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Abstract We aimed to analyze 10-year experience of

WAIHA patients at a single referral center in Turkey.

Clinical data, survival outcome of sixty patients who were

diagnosed with WAIHA were retrospectively analyzed. All

the patients were direct antiglobulin test (DAT) positive. In

21 (30%) patients, IgG plus C3d DAT positivity was

documented. 16 patients were secondary WAIHA and most

common underlying causes were lymphoproliferative dis-

eases (5 patients) and connective tissue disease (8 patients).

Corticosteroids were first choice as a first line therapy with

54.5% CR and 40.2% PR rates. 43.3% of the patients

relapsed after a median 12 months. In relapsed patients,

rituximab and splenectomy achieved 85% overall response

rates. The median OS was not reached. The median DFS

was 40 months (95% CI, 19.6–60.4). OS and DFS at

36 months were 89.6% and 51.1%, respectively. DFS at

36 months was lower in patients with IgG plus C3d posi-

tive DAT than patients with only positive Ig G DAT (36 vs.

54%) but this difference could not reach statistical signif-

icance (p = 0.23). WAIHA was a rare disease with a good

prognosis. Corticosteroids were the first option and

splenectomy and rituximab received good responses in

relapsed patients. Attention should be paid especially in

patients with IgG plus C3d DAT positivity since lower

DFS were reported. Characteristics and pathogenesis of

patients with IgG plus C3d DAT positivity was still an

obscure.
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Introduction

Warm autoimmune hemolytic anemia (WAIHA) is an

acquired disease, characterized by premature destruction of

the red blood cells (RBCs) due to mainly IgG type

autoantibodies [1, 2]. It is a rare disease with an incidence

of 0.8 per 100.000 people per year [3]. It can be classified

according to absence or presence of an underlying cause as

primary or secondary, respectively. Secondary WAIHA,

that accounts for half of the cases, can presente during the

course of the underlying disease or it can be the first

manifestation [1, 4, 5]. Therefore, a careful investigation is

essential to rule out an underlying disease, which creates a

great dilemma for the clinician.

The diagnosis is mainly based on the coexistence of

anemia with positive direct antiglobulin test (DAT), retic-

ulocytosis, high lactate dehydrogenase (LDH) and indirect

bilirubin. Since WAIHA is a rare and heterogeneous dis-

ease, treatment recommendations mainly depend on a few

prospective and retrospective studies [5–10]. Corticos-

teroids are the mainstay of first line treatment [6, 7] but

steroid dependence and refractoriness still constitute a

problem in 15–20% of the patients [11, 12]. In refractory

patients, treatment options are diverse and decisions should

be made on individual basis [6–8, 10].
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The aim of this study is to document a 10-year experi-

ence of WAIHA patients at a single referral center in

Turkey after the introduction of rituximab into the

treatment.

Material and Method

Patients

Sixty patients who were diagnosed with WAIHA between

January 2007 and January 2017 were enrolled into the

study. The diagnosis was determined by anemia (he-

moglobin [Hb]\ 12 g/dl) associated with autoimmune

hemolysis. The presence of autoimmune hemolysis was

demonstrated by positive DAT, reticulocytosis, high LDH

and indirect bilirubin levels and low haptoglobulin [13]. In

patients with positive DAT (? 3/? 4 positivity), we rou-

tinely studied specific IgG and C3d DAT. The cut-off value

for Ig G DAT positivity was accepted as ? 3 positive

result. Cohort was subdivided into two groups, patients

with only IgG positive DAT and patients with IgG plus

C3d positive DAT (mixed DAT). Exclusion criteria were

negative DAT, drug-induced WAIHA, patients with only

positive C3d DAT to rule out cold AIHA, and patients with

Evans Syndrome [14].

Underlying causes were searched by rheumatologic

markers including antinuclear, antiphospholipid, and anti-

cardiolipin antibodies and extractable nuclear antigen

(ENA) panel; and serologic tests for human immunod-

effiency virus (HIV), hepatitis B virus (HBV) and hepatitis

C virus (HCV). Imaging methods including ultrasonogra-

phy, computed tomography, and lymph node or bone

marrow biopsy were performed wherever necessary. All

the data of the patients were retrospectively recorded from

the archives.

Response Criteria

All the patients were evaluated on the first and third weeks

of the therapy according to Gruppo Italiano Malattie e

Matologiche dell’Adulto (Italian Group for Adult Hema-

tologic Diseases- GIMEMA) (14). Complete response (CR)

was defined as Hb C 12 g/dl and normal hemolytic

parameters including LDH, reticulocyte, haptoglobulin and

indirect bilirubin. Partial response (PR) was defined as

Hb C 10 g/dl or at least 2 g/dl increase in Hb level from

the onset of treatment. Relapse was considered when Hb

level B 10 g/dl or at least 2 g/dl decrease was docu-

mented. Overall survival (OS) was the time from diagnosis

until death from any causes. Disease free survival (DFS)

was defined as time from CR or PR to relapse.

Statistical Analysis

Statistical analysis was performed by SPSS Statistics 20.

Chi square, Student’s t and Mann–Whitney U tests were

used for comparisons between groups according to char-

acteristics of the variables. Survival analysis was per-

formed by log rank test and Kaplan–Meier curves. P values

less than 0.05 were accepted as statistically significant.

Results

Patients’ Characteristics and Laboratory Tests

at Diagnosis

Sixty patients (38 female, 22 male) diagnosed with

WAIHA were included. The median age was 52 (range:

20–85) years old. The median Hb at diagnosis was 7 g/dl

(range; 2.8–11.2 g/dl). The patients were divided into two

groups according to Hb levels. Patients with Hb\ 7 g/dl

and C 7 g/dl were classified as severe (25 patients) and

non-severe WAIHA (35 patients), respectively. The type

and the dose of the steroid does not differ between the

severe and non-severe groups. We preferred intravenous

route in the severe forms with the same dose 1 mg/kg/day.

In symptomatic patients with severe anemia erythrocyte

transfusion was added to the standard steroid therapy.

When we compared the two groups, we could not docu-

ment a statistically significant difference in terms of sex,

age, and presence of secondary diseases. The number of

patients who were transfused was similar in both groups

(13 (46.4%) patients in severe group and 15 (53.6) in non-

severe group; p[ 0.05).

The median reticulocyte level was determined as 9%

(1.1–40). Eight of the patients were presented with retic-

ulocytopenia, and five of them were presented with severe

anemia.

All the patients were IgG DAT positive. Mixed positive

DAT, defined as IgG plus C3d positive DAT, was reported

in 21 (30%). Among patients with mixed positive DAT, ten

patients (50%) were presented with severe anemia. The

patients’ characteristics and laboratory tests at the time of

diagnosis was summarized in Table 1.

Underlying Causes and Comparison of Primary

and Secondary WAIHA Patients (Table 1)

Among 60 patients, underlying causes were documented in

16 patients (26%) (Table 2). The primary and secondary

groups did not differ statistically with regard to sex, Hb

level, and biochemical parameters.

In 7 of 16 patients with underlying disease (43.7%),

WAIHA was the first finding and associated diseases were
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diagnosed during the work up of WAIHA (Table 2). 68.7%

of the secondary cases and 22.7% of the primary cases

positive for mixed DAT (p = 0.04) (Table 1). All the

patients with connective tissue disease were female. During

the long term follow-up of the patients, one patient with

severe WAIHA was diagnosed with diffuse large B cell

lymphoma (DLBCL) 5 years after diagnosis of WAIHA

while she was in remission in terms of WAIHA (not

included in secondary patients).

Treatment and Response

All patients except three were treated with prednisolone as

a first line therapy. Among these three patients, two of

them with a diagnosis of SLL were treated with the R-CVP

(rituximab, cyclophosphamide, prednisolone) regimen.

One patient with compensated anemia (Hb: 11.4 g/dl) was

followed up without treatment. No exacerbation was doc-

umented during a follow-up of 38 months.

The patients were treated with prednisolone 1 mg/

kg/day. The median duration of steroid treatment was

3 months (range: 2–96). The patient treated with steroid for

96 months had SLE and 4 mg; an every-other-day schedule

was preferred to control the symptoms of SLE. The overall

response rate was 94.7%. CR and PR rates were 54.5% and

40.2%, in the total cohort, respectively. The CR rates at

primary and secondary group were 56.8% and 50%

respectively which was not statistically different

(p = 0.41). The CR and PR rates at patients with mixed

positive DAT test was 47% and 47% respectively.

Although CR rates at mixed positive DAT test was lower

(47% vs. 56% at the patients with only Ig G positivity), this

Table 1 Characteristics of the patients and comparison of primary and secondary WAIHA cases

Characteristics of the patients All patients Secondary WAIHA Primary WAIHA p value

Sex (n)

Female/male 38/22 9/7 29/15 0.492

Age (median, range) (years old) 52 (20–85) 55 (20–76) 51 (30–85) 0.544

Hb (gr/dl) (median, range) 7 (2.8–11.2) 6.95 (3.5–11.2) 7.1 (2.8–10.1) 0.698

Thrombocyte (9 109/L) median, range 459 (158–758) 231 (166–466) 262 (158–758) 0.186

Reticulocyte (%) median, range 9 (1.1–40) 9 (0.7–33) 10 (0.7–40) 0.629

LDH (IU/L) 483 (280–1896) 310 (280–911) 546 (345–1896) 0.205

Indirect bilirubin (mg/dl) 3.3 (2.4–6.2) 3.2 (2.4–5.5) 3.3 (2.8–6.2) 0.451

Mixed positive DAT test (n (%30) 21 (30%) 11 (68.7%) 10 (22.7%) 0.04

Median number of erythrocyte suspension units transfused 3 (1–6) 2(1–4) 2(1–6) 0.31

WAIHA warm autoimmune hemolytic anemia, LDH lactate dehydrogenase, DAT direct antiglobulin test, Hb hemoglobin and RBC red blood cell

Table 2 The underlying causes

and relation to the initiation of

WAIHA

Underlying causes Number of patients

SLE

Presented with WAIHA 3

WAIHA during the course of SLE 2

CLL

Presented with WAIHA 2

WAIHA during the course of CLL 3

Sjogren syndrome

Presented with WAIHA 1

WAIHA during the course of SJogren syndrome 1

Psoriatic arthritis

Presented with WAIHA 1

Hepatitis C

Presented with WAIHA 1

Cirrhosis

Presented with WAIHA 2
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difference could not reach statistical significance. The

increase in Hb level was median 4 (range: 2–10)g/dl at the

first follow-up visit. The increase in Hb level was higher in

patients with severe WAIHA than patients with the non-

severe form (median 6 g/dl vs. 4 g/dl, p\ 0.05).

During the follow-up period, 43.3% of the patients were

relapsed after a median of 12 months (range: 3–24). In this

group, 12 of the patients had an response to steroid for

more than 12 months at the first attack. The median

number of relapses per patient was 3 (range: 2–12). Median

number of attacks did not differ between primary and

secondary cases or in patients with severe or non-severe

forms. In nine of the relapsed patients, another course of

steroids was given. Seven patients achieved CR. Two

patients were refractory and treated with rituximab and

splenectomy.

Options in Relapses

Splenectomy was performed in 7 patients. The median time

to splenectomy was 13 months (range: 6–28 months). The

total response rate was 85.7% (42.1% CR and 43.6 PR)

after splenectomy.

Rituximab was given as 375 mg/m2/day in four doses

once a week in seven patients. Rituximab achieved an

overall response rate of 85% (42.5% CR and 42.5% PR).

Two of the patients relapsed after rituximab therapy, and

CR was achieved in these patients in another cycle. One

patient who was refractory to rituximab was treated with

azathioprine; one patient who relapsed after rituximab

therapy was successfully treated with splenectomy, and CR

was documented.

Immunosuppressive therapy with azathioprine was

needed in three of the patients, and only compensated

hemolysis could be achieved in these highly refractory

patients. We could not document any risk factors for poor

response or relapse.

Survival Analysis

The median time of follow-up was 36 months (range:

12–132). The median OS was not reached. The median

DFS was 40 months (95% CI; 19.6–60.4). OS and DFS at

36 months was 89.6% (Fig. 1) and 51.1% (Fig. 2),

respectively. In patients with severe and non-severe forms,

the DFS at 36 months did not differ statistically (52.1% in

severe and 47.9% in non-severe group; p = 0.55). DFS at

36 months was higher in secondary (75%) group than in

primary (42.2%) patients (p = 0.04; Fig. 3). DFS at

36 months was lower in patients with mixed positive DAT

than patients with only positive IgG DAT (36% vs. 54%),

but this difference could not reach statistical significance

(p = 0.23; Fig. 4).

During the follow-up period, four patients died. One

patient with splenectomy and steroid dependence died due

to pneumonia and sepsis. One patient with hepatic cirrhosis

died because of worsening of the primary disease. The

hemolysis was compensated at the time of death. We could

not provide the cause of death in two patients, but they

were at PR at the last visit.

Discussion

Although WAIHA is a benign disease, it can be a medical

challenge due to the rarity of the disease, diagnostic diffi-

culties, and heterogeneity of treatment options in especially

refractory cases. Most of the studies in the literature consist

of heterogeneous groups of patients [4, 5, 12, 14]. Under

these circumstances, we aimed to determine characteristic

and treatment results in relatively a homogeneous group of

Turkish WAIHA patients.

We analyzed 60 WAIHA patients. The median age was

52, and female patients constitute 63% of the cohort. In the

literature, the median age at the diagnosis ranges between

30 and 53 years of age [5, 11, 12]. This wide range is

attributed to the heterogeneity of the cohorts included in

different studies. The female predominance was also

remarkable in other studies [1, 14, 15]. This predominance

may be attributed to the affinity of females to all autoim-

mune diseases.

Laboratory results regarding hemolytic parameters were

compatible with the literature [5, 16]. Although reticulo-

cytosis is the hallmark of AIHA, we documented reticu-

locytopenia in eight (13.3%) patients. In the literature,

reticulocytopenia was reported in 20–25% [12, 14, 16] of

the patients. Although the exact pathogenesis could not be

explained, it is possibly due to apoptosis or autoimmune

destruction of RBC precursors in bone marrow or hemol-

ysis of the reticulocytes in the peripheral blood. Due to

ineffective compensation of hemolysis, it is accepted as

clinical emergency [14, 17].

Limited data was available in WAIHA patients with

mixed DAT positivity [11, 14, 16]. We found out that 30%

of the patients were presented with mixed positive DAT. In

our study, severe anemia and secondary forms were more

frequent in these patients. In the literature, mixed positive

DAT was reported in 25–50% of the patients. In the largest

study consisted of 308 AIHA patients, the Hb levels were

statistically lower (median 6.9 g/dl) in the mixed positive

DAT group [14]. Similar to our results, two studies also

documented a higher incidence of mixed DAT positivity in

secondary forms [11, 16]. Although the pathogenesis was

not well documented, the existence of another autoimmune

disease may be a trigger for activating a complementary

system [16, 18].
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Underlying causes were detected in 26% of the patients,

and the most common secondary cause was connective

tissue disease. In the literature, secondary AIHA accounts

for 21–77% of all cases [5, 11, 12, 16]. This wide range is

Fig. 1 Kaplan Meiyer curves

for overall survival in all

patients

Fig. 2 Kaplan Meiyer curves

for disease free survival in all

patients
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mostly due to heterogeneity of the patients and laboratory

tests performed to determine secondary cases at the initial

diagnosis. The most common underlying causes were

connective tissue [5, 16] and lymphoproliferative diseases

Fig. 3 Kaplan Meiyer curves of

disease- free survival in

secondary and primary WAIHA

patients

Fig. 4 Kaplan Meiyer curves of

disease- free survival in patients

with only Ig G DAT ? and

mixed positive DAT
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[11]. In ten patients in our cohort, the underlying disease

was diagnosed during the initial workup of WAIHA, which

drew attention to the importance of a diagnostic workup of

AIHA patients. In series with a detailed workup including

CT scans and sophisticated tests to rule out lymphoprolif-

erative diseases, the incidence of secondary cases increased

from 51 to 62% [11]. Another important point in WAIHA

patients is that underlying causes may be evident during the

follow-up period [16]. In a study from Korea, conversion of

primary cases to secondary ones was reported in 56% of

the patients. In our study, only one patient was diagnosed

as DLBCL after 5 years after the first attack. At the time of

DLBCL diagnosis, hemolysis was in remission. So there is

a contradiction in this case, if it is a coincidental finding.

Concerning the treatment, phase 3 prospective trials are

sparse in the literature. Recommendations for treatment

were based on few prospective and mostly retrospective

analyses. Steroids were first option. We report an overall

response of 94.7%. CR and PR were 54.5% and 40.2%,

respectively. Response rates did not correlate with age, sex,

Hb level during diagnosis, nor with the presence of

underlying cause as reported in the literature [12]. Rat-

tarittamrong et al. analyzed the characteristics and long-

term outcomes of WAIHA patients in Thailand. They

reported an overall response rate as 96%, and no difference

was documented between primary and secondary cases [1].

Roumier et al. [11] confirmed similar response rates.

Steroids achieved 50% CR and 38% PR, which was com-

patible with our results. In the subgroup analysis of the

GIMEMA study by Barcellini, an overall response rate of

80% was reported in WAIHA patients. The response rate

was lower in WAIHA patients with mixed positive DAT

similar to our results [14]. We treated patients with steroids

for a median of 3 months. Although many physicians tend

to discontinue steroids earlier due to adverse effects, a

long-term treatment duration is associated with lower

relapse rates [14, 19]. So, longer steroid therapy and slower

tapering should be considered in appropriate settings.

Although steroid responsiveness is high in WAIHA

patients, relapses constitute a big dilemma in these patients

[1, 14, 19]. Relapses occurred in about half of the patients

[1]. We demonstrated a relapse in 43.3% of the patients. A

number of attacks did not differ statistically in our cohort

between primary and secondary forms and also in severe

and non-severe groups.

Besides another episode of steroid administration,

splenectomy, rituximab and immunosuppressive agents

are options in relapsed patients [20, 21]. We treated six-

teen patients with second line treatment (seven patients

with rituximab, six patients with splenectomy, and three

patients with azathioprine). Rituximab and splenectomy

achieved 85% response rates in our study that was com-

patible with the literature [11, 14]. Relapses may also be

observed after rituximab therapy, and another cycle may

be administered with good response rates [22] as similar

in our study.

Concerning immunosuppressive agents, only 5% of the

patients were treated with azathioprine. Only compensated

hemolysis was achieved in this group. Response rates were

low with immunosuppressive treatments, and relapses were

much more common [11].

Four patients (6.6%) died during the follow-up. One of

the splenectomized patients died because of pneumonia

and sepsis. Risk of infections were also reported to be

higher in splenectomized patients, especially those who

were on steroid therapy, and sepsis was one of the most

important causes of death [1, 11, 14].

Data regarding OS and DFS rates was sparse. We

demonstrated OS at 36 months as 89.6% and similar results

reported by Rattarittamrong et al. [1]. The median DFS was

40 months (95% CI; 19.6–60.4); DFS at 36 months was

51.1%. Although DFS did not differ between severe and

non-severe forms, DFS at 36 months was lower in primary

WAIHA patients. Contrary to our findings, Alonso et al.

[16]. reported higher median DFS rates for primary

WAIHA patients. Beside this study, lower DFS levels in

secondary cases could not be confirmed by other studies

[1].

Our results also revealed that patients with mixed pos-

itive DAT had lower DFS than patients with only IgG DAT

positivity. The adverse effect of mixed positive DAT was

also reported in the GIMEMA study [14]. This effect could

be explained by stronger stimulation of the autoimmune

system [16].

Our study also had some limitations. First, it was a

retrospective study: so, we could not reach all the data of

the patients, and losing the follow-up was another problem.

Second, we could not include patients with a negative DAT

to rule out non-immune reasons for hemolysis. Beside

these limitations, our study had relatively homogeneous

group, consisting of only WAIHA patients, and a relatively

large cohort, considering the rarity of the disease.

In conclusion, WAIHA is a rare disease with a hetero-

geneous presentation. Underlying causes should be ruled

out with detailed history-taking and essential laboratory

tests, because WAIHA may be the first sign of an under-

lying disease as we documented in ten patients. Although

94.7% response rate was achieved with steroids, relapses

constituted a problem in 43.3% of the patients. In relapsed

patients, rituximab and splenectomy are good options with

a more than 80% response rate. Attention should be espe-

cially paid with patients with mixed DAT positivity, since

a lower DFS was reported in literature. Characteristics and

pathogenesis of patients with mixed DAT positivity is still

an obscure.
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