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KEY PO INT S

l CBT after FLU-CY-
ATG-2-Gy TBI with at
least 4 3 107 frozen
NCs per kilogram
leads to satisfactory
OS in refractory SAA.

l CBT is a valuable
curative option in young
patients with refractory
idiopathic SAA and no
available matched
unrelated donors.

Outcomes remain poor for refractory severe aplastic anemia (SAA) patients. Alternative donor
transplantationmay be considered, but results fromprevious studies are not encouraging.We
conducted a prospective nationwide phase 2 study to assess unrelated cord blood (CB)
transplantation (CBT) efficacy and safety in refractory SAApatients (Aplastic Anemia andCord
Blood Transplantation protocol). To demonstrate a significant difference in 1-year survival
from 20% (null hypothesis) to 50% (alternative hypothesis), we needed to include 25
transplanted patients and therefore included 26 (median age, 16 years). Eligibility criteria
required 1 or 2 unrelated CB units, containing separately or together >4 3 107 frozen
nucleated cells (NCs) per kilogram of recipient bodyweight. Conditioning regimen comprised
fludarabine (FLU), cyclophosphamide (CY), antithymocyte globulin (ATG), and 2-Gy total body
irradiation (TBI). With a median follow-up of 38.8 months, engraftment occurred in 23 patients
(88%); cumulative incidencesofgrade II-IV acute and chronicgraft-versus-host diseasewere45.8%
and36%, respectively. Twenty-three patientswere alive at 1 year, with an 88.5%overall survival

(OS) rate, differing significantly fromtheexpected20% (P< .0001; 84%OSat 2years). CBTwith units containing‡43 107 frozen
NCs per kilogram is therefore a valuable curative option for young adults with refractory SAA and no available matched
unrelated donors. This trial was registered at www.clinicaltrials.gov as #NCT01343953. (Blood. 2018;132(7):750-754)
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Introduction
Outcomes remain poor for severe aplastic anemia (SAA) patients
refractory to first-line immunosuppressive therapy (IST) without
matched unrelated donors (MUDs). Recent use of eltrombopag
shows blood count improvements (40% of cases),1-3 but most
refractory patients remain unresponsive to eltrombopag and
other second-line treatments, exposing them to life-threatening
complications. Moreover, clonal evolution, including paroxysmal
nocturnal hemoglobinuria, myelodysplastic syndrome (MDS),
and acute myeloid leukemia, may eventually occur.4 MDS and
acute myeloid leukemia complications are more frequent in
refractory SAA patients,5 whose prognoses are usually grim.4

Hematopoietic stem cell transplantation (HSCT) using alternative
donor sources (mismatched unrelated donors, cord blood, and
haploidentical family donors) may be curative in these cases,
despite risks including graft rejection, infectious complications,
and much higher rates of graft-versus-host disease (GVHD) than
in transplantations from matched related donors or MUDs.6,7

In this report, we assessed the efficacy and safety of unrelated
cord blood (CB) transplantation (CBT) in refractory SAA patients
(Aplastic Anemia and Cord Blood Transplantation [APCORD]
protocol).

Study design
Patients with primary refractory SAA at 6 months after first-line
IST with antithymocyte globulin (ATG) and cyclosporine (CSA), or
in relapse and refractory to a second course of ATG plus CSA
without an available MUD, were eligible if 1 or 2 unrelated CB
units were available (containing separately or together.43 107

frozen nucleated cells [NCs] per kilogram and nomore than 2 in 6
HLAmismatches between each CB unit and the patient). CB unit
selection required negative donor-specific anti-HLA antibodies.
Patients with isolated bone marrow cytogenetic abnormalities
(nomorphologic evidence of clonal evolution) were also eligible.
The Saint Louis Hospital Institutional Review Board and French
authorities approved the protocol. All patients provided written
informed consent as per the Helsinki Declaration.

The conditioning regimen comprised fludarabine (FLU) 30mg/m2

per day (day 26 to day 23), cyclophosphamide (CY) 30 mg/kg
per day (day 26 to day 23), ATG 2.5 mg/kg per day at day 23
and day22 (5 mg/kg total dose), and total body irradiation (TBI)
(2 Gy, day 22). All patients received 1 injection of an anti-CD20

monoclonal antibody (rituximab) (150 mg/m2) to prevent Epstein-
Barr virus (EBV) reactivation (day15).8 CSA alone was given as
GVHD prophylaxis, targeting trough concentrations 200 to
400 ng/mL for 3 months before progressive tapering to stop at 1
year. The primary end point was overall survival (OS) at 1 year.
Secondary end points included cumulative incidences of en-
graftment, acute and chronic GVHD (aGVHD9 and cGVHD10),
infections, relapse, and causes of death. When this protocol
was designed, Japanese and European studies using CB in SAA
showed 2-yearOS of 41% and 3-year OS of 38%, respectively.11,12

Our study used the Fleming Single-Stage Phase 2 Design, with a
sample size computed to demonstrate (exact binomial test) a
significant improvement inOS at 1 year from20% (null hypothesis,
treatment considered unacceptable) to 50% (alternative hypoth-
esis, minimal OS rate to consider treatment as a valuable option
for patients), with type I and type II error rates set at 0.05. To
indicate treatment efficacy, a minimum sample of 25 transplanted
patients was required, with at least 9 patients alive at 1 year. Full
analysis was based on all patients undergoing transplantation.
Secondary sensitivity analysis comprised an intent-to-transplant
population of all 27 included patients. OS was estimated using
the Kaplan-Meier method, although cumulative incidence curves
used nonparametric estimators with death as a competing event.
Data were analyzed using R 3.3.2 software.

Results and discussion
Twenty-nine consecutive patients were included between June
2011 and October 2015. One patient was diagnosed with
dyskeratosis congenita, and a MUD was identified in another
patient between inclusion and the anticipated CBT date (ex-
clusion criteria). Another patient died of septic shock before CBT
(day 24 of the conditioning regimen). Analysis was therefore
limited to the remaining 26 patients. Median age at CBT was 16
years (interquartile range [IQR], 9.3-23.4). Table 1 summarizes
patient and cord blood characteristics. All patients received at
least 1 course of IST before transplantation (2 courses, n 5 11).
Long waits from diagnosis to transplantation (median, 12 months;
IQR, 8.7-17.8) and heavily transfused statuses reflect the disease’s
refractoriness (Table 1).

Median follow-up was 38.8 months (IQR, 29.9-53.8), which is
long enough for our results to be considered to be robust.13

Three patients died before 1 year due to infections arising from
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nonengraftment (n5 2) and GVHD (n5 1), with a 1-year survival
rate of 88.5% (95% confidence interval [CI], 69.8%-97.6%),
thereby achieving the study’s primary objective (significant
difference from the expected 20%; P , .0001). Intent-to-
transplant analysis led to similar results (1-year OS, 84.7%;
95% CI, 72.0%-99.7%; P , .0001). One-year treatment-related
mortality was 11.5% (95% CI, 2.4-30.2). A further patient died of
severe cGVHD at 13.9months, leading to a 2-year survival rate of
84.6% (95% CI, 71-100) (Figure 1A).

In this particular high-risk population, only 3 of the 26 patients
failed to engraft with no clear explanation (1 death at day 171,
another at day 192 after a second haploidentical HSCT, al-
though a third patient was still alive 31 months after a second
haploidentical HSCT), resulting in a 60-day cumulative incidence
of full chimerism of 88% (95% CI, 75-100). Engraftment has
previously been a major barrier to CBT in refractory AA patients,
mainly due to transfusion-induced allogeneic immunization.11,12

Retrospective studies suggested a pivotal role of NC doses
(.3.93 107/kg)12 along with the use of a fludarabine-/TBI-based
regimen for engraftment and OS.11,12 The APCORD protocol
built on these retrospective findings and prospectively confirms
the benefit of controlling for these factors.

The second limitation of using CBT in SAA has been un-
acceptable rates of severe infection.11,12 Previous series reported
a high rate of severe or fatal infections, associated with delayed
immune reconstitution.14,15 In APCORD, 8 patients experienced
a total of 18 grade 3 infections (6-month cumulative incidence of
51.1%; 95% CI, 34-68.1). This lower infection rate, compared
with previous observations in similar settings, may arise from
overall improved immune reconstitution,16 possibly due to the
high NC dose (Figure 1B). Moreover, none of our patients de-
veloped EBV-associated lymphoproliferative disease, thereby
illustrating the efficacy of an early anti-CD20 injection (at day15)
8 and EBV DNA monitoring, with early preemptive use of anti-
CD20 in patients with increasing viral load.17

One main reason for maintaining the CBT program in AA pa-
tients was the low incidence of GVHD after CBT, despite HLA
mismatches.11,12 Tenpatients developedgrade2-4 aGVHD (100-day
cumulative incidence; 45.8% [95% CI, 25.3-66.4]). Nine patients
developed cGVHD, including 5 following aGVHD and 4 de novo
(1-year cumulative incidence; 36% [95%CI, 16.6-55.4]).Overall, 18of
the 22 patients alive had stopped active immunosuppression
(median time, 18 months posttransplantation) at last follow-up.
However, 3 patients presented extensive cGVHD, although 1 of
the 3 deaths within 1 year was GVHD-related. These results justify
using aminimal ATGdose (5mg/kg total dose) in APCORD,which
may also lower nonengraftment rates.

Three of our patients had isolated bone marrow clonal cytoge-
netic abnormalities at transplantation (monosomy 7 and trisomy 8,
with no morphologic evidence of MDS). Due to unacceptable
rates of toxicity in myeloablative-conditioning regimens involving
CBT and aplastic anemia,11 we decided to include these patients
in this study: all 3 are doing well at 18.4, 23.9, and 24.8 months
post-CBT, with no clonal cytogenetic abnormalities.

In conclusion, CBTwith units containing at least 43107 frozenNCs
per kilogram after a FLU-CY-TBI-ATG conditioning regimen
showed very encouraging results in this particular high-risk

Table 1. Patient, disease, and graft characteristics

Characteristics, n 5 26 patients
n (%) or

median (IQR)

Patients
Age at transplantation, y 16 (9-23)
Children, age ,18 y 15 (58)
Weight at transplantation, kg 55.5 (28.5-69.3)
Males 15 (58)
Recipient CMV1 16 (62)

Disease
PNH clone 8 (31)
Posthepatitis SAA 1 (4)

Disease history and transfusions*
2 courses or more previous
immunosuppressive treatment

11 (42.3)

Time interval from diagnosis of SAA to
transplantation, mo

11.9 (8.7-17.8)

.20 red blood cell units infused 18 (69)

.20 platelet unit transfusions 22 (85)

Graft

Single CB vs double-unit CB 16 (62)

No. of HLA disparities for single CB†
6/6 match 0
5/6 match 8 (50)
4/6 match 7 (44)
3/6 match 1 (6)

No. of HLA disparities for double CB‡
2 units 5/6 match 3 (30)
2 units 4/6 match 4 (40)
1 unit 5/6 and 1 unit 4/6 match 2 (20)
1 unit 6/6 and 1 unit 5/6 match 1 (10)

No. of frozen nucleated cells, 3107/kg
Single CB 5.8 (4.9-7.2)
Double-unit CB 5.7 (5.3-7.1)

No. of infused nucleated cells, 3107/kg
Single CB 4.3 (3.6-5.6)
Double-unit CB 3 (2.8-3.8)

No. of frozen CD341 cells, 3105/kg
Single CB 2.0 (1.3-2.6)
Double-unit CB 2.2 (1.4-2.9)

No. of infused CD341 cells, 3105/kg
Single CB 1.2 (1.1-1.8)
Double-unit CB 1.7 (1.0-2.4)

Sixteen patients received 1 CB unit and 10 received 2 CB units. Median number of
nucleated cells infusedwas 3.73 107/kg (IQR, 3-4.9) andCD341 cells infusedwas 1.43 105/kg
(IQR, 1.0-1.9).

CMV indicates cytomegalovirus; PNH, paroxysmal nocturnal hemoglobinuria.

*Fifteen patients received transplants because of refractory disease after
immunosuppressive treatment (ATG plus CSA) at a median time of 9.2 months after
diagnosis, although 11 patients received transplants because of relapse following 2
courses of immunosuppressive treatment (ATG plus CSA) at a median time of 9 months
after relapse.

†One unit, antigen-level HLA-A and -B and allele-level HLA-RDB1 typing.

‡Two units, antigen-level HLA-A and -B and allele-level HLA-RDB1.
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population. Pediatric and young adult SAA patients refractory to
first-line IST may therefore now be safely considered for CBT.
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Figure 1. OS and immune reconstitution after CBT in patients with refractory aplastic anemia. (A) OS after CBT in patients with refractory aplastic anemia. Estimated 1-year
OS of 88.5% (95%CI, 77-100) and 2-year OS of 84% (95%CI, 71-100 are represented, Kaplan-Meier curve). OS was similar between patients who received 1 or 2 unrelated CB units
(as was the case for cumulative incidences of engraftment, aGVHD and cGVHD, and infections). (B) Reconstitution of T-, B-, and natural killer (NK)-cell subsets. All patients
were systematically monitored posttransplantation for immune reconstitution at days 145 and 160, and months 13, 16, 112, and 124. T lymphocytes, CD4, CD8, B, NK
lymphocytes were prospectively measured. For each time point, 25th to 75th percentiles are shown, along with the median.
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