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Survival in autoimmune hemolytic anemia remains poor, results
from a nationwide cohort with 37 years of follow-up
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with an overall good prognosis. However, recent reports indicate pre-mature mortal-
ity. Causes of death have not been evaluated previously.
Methods: In a nationwide setting, we identified all patients with warm type AIHA
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1980-2016. We estimated overall survival and cause-specific mortality from anemia,
infection, cardiovascular causes, hematological or solid cancer, bleeding, or other
causes, using cumulative incidence proportions.

Results: We identified 1460 patients with primary AIHA, 1078 with secondary AIHA,
112 with CAD, and 130 801 comparators. One-year survival and median survival were,
82.7% and 9.8 years for primary AIHA, 69.1% and 3.3 years for secondary AIHA, and
85.5% and 8.8 years for CAD. Prognosis was comparable to the general population
only in patients with primary AIHA below 30 years. In all other age and subgroups,
the difference was considerable. Cumulated cause-specific mortality at 1 year was
increased among patients versus comparators.

Discussion: All groups of autoimmune hemolytic anemia are associated with increased
overall and cause-specific mortality compared to the general population. This prob-

ably reflects unmet needs in both treatment and follow-up programs.

KEYWORDS
autoimmune hemolytic anemia, survival analysis, cause of death, cohort analysis, cold
agglutinins, cold agglutinin disease, survival rate

1 | INTRODUCTION

or lymphoproliferative disorders initiate the autoimmune RBC re-

action.® Cold type AIHA encompass different clinical phenotypes

Autoimmune hemolytic anemia (AIHA) is a heterogeneous auto-
immune disease where autoantibodies of cold type, warm type,
or mixed types target red blood cell (RBC) surface antigens and
evoke hemolysis.»? Warm type AIHA may be primary without as-
sociated explanatory diseases or secondary AIHA where an un-

derlying disease, most frequently systemic lupus erythematosus

of which the predominant form is cold agglutinin disease (CAD) a
monoclonal disease arising from clonal lymphoproliferative cells in
the bone marrow.*® The difference in etiology gives rise to differ-
ences in treatment.XAIHA has been associated with increased mor-
bidity, especially thromboses, malignancies and connective tissue

6-15

diseases, and in addition, mortality among patients with AIHA is
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increased.?**® Most recently, a French study found that the 1-year
survival was 79.5% among 9663 patients with AIHA¥—lower than
indicated by prior reports where survival at later time points was
79%-96% 7121317 patients with secondary AIHA are an even more
vulnerable group with a 1-year survival as low as 52%.14716:18.19 The
combined body of evidence indicates that the prognosis is dismal.
However, only the French study above has studied survival among
patients with AIHA in a nationwide cohort and compared it with
the general population, and as such, these results warrant support
from other population-based longitudinal cohorts to inform on the
prognosis and possible temporal changes.14 Furthermore, causes of
death have been reported from less than 100 patients and without
general population comparison.*?1320

In this study, we report on prognosis and death among patients
with all types of AIHA in Denmark, 1980-2016, focusing on tempo-

ral changes in survival rates and causes of death.

2 | METHODS

The source population was the Danish population from January 1,
1980, to December 31, 2016, the population increased from 5.1
to 5.7 million in this period.?%?? The database population was the
Danish National Patient Register (Patient Register) containing regis-
tered diagnoses from all hospitalizations since 1977 and since 1994
also including hospital outpatient and emergency room visits. The
few private hospitals in Denmark are not engaged in diagnosing or
treatment of red blood cell disorders. During 1977-1994, diagnoses
were registered using the International Classification of Diseases,
version 8 (ICD-8) and since 1994 according to ICD-10.2%2* We used
this data source to construct the Danish Hemolysis Cohort, includ-
ing approximately 15 000 persons diagnosed with acquired or con-
genital hemolytic disorders.??° In an earlier study, we validated the
diagnoses of hemolytic disorders and found them to be valid, with
a conservative estimated positive predictive value of 78.4% for an
AIHA diagnosis registration.?® The central person registration num-
ber is assigned to all citizens of Denmark upon birth or immigra-
tion and uniquely and consistently identifies inhabitants through
all public registers. We used this key to link information from the
Patient Register, the Central Person Register, the Causes of Death
Register, and the Danish Prescription Database for all patients and
comparators, 22232728

The study was registered at the Region of Southern Denmark
(reference 17/10885). According to Danish law, register-based re-

search without patient contact does not require ethical approval.

2.1 | Patients and comparators

For this study, we focused on patients with a first registered diagno-
sis of AIHA or cold agglutinin disease (CAD) in the Danish Hemolysis
Cohort 1980-2016.2 Patients were identified using the International
Classification of Diseases (ICD) codes from version 8: 28309, 28390,
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and 28391, and version 10: D591 and D591A, where the A suffix is
a Danish addition distinguishing CAD from AIHA.?232% We disag-
gregated patients with the AIHA diagnosis into primary and second-
ary types based on specified diagnoses, such as chronic lymphocytic
leukemia or systemic lupus erythematosus, as described previously.®
A patient qualified as having secondary AIHA diagnosis if a defin-
ing associated diagnosis was identified in the Patient Register before
or up to 30 days following the first diagnosis registration of AIHA
(Table S1). However, due to limitations in diagnosis registrations, it
was not possible to disentangle cold agglutinin syndrome from CAD,
and therefore we classified all these as CAD.?’

Comorbidity assessment was based on registrations of specified
diagnoses in the Patient Register. We combined these with infor-
mation on prescriptions for selected drugs, such as antidiabetics to
identify comorbid conditions, which are diagnosed in general prac-

).28

tice and followed without hospital referral (Table S2).“° Date of mi-

gration or death, and cause of death were obtained from the Central
Person Register and the Cause of Death Register.?22%327

On the date of AIHA or CAD diagnosis, each patient was matched
(on age and sex) with 50 comparators from the general population,
and we followed these individuals from this index date to death, em-
igration, or December 31, 2016, whichever occurred first. We ob-
tained information on comorbidities, death, and causes of death, as
described for the index patients.

Our primary objective was to study all-cause mortality as well as
cause-specific mortality and mortality rates in patients with AIHA
and to compare these with age-sex-matched general population

comparators.

2.2 | Statistical analysis

At the beginning of follow-up, we computed descriptive statistics of
age at diagnosis, and distribution according to sex, proportion with
secondary AIHA, period of diagnosis, and comorbidities.

We evaluated all-cause mortality using the Kaplan-Meier esti-
mator, comparing overall survival between patients and compara-
tors, and subdivided by sex, age, and year of diagnosis (1980-1999
and 2000-2016). Survival was also assessed using Cox proportional
hazard regression to obtain unadjusted and adjusted hazard ratios
between patients and comparators. We adjusted for sex, age at diag-
nosis, year of diagnosis, splenectomy, and comorbidities. We applied
splenectomy status and comorbidities as time varying covariates,
which were either present at AIHA diagnosis or registered later. We
further introduced time split in the regressions at 100 days, and 1
and 5 years after AIHA diagnosis to adjust for time varying hazard
ratios of the exposure, that is, AIHA and CAD.

Cause-specific mortality was evaluated using nonparametric
cumulative mortality functions comparing patients and compara-
tors, treating all other causes of death and migration as competing
risks.3%31 We aggregated causes of death into anemia, cardiovascular
disease, bleeding, hematological cancer, infection, solid cancer, and
other causes of death (Table S3). We further used cause-specific Cox
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proportional hazard regression to obtain unadjusted and adjusted
cause-specific hazard ratios between patients and comparators.?%2
We estimated mortality rates and median survival in consecutive
5-year intervals from 1980 to 2014, applying both full observation
time and censoring 5 years after diagnosis to counteract bias of un-
equal observation time.
Proportionality assumptions were assessed visually using log-

log plots, and goodness of fit was assured using Nelson-Aalen plots.

2.3 | Data management and analysis
We performed all data management and analyses using Stata 16.1
with built-in commands and the community-provided commands,

stcompet and stcomlist.30:34

3 | RESULTS

We included 2650 patients with AIHA or CAD and 130 801 matched
comparators, giving a mean match ratio of 49.4. Primary AIHA com-
prised 1460 patients with a comparator cohort of 72 124 persons,
and secondary AIHA comprised 1078 patients with a comparator
cohort of 53 511 persons. CAD was registered in 112 patients who
were assigned 5166 comparators.

A total risk time of 1 269 955 person-years was available with
a mean risk time of 9.5 person-years. Patients with primary AIHA
contributed 11 728 person-years with a mean risk time of 8.0
person-years, and patients with secondary AIHA contributed 4640
person-years with a mean risk time of 4.3 person years. Patients
with CAD contributed 447 person-years, and a mean risk time of
4.0 person-years.

Baseline characteristics are presented in Table 1. Patients with
primary AIHA were younger at diagnosis, mean age 59.1 years, than
secondary AIHA, mean age 68.4 years, and among patients with pri-
mary AIHA, a larger proportion were women, 59.2%, compared to
51.5% among secondary AIHA. Secondary AIHA and CAD had com-
parable age and sex distribution, Table 1. By definition, secondary
AIHA patients had a higher prevalence of comorbidities at diagnosis

compared to primary AIHA, Table 1.

3.1 | Overall survival

Kaplan-Meier curves of overall survival are depicted in Figure 1.
Primary AIHA had a median survival of 9.8 years [95% CI: 8.73;
10.94] after diagnosis—much longer than secondary AIHA, where
median survival was 3.3 years [95% Cl: 2.93; 3.87]. In CAD, median
survival was 8.8 years [95% ClI: 5.43; n/a]. Survival was best among
women and younger persons (Figure 1 - second and third row), and
among patients with primary AIHA aged <30 years, survival was
comparable to age-sex-matched general population comparators.
However, the gap between patients with AIHA or CAD and their

corresponding comparisons was considerable in all other age and
subgroups (Figure 1, third row).

Overall survival and the median survival in particular improved
during the study period as depicted in Figure 1, fourth row, and
Table S4. Median survival among patients with primary AIHA was
8.18 [95% Cl: 6.15; 10.23] years in 1980-1989, 8.26 years [95% Cl:
6.38; 9.95] in 1990-1999, and 12.60 years [95% CI: 9.89; -] after
2000. A similar trend was seen in patients with secondary AIHA,
where median survival increased from 1.12 years [95% Cl: 0.56;
2.49] in 1980-1989, via 3.00 years [95% Cl: 2.24; 4.48] in 1990-
1999, to 3.89 years [95% Cl: 3.25; 4.74] after year 2000.

Mortality rates did not significantly improve after 2000 in any of
the included diseases, as presented in Table S4.

Unadjusted and adjusted Cox proportional hazard ratios derived
from the time split model are presented in Table 2 and Table S5.
The first 100 days after diagnosis conferred the highest mortality
risk in all three diseases. The adjusted hazard ratios during the first
100 days were comparable between patients with primary (50.6)
and patients with secondary (46.2) AIHA, Table 2. The hazard ratio
(HR) for death in primary AIHA remained significantly elevated
through the entire study period. Although the magnitude decreased
with time, the HR remained elevated to 1.4 [95% CI: 1.2; 1.6] even
10 years after diagnosis, Table 2 and Table S5. A comparable time-
dependent decrease in the hazard ratio for death was seen for sec-
ondary AIHA, where the HR was 1.5 [95% Cl: 1.3; 1.7] 5 years after
diagnosis, but had decreased to 1.1 ten years after diagnosis (Table 3
and Table Sé). The point estimate of the HR for death in CAD versus
comparators was elevated until 5 years after diagnosis, but due to
small samples, estimates were generally imprecise.

3.2 | Causes of death

Causes of death are presented in Table 3 and Table Sé, and depicted
in Figure 2. Within the first 100 days, 2.8% of patients with primary
AIHA had died from cardiovascular causes, and 8.0% of patients
with secondary AIHA had died from hematological cancers.

Cumulated cause-specific mortality at 1 year was elevated among
patients versus comparators, Table 3. Among patients classified as
primary AIHA, 1% had died from hematological cancers within the
first year after diagnosis, yielding an adjusted cause-specific haz-
ard ratio of 10.1, Table 3. Death attributed to infections had a cu-
mulative mortality of 1.5% after 1 year among primary AIHA, and
0.9% among patients with secondary AIHA. Corresponding adjusted
cause-specific HR was 9.3 in the primary AIHA patient-comparator-
set and 5.9 in the secondary AIHA patient-comparator-set. Death
due to bleeding was prevailing in both primary and secondary AIHA
compared with the general population with adjusted cause-specific
HR of 9.0 and 8.1, respectively.

After 5 years, cardiovascular death was still more common in
primary AIHA than among the general population comparators with
cumulative mortalities of 10% versus 6.3%, Table 3. Within the first
year from diagnosis, cardiovascular disease was also a common
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FIGURE 1 Kaplan-Meier plots for overall survival among patients with primary autoimmune hemolytic anemia (AIHA), secondary AIHA
or cold agglutinin disease (CAD) and their respective comparators from the general population. Solid lines represent patients with hemolysis
and punctured lines comparators, likewise hollow circles or squares represent comparators
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TABLE 2 Overall survival and corresponding Cox proportional hazard ratios (HR) among patients with primary autoimmune hemolytic anemia (AIHA), secondary AIHA or cold agglutinin

disease (CAD), and comparators from the general population

CAD,

Secondary AIHA,

Comparators,
(i = 58 Ghlil

Primary AIHA,
Comparators,
n=72124

CAD, adjusted

HR

Comparators,
n=>5166

Secondary AIHA,
adjusted HR

Secondary AIHA,

n = 1078

Primary AIHA,
adjusted HR

Primary AIHA,
n = 1460

CAD,n =12

Overall survival at

7.4[2.8;19.7]
3.2[1.6;6.1]
1.1[0.7;1.9]

0.6 [0.3;1.5]

99.6[99.3;99.7]

95.4[89.3;98.1]
85.5[77.1;91.0]
63.5[51.5;73.2]

50.6 [39.9;64.2] 83.3[80.9;85.4] 99.8[99.8;99.8] 46.2[36.1;59.1]
97.81[97.7,97.9] 4.9 [4.1;5.9]

99.8[99.8;99.8]

90.7 [89.1;92.1]

100 days

97.3[96.8;97.7]

69.1[66.2;71.8]
42.2 [39.0;45.3]

6.5 [5.4;7.9]
1.6 [1.4;1.9]
1.4[1.2;1.6]

98.2[98.1;98.3]

82.7 [80.6;84.5]
64.6[62.0;67.1]

1 year

84.3[83.0;85.4]
68.1[65.9;70.3]

1.5[1.3;1.7]

80.7 [80.3;81.1]

83.4[83.1;83.7]
67.5[67.1;67.9]

5 years

61.8 [61.3;62.3] 1.1[0.9;1.4] 41.6 [25.2;57.2]

25.4[22.3;28.5]

49.4 [46.5;52.2]

10 years

Note: Ninety-five percent confidence intervals are given in brackets.

Haematology

cause of death among patients with secondary AIHA, but the risk
decreased with time, and after 5 years, it was equal among patients
and comparators. This decrease in risk is also reflected in the cause-
specific hazard ratios, which became insignificant after 5 years,
Table 3 and Table Sé).

Infections and hematological cancer were common causes
of death after 5 years in all three diseases (Table 2, Table S6, and
Figure 2). Beyond 10 years, cardiovascular cause of death was still
more common among patients with primary AIHA or cold agglutinin
disease than in comparators. Similarly, infections remained a more
common cause of death in all three diseases than among compara-
tors (Table 2, Table S6, and Figure 2).

4 | DISCUSSION

Both primary and secondary AIHA as well as CAD conferred re-
duced survival compared to age-sex-matched comparators from
the general population, even when adjusted for comorbidities.
Prognosis was poor and improved only modestly during our 37 years
of observation time. The only exception was patients with primary
AIHA below 30 years of age at diagnosis, where survival approxi-
mated comparators. For all subtypes, the first year after diagnosis
of AIHA was associated with the highest mortality. Leading causes
of death in primary AIHA were cardiovascular disease, anemia, and
infections. For secondary AIHA patients, solid cancer, hematological
cancer, and cardiovascular diseases were the most commonly regis-
tered causes of death.

Previously, few studies have reported on overall survivalin AIHA,
and only one compared patients with the general population.®?142°

In our study, 1-year and 5-year survival in patients with pri-
mary AIHA were 82.7% and 64.6%, respectively. This high risk of
death within the first years after diagnosis is in line with previ-
ous reports and is further comparable to that seen in Evans syn-
drome.87203536 However, our 1- and 5-year survival are lower
than previous reports from small cohorts; for example, 5-year sur-
vival was 84%-85% in two studies that included 101 and 53 pa-
tients, respectively.”?° Contrasting these small studies, our results
are highly comparable to what has recently been reported from
the French nationwide study, where 1-year survival was 82.1% and
5-year survival was 65.2% among patients with primary AIHA.**
Combined, the French study and our results report on 3000 pa-
tients with primary AIHA, and the highly comparable results could
indicate that the more optimistic prognosis in smaller cohorts
arises from sampling bias.

During the study period, median survival in primary AIHA im-
proved from 8.2 years to 12.6 years, an increase above increasing
life expectancy in the general population. Our data do not include
granular information on treatment of the disease, but this improve-
ment could possibly be attributed to improved management possi-
bilities, such as the introduction of rituximab.®7-%7

Previously, younger age at chronic disease diagnosis has been as-
sociated with a favorable prognosis, especially in children; however,
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lower age has also been associated with increased severity and
risk of relapse.2?12Y7 Our estimates of survival with primary AIHA
among patients less than 30 years at diagnosis indicate that in this
subgroup, prognosis is good. However, in all other age groups, AIHA
is associated with reduced survival.

The median survival among patients with secondary autoim-
mune hemolysis showed much poorer results and a lower increase
from 3.0 to 3.9 years before and after the year 2000. Again, this
increase could be related to improved treatment options, improved
supportive care, and advances in the management of underlying
conditions. Of note, the 1-year survival among patients with sec-
ondary AIHA was only 69.1%, in line with the French results, where
1-year survival of secondary AIHA ranged 71.6%-85.7%.1

— = CAD, comparator

Survival in CAD has been estimated in very few studies and only
one with a comparator population.**® Median survival in our study
was 8.8 years and almost identical to the study by Bylsma et al.*°
of 8.5 years, estimated in an overlapping patient population from
Denmark. However, Berentsen and coworkers reported a much better
prognosis with a median survival of 16 years in an international cohort.*
Our 5-year survival of 63.5% is also much lower than the 83% reported
by this group. Despite a comparable age at diagnosis, the difference
could reflect the higher proportion of women in their population, and
comorbidities could be more pronounced in our cohort.* Furthermore,
the cohort is a combined Norwegian and Italian cohort, and climatic
differences may impact survival differently in the two countries, since

exposure to lower temperatures can aggravates hemolysis.**
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Cardiovascular disease as well as cancer and infection
were prominent causes of death within the first year, where
cardiovascular-related death was the most frequent cause among
patients with primary AIHA, both 1 year and 5 years after diagnosis,
5.1% and 10.0%, respectively. The risk of death attributed to infec-
tion remained elevated for up to 10 years but decreased with time
and normalized to the risk among comparators 15 years following
diagnosis. Previously, increased risks of sepsis and infections have
been reported. A study from Thailand found that infections were
the cause of death in approximately 5% of patients with AIHA during
a median observation time of 4.5 years.” In California, USA, the cu-
mulative incidence of sepsis 1 year after diagnosis of AIHA ranged
4.3%-6.7%.% Furthermore, 22.9% of the patients with AIHA from
France had been hospitalized with infection during the first year of
diagnosis of AIHA.* The same pattern was also seen in CAD, where
5-year cumulative mortality from infections was 5% versus 0.9% in
patients versus comparators.

We found that risk of cardiovascular death was increased even
20 years after diagnosis among patients with primary AIHA. The risk
of death from cardiovascular causes has not been assessed neither in
patients with hemolysis nor in comparison to the general population
risk, but cardiovascular related deaths have been reported before,
as well as an increased risk of both thromboembolism and cardio-
vascular problems.1?144243 This association could reflect an overall
increased thromboembolic risk in AIHA or the complex pathophys-
iology including vascular wall dysfunction damage, hemolysis, and
perhaps treatment side effects.®13** This finding emphasizes that
management of comorbidity and acknowledgement of late effects
may lead to survival benefits in these patients.

Hematological cancer contributed substantially to mortality, and
this risk remained elevated in line with other reports and could be ei-
ther a causal relationship or a simple correlation.” I the relationship
is causal, hematological cancer could be an undiagnosed cause of
AIHA and promote a more therapy-resistant form of AIHA. Cancer
could also be a side effect to immunosuppressive treatments used
to treat AIHA.

Despite the nationwide cohort with complete inclusion and
follow-up, and unprecedented long follow-up, our study has limita-
tions. The positive predictive value of AIHA or CAD is not 100%, and
hence some of the patients included as AIHA or CAD will probably
be erroneously included. Based on our prior validation study, we in-
creased precision, by excluding patients not diagnosed at depart-
ments of pediatrics, internal medicine, or hematology.z'z6 However,
only in case where a more severe disease systematically was mis-
classified as AIHA would it increase the difference between patients
and comparators, inducing a falsely increased association. Effects of
the reduced precision in diagnosis would lead to a non-differential
misclassification, thereby decreasing the difference between pa-
tients and comparators and an underestimation of the association.
Furthermore, information on causes of death from death certificates
may not be accurate.®® Enhancing this problem, autopsy rates have
declined since the beginning of the observation period.?”*>~4” This
will affect both patients and comparators and can distort the

generalizability of the reported causes of death, even though the
relative distribution between patients and comparators may be reli-

able within the cohort.

5 | CONCLUSION

In this study, we show that mortality in AIHA is considerable, espe-
cially within the first year, and does not normalize for most patients.
Among patients with primary AIHA, survival has improved modestly,
whereas patients with secondary AIHA had nearly unchanged prog-
nosis during the observation period.

Hematological cancer was consistently a more prevailing cause
of death among patients with any type of AIHA or CAD than among
comparators. Cardiovascular disease and infections were likewise
frequent causes of death among patients with any type of immune
hemolysis.

Taken together, our results emphasize an unmet need in manage-
ment of patients with AIHA and CAD.
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