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ABSTRACT

We have analyzed 1448 patients with acquired aplastic anemia grafted between 2005 and 2009, and compared out-
come of identical sibling (n=940) versus unrelated donor (n=508) transplants. When compared to the latter, sibling
transplants were less likely to be performed beyond 180 days from diagnosis (39% vs. 85%), to have a
cytomegalovirus negative donor/recipient status (15% vs. 28%), to receive antithymocyte globulin in the condi-
tioning (52 % vs. 61%), and more frequently received marrow as a stem cell source (60% vs. 52%). Unrelated donor
grafts had significantly more acute grade II-IV (25% vs. 13%) and significantly more chronic graft-versus-host dis-
ease (26% vs. 14%). In multivariate analysis, the risk of death of unrelated donor grafts was higher, but not signif-
icantly higher, compared to a sibling donor (P=0.16). The strongest negative predictor of survival was the use of
peripheral blood as a stem cell source (P<0.00001), followed by an interval of diagnosis to transplant of 180 days
or more (P=0.0005), patient age 20 years or over (P=0.0005), no antithymocyte globulin in the conditioning
(P=0.003), and donor/recipient cytomegalovirus sero-status, other than negative/negative (P=0.04). In conclusion,
in multivariate analysis, the outcome of unrelated donor transplants for acquired aplastic anemia, is currently not
statistically inferior when compared to sibling transplants, although patients are at greater risk of acute and chronic
graft-versus-host disease. The use of peripheral blood grafts remains the strongest negative predictor of survival.

Introduction

The current standard of care for patients with acquired
severe aplastic anemia (SAA) who lack an HLA identical sib-
ling (SIB) calls for a course of immunosuppressive therapy
(IST) with antithymocyte globulin (ATG) and cyclosporine.'
Transplantation from an unrelated donor (UD) is usually con-
sidered after failure of at least one course of IST.? This strate-
gy is based on a relatively high risk of complications for UD
transplant recipients, such as graft rejection, graft-versus-host
disease (GvHD) and infections.>® However, things have
changed in recent years, and the outcome of unrelated donor
transplants has significantly improved.*®

This is probably the consequence of better selection of
donors by allele matching, changes in the conditioning regi-
mens with the use of fludarabine, with or without low-dose
total body irradiation (TBI),”" and improved supportive care,
including better diagnosis and treatment of transplant-related

infections. Improved supportive care has benefited also SIB
transplants, although to a lesser extent than UD transplants;*
this is because the outcome of SIB transplants was already
extremely good, especially, but not exclusively,” in young
patients."*"

Therefore, improved survival is currently seen with both
UD and SIB transplant, and the question is how do they com-
pare, this being relevant for treatment strategies in patients
with acquired SAA. To answer this question, we have exam-
ined the outcome of 1448 patients with SAA undergoing an
UD or an SIB transplant between 2005 and 2009, and report-
ed to the SAA registry of the EBMT.

Methods
Patients

Patients had been reported to the Registry of the Working Party on
Severe Aplastic Anemia (WPSAA) of the European Group for Blood
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Table 1. Clinical characteristics of 1448 patients.

Donor type Sibling Unrelated Missing P
N 940 508
Age >20years 474 (50%) 272 (53%) ) 0.2
Female donor in male recipient 237 (25%) 62 (12%) =) <0.001
Interval DxTx >180 days 369 (39%) 432 (85%) ) <0.001
CMV sero-status (D-/R-) 140 (15%) 115 (23%) (36) <0.001
ATG in the conditioning 484 (52%) 311 (61%) 2) 0.0003
Fludarabine-based regimen 144 (20%) 205 (629%) =) <0.001
Radiation in the conditioning 31 (4%) 107 (32%) =) <0.001
Stem cell source (BM) 566 (60%) 265 (52%) =) 0.003
FU days median 1157 1143 =) 0.07
(1-3270) (2-3324) )

DxTx: interval diagnosis transplant; CMV sero-status (D-/R-): number and percentage of pairs who were cytomegalovirus donor-negative/recipient-negative; ATG: antithymocyte

globulin; BM: bone marrow; FU: follow up.

and Marrow Transplantation (EBMT), and the database resides in
the Department of Medical Statistics of the University of Leiden,
The Netherlands. The data manager for the Registry is a co-author
(RO). The quality of the data are assured by external audits, per-
formed by EBMT and the Joint Accreditation Committee of the
International Society of Cell Therapy (ISCT) and EBMT (JACIE).
Eligibility criteria were: 1) a diagnosis of acquired SAA; 2) first
transplant between 2005-2009; 3) bone marrow (BM) or peripheral
blood (PB) as a stem cell source; and 4) matched sibling or matched
unrelated as a donor type. Exclusion criteria were cord blood
transplants and mismatched family donors.

HLA matching was defined by the transplant center as matched
or mismatched. This study excluded mismatched grafts, but 8/8
HLA matched could not be differentiated from 10/10 matched
donors. It is also presumed that allele matching was applied, these
transplants having been performed in the period 2005-2009. The
patients were treated in 290 centers (see Online Supplementary
Appendix).

Unrelated and sibling transplants

Clinical characteristics of UD and SIB transplants are shown in
Table 1. There were significant differences between SIB and UD
grafts. The latter had less female donor to male recipients
(P<0.001), twice as many patients who were grafted beyond six
months from diagnosis (P<0.001), more CMV negative
donor/recipient pairs (P<0.001), more patients receiving in vivo T-
cell depletion with ATG (P<0.001), more patients receiving radia-
tion- or fludarabine-based conditioning regimens (P<0.001), and
less patients receiving marrow as a stem cell source (P=0.003). It
should be noted that radiation in the UD setting is currently limit-
ed to low-dose radiation (such as 2 or 3 Gy), but details on radia-
tion doses were not collected in this data set. There was no statis-
tical difference in median length of follow up (P=0.07) (Table 1).

Statistical analysis

Analyses were performed with the Stata software (StataCorp,
v.11). Comparisons between transplant groups were carried out
using the %’ test for categorical variables and the non-parametric
Mann-Whitney test for continuous variables. The end point for
survival analysis was death due to any cause.

Univariate and multivariate survival analyses were carried out
using the Cox proportional hazard model. All significant variables
among those assessed in univariate analysis were considered for
the multivariate model. Actuarial survival according to donor type

Table 2. Outcome of HLA identical sibling and unrelated donor grafts.

purce Sibling Unrelated P
N. 940 508
Engraftment 91% 91% 0.9
Acute GvHD II-IV 13% 25% <0.0001
Acute GvHD I1I-IV 5% 10% <0.0001
Chronic GYHD 14% 26% <(0.0001
Extensive chronic GvHD 6% 11% 0.002
Patients surviving 777 (83%) 384 (76%)
Deceased n /% 163 (17%) 124 (24%)
Causes of death*
GvHD 37 (3.9%) 34 (6.7%)
Interstitial pneumonia 1 (0.1%) 7 (0,4%)
Other lung complications 13 (1.4%) 4 (0.8%)
Infections 85 (9%) 58 (11.4%)
Rejection 14 (1.5%) 11 (2.2%)
Hemorrhage 12 (1.3%) 11 (2.2%)
VOD 8 (0.9%) 3 (0.6%)

GuHD: graft-versus-host disease; VOD: veno-occlusive disease. *The sum of the different
causes of death exceeds 100% because they represent primary and secondary causes
of death.

(SIB and UD) was also calculated after stratification of patients
into 3 risk categories: the risk score was derived by adding up the
Hazard Ratio (HR) of each negative predictor selected in multivari-
ate analysis (stem cell source, interval diagnosis to transplant, age,
use of ATG, and CMV status). The 25 and 75 percentiles were 3
and 6. The patients were thus divided into 3 groups: a low-risk
group (score 0-3; n=391), an intermediate-risk group (score 3-6;
n=709), and high-risk group (score >6; n=348).

Results

Engraftment and graft-versus-host disease

The cumulative incidence (CI) of engraftment, as identi-
fied by a neutrophil count of 0.5x10°/L, was 91% for both
SIB and UD transplants; median time to neutrophil
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engraftment was 19 days for SIB (3-75) and 18 days (3-89) A 50%,
for UD (Table 2). The CI of grade II-IV acute GvHD was Acute II-1IV GvHD
13% in SIB grafts (95% CI: 11%-15%) and 25% in UD 40%  F<0.00001
grafts (95% CI: 21%-29%); P<0.0001) (Figure 1A); the CI 3
of acute GvHD grade III-IV was 5% versus 10%, respec- g’ 30% UD n243 5%
tively (P<0.0001). The CI of chronic GvHD was 14% in 2 h
SIB grafts (95% CI: 12%-18%) and 26% in UD grafts 2 o
(95% CI: 22%-31%) (P<0.0001) Figure 1B). 5 % 13%
Causes of death in patients receiving SIB or UD grafts E SIB; n=796
are outlined in Table 2; there is a slight excess of deaths S 10%
due to GvHD, interstitial pneumonia, and infections in
patients receiving UD grafts while deaths due to rejections 0%
were comparable. 0 20 40 60 80 100
days from transplant
B 50%
Univariate analysis of survival . Chronic GVHD
A total of 287 deaths were registered. At three months ° 40% P<0.00001 ronic v
survival was 89% (SE=0.8%), at six months 86% S
(SE=0.9%), at one year 83% (SE=1%), and at two, three = 30% UD n=418 26%
and five years 80% (SE=1.1%), 79% (SE=1.1%) and 78% =
(SE=1.2%), respectively. £ 20%
The use of PB as a stem cell source resulted in signifi- E SIB; n=789 14%
cantly inferior outcome (70%, SE=2%) as compared to 2 1o
BM (83%, SE=1.6%); P<0.001) (Figure 2A). Survival in °
patients under the age of 20 years was superior to survival
in older patients (84%, SE=1.6% vs. 72%, SE=1.9%; 0%
P<0.00001) (Figure 2B). There was an advantage for 0 500 1000 1500 2000

patients grafted within six months from diagnosis (85%, days from transplant

— o : o/ CE— o
SE=1.6 /o) vers.us patients grafted .later (72./0. SE=1.9 /0) Figure 1. Cumulative incidence of acute (A) and chronic (B) graft-ver-
(P<0.00001) (Figure 2C) and for patients receiving ATG in  sus-host disease (GvHD): a higher rate is seen for both in patients
the Conditioning regimen (81%7 SE:1_8%) versus patients grafted from unrelated as compared to HLA identical sibling donors.

A B 100%
100% B 12361 <20 yy; n=702
80% d ..83% 80% 4%
0 =20 yy; n=746
5 0% PB; n=617 209 0% W 290
b= 0
% 20%)
0% 0% ,
0 500 1000 1500 2000 2500 30003500 O 500 1000 1500 2000 2500 3000 3500
Cc days from transplant D days from transplant
100% 100%j
DxTx <180 dd; n=647 85% ATG; n=795 81%
80% - 80%| :
5 60% DxTx =180 dd; n=801 72% 60% No ATG; n=653 73%
=
> 40% 40%)
20% P<0.00001 20%] P=0.0002
0% i i i ) ) 0%
0 500 1000 1500 2000 2500 30003500 O 500 1000 1500 2000 2500 3000 3500
days from transplant days from transplant

Figure 2. Univariate analysis of survival in patients with acquired aplastic anemia stratified for stem cell source, (BM: bone marrow; PB: peripheral
blood) (A) age </>20 years (B), interval between diagnosis transplant (DxTx) </>180 days (d), (C) and use of antithymocyte globulin (ATG) in the
conditioning regimen (D).
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not receiving ATG (73%, SE=1.9%) (P<0.0002) (Figure In univariate analysis, radiation-based regimens (P=0.09), ¢

2D), as well as for CMV negative donor/recipient pairs fludarabine-based regimen (P=0.1), and female donors to

(82%, SE=2.9%) versus other CMV donor recipient combi- male recipients (P=0.2) were not significant predictors
nations (76%, SE=1.4%) (P=0.02) (survival data not shown). (Table 3).

Table 3. Univariate and multivariate Cox analysis on survival.

Univariate Multivariate
Base-line value Compared value HR (95% Cl) P HR (95% CI) P
Donor type 0.003 0.16
SIB UD 1.43 (1.13-1.80) 1.2 (0.93-1.55)
Stem cell source < 0.001 < 0.001
BM PB 2.04 (1.62-2.58) 1.66 (1.31-2.12)
Interval diagnosis transplant < 0.001 < 0.001
<180 dd =180 dd 1.95 (1.52-2.51) 1.63 (1.24-2.15)
Age < 0.001 0.001
< 20 years = 20 years 1.82 (1.43-2.32) 1.54 (1.20-1.98)
ATG in the conditioning regimen < 0.001 0.003
Yes No 1.53 (1.21-1.93) 143 (1.13-1.81)
CMV donor /recip sero-status 0.02 0.04
D-RR- Other 1.50 (1.06-2.11) 1.43 (1.01-2.02)
Fludarabine-based regimen 0.1
No Yes 1.17 (0.87-1.57)
Radiation-based regimen 0.09
No Yes 1.38 (0.95-1.99)
Female to male recipient 0.2
No Yes 1.19 (0.87-1.61)

HR: hazard ratio; SIB: HLA identical sibling; UD: unrelated donor; BVI: bone marrow; PB: peripheral blood; ATG: antithymocyte globulin; CMV: cytomegalovirus; D/R donor recipient
(recip) CMV sero-status.

A 100% . B
Low risk 90% 100 by SIB n=345 93%
Int iate risk

o] ntermediate ris 77% o . 83%
_ — _ UD n=46
ES High risk 67% S wx
= =
3 ol 2

] P<0.001 o P=0.009

N Low risk

days from transplant days from transplant
C D
SIB n=338
- 78% o] SIB n=207 67%
- 7%

= . UD n=321 °E o R RN -V, L7A
; 2 UD n=141
> S

40% | W) 40%

20%] P=0.7 0% P=0.6

Intermediate risk High risk
days from transplant days from transplant

Figure 3. Survival of patients stratified into 3 risk groups according to prognostic variables (stem cell source, interval diagnosis transplant, age,
use of antithymocyte globulin (ATG) and cytomegalovirus (CMV) status): low risk, intermediate risk, and high risk (A). The effect of donor type
(UD vs. SIB) is significant in low-risk patients (B); there is no statistical difference between intermediate-risk (C) and high-risk patients (D).
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Table 4. Univariate and multivariate Cox analysis on survival stratified a

ccording to donor type.

Multivariate Difference
SIB (n=940) UD (n=508) in SIB /UD
(P)*
Base-line value Compared HR (95% CI) P HR (95% CI) P
value
Stem cell source 0.001 0.038 0.26
BM PB 1.75 (1.26 — 2.42) 1.47 (1.02-2.12)
Interval diagnosis transplant <0.001 0.85 0.013
<180 dd =180 dd 1.94 (1.41-2.67) 0.95 (0.59-1.54)
Age 0.01 0.047 0.33
<20 years =0 years 1.56 (1.11-2.19) 1.45 (1.01-2.10)
ATG in the conditioning regimen 0.013 0.068 0.33
YES NO 1.50 (1.09 —2.07) 1.39 (0.98-1.99)
CMV donor /recip. sero status 0.40 0.067 0.32
D-R- Other 1.25 (0.75 - 2.08) 1.56 (0.97-2.49)
Donor type - -
SIB uD

SIB: HLA identical sibling; UD: unrelated donor; HR: hazard ratio; BM: bone marrow; PB: peripheral blood; ATG: antithymocyte globulin; CMV: cytomegalovirus; D-/R-: donor recipient
CMV sero-status. *Test on the interaction between donor type and each one of the clinical characteristics to assess if the adjusted impact of each characteristic on the outcome

differs between SIB and UD donors.

Multivariate analysis

Finally, we entered the 5 negative predictors together
with donor type in a multivariate Cox model (Table 3).
The strongest negative predictors of survival was the use
of PB as a stem cell source [HR=1.66 (1.31-2.12); P<0.001],
followed by an interval diagnosis to transplant (Dx-Tx) of
180 days or more [HR=1.63 (1.24-2.15); P<0.001], patient
age 20 years or more [HR=1.54 (1.20-1.98); P=0.001], no
antithymocyte globulin (ATG) in the conditioning
[HR=1.43 (1.18-1.81); P=0.003], and CMV donor/recipient
sero-status other than negative [HR=1.43 (1.01-2.02);
P=0.04]. The use of an UD as compared to an SIB was not
a statistically significant predictor [HR=1.2 (0.93-1.55);
P=0.16] (Table 3).

We then ran a multivariate analysis separately in
patients receiving SIB or UD grafts (Table 4). We show
that all predictors had the same effect in SIB and UD
patients, with one exception: the interval diagnosis to
transplant. This was highly significant in SIB (P<0.001) but
not in UD grafts (P=0.8), possibly due to a selection bias
for very severe patients receiving an early UD graft (Table
4).

Risk score

Survival of patients stratified into three risk categories,
as described in the Methods section, is shown in Figure
3A: low-risk (n=391) 90%, intermediate-risk (n=709) 77 %,
and high-risk (n=348) 67%. We then looked at the effect
of donor type (SIB, UD) in the 3 groups: there is a signifi-
cant survival advantage for SIB grafts in low-risk patients
(Figure 3B), although the number of UD patients is small
(n=46). There is a possibility that this small group repre-
sented a selection of patients with very severe aplasia;
indeed, mortality was 40% for patients grafted within 90
days from diagnosis, 18% for grafts between 91 and 180
days, and 15% for transplants beyond 180 days.

In the large intermediate-risk group, comprising 50% of
the entire patient population, actuarial survival is superim-

posable (Figure 3C). There is no significant survival differ-
ence in the smaller high-risk group (Figure 3D).

Discussion

We have shown in the current study that the outcome
of matched UD transplant for acquired SAA is not statisti-
cally inferior to SIB transplants, in multivariate analysis,
when corrected for patient age, interval diagnosis to trans-
plant, stem cell source, the use of ATG, and donor recipi-
ent CMV status. Patients undergoing UD grafts, however,
remain at greater risk of acute and chronic GvHD, and this
study has not assessed the quality of life of these patients,
which may be significantly affected, especially by chronic
GvHD. We have also confirmed several predictors of out-
come, some of which can be modified, such as the stem
cell source and in vivo T-cell depletion, and others which
cannot be changed, such as patient age.

The role of ATG in the conditioning regimen, although
historically often used in SAA to prevent rejection, is con-
troversial, and in a prospective randomized trial, ATG has
failed to show a superiority over controls.”® However, this
could be due to a question of numbers, since the survival
advantage for ATG in that trial (134 patients) was 6%, and
it is 8% in this series (1448 cases), being predictive in both
univariate and multivariate analysis. In addition, interval
diagnosis to transplant, age, CMV donor/recipient status,
and stem cell source, all proved significant predictors, con-
firming well known data." The effect of different condi-
tioning regimens, TBI or fludarabine-based, did not prove
significant in multivariate analysis.

Stem cell source has been studied both in sibling trans-
plants”'® as well as in unrelated donor grafts,"” including
overall almost 3000 patients, and survival of BM grafts has
always proved superior to G-CSF mobilized PB, with the
exception of one study on a small number of children.”
We confirm in the present series of 1448 cases, that PB as



stem cell source, when compared to BM, is the strongest
negative predictor of survival, both for SIB and UD: when
the two donor types are combined together, the actuarial
5-year survival is 83% for BM versus 70% for PB
(P<0.00001), and death rate due to GvHD and infections is
7% for BM versus 17 % for PB recipients (P<0.0001). When
looking at the combined effect of stem cell source and
donor type, the use of PB increased the risk of death in SIB
patients from 23% to 37% and in UD patients from 29%
to 39%. Therefore, bone marrow remains the stem cell
source of choice in patients with acquired SAA undergo-
ing a first allogeneic transplant, both from SIB as well as
from UD. If at all possible, unrelated donors should be
asked to give BM. BM harvest is a safe and well-estab-
lished procedure, but if a donor refuses to give BM and
there are multiple donor options, then donors only willing
to give PB should be rejected in favor of those willing to
give BM.

Age is a known predictor of survival and our study con-
firms this, with crude survival of 86%, 82%, 62% and
42%, respectively, in patients aged under 20, 21-40, 41-60
and over 60 years; in the latter small group (n=36), survival
of SIB grafts was 57 % versus 12% for 12 UD transplants.
Interval diagnosis to transplant was the other very strong
predictor, with an HR of 1.63 for patients grafted beyond
six months from diagnosis. Because UD grafts are almost
exclusively performed after a course of IS, most UD
patients (85%) were grafted beyond six months from
diagnosis. CMV donor recipient sero-status was another
predictor, but again with a different distribution between
SIB and UD patients. Because of these significant differ-
ences in clinical characteristics in the two groups, especial-
ly in terms of interval diagnosis to transplant, but also
stem cell source and CMV status, a comparison of SIB and
UD grafts can only be attempted in a multivariate analysis.
In a Cox analysis, stem cell source, interval diagnosis to
transplant, age, use of ATG and CMV status remained sig-
nificant predictors, whereas donor type (SIB vs. UD) was
not predictive (P=0.16).

The effect of donor type was also assessed in patients at
different risk of death, low intermediate and high, based
on the presence of negative predictors and the Cox
derived HRs. Survival of UD grafts was inferior to SIB
transplants, in the low-risk group, but not in the interme-
diate- and high-risk group. This may reflect a selection

bias for patients in the low-risk group. In other words,
younger patients grafted earlier in the course of their dis-
ease, may have had a very severe disease, and therefore
may have forced early transplant strategies. In keeping
with this hypothesis is the fact that mortality was highest
in patients grafted within 90 days from diagnosis, and
declined thereafter. Therefore, comparison of SIB-UD in
the low-risk group is probably between elective early SIB
transplants and forced early UD transplants.

The recently published guidelines of the EBMT still read
“standard front-line treatment for acquired SAA patients
who do not have an HLA identical sibling is combined
immunosuppressive  therapy, ~with ~ATG  and
cyclosporine”.! Whether an UD graft may be considered
first-line therapy in young patients with very severe apla-
sia should be tested within a clinical trial, also considering
the significant increased risk of acute and chronic GvHD
in UD graft recipients.

In conclusion, we believe this study suggests improved
outcome of UD grafts for acquired aplastic anemia in recent
years, not statistically inferior to SIB grafts, when corrected
for confounding variables, and especially time to transplant.
This information warrants the early activation of an unre-
lated donor search for patients lacking an HLA-matched sib-
ling. Once an UD has been identified, whether to proceed
to an UD transplant will depend on other considerations,
such as the degree of matching between the potential donor
and the recipient, and the patient’s age, blood counts, trans-
fusion requirement, and performance status. The significant
increased risk of acute, and especially chronic, GVHD in UD
transplants needs to be carefully addressed in prospective
national or international studies. One study comparing the
use of ATG and alemtuzumab in the conditioning is being
planned within the EBMT.
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