IV×4 days), CY (300 mg/m sq IV x4 days), and thymoglobulin (THY, 3.75 mg/kg IV×4 

days), in keeping with the report from Bacigalupo et al3. The duration of THY was reduced 

in early 2007 to three days in MRD recipients after a fatal case of Epstein-Barr virus (EBV)-

associated post-transplant lymphoproliferative disorder (EBV-PTLD) was diagnosed 

(Patient #3). At the same time peripheral blood EBV viremia monitoring by PCR during the 

first 100 days post-transplant was introduced in the study, while prior to that it was carried 

out at the treating physician’s discretion. Patient #9 and #12, as well patient #11 had their 

four-day THY course reduced to 3 ands 2 days respectively for thymoglobulin intolerance 

(n=2) and attending physician request (n=1), respectively. Patient #13 had her FLU dose 

reduced because of chronic renal failure. Doses and schedule for the other seven patients are 

listed in Table 1. These patients were transplanted on a compassionate, off-study basis (e.g. 

active uncontrolled infection, poor organ function, failure to meet other eligibility criteria), 

as well as before the study was open, or under a separate pediatric treatment plan (or both).

Demographics and characteristics of the twenty SAA patients are displayed in Table 1. The 

median age at transplant for the whole group was 34 years (range 1–59). With the exception 

of patient #8 (see below) all patients had acquired SAA. Median age for MUD and MRD 

allografts was 20 years (range 1–59) and 51 years (range 33–57), respectively. Seven pts 

(33%) were ≥ 40 years old. The donor was a MUD donor (n=13) or a MRD donor (n=7). 

Median time from diagnosis to allo-SCT was 12 months (range 2–244). As shown in Table 

2, bone marrow was used as stem cell source in all but four patients. Three patients received 

PBPCs and in one case umbilical cord blood was used. The median CD34+ cell dose infused 

was 4.10×106/kg (range 1.14 – 12.06) for 18 pts with available data. Engraftment was 

defined as the first of three consecutive days of an absolute neutrophil count ≥ 500/µL. 
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Platelet recovery was defined as the first of seven consecutive days of an unsupported 

platelet count ≥ 20,000/µL.

Patients #4 and #6 had inadequate organ function (congestive heart failure and poor 

pulmonary function, respectively). Patient #8 was transplanted for graft rejection and life-

threatening transfusion-dependent pancytopenia following an autologous-SCT for 

lymphoma. Patient #13 was on chronic hemodialysis due to lupus nephritis-induced end-

stage renal disease. Patients #5, #7 and #12 had active or presumed active infections at the 

time of transplant (cellulitis, fever of unknown origin, fungal pneumonia, respectively). 

Three patients included in this study (#2, #7 and #10) were also included in the manuscript 

from Maury et al9.

Results

Hematological recovery data are outlined in Table 1. Seventeen out of 19 evaluable patients 

engrafted (90%). There were two secondary graft failures (10%), defined as graft failure 

following initial engraftment. Median time to neutrophil recovery was 15 days (range 8–30). 

Median time to platelet recovery was 15 days (range 9–73) for 17 evaluable patients. 

Chimerism studies indicated ≥90% donor-derived engraftment in 16/19 evaluable patients 

(75%). In 13/19 evaluable patients (68%) there was complete donor-derived engraftment. 

Two patients (10%) experienced secondary graft rejection. In addition to two (fatal) EBV-

PTLD cases (see below), we observed EBV reactivation and viremia in seven patients, 

which was successfully treated with rituximab in all but one instance (where it was self-

limiting).

Four out of 20 evaluable patients (20%) developed acute (grade II-IV) graft-versus-host 

disease (GVHD), and 6/16 evaluable patients (37%) developed chronic GVHD. Patient 

outcome data are presented in Table 2. Thirteen patients (62%) are alive (including eight out 

the last nine treated) with a median follow-up of 30 months (range 3–113). Seven patients 

expired (MUD n=5, MRD n=2). Causes of death included graft rejection n=1, infection n=2, 

GVHD n=1, multiorgan failure n=1, EBV-associated post-transplant lymphoproliferative 

disorders (EBV-PTLD) n=2. In one of the two EBV-PTLD cases (patient #3), a fine needle 

aspirate of a cervical node (carried out prior to rituximab therapy) showed large atypical 

lymphoid cells, some of which demonstrated plasmacytoid morphology. Flow cytometry 

showed the atypical cells to be positive for CD19 dim, CD20 partial, and CD138 partial (a 

plasma-cell associated antigen), with dim surface immunoglobulin light chain expression.

There was one early death (defined as death prior to day 30) and no known late graft 

failures. Overall 2-year survival (actuarial estimate) for the whole group (n=20) and for the 

thirteen patients (MRD n=7; MUD n=6) treated according to Bacigalupo et al3 are 61% 

(95% CI 42%–89%) and 82% (95% CI 62%–100%), respectively (Figure 1, A and B).

Discussion

This report describes the 10-year experience at UT-MDACC with fludarabine, 

cyclophosphamide and antithymocyte globulin as total body irradiation-free conditioning for 

matched related and unrelated allogeneic stem cell transplantation in severe acquired 
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aplastic anemia. The idea of combining fludarabine and alkylating agents for synergism in 

the treatment of hematologic malignancies was originally pioneered at UT-MDACC13. 

However, to our knowledge, it was Bacigalupo et al3 who adopted this approach in reduced-

intensity conditioning for matched unrelated allo-SCT in SAA. The concept of a TBI-free 

conditioning regimen in this setting is undoubtedly quite appealing, in view of the short-

term and long-term toxicities associated with radiation exposure, particularly in younger 

patients1, 2. That being said, graft rejection has been a potential concern, so the addition of at 

least low-dose TBI has recently been advocated14. Similarly, the same group of investigators 

has proposed the use of reduced-intensity, fludarabine-based conditioning in allo-SCT from 

MRD for SAA in older (>30 yrs) recipients9. Initial results appear quite encouraging.

We readily and fully acknowledge the many limitations of our study. They include a small 

sample size, a mix of matched related and unrelated donors, possible selection bias, a long 

time interval (ten years) evaluated while supportive care and HLA typing and matching 

techniques were evolving rapidly, as well as some heterogeneity in the patients treated and 

preparative regimens employed. We are also quite aware that, because of these reasons, 

comparing these data with the current literature on this topic would be challenging. The 

seemingly better outcome of the latest patients treated defies an immediate explanation. It 

could be accounted for by patient selection, more accurate HLA typing and matching as well 

as improved supportive care.

Still, we believe this study suggests that FLU-based, TBI-free conditioning for matched 

related and unrelated allo-SCT is feasible, with high engraftment rates and low early 

mortality. While we did not observe late graft failures, this complication has been reported 

and the sample size and follow-up of this study are inadequate to be reassuring about this 

issue. Presumably due to high-dose thymoglobulin, GVHD-related incidence and mortality 

was low15, 16, although EBV-PTLD was a drawback of this approach17. Interestingly, the 

lymphoid proliferation in one of the two EBV-PTLD cases we observed was only weakly 

CD20-positive, casting some doubts on the efficacy of rituximab in some of these patients. 

Similar CD20-negative cases have been reported in the literature18, 19. Prevention as well as 

effective treatment of EBV-PTLD remains a priority and a challenge, and new strategies are 

clearly needed20.

We also believe these data as a whole do support the concept that fludarabine can be a key 

component of the conditioning regimen for allografting in SAA. Its appropriate role in 

related donor transplants, and whether low-dose TBI is indeed required in the alternative 

donor setting (particularly in younger patients) deserve further, and ongoing, investigation14.
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Figure 1. 
Overall survival (actuarial estimate) for the whole group (n=20) (curve A) and for the 

thirteen patients treated according to Bacigalupo et al3 (curve B). SCT: stem cell transplant.
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