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Received 18 February 2019 Allogeneic stem cell transplantation (SCT) as primary treatment for aplastic anemia (AA) is being increasingly

Accepted 28 May 2019 used. Yet, age, stem cell source, and donor type are important outcome factors. We have recently performed a
nationwide cohort study of all patients with AA in Sweden diagnosed from 2000 to 2011 and now present out-
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therapy. We found that, with a median follow-up of 109 months (range, 35 to 192 months), 5-year overall survival
(0S) for all patients was 86.8%, whereas graft-versus-host disease-free, relapse/rejection-free survival (GRFS) at
5 years was 69.1%. There was no survival impact regarding the donor type or stem cell source. Patients aged
>40 years had a higher transplant-related mortality (29.4% versus 7.8%; P=.023), which translated into a lower
5-year OS: 70.6% versus 92.2% (P=.022) and a trend of lower GRFS (52.9% versus 74.5%; P=.069). In conclusion,
we found in this real-world setting that both OS and GRFS were high, but SCT for patients with AA aged >40 years
is problematic, and clinical trials addressing this issue are warranted.

© 2019 American Society for Transplantation and Cellular Therapy. Published by Elsevier Inc.

INTRODUCTION

Current guidelines for the management of aplastic anemia
(AA) recommend an upfront allogeneic hematopoietic stem
cell transplantation (SCT) for patients who are <40 years of
age with a sibling donor, whereas older patients or patients
without a related donor should receive primary immunosup-
pressive therapy [1] (IST). Thus, SCT is routinely considered
only for a minority of patients with newly diagnosed AA.
However, there is increasing evidence indicating improved
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overall survival (OS) after unrelated donor SCT from approxi-
mately 50% in the 1970s to 76% in the early 2000s [2-6].
Nevertheless, patient age still appears to be the most impor-
tant factor influencing the treatment results. Patients who
are >40 years old have an OS rate of about 60%, which appar-
ently has been unchanged during the past 15 years [7,8].
There are several probable explanations. High risk of infec-
tions, lack of an optimal conditioning regimen, and excessive
rates of graft-versus-host disease (GVHD) all have been sug-
gested as major obstacles to improve outcomes of older
patients [7-9].

Furthermore, both severe acute GVHD (aGVHD) and
chronic GVHD (cGVHD) have substantial effects on patient
outcomes, which in many cases are not fully assessed by the
conventional endpoints, that is, OS or relapse-free survival

1083-8791/© 2019 American Society for Transplantation and Cellular Therapy. Published by Elsevier Inc.
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and transplant-related mortality (TRM). Thus, a novel com-
posite endpoint, GVHD-free, rejection-free survival (GRFS),
was recently introduced and represents more ideal recovery
after SCT without ongoing morbidity [10]. GRFS events are
defined as acute grade III to IV GVHD, cGVHD requiring sys-
temic treatment, disease relapse, or death from any cause. It
has been mainly used to evaluate the outcomes of SCT for
malignant hematologic diseases, especially acute myeloid
leukemia [11-13]. In a nonmalignant disease, GRFS could be
even more clinically meaningful because disease relapse is
an uncommon event that suggests a more important role for
long-term GVHD morbidity.

Moreover, most contemporary publications regarding SCT
for AA are registry-based or single-center studies, whereas
nationwide studies describing real-world data are scarce
[14,15]. We recently reported data in a nationwide study of
the incidence, treatment, and outcomes of all patients with AA
diagnosed in Sweden between 2000 and 2011 [16]. We found
that over 60% of the patients were primarily treated with
immunosuppressive therapy (mainly antithymocyte globulin
[ATG]), and only 10% underwent first-line SCT. There were no
differences in the response rate to ATG among age groups, and
we found an excellent OS of responding patients. Still, 52
patients were treated with second-line ATG, and the common
reasons for second ATG were lack of donor (38%) or patients’
age (46%). Patients with very severe AA (VSAA) responded
poorly to both first- and second-line ATG, which was trans-
lated into worse survival, suggesting the need for a different
treatment approach [17].

In this report, we present detailed data from all allografted
patients in our previous study. We focused on the effects of
disease severity, stem cell source, age, and transplantation tim-
ing on patient survival. We also report the causes of death and
the composite endpoint, GRFS.

PATIENTS AND METHODS

As described previously, we retrospectively identified all cases of
acquired AA in patients diagnosed in Sweden between 2000 and 2011, and
the data on incidence, overall outcome, and results of immunosuppressive
therapy with ATG were recently published [16,17]. In the present study, we
included all patients with AA who underwent SCT. Patients underwent trans-
plantation either as the primary treatment or as second- or third-line meas-
ures after a failure of 1 or more ATG courses. Patients were allografted at 6
Swedish university hospitals: 6 adult and 4 pediatric centers. The study was
approved by the Regional Ethics Review Board in Gothenburg.

AA diagnosis was defined according to the criteria by Camitta et al. [18].
GVHD was graded using patient medical records according to the National
Institutes of Health 2014 criteria [19]. Graft failure was classified as (1) pri-
mary graft failure (neutrophil counts not reaching 0.5 x 10°/L) and (2) graft
rejection or secondary graft failure (a decrease in neutrophil counts to
<0.5 x 10°/L after achieving a neutrophil count of > 0.5 x 10°/L) [20].

Statistical Analysis

0S was defined as the time from transplantation until the date of
death or the last follow-up. The Kaplan-Meier method and log-rank test
were used to calculate and compare OS and GRFS. In the GRFS calculation,
grade III to IV aGVHD, cGVHD requiring systemic treatment, relapse
(defined as graft rejection/failure), and death were considered the events
[10]. Cumulative incidence functions were used to estimate GRFS event
incidence in competing risks setting. Examining graft failure, death
was considered a competing event; to study aGVHD, both rejection,
death, and cGVHD were competing events, and for cGVHD, rejection and
death were competing events. The statistical analyses were performed by
SPSS version 25 (SPSS, Chicago, Illinois) or Stata for Macintosh version
13.1 (StataCorp, College Station, Texas).

RESULTS
Basic Data

Details of the entire patient cohort (n=257) have been
described previously [16]. A total of 68 patients (26.5%)

Table 1
Patient Characteristics
Patients First-Line SCT Later SCT
(n=25) (n=43)
Age, median (range), yr 18 (6-61) 29 (2-65)
Children <18 yr,n 13 14
Patients >40 yr, n 5 12
Sex (female/male), n 11/14 24/19
Donor type, n
Unrelated donor 4 32
Sibling donor 21" 11
CMV, recipient/donor, n
Positive/negative 9 10
Negative/positive 2 5
Matched 14 28
Stem cell source, BM/PB/CB 22/3/0 32/10/1
NSAA/SAA/VSAA 2/16/7 17/21)21
(at time of transplant), n
Previous ATG treatments, n
1 28
2 14
3 1
Interval Dx-Tx days, 70 (17-255) 265 (87-2960)
median (range)

CMV indicates cytomegalovirus; PB, peripheral blood; CB, cord blood; NSAA,
non-severe aplastic anemia; SAA, severe aplastic anemia; Dx, diagnosis; TX,
transplantation.

* Including 2 monozygotic twin donors.

T NSAA with clonal evolution.

underwent SCT, and their characteristics are presented in
Table 1. Median age at transplantation was 22 years (range,
2 to 65 years), and 17 patients were >40 years of age. Sixty-
three percent of the patients had been treated with 1 or
more courses of IST. Transplantations by year and the type of
donor are presented in Supplementary Table S1. During the
time period, 13 patients were planned to undergo SCT, 9 of
whom responded to first-line (n =5), second-line (n=3), and
third-line (n = 1) ATG (6 complete remissions [CRs], 3 partial
remissions [PRs]), and 4 did not survive because of infections
(n=3)and acute respiratory distress syndrome (n=1).

Stem Cell Donors and Stem Cell Source

Donors were unrelated donors (URDs, n=36) or related
(sibling) donors (RDs, n=32). Two of the RDs were monozy-
gotic twins. Seven URD recipients were mismatched at 1 or
more loci. Stem cell sources were unmanipulated: bone mar-
row (BM, n =54) or peripheral blood stem cells (PBSCs, n=13).
One patient received a double cord blood graft.

Conditioning Regimen

Patients receiving a graft from an RD were conditioned with
cyclophosphamide combined with ATG (n=20) or together
with a third agent, fludarabine (n=8). Cyclophosphamide
alone was administered to 4 patients. Patients who received
transplants from an URD were conditioned with fludarabine
and cyclophosphamide with (n=25) or without ATG (n=3),
for some combined with total-body irradiation, 2 Gy (n=9) or
6 Gy total lymph node irradiation (n=12). Seven patients
received fludarabine-free conditioning: cyclophosphamide
and ATG with (n=3) or without 2 Gy total-body irradiation
(n=4). Two patients received busulfan-based conditioning
because of clonal evolution and suspected transformation to a
myelodysplastic syndrome.
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Post-Transplantation Immunosuppression

Immunosuppression was given as cyclosporine (n=35) or
tacrolimus (n=8) in combination with methotrexate (1 to 4
doses). Patients who did not receive methotrexate (n=24)
were treated with cyclosporine alone (n=7) or in combination
with mycophenolate (n=8), post-transplantation cyclophos-
phamide (n=1), sirolimus (n= 1), or tacrolimus with (n=6) or
without sirolimus (n=1). One patient did not receive any
immunosuppression. Median treatment duration with calci-
neurin inhibitors for patients surviving for >4 weeks was
436 days (range, 28 to 3184 days).

Graft Failure

Engraftment data are presented in Supplementary Table S2.
Graft failure was confirmed in 8 of 65 (12.3%) patients
(3 patients died within 16 days and were not included in the
analysis). Three patients did not engraft, 1 patient rejected the
graft before day +100, and 4 patients rejected the graft after
day +100. Six patients were retransplanted (3 without condi-
tioning). Four of them had engraftment, and 1 patient died at
28 days after the second transplant without engraftment. For
1 patient, the retransplant resulted in poor graft function, and
this patient is still alive after undergoing 2 additional trans-
plantations.

GVHD

Twenty-five patients (38.5%; 3 early deaths are not
included in the analysis) developed grade I to IV aGVHD: 21 of
them after BM transplantation and 4 after PBSC transplanta-
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tion. The aGVHD grade distribution was 76% grade I, 8% grade
II, 12% grade 1II, and 4% grade IV. Seventeen of the patients
with aGVHD (68%) received a transplant from an URD. Border-
significant differences in aGVHD between RD and URD recipi-
ents were seen: 27% versus 49% (P=.07). Eleven (16.2%)
patients developed cGVHD: 23% after URD transplantation and
10% after an RD transplant (P=.168). Chronic GVHD grades
were mild (n=5), moderate (n=5), or severe (n=1). The stem
cell source did not influence the incidence of cGVHD: 17.6% for
BM and 15.4% for PBSCs. There was a tendency for more
aGVHD in <40-year-old patients: 45% versus 19% (P=.062),
whereas the difference in cGVHD incidence was not signifi-
cant: 14% versus 24% (P=.321). At 1-year post-transplantation,
7 patients had ongoing cGVHD requiring systemic treatment.

OS and GFRS

The median follow-up for surviving patients was 109 months
(range, 35 to 192 months). Five-year OS for all patients was 86.8%
(Figure 1A). Ten patients died after transplantation with a median
time to death of 53 days (range, 5 to 3184 days). Six patients
(8.8%) died within 100 days, 3 of them within the first 16 days
after transplantation. Causes of death were infection (n=5),
GVHD (n =3), intracranial bleeding (n = 1), and multiorgan failure
(n=1). TRM of the entire cohort was 13.2%, which was signifi-
cantly higher for >40-year-old patients (29.4%) than in younger
patients (7.8%), P=.023. First-line transplantation was associated
with a tendency for better OS: 5-year OS 96% versus 81.4% for
later transplantation (P=.095). Patients aged <40 years had
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Figure 1. (A) Overall survival of all patients. (B) Overall survival according to age groups. (C) Overall survival according to the donor type.
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Figure 2. (A) GRFS. (B) GRFS according to the donor type.

significantly better 5-year OS than patients aged >40 years, 92.2%
versus 70.6%, respectively (P=.022) (Figure 1B).

There was no survival difference between RD and URD recip-
ients regarding all patients (5-year OS: 90.6% versus 83.3%,
P=.411) (Figure 1C) or <40-year-old patients (RD, 95.2%; URD,
90%; P=.508). Yet, for patients >40 years old, there was a
numerical but no statistical difference in OS (RD, 81.8%; URD,
50%; P=.255). To compare children with adults, we also divided
patients into <18- and >19-year age groups and found a trend
for better 5-year OS in children: 96.3% and 80.5%, respectively
(P=.064). However, when comparing young adults (19 to
39 years of age) with children (<18), there was no difference
(87.5%; P=.246).

Disease severity grade before transplantation was not asso-
ciated with survival (non-severe aplastic anemia [NSAA],
100%; severe aplastic anemia [SAA], 83.8% [P=.464] or VSAA,
89.3% [P=.561]). Likewise, there was no significant difference
in OS regarding the stem cell source: 85.2% for BM and 100%
for PBSCs (P=.148).

In the entire patient cohort, GRFS at 1 and 5 years was
73.5% and 69.1%, respectively (Figure 2A). Cumulative inci-
dence of rejection, death, grade III to IV aGVHD, and systemic
treatment requiring cGVHD at 1 year were 4.4% (95% confi-
dence interval [CI], 1.4% to 13.1%), 13.2% (95% CI, 7.1% to
23.9%), 5.9% (95% CI, 2.2% to 14.9%), and 11.8% (95% CI, 6.1% to
22.2%), respectively. When dividing patients into age groups of
<40 and >40 years, GRFS at 1 and 5 years was 80.4% versus
52.9% (P=.024) and 74.5% versus 52.9% (P=.069), respectively.
When comparing <18- and >19-year age groups, 1-year GRFS
was 88.8% and 63.4% (P=.025), whereas it was 70.8% for the
19- to 39-years age group (P=.114). For RD and URD recipi-
ents, there was a nonsignificant difference in GRFS at 1 and
5 years: 84.4% versus 63.9% (P=.069) and 78.1% versus 61.1%
(P=.132), respectively (Figure 2B). We also compared different
GRFS events at 1 year in the different age groups and donor
types (<40 versus >40 years and RD versus URD), but because
of low event numbers, we found no statistical differences (Sup-
plementary Figure S1).

There was also a nonsignificant difference in GRFS when
comparing patients who underwent transplantation during
2000 to 2005 compared with 2006 to 2012 (1 year, 66.7% ver-
sus 77.3%, P=.286; 5 years, 58.3 versus 75%, P=.140).

DISCUSSION
In this nationwide cohort study, we found that patients
with AA diagnosed between 2000 and 2011 in Sweden, who

underwent transplantation, had a good outcome with a
5-year overall survival of 87%, even though most patients
were allografted after 1 or more courses of IST. In addition,
the clinically important combined endpoint of GRFS at
5 years was high (69.1%). Reasons for this favorable outcome
could be attributed to both the use of conditioning regi-
mens, including ATG for both RD and URD recipients, as
well as long-term immunosuppression post-transplanta-
tion. Indeed, in a study from the European Group for Blood
and Marrow Transplantation (EBMT) Severe Aplastic Ane-
mia Working Party, in 1448 patients with AA (URD, n=508;
RD, n=940) allografted between 2005 and 2009 [2], the use
of ATG in the conditioning regimen was found to have a pos-
itive effect on survival. In another recent population-based
Latin American study, superior event-free survival was
observed for patients conditioned with ATG-based regimens
compared with other regimens (79% versus 61%, P=.001)
[14]. Furthermore, the current British AA guidelines recom-
mend the use of ATG in the conditioning regimen regardless
of the stem cell source in addition to 9 months of continuous
cyclosporine followed by 3 months of tapering [1].

The outcome of URD transplantation for AA appears to be
similar that of RD transplants. Dufour et al. [3] showed that
upfront use of unrelated donor grafts in an age group up to
20 years was associated with very good survival (96%), which
was similar to historical results with identical sibling donors
(OS: 91%) and statistically better than results with URD
transplants after failed immunosuppressive therapy (OS: 71%
P=.02). URD transplantation in other age groups was almost
entirely conducted after 1 or more courses of IST. The EBMT
study from 2015 showed that URD transplantations were asso-
ciated with significantly more grade II to IV aGVHD and
cGVHD, but mortality was not significantly higher compared
with RD transplantations [2]. In our study, although most URD
grafts were performed after failed IST, RD and URD recipients
had a similar survival rate (90.6% and 83.3%, respectively).

Age is still one of the most important factors for survival after
SCT [2,7,21-25]. In the EBMT Severe Aplastic Anemia Working
Party study from 2015, negative predictors of survival apart from
no ATG in the conditioning regime were the use of PBSCs, time lag
from diagnosis to transplantation of >180 days, and patient age of
>20 years. In our study, patients aged 0 to 19 and 20 to 39 years
had similar outcomes, whereas patients aged >40 years had a
worse survival, mostly because of a higher TRM. The underlying
reasons for this difference are unclear. However, we found that
patients aged >40 years had a significantly longer time from
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diagnosis to transplantation compared with younger patients (255
versus 142 days, respectively, P=.025). Moreover, in the small
group of patients aged >40 years who underwent an upfront
transplantation, 4 of 5 were long-term survivors. Yet, there are
data suggesting that the outcome of this age group does not
appear to have changed during the latest years [7]. Nevertheless,
in the Latin American study, describing RD recipients between
1990 and 2014, patients aged >40 years (n=58) had a 5-year
survival of 75%, which is similar to our patient cohort. We
have previously reported that patients with VSAA, in a popu-
lation-based setting, responded poorly to both first- and sec-
ond-line ATG with a 5-year survival of only 53% [17]. At the
same time, our transplantation data showed an almost 90%
5-year survival for all patients with VSAA and 75% in the
>40-year-old age group, suggesting that selected patients
with VSAA also above the age of 40 years should be counseled
for an allograft as first-line therapy.

Our study has limitations, mainly the retrospective nature
and the small number of patients in each subgroup. Neverthe-
less, it is a nationwide study including all transplanted patients
with AA diagnosed in Sweden from 2000 to 2011 with a long
follow-up time and with complete treatment data.

In conclusion, we found in a real-world setting that survival
of patients with AA who underwent allografting was similar
regardless of the stem cell source and donor type. Younger
patients did particularly well, and almost 70% of all patients
were alive without transplant- or disease-related morbidity.
However, SCT for patients with AA aged >40 years was associ-
ated with a poorer prognosis. This inferior outcome, apart
from any intrinsic effect of age, may be caused by the longer
time from diagnosis, more pretransplantation immunosup-
pression courses, and accompanying infections. Together, this
may indicate that earlier transplant could improve the results
for older patients, and prospective clinical trials addressing
this issue are warranted.
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