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ABSTRACT

A

plastic anemia is a rare life-threatening disease. However, since
the introduction of immunosuppressive therapy and allogeneic
stem cell transplantation, the outcome has improved considerably, and the 5-year survival is reported to be 70–80% in selected patient
cohorts. Yet, contemporary population-based data on incidence and survival are lacking. We performed a national retrospective study to determine the incidence, treatment, and survival of patients with aplastic anemia diagnosed in Sweden from 2000–2011. Patients were included via
the National Patient Registry, and diagnosed according to the Camitta
criteria. In total, 257 confirmed cases were identified, with an overall
incidence of 2.35 (95% CI: 2.06–2.64) cases per million inhabitants per
year. Median age was 60 years (range: 2–92), and median follow up was
76 (0–193) months. Primary treatments included immunosuppressive
therapy (63%), allogenic stem cell transplantation (10%), or single-agent
cyclosporine/no specific therapy (27%). The 5-year survival was 90.7%
in patients aged 0–18 years, 90.5% in patients aged 19–39 years, 70.7%
in patients aged 40–59 years, and 38.1% in patients aged ≥60 years.
Multivariate analysis showed that age (both 40-59 and ≥60 age groups),
very severe aplastic anemia and single-agent cyclosporine/no specific
therapy were independent risk factors for inferior survival. In conclusion, younger aplastic anemia patients experience a very good long-term
survival, while that of patients ≥60 years in particular remains poor.
Apparently, the challenge today is to improve the management of older
aplastic anemia patients, and prospective studies to address this medical
need are warranted.
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Introduction
Aplastic anemia (AA) is a rare life-threatening disease. The incidence and median
age at diagnosis, which varies according to geography, ranges from 1.5 to about
seven cases per million inhabitants/year, and from 25–60 years, respectively.1-7
Following the introduction of immunosuppressive therapy (IST) with antithymocyte globulin (ATG), and allogeneic stem cell transplantation (SCT) in the 1980–90s,
several studies have reported an improved outcome with a 5-year overall survival
of approximately 70–80%.8-16 However, most of these studies were performed in
selected patient cohorts, and included randomized trials, transplantation registry
studies, or single center experiences, in which the majority of included patients
were younger. In addition, there are several epidemiological studies on AA from
haematologica | 2017; 102(10)
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Methods

Europe, the United States, South America, and Asia. Most
of them reported on patients diagnosed from 1970 until
the 1990s, and only a few presented outcome data, with a
relatively short follow up.2,4,6,17,18 The most recent epidemiological study in Scandinavia was published in 1996, and
focused on AA in the pediatric population.19 Therefore, it
appears as if contemporary population-based (or realworld) data on treatment and survival in patients with AA
are missing. Genuine population-based studies are difficult to perform because of the lack of nationwide AA registries on incidence and outcome. Additionally, given that
many patients with AA are referred to a regional or academic center, followed by a transplant unit, many cases
are lost to follow up at the referring center, and their longterm outcome is not reported. The importance of complete longitudinal population-based data was highlighted
at the International Working Group on Severe Aplastic
Anemia meeting in 2010, where the establishment of a
population-based registry for longitudinal collection of
data on patients from diagnosis, during and after treatment was proposed.20 In Sweden, where disease codes of
all patients in the community-based health care system
are centrally registered, there is the unique possibility to
identify patients with AA, and collect detailed data on
incidence, treatment, and outcome of the entire population. Such a study, while waiting for mature data from the
proposed population-based AA registry, could allow for
the investigation into several important issues (e.g., possible changes in incidence, potential etiological factors, the
proportion of patients undergoing potentially curative
treatment, and if the reported improvement of outcome is
translatable to a population-based cohort, especially in
older patients).
Therefore, the aim of the present national retrospective
population-based study was to determine the incidence,
treatment type, and survival of patients with AA diagnosed in Sweden during the years 2000–2011.

A

Identification of patients
We first aimed to identify all patients with AA (both children and
adults) diagnosed in Sweden between January 2000 and December
2011. In the year 2000, Sweden had 8,882,792 inhabitants, while in
2011 the figure was 9,482,855. Patients were identified in the
National Patient Registry held by the Swedish National Board of
Health and Welfare, which collects patient, geographical, administrative, and medical data. The registry includes data on all patients
treated as in- or outpatients in the national health care system
regarding primary and secondary diagnoses and procedures. In the
registry, patients are identified by a unique national social security
number. For the registry search, the 10th version of International
Classification of Diseases was used, and for a complete search, the
disease codes D61.0–D61.9 were initially applied. For a detailed
description of the identification of patients from the registry, see
Online Supplementary Figure S1. The study was approved by the
Regional Ethical Review Board in Gothenburg.
Most of the patients were treated at one of the seven university
hospitals. Some patients were treated at the regional or county
hospitals (29 hospitals in total) without referral to a university hospital.
The diagnosis of AA was confirmed according to the Camitta
criteria21: bone marrow biopsy cellularity <25% (or 25–50% with
<30% residual hematopoietic cells) together with two of the following three criteria: hemoglobin <100 g/L, reticulocytes
<50×109/L, or <1%; platelets <50×109/L; and neutrophil leucocytes
(ANC) <1.5×109/L. Disease severity was classified as follows:
severe aplastic anemia (SAA), with two of the following three
characteristics: ANC <0.5×109/L, platelet count <20×109/L, or
reticulocyte count <20×109/L; very severe aplastic anemia (VSAA)
had the same characteristics as SAA, but with ANC <0.2×109/L;
and non-severe aplastic anemia (NSAA). Patients with congenital
disease, pancytopenia without a marrow biopsy performed, marrow fibrosis, or other signs of malignancy or dysplasia were
excluded. A mild dysplasia in erythropoiesis was accepted.

B

Figure 1. Overall survival. A. For all patients. B. In different age groups: 0–18 years, 19–39 years, 40–59 years, and ≥60 years.
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All data were collected in a case report form, and unclear cases
were re-evaluated. Follow-up information was obtained from
medical charts and/or through matching the social security number in the Swedish Cause of Death Registry.

Statistics
Incidence and confidence intervals (CI) were calculated according to Rothmann.22 Rates and proportions were compared using
Pearson’s χ2 test. The Kaplan-Meier method was used for estimation of overall survival, and comparisons were based on the logrank test. Analysis of risk factors for survival were calculated using
Cox regression proportional hazards, including age, sex, type of
treatment and disease severity. Relative survival ratios were calculated using the Ederer II23 method by dividing the observed survival of patients with AA with the expected survival in a general
Swedish population with corresponding age, sex, and calendar
year. The statistical analyses were performed either by SPSS version 23 or Stata for Macintosh, version 13.1, and relative survival
ratio was calculated by use of the strs module.

Results
Basic data
Between 1st January 2000 and 31st December 2011, we
identified 257 confirmed cases of acquired AA among
1,362 potential cases. The remaining cases had malignant
diseases, secondary anemia/pancytopenia, or other benign
hematological disorders (Online Supplementary Figure S1).
Clinical characteristics are shown in Table 1. The median age at diagnosis was 60 years (95% CI: 54–64, range: 2–
92). A total of 133 patients (52%) were female, and the
median age was 60 years for both sexes (females: 95% CI:
51–66, range: 2–90; males: 95% CI: 51–65, range: 7–92).
At diagnosis, 38% had NSAA, 38% had SAA, and 24%
had VSAA. There was no significant age-related distribution difference between patients with SAA and VSAA,
however NSAA patients were older (P=0.028 and
P=0.001, respectively).

Incidence
The overall incidence was estimated to be 2.35 (95% CI:
2.06–2.64) cases per million inhabitants per year. For all
patients, a biphasic age distribution was observed; one
peak in patients aged 15–20 years, 2.87 (95% CI: 1.72–
4.03), and one in patients >60 years old, 4.36 (95% CI:
3.55–5.18). The incidence according to age groups and sex
are shown in Online Supplementary Table S1. The biphasic

Table 1. Clinical characteristics.

Cases

257

Age (years)
Median
Range
Sex (F/M), n (%)
Follow up (months)
Median
Range
Severity of AA, n (%)
VSAA
SAA
NSAA
Primary treatment, n (%)
IST
SCT
Cyclosporine alone/No specific therapy:
Cyclosporine
Transfusions
Spontaneous remission
Second-line treatment, n
SCT
Second IST
Third-line treatment, n
SCT
Third IST

60
2–92
133(52)/124(48)
76
0–193
62 (24)
97 (38)
98 (38)
161 (63)*
25 (10)
71 (27)
45**
20***
6
28
55
13
7

IST-immunosuppressive therapy, SCT-allogeneic stem cell transplantation. *ATG
(n=158), basiliximab (n=2), alemtuzumab (n=1); **Together with erythropoietin
(EPO) (n=8), granulocyte colony-stimulating factor (G-CSF) (n=2), EPO and G-CSF
(n=3), androgen (n=1); ***Together with EPO (n=3), G-CSF (n=2), androgen (n=1).

distribution was predominantly observed in male
patients, while the incidence among females was more
evenly distributed and increased steadily with a peak
above the age of 60 years. The incidence in children <10
years old was lower: 1.8 per million per year. Furthermore,
no difference in incidence was observed when grouping
the patients according to two different time periods
(2000–2005 and 2006–2011); 2.19 (95% CI: 1.80–2.29) and
2.5 (95% CI: 2.08–2.91), respectively.

Table 2. Primary treatment in different age groups.

Treatment modality
IST
SCT
Cyclosporine alone
Transfusions

n (%)
n (%)
n (%)
n (%)

Spontaneous remission

n (%)

Total

n (%)

haematologica | 2017; 102(10)

0–18

19–39

29 (67.5)
13 (30.2)
0 (0)
0
(0)
1
(2.3)
43 (100)

30 (71.4)
7 (16.7)
2 (4.8)
0
(0)
3
(7.1)
42 (100)

Age group (years)
40–59
33 (80.5)
4 (9.8)
2 (4.9)
0
(0)
2
(4.9)
41 (100)

≥60

Total

69 (52.7)
1 (0.8)
41 (31.3)
0
(0)
20
15.2
131 (100)

161
25
45
20
6
257
1685
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Treatment
Primary treatment included IST (defined as treatment
with ATG or other anti-T-cell monoclonal antibody
together with cyclosporine, n=161, 63%), a total of 25
patients (10%) underwent allogeneic SCT, and 71 patients
(27%) were treated with single-agent cyclosporine (CSA
alone) or no specific therapy. Spontaneous remission was
observed in six cases (five cases of NSAA and one of SAA).
Treatment data are shown in Table 1, and data on type of
initial treatment in the different age groups are shown in
Table 2. The median age in the ≥60 years group who
received IST, CSA alone, and no specific therapy was 67
(range: 60–85), 79 (range: 60–90), and 82.5 (range: 62–92)
years, respectively.

Survival
The median follow up was 76 months (95% CI: 66–86,
range: 0–193). During follow up, 121 (47.1%) patients
died. Twenty-six died within 3 months, and a further 48
died within the first 24 months. The most common causes
of death during the first 24 months were infections (n=41),
bleeding (n=14), and unspecified conditions related to AA
(n=8). The 5-year survival for all patients with AA was
60.7% (95% CI: 57.7–63.7) (Figure 1A), and median survival was 150 months. The 5-year survival, irrespective of
treatment modality, varied according to the different age
groups, and was significantly lower in patients aged 40–59
years and ≥60 years: 90.7% (95% CI: 77.1–96.4) in
patients aged 0–18 years, 90.5% (76.6–96.3) in patients
19–39 years (P=0.95), 70.7% (54.3–82.2) in patients 40–59
years (P=0.029), and 38.1% (29.8–46.4) in patients ≥60
years (P=0.001) (Figure 1B). When dividing the ≥60 years
group into two further groups, 60-69 years and ≥70 years,
the 5-year survival was 57.5% (41.8-70.5) and 27.9 (18.937.6) (P=0.001), respectively. The age-related survival difference was obvious early after diagnosis: patients ≥60
years had a 3-month survival of 84.0% compared with
97.7% for patients aged 0–18 years, 97.6 % for patients
19–39 years, and 92.7% for patients 40–59 years (P=0.021,
P=0.024, and P=0.155, respectively). When grouping
patients according to disease severity, the 5-year survival
was lower in patients with VSAA compared with those
with SAA (P=0.025), but not compared with NSAA
(P=0.13) (Figure 2). However, during follow up, almost
39% of patients with NSAA developed SAA or VSAA and
the majority (84.7%) were treated: IST (n=61), CSA alone
(n=18), or SCT (n=4). Early mortality rate (at 3 months)
was significantly higher in VSAA compared with SAA and
NSAA: 22.6% versus 8.2% and 4.1% (P=0.009 and
P<0.0001), respectively.
The 5-year survival rate was 96.0% (74.8–99.4) in
patients who underwent SCT, 68.9% (61.2–75.5) in the
IST group (P=0.009), and 29.6% (19.5–40.4) in patients
who received CSA alone or no specific therapy (P<0.0001)
(Figure 3A). In younger patients (0–18 and 19–39 years),
there was no significant difference in survival, whether
they were primarily treated with IST or if they underwent
SCT: 0–18 years, 86.2% vs. 100% (P=0.169); and 19–39
years, 90% vs. 100% (P=0.395). Furthermore, when
grouping these patients together, the corresponding values
were 88.1% vs. 100% (P=0.113). Regarding the group of
patients treated with IST (n=161), there was no survival
difference at 5 years between the age groups, 0–18 years:
86.2% (67.3–94.6), 19–39 years: 90% (72.1–96.7), and 40–
59 years: 69.7% (51.0–82.4) (P=0.67, P=0.12, and P=0.056,
1686

Figure 2. Overall survival according to disease severity at diagnosis (very severe,
severe, and non-severe AA).

respectively). Patients ≥60 years had a significantly worse
survival rate of 52.2% (39.8–63.2) compared with patients
aged 0–18 years (P=0.003) and 19–39 years (P=0.001), but
not with patients aged 40–59 years (P=0.15) (Figure 3B).
The Cox regression analysis revealed that age (40-59 and
≥60 years age groups), VSAA and treatment with CSA
alone/no therapy were independent risk factors for inferior survival (Table 3). The hazard ratio for SCT compared
to IST was 0.17, but due to the small number of patients
this was not statistically significant.
Forty-three (27%) patients in the entire IST group were
allografted (related donor, n=11; unrelated donor, n=32)
after not responding to/relapsing following one or two
cycles of IST. Only two (3%) patients ≥60 years underwent SCT compared with 14 (48%) patients in the group
aged 0–18 years, 17 (57%) in the group aged 19–39 years,
and 10 (30%) in the group aged 40–59 years.
For patients receiving CSA alone/no specific therapy, we
observed no survival difference between patients with a
more palliative approach (“Transfusions”; n=20) and CSA
alone patients (n=45), 20.0% vs. 24.4% (P=0.172).
When grouping the entire patient cohort according to
two different time-periods (from 2000–2005 or 2006–
2011), we found no difference in 5-year survival for all
patients (61.0% vs. 61.5%), or in the different age groups
(data not shown).
The relative 5-year survival (i.e., excess mortality: the
difference between observed mortality and expected mortality) for all patients was 65.4% (95% CI: 58.6–71.5)
(Figure 4A). When grouping all patients according to the
median age at diagnosis, the relative 5-year survival was
84.6% (76.9–90.0) in patients less than 60 years, while the
corresponding figure for patients ≥60 years was significantly worse, 45.3% (35.4–55.1) (Figure 4B). When grouping the patients into a younger group, 0–39 years, and a
group ≥40 years, the relative survival at 5 years was significantly higher in the younger group: 90.8% (82.2–95.4)
haematologica | 2017; 102(10)
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Table 3. Uni- and multivariable Cox-regression.

Variable
Therapy
IST
SCT
Cyclosporine alone/
No specific therapy
Severity
NSAA
SAA
VSAA
Gender
Male
Female
Age group (years)
0-18
19-39
40-59
60-69
70-

Univariable Cox-regression
Deaths*/N (%)
HR
95% CI

Multivariable Cox-regression
P
HR
95% CI

P

60/161 (37%)
1/25 (4%)
56/71 (79%)

1.00
0.09
3.28

0.01-0.63
2.27-4.73

0.016
<0.001

1.00
0.17
1.84

0.02-1.28
1.18-2.88

0.086
0.007

45/98 (46%)
39/97 (40%)
33/62 (53%)

1.00
0.84
1.35

0.55-1.29
0.86-2.11

0.422
0.195

1.00
1.24
3.47

0.80-1.91
2.16-5.59

0.329
<0.001

65/133 (49%)
52/124 (42%)

1.00
0.83

0.58-1.20

0.325

5/43 (12%)
5/42 (12%)
13/41 (32%)
23/45 (51%)
71/86 (83%)

1.00
1.09
3.32
5.84
13.7

0.31-3.75
1.18-9.31
2.22-15.4
5.50-34.1

0.896
0.023
<0.001
<0.001

1.00
1.22
4.38
7.06
12.8

0.35-4.24
1.52-12.6
2.60-19.2
4.78-34.3

0.771
0.007
<0.001
<0.001

* Within 10 years.

and 52.1% (43.4–60.3), respectively. When dividing the
≥60 years group into 60-69 years and ≥70 years, there was
a numerical difference however without statistical significance: 60.7% (44.1-74.5) compared to 37.1% (25.1-49.9).

Discussion
In this comprehensive population-based study on
patients with AA patients in Sweden, diagnosed from
2000–2011, we found that the 5-year survival among
younger patients (up to the age of 40) was about 90%,
which is similar to the reported survival rates from modern clinical trials with ATG, or from SCT registry data.7,9,1316,24
Furthermore, there was no survival difference between
IST and SCT as the primary treatment in the younger
patients, which corroborate with recently published data
from the European Society for Blood and Marrow
Transplantation (EBMT) registry of the SAA Working
Party.25 Additionally, patients from 40-59 years old experienced a 5-year survival of about 70%. Together, these figures appear to be superior in comparison to data from the
latest population-based AA study, on Spanish patients
diagnosed between 1980 and 2003, where the reported 2year survival was about 80% and 40% in the comparable
patient groups.7 Thus, also in a population-based cohort,
the outcome for patients with AA below the median age
seems to have improved during the last decade. There
could be several possible reasons for this: a higher percentage of these patients are treated with SCT, earlier onset of
treatment, and better supportive care including infection
prophylaxis.
However, even though AA patients 40-59 years also had
an inferior survival, patients aged ≥60 years do not seem
haematologica | 2017; 102(10)

to have gained any survival improvement in the last few
decades. Less than 40% of these patients were alive after
5 years, and the relative 5-year survival was 45%, which
indicated considerable excess mortality. In addition,
patients ≥60 years had a significantly higher risk of early
death compared with younger patients; 16% were
deceased 3 months after diagnosis. On the other hand,
patients ≥60 years old treated with IST (52.7 %) had a 5year survival of around 50%, which was similar to the
results of IST reported from EBMT AA registry data.26 In
their study, although survival was worse in older patients
than in younger ones, the response to IST was independent of age. This finding, together with our results, may
imply that more older patients should be treated with IST.
In our cohort of patients ≥60 years old, a relatively large
number (n=45) were treated with single-agent therapy of
cyclosporine. In a phase III trial comparing cyclosporine
alone versus the combination of ATG and cyclosporine in
patients with NSAA, the overall response rate of
cyclosporine alone was 46% compared with 74% in the
combination arm.27 After a median follow up of 1 year, no
difference in overall survival was observed. In contrast,
our cohort of patients treated with cyclosporine had no
survival benefit compared with patients treated with a
stricter transfusion policy, i.e., with a palliative approach.
In our cohort that received cyclosporine alone, only 38%
had NSAA, whereas 62% had SAA or VSAA. In retrospective studies, obtaining reliable information on therapeutic
intent and endurance can be difficult. However, since
patients starting treatment with cyclosporine alone likely
require sufficient renal function to tolerate therapeutic
doses, it is plausible to assume that at least some of the
patients in this cohort would have been eligible for IST.
Furthermore, only three patients ≥60 years received an
1687
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allograft (one upfront, and two after failing IST). In the
first comprehensive treatment guidelines for severe AA
published in 1994,28 the Working Party on SAA recommended SCT from a HLA-identical sibling as upfront
treatment for patients up to the age of 40. The first British
AA guidelines (published in 2003) had similar recommendations, although patients from 30–40 years old could
receive either IST or SCT.29 In the guidelines from 2009,
the age limit was set at 40 years,30 and in the most recent
guidelines from 2016,31 patients up to the age of 50 were
considered eligible for upfront SCT. Regarding SCT as salvage for patients failing IST, the guidelines from 2003
advocated a matched unrelated donor SCT up to the age
of 40. In the subsequent update, this age limit was
changed to 50 years, but was also considered as an option
for patients between 50–60 years if they had good performance status. Finally, in the 2016 version, the authors
indicated that there is no strict upper age limit. At present,
one of the most frequently allotransplanted groups, with a
reduced intensity conditioning regimen, are those with
acute myelogenous leukemia (AML) between 50–70 years
old. This procedure is now considered standard of care for
older patients with AML.32 Therefore, given our poor outcome data for patients ≥60 years old, this treatment option
should likely be discussed more often. A possible alternative for older patients who are not eligible for IST with
ATG, or for SCT, is treatment (preferably within a multicenter prospective clinical trial) with the thrombopoietin
receptor antagonist, eltrombopag, which has shown
promising results in refractory AA.33,34 In addition, very
promising results with the combination of eltrombopag
and IST was most recently reported,35 which could potentially become a future treatment option for all patients
considered eligible for IST.
We found that the incidence of AA during the study
period was 2.35 per million inhabitants per year, and
showed a biphasic age distribution. Previous epidemiolog-

A

ical studies have shown a broad variation in incidence
depending on time and geographical location. Reports
from Europe and the United States in the 1960–70s presented a very high incidence: from six to ten cases of AA
per million per year. In addition, in some studies, there
was an association with toxic agricultural substances.3,4,6,17
However, different diagnostic criteria were used, and
many cases likely represented other diseases.4 The
International Agranulocytosis and Aplastic Anemia Study
was published in 1987, and established a well-accepted
overall incidence of around two cases of AA per million.6
This was later confirmed by data from Spain published in
2008, with an overall incidence of 2.34 per million per
year.7 In contrast, studies performed in Asia showed a
higher incidence: over four patients with AA per million
per year.5,36 A higher incidence in younger people in Asia
has been suggested to be associated with environmental
factors related to occupation.36 Our incidence data correspond to the aforementioned later reports from Europe,
the United States, and South America. In some studies,
the incidence has also been reported to be slightly higher
among females,2,6 while data from Turkey and Bangkok
have instead shown a male predominance.5,17 We found no
differences between female and male incidence rate
(1.07:1), which was consistent with data from the Spanish
study from 2008.
The majority of patient deaths that occurred within two
years from diagnosis were from serious infections (50%)
or bleeding (15%), indicating the importance of early
treatment and prevention of infections with antibacterial
and antifungal therapy. It has been reported that despite
the lack of progress in achieving higher response rates for
patients with AA in the last two decades, both infectionrelated and overall mortality have been reduced in
patients with SAA who are unresponsive to initial IST,
mainly because of prompt empirical antifungal therapy.37
Patients in our cohort who died later had refractory dis-

B

Figure 3. Overall survival. A. According to primary treatment. B. For patients treated with IST divided into different age groups.
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A

B

Figure 4. Relative survival. A. For all patients. B. Divided into two age groups according to median age at diagnosis: < and ≥60 years.

ease, complications from transplantation, worsening of
heart failure because of chronic anemia, or secondary cancer.
Although our study included all identifiable patients
with AA diagnosed in Sweden between 2000 and 2011,
and therefore reasonably reflects the true incidence and
survival, it had limitations. First, there could be additional
patients with AA who were not listed in the national diagnosis registry (e.g., patients with a mild form and subsequent spontaneous remission or patients who died before
established diagnosis). However, based on the pilot study,
when the search criteria were established, we estimated
that the number of missing patients was going to be at
most 2%, i.e., only four to five patients. Furthermore,
other cases that could have been missed because of our
search criteria of at least two medical contacts with
D61.0–D61.9 would likely have been older individuals
unsuited for active treatment, with a short life expectancy.
Such patients would worsen the survival data of the entire
≥60 years old patient group. Second, the patient data were
collected retrospectively. However, all of the charts were
thoroughly examined, and our follow up data are almost
complete (only one patient was lost during follow up).
Third, we did not re-evaluate the bone marrow biopsies.
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