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Autoimmune haemolytic anaemia (AIHA) is a kind of autoimmune diseases characterized by 
autoantibodies which produced and secreted by abnormal activated B lymphocytes directed against red 
blood cells (RBC). Study reveals that about 50% AIHA mainly occurs secondary to lymphoproliferative 
disorders (LPD) and autoimmune diseases. In this study, we aim to explore the characteristics of 
patients with AIHA secondary to LPD. Fifteen patients with AIHA secondary to LPD (secondary group) 
and 60 with primary AIHA (primary group) were retrospectively included. Patients in the secondary 
group [(59.40 ± 4.74) y] were older than those in the primary group [(47.53 ± 2.30) y] (p = 0.024). 
Reticulocyte counts were lower for the secondary group [(134.55 ± 20.67) × 109/L] than for the primary 
group [(193.88 ± 27.32) × 109/L] (p = 0.09). Haptoglobin was higher in the secondary (0.75 ± 0.19) g/L 
than in the primary group (0.34 ± 0.05) g/L (p = 0.004). The ratio of CD3+CD4+/CD3+CD8+ was higher in 
the secondary (1.81 ± 0.41) than in the primary (1.05 ± 0.12) group (p = 0.025). Duration of remission 
was shorter in the secondary [(23.52 ± 5.20) months] than in the primary [(40.87 ± 3.92) months] 
group (p = 0.013). Relapse rate was higher for the secondary (33.3%) than for the primary (8.3%) 
group (p = 0.003). Mortality rate was higher in the secondary (33.3%) than in the primary (8.3%) group 
(p = 0.003). Progression-free survival was shorter in the secondary than in the primary group (p = 0.021). 
In conclusion, patients with AIHA secondary to LPD showed higher age at diagnosis, shorter remission 
time, and higher recurrence and mortality rates than did those with primary AIHA.

Autoimmune haemolytic anaemia (AIHA) is a group of heterogeneous autoimmune diseases (AD) caused by 
the destruction of RBC because of the presence of autoantibodies specific to RBC autoantigens. According to the 
aetiology, AIHA can be divided into primary and secondary. The secondary AIHA accounts for about 50% of all 
AIHA patients and mainly occur secondary to lymphoproliferative disorders (LPD) and autoimmune diseases1.  
The most common signs of LPD in secondary AIHA are chronic lymphocytic leukaemia (CLL) and lymphoma2, 
which can be both non-Hodgkin’s lymphoma (NHL) and Hodgkin’s lymphoma (HD). B/T cell NHL can be 
accompanied by AIHA, but the most common is B cell NHL (B-NHL). We compared the clinical features and 
response to treatment of patients with AIHA secondary to LPD with primary AIHA patients, and have summa-
rized the characteristics of AIHA secondary to LPD in this report.

Patients and Methods
Patients and healthy individuals. AIHA patients were hospitalized in the Department of Haematology, 
Tianjin Medical University General Hospital, Tianjin, China from December 2012 to June 2016. All patients met 
the Chinese experts’ criteria for the diagnosis and treatment of AIHA3.
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Diagnosis criteria for AIHA. The criteria for the diagnosis of AIHA were as follows: the level of haemoglo-
bin (Hb) should meet the diagnostic criteria for anaemia (Male < 120 g/L; Female < 110 g/L); the RBC autoanti-
bodies should be detected in the patients; the results of laboratory tests should meet at least one of the following 
criterion— percentage of reticulocytes (Ret%) >4% or absolute value >120 × 109/L; haptoglobin (Hp) < g/L; total 
bilirubin (TBIL) ≥ 17.1 µmol/L [indirect bilirubin (IBIL) mainly elevated]. If the patients showed a good response 
to glucocorticoid or even if Coombs test was negative, AIHA could also be diagnosed.

We had 15 cases in the secondary AIHA group, including eight females and seven males, with a median age 
of 59 years, whereas the age ranged between 14 and 87 years. Three CLL patients were in Binet Stage C, nine 
lymphoma patients were in Ann Arbor Stage IV, and three lymphoma patients were in Ann Arbor Stage III. 
The Follicular Lymphoma International Prognosis Index 2 (FLIPI-2) scores for two follicular lymphoma (FL) 
patients were 3. The International Prognosis Index (IPI) scores for the remaining NHL patients were recorded as 
follows: two cases scored 1 point, three cases scored 2 points, two cases scored 3 points, and two cases scored 4 
points (Table 1). Also, 60 primary AIHA patients (27 male and 33 female) with a median age of 52 years (the age 
range was 14~80 years) were considered as control. The study was approved by the Ethics Committee of Tianjin 
Medical University General Hospital and was performed in accordance with the Declaration of Helsinki. Written 
informed consents were obtained from all adult patients and from the parents of child patients.

Clinically relevant indicators. Blood routine, reticulocyte (Ret) percentage, TBIL, IBIL, lactate dehydro-
genase (LDH), complement C3, complement C4, C-reactive protein (CRP), immunoglobulin G (IgG), immu-
noglobulin A (IgA), immunoglobulin M (IgM), immunoglobulin E (IgE), free haemoglobin (FHb), haptoglobin 
(Hp), peripheral blood CD19+ B lymphocytes ratio, CD5+ B lymphocytes ratio, ratio of CD5+CD19+ to CD19+ 
and the ratio of CD4+ to CD8+ T lymphocytes were determined for all the patients.

Treatment protocol. Basic treatment: the dose of glucocorticoids was adjusted to 0.5~1.0 mg/kg/d accord-
ing to the degree of haemolysis4. All the patients in the secondary AIHA group received additional prednisone as 
part of the chemotherapy regimen. The CLL patients received CHOP chemotherapy, which included cyclophos-
phamide, vincristine, and prednisone. For patients with B-cell lymphoma, the chemotherapy regimens included 
rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone. For the treatment of T-cell lymphoma, 
patients received chemotherapy drugs, including fludarabine, cyclophosphamide, doxorubicin, vincristine, and 
prednisone. The length of the chemotherapy cycle depended on the patient’s condition.

Definition of the therapeutic response. Complete remission (CR): Clinical symptoms disappeared. The 
count of RBCs, haemoglobin, and reticulocytes, percentage of reticulocytes, TBIL, and IBIL values were within the 
normal range; Partial remission (PR): Clinical symptoms disappeared. Hb > 80 g/L, Ret% < 4%, TBIL ≤ 34 μmol/L; 
No remission (NR): The condition of anaemia and haemolysis still existed after the treatments, and the laboratory 
test results did not meet the PR criteria. The total effective rate (OR) was the sum of CR and PR.

Statistical analysis. All the analyses were performed with SPSS 22.0 software (SPSS, Inc., Chicago, IL USA). 
The results are expressed as means ± standard deviation. All the quantitative data were analysed with Student’s 
t-test and nonparametric test. Categorical data were analysed with the chi-square test. Relapse rates were esti-
mated using the Kaplan–Meier method and the Log-rank test. Statistical differences were significant at p < 0.05. 
All the figures and graphs were made using GraphPad Prism 5 software.

Results
Patient characteristics. Seventy-five patients were analysed retrospectively; these included 15 patients with 
AIHA secondary to LPD and 60 patients with primary AIHA. Among the 15 secondary AIHA patients, three patients 
had CLL, 11 had NHL, which included seven B-NHL patients, four T-NHL patients, and one patient with HL. There 
were two diffuse large B cell lymphoma (DLBCL) patients, two FL patients, one small lymphocytic lymphoma (SLL) 
patient, one splenic marginal zone lymphoma (SMZL) patient, and one unclassified patient was included in B-NHL 
group. There were four patients with T-NHL: two with angioimmunoblastic T-cell lymphoma (AITL), one with periph-
eral T-cell lymphoma (PTCL), and one with anaplastic large T-cell lymphoma (ALTCL) (Table 2).

General characteristics. The age of the secondary AIHA patients (59.40 ± 4.74 years) was more 
(47.53 ± 2.30 years) than that of the primary AIHA patients (p = 0.024) (Table 3, Fig. 1). There were eight males 
and seven females in the secondary AIHA group; the ratio of male to female was 1.14. There were 60 patients 

IPI FLIPI-2

Factor Score Factor Score

Age >60 years 1 Age >60 years 1

Ann Arbor stage III-IV 1 Bone marrow invasion 1

ECOG Performance Status ≥ 2 1 Hb < 120 g/L 1

Extra nodal involved parts >1 1 Maximum diameter of LN > 6 cm 1

LDH > upper normal limit 1 Β2-MG > upper normal limit 1

Table 1. International Prognosis Index (IPI) and Follicular Lymphoma IPI-2 (FLIPI-2) scoring system. IPI: 
Low risk group: 0~1; low-intermediate risk group: 2; high-intermediate risk group: 3; high risk group: 4~5.
FLIPI-2: Low risk group: 0~1; intermediate risk group: 2; high risk group: ≥3.
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(27 males and 33 females) with primary AIHA; the ratio of male to female was 0.82. The gender ratio in the two 
groups showed no significant difference (p = 1.00).

Haemolytic indicators. The Hb levels of patients in the secondary AIHA group [(74.60 ± 7.43) g/L] were 
lower than in the primary group [(80.45 ± 3.07) g/L], but there was no significant difference in the values between 
the two groups (p = 0.416). The absolute value of Ret in the secondary group [(134.55 ± 20.67) × 109/L] was signifi-
cantly lower than in the primary group [(193.88 ± 27.32) × 109/L] (p = 0.09); the level of Hp in the secondary AIHA 

Cause for secondary AIHA N of patients (%)

CLL (Chronic lymphocytic leukemia) 3 (20)

NHL (non-Hodgkin lymphoma) 11 (73.33)

   B-cell 7 (46.67)

   DLBCL (Diffuse large B-cell lymphoma) 2 (13.33)

   FL (Follicular lymphoma) 2 (13.33)

   SLL (small Lymphocytic lymphoma) 1 (6.67)

   SMZL (splenic marginal zone lymphoma) 1 (6.67)

   unclassified 1 (6.67)

T-cell 4 (26.67)

   AITL (Angioimmunoblastic T-cell lymphoma) 1 (6.67)

   PTCL (Peripheral T-cell lymphoma) 2 (13.33)

   ALTCL (Anaplastic large T-cell lymphoma) 1 (6.67)

HD (Hodgkin disease) 1 (6.67)

Table 2. The underlying disease of Secondary AIHA.

Parameters Secondary AIHA Primary AIHA p

Age (ys) 59.40 ± 4.74 47.53 ± 2.30 0.024*

Hb (g/L) 74.60 ± 7.43 80.45 ± 3.07 0.416

Ret (×109/L) 134.55 ± 20.67 193.88 ± 27.32 0.090

TBIL (umol/l) 42.33 ± 6.45 48.35 ± 5.92 0.626

IBIL (umol/l) 30.68 ± 6.01 21.01 ± 3.21 0.177

LDH (U/L) 705.40 ± 255.23 564.15 ± 64.69 0.436

FHb (mg/L) 56.57 ± 18.76 111.88 ± 26.81 0.098

Hp (g/L) 0.75 ± 0.19 0.34 ± 0.05 0.004*

Table 3. Clinical characteristics of patients with AIHA at onset of the diseases. *p < 0.05.

Figure 1. The age of secondary AIHA patients (59.40 ± 4.74 years) was older than that of primary AIHA 
patients (47.53 ± 2.30 years) (p = 0.024).
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group [(0.75 ± 0.19) g/L] was higher than that in the primary AIHA group [(0.34 ± 0.05) g/L] (p = 0.004). The levels 
of FHb, LDH, TBIL, and IBIL were not significantly different between the two comparison groups (Table 3).

Immunological features. The level of IgG in patients in the secondary AIHA group [(1113.79 ± 89.05) 
mg/dL] was higher than in the primary group [(1072.44 ± 75.28) mg/dL], but there was no statistical difference 
(p = 0.734). The IgA levels in the secondary and primary AIHA groups were recorded as[(178.09 ± 25.76 and 
172.63 ± 16.84) mg/dL], respectively, and there was no significant difference (p = 0.861). The ratio of CD3+CD4+/
CD3+CD8+ in the secondary AIHA group (1.81 ± 0.41) was statistically higher than in the primary group 
(1.05 ± 0.12) (p = 0.025); there were no significant differences in the IgE levels and CD5+CD19+/CD19+ ratio 
between the two groups (p = 0.895, p = 0.088, respectively) (Table 4).

Direct antiglobulin test (DAT). Among all secondary AIHA patients, DAT was negative for seven patients, 
and one case was DAT positive for IgM and one for IgG with the complement 3. The remaining six patients did 
not undergo the DAT test. The patient who was DAT positive for IgM suffered from AITL (IVA stage) and died 
after 2 years. The patient with IgG and complement 3 had FL (IVB stage).

Efficacy Evaluation and follow-up of Patients with AIHA Secondary to LPD and Patients 
with Primary AIHA
Efficacy response. The patients were treated with a corticosteroid-based regimen in both the groups: there 
was no statistical difference for the treatment onset time between the secondary AIHA group (25.50 ± 5.94 days) 
and the primary AIHA group (14.26 ± 1.134 days) (p = 0.094). The duration of remission in the secondary group 
(23.52 ± 5.20 months) was shorter than that in the primary group (40.87 ± 3.92 months) (p = 0.013)(Fig. 2).

Prognosis. The median follow-up time was 36 (2~108) months. The cumulative recurrence rate in the sec-
ondary AIHA group (33.3%) was higher than in the primary group (8.3%) (p = 0.003) (Fig. 2). The mortality rate 
in the secondary AIHA group (33.3%) was higher than in the primary group (8.3%) (p = 0.003).

Secondary Primary p

C3 (mg/dl) 72.50 ± 6.47 66.90 ± 3.57 0.467

C4 (mg/dl) 16.89 ± 4.51 15.16 ± 0.94 0.558

IgG (mg/dl) 1113.79 ± 89.05 1072.44 ± 75.28 0.734

IgA (mg/dl) 178.09 ± 25.76 172.63 ± 16.84 0.861

IgM (mg/dl) 172.74 ± 54.14 135.5 ± 30.91 0.545

IgE (IU/ml) 91.9 ± 47.36 84.39 ± 30.06 0.895

CRP (mg/dl) 1.51 ± 0.56 0.97 ± 0.33 0.421

CD5+CD19+/CD19+ (%) 24.91 ± 10.09 5.41 ± 1.91 0.088

CD3+CD4+/CD3+CD8+ (%) 1.81 ± 0.41 1.05 ± 0.12 0.025*

Table 4. The Immune Characteristics at onset of the diseases. *p < 0.05.

Figure 2. The cumulative recurrence rate of secondary AIHA patients was 33.3%, which is markedly higher 
than that of primary AIHA patients (8.3%) (p = 0.003).
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Among the 15 cases of secondary AIHA, five patients died. Among those five cases, there were three patients 
who instantly died from uncontrollable infection, and one patient died from intracerebral haemorrhage. One 
patient died of intractable haemolysis, which resulted in significant organ failure (Table 5). The progression-free 
survival of patients with AIHA secondary to LPD was significantly shorter than that of primary AIHA patients 
(p = 0.021) (Fig. 3).

Discussion
AIHA is caused by the antibodies against RBCs as a result of immune dysfunction. It can be divided into primary 
and secondary AIHA, according to the aetiology. LPD is the common cause of secondary AIHA, among which 
NHL and CLL are the common primary diseases. The incidence of AIHA in patients with NHL was 0.23~6.2%2. 
The common kinds of NHL with AIHA include DLBCL, FL, small B-cell lymphoma, marginal zone lymphoma 
(MZL), and PTL5,6. The incidence of AIHA in the CLL patients is about 30%2. Hu retrospectively analysed 4880 
patients who had been diagnosed with NHL and received treatment at Peking Union Hospital from 1995 to 2017. 
They found that 15.7% of the NHL patients had AIHA and among them 58.82% of B-NHL patients had DLBCL. 
In T-NHL secondary AIHA patients, AITL accounted for 57.14% of the cases7.

In our study, we found that among the LPD patients with AIHA, NHL was most commonly seen with an 
incidence of 73.33% (11/15) and B-NHL patients accounted for 46.67% of the cases (7/15). Moreover, FL and 
small B-cell NHL cases were dominant among the B-NHL patients, and accounted for nearly 50% of the cases 
of B-NHL. T-NHL patients accounted for 26.67% of the cases (4/15), and the lymphoma category showed no 
obvious tendency. Also, the percentage of T-NHL secondary AIHA patients was different from that reported by 
Hu. Only 20% of the CLL secondary AIHA patients were present (3/15) in our study, which may be related to the 
low incidence of CLL in the Asian population. The incidence rate of AIHA secondary to LPD is significantly low.

In Europe, a study with 492 patients showed that the incidence of AIHA associated with Hodgkin’s disease was 
0.2%8 and the data from the United States was 3–4%9, which usually occurs in stage III and IV of nodular sclero-
sis and mixed cell type10,11. We found that only one patient had stage IV Hodgkin’s disease, and the pathological 
pattern showed a combined cell type.

The age of the patients in the secondary AIHA group was higher than that in the primary AIHA group (about 
10 years older), and there was statistical difference between the two groups, whereas this was related to the older 
onset age of NHL. The ratio of male to female was similar, and there was no statistical difference between the two 
groups. The result was different from that reported by Zhuang Yun12 and Mauro13.

AIHA secondary to LPD is induced by different autoantibodies produced by our body. Tim14 proposed that the 
causes and mechanisms for autoimmune cytopenia (AIC) in CLL are autoantibodies produced by non-malignant 
B cells, and antigen presentation and secretion of cytokines by CLL cells. Changes in the microenvironment that 
affect the T cell pools and their characteristics also play an important role in the pathogenesis of AIHA secondary 

Case Age Sex Diagnose Coombs Cause of death
Time to relapse 
(months)

Total course 
(months)

1 78 Female CLL — Infection NR 38

2 47 Male AITL (IV A) IgM Pulmonary infection NR 25

3 74 Male CLL — Encephalorrhagia NR 36

4 75 Male CLL — Infection 24 34

5 87 Female PTCL (IV A) — Hemolysis NR 2

Table 5. Death cases in secondary AIHA Patients.

Figure 3. The progression-free survival of patients with secondary AIHA was significantly shorter than that of 
primary AIHA patients. (p = 0.021).
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to CLL. High-risk factors for AIHA in CLL patients include progressive disease, advanced age, small-ploidy lym-
phocytes, high level of beta-2 microglobulin, cytogenetic abnormalities, and non-mutations of the IGHV gene15. 
Furthermore, the combination of LPD and AIHA occurred not only in B-NHL but also in T-NHL, and it is not 
only an inert disease but also causes invasive infection. The production of autoantibodies in NHL may be related 
to the failure of the body’s immune tolerance mechanism to eliminate immature autoreactive- lymphocytes, caus-
ing certain antigenic substances to be exposed on the surface of red blood cells and platelets. Autoreactive clones 
because of genetic abnormality (BCL-2, C-MYC) are activated by viral infections and other unknown events. 
Defects in the apoptotic pathway including FAS/FASL cause the excessive accumulation of autoreactive T cell 
clones16. Finally, immune abnormalities are the ultimate cause of AIHA. We found that the ratio of CD3+CD4+/
CD3+CD8+ cells in the secondary AIHA group was higher than that in the primary AIHA group, suggesting that 
cellular immune abnormalities are involved in the pathogenesis of AIHA secondary to LPD. Kalpadakis found 
that when AIHA occurs secondary to LPD, it can still relapse when LPD achieves a complete remission, suggest-
ing that AIHA secondary to LPD is not entirely caused by tumour cells17. However, in our study, relapse of LPD 
was seen in all the patients with recurrence of secondary AIHA. There was no significant difference in the degree 
of haemolysis between the two comparison groups. Although Ret in the secondary group was lower than that in 
the primary group and Hp in the secondary group was higher than in the primary group, the levels of FHb, IBIL, 
TBIL, and LDH showed no statistically significant differences, which indicates that the degree of haemolysis in 
the secondary group was similar to that in the primary group.

Ret is not only related to the degree of haemolysis, but also relates to the proliferation of bone marrow. In NHL 
patients, during the chemotherapy period, Ret may be reduced because of the influence of bone marrow hypo-
plasia. Hp is an acute phase protein the levels of which are affected by LPD itself.

In this group of patients, the positive rate of DAT was lower. Chadebech found that clinical severity might be 
dependent on the functional activity of the anti-RBC antibodies and suggested to investigate the activation state 
of the patients’ immune cells18. It is necessary to improve the sensitivity of DAT.

In addition to the first-line treatment with glucocorticoid drugs, the second-line treatment includes rituximab, 
immunosuppressive drugs (such as mycophenolate mofetil, MMF), splenectomy, alemtuzumab, and haemato-
poietic stem cell transplantation19,20. Patients with AIHA secondary to LPD received CHOP or CHOP-based 
chemotherapy according to their clinical manifestations. The treatment onset time for secondary AIHA patients 
was longer than that of primary AIHA, and the duration of remission of secondary group was statistically shorter 
than that of the primary group. This suggests that the effect of treatment on patients in the secondary group was 
unsatisfactory, and the prognosis was poor. The presence of AIHA is one of the indicators of poor prognosis in 
LPD, affecting the overall survival of LPD patients. In an analysis conducted by Giuseppe, 830 newly diagnosed 
CLL patients were enrolled21. The prognosis of patients with CLL complicated with secondary Evans syndrome 
was poor21. Among the 15 secondary AIHA patients in our study, three died from infection and one died from 
haemolysis. Five of the 60 patients in the primary group died; of these, two patients died from haemolysis. The 
relapse rate of secondary AIHA patients is high and the duration time of remission is short. We have been fol-
lowing 75 AIHA patients in the primary and secondary group for 108 months, and the recurrence rate of the 
secondary group was significantly higher than in the primary group.

In conclusion, the age of patients with AIHA secondary to LPD tends to be higher; thus, the immune disbal-
ance tends to be increased relative to that in primary AIHA patients. Therefore, it is necessary to monitor the 
health condition of AIHA patients for timely diagnosis of LPD.

Received: 15 September 2019; Accepted: 6 December 2019;
Published: xx xx xxxx

References
 1. Go, R. S., Winters, J. L. & Kay, N. E. How I treat autoimmune hemolytic anemia. Blood 129, 2971–2979, https://doi.org/10.1182/

blood-2016-11-693689 (2017).
 2. Hauswirth, A. W. et al. Autoimmune hemolytic anemias, Evans’ syndromes, and pure red cell aplasia in non-Hodgkin lymphomas. 

Leuk. Lymphoma 48, 1139–1149, https://doi.org/10.1080/10428190701385173 (2009).
 3. Red Blood Cell Disease (Anemia) Group, Chinese Society of Hematology & Chinese Medical Association. Chinese expert consensus 

on the diagnosis and treatment of autoimmune hemolytic anemia. J. Chin J Hematol. 38, 265–267, https://doi.org/10.3760/
cma.j.issn.0253-2727.2017.04.001 (2017).

 4. Ladogana, S. et al. Diagnosis and management of newly diagnosed childhood autoimmune haemolytic anaemia. Recommendations 
from the Red Cell Study Group of the Paediatric Haemato-Oncology Italian Association. Blood Transfus. 15, 259–267, https://doi.
org/10.2450/2016.0072-16 (2017).

 5. Wang, S. S. et al. Associations of non-hodgkin lymphoma (NHL) risk with autoimmune conditions according to putative NHL loci. 
Am. J. Epidemiol. 181, 406–421, https://doi.org/10.1093/aje/kwu290 (2015).

 6. Maegawa, S. et al. Clinical manifestation and prognostic factors of 32 Japanese patients with autoimmune disease-associated diffuse 
large B-cell lymphoma. Leuk. Lymphoma 56, 785–788, https://doi.org/10.3109/10428194.2014.928936 (2014).

 7. Hu, S. X. et al. Autoimmune disease-associated non-Hodgkin’s lymphoma—a large retrospective study from China. Ann. Hematol. 
98, 445–455, https://doi.org/10.1007/s00277-018-3515-2 (2019).

 8. Eisner, E., Ley, A. B. & Mayer, K. Coomb’s positive Hemolytic anemia in Hodgkin’s disease. Ann. Intern. Med. 66, 258–273, https://
doi.org/10.7326/0003-4819-66-2-258 (1967).

 9. Levine, A.M., Thornton, P., Forman, S.J., Hale, P.V. & Lukes, R.J. Positive Coombs test in Hodgkin’s disease: Significance and 
implications. Blood 55, 607–611, PMID: 7357087 (1980).

 10. Ozdemir, F. et al. Hodgkin’s disease and autoimmune hemolytic anemia: a case report. Med. Prin. Pract. 14, 205–207, https://doi.
org/10.1159/000084642 (2005).

 11. Salmeron, G. et al. Autoimmune hemolytic anemia and nodular lymphocyte-predominant hodgkin lymphoma: a rare association. 
Case Rep Hematol. 2013, 1–5, https://doi.org/10.1155/2013/567289 (2013).

 12. Zhuang, Y., Fan, L., Shen, Y. F., Xu, W. & Li, J. Y. Autoimmune hemolytic anemia associated with B-cell chronic lymphoproliferative 
disorders. J. Chin J Lab Hematol. 21, 633–636, https://doi.org/10.7534/j.issn.1009-2137.2013.03.019 (2013).

https://doi.org/10.1038/s41598-019-56162-y
https://doi.org/10.1182/blood-2016-11-693689
https://doi.org/10.1182/blood-2016-11-693689
https://doi.org/10.1080/10428190701385173
https://doi.org/10.3760/cma.j.issn.0253-2727.2017.04.001
https://doi.org/10.3760/cma.j.issn.0253-2727.2017.04.001
https://doi.org/10.2450/2016.0072-16
https://doi.org/10.2450/2016.0072-16
https://doi.org/10.1093/aje/kwu290
https://doi.org/10.3109/10428194.2014.928936
https://doi.org/10.1007/s00277-018-3515-2
https://doi.org/10.7326/0003-4819-66-2-258
https://doi.org/10.7326/0003-4819-66-2-258
https://doi.org/10.1159/000084642
https://doi.org/10.1159/000084642
https://doi.org/10.1155/2013/567289
https://doi.org/10.7534/j.issn.1009-2137.2013.03.019


7Scientific RepoRtS |         (2019) 9:19716  | https://doi.org/10.1038/s41598-019-56162-y

www.nature.com/scientificreportswww.nature.com/scientificreports/

 13. Mauro, F. R. et al. Autoimmune hemolytic anemia in chronic lymphocytic leukemia: clinical, therapeutic, and prognostic features. 
Blood 95, 2786–2792, PMID: 10779422 (2000).

 14. De Back, T. R., Kater, A. P. & Tonino, S. H. Autoimmune cytopenias in chronic lymphocytic leukemia: a concise review and 
treatment recommendations. Expert Rev Hematol. 11, 613–624, https://doi.org/10.1080/17474086.2018.1489720 (2018).

 15. Visco, C. et al. Autoimmune cytopenias in chronic lymphocytic leukemia. Am. J. Hematol. 89, 1055–1062, https://doi.org/10.1002/
ajh.23785 (2014).

 16. Nazel Khosroshahi, B. et al. Cold autoimmune hemolytic anemia due to high-grade non-hodgkin’s B cell lymphoma with weak 
response to rituximab and chemotherapy regimens. Int J Hematol Oncol Stem Cell Res. 9, 157–160, PMID: 26261701 (2015).

 17. Kalpadakis, C. et al. No evidence of splenic disease in patients with splenic marginal zone lymphoma undergoing splenectomy for 
autoimmune hemolytic anemia after monotherapy with rituximab. Leuk. Lymphoma 57, 2705–2708, https://doi.org/10.3109/10428
194.2016.1157877 (2016).

 18. Chadebech, P. et al. Delayed hemolytic transfusion reaction in sickle cell disease patients: evidence of an emerging syndrome with 
suicidal red blood cell death. Transfusion 49, 1785–1792, https://doi.org/10.1111/j.1537-2995.2009.02199.x (2009).

 19. Ladogana, S. et al. Second-line therapy in paediatric warm autoimmune haemolytic anaemia. Guidelines from the Associazione 
Italiana Onco-Ematologia Pediatrica (AIEOP). Blood Transfus. 16, 352, https://doi.org/10.2450/2018.0024-18 (2018).

 20. Miano, M. et al. Mycophenolate mofetil for the treatment of children with immune thrombocytopenia and Evans syndrome. A 
retrospective data review from the Italian association of paediatric haematology/oncology. Brit. J. Haematol. 175, 490–495, https://
doi.org/10.1111/bjh.14261 (2016).

 21. Carli, G. et al. Evans syndrome secondary to chronic lymphocytic leukaemia: presentation, treatment, and outcome. Ann. Hematol. 
95, 863–870, https://doi.org/10.1007/s00277-016-2642-x (2016).

Acknowledgements
This project was supported by two grants from National Natural Science Foundation of China (81570111, 
81770118) and Major science and technology projects in Tianjin- major science and technology projects for the 
prevention and treatment of major diseases (18ZXDBSY00140). We would like to thank Editage (www.editage.cn)  
for English language editing.

Author contributions
Limin Xing, Manjun Zhao and Zonghong Shao designed the study protocol and wrote the main manuscript text. 
Yi Wang, Yingying Feng, Yingying Qu, Ningning Duan and Yihao Wang collected and analysed patients’ clinical 
characteristics. Huaquan Wang, Chunyan Liu, Wen Qu and Yuhong Wu prepared all figures and tables. Jing 
Guan, Guojin Wang, Jia Song, Lijuan Li, Xiaoming Wang and Rong Fu reviewed the manuscript and analysed 
the results.

competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to L.X. or Z.S.
Reprints and permissions information is available at www.nature.com/reprints.
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2019

https://doi.org/10.1038/s41598-019-56162-y
https://doi.org/10.1080/17474086.2018.1489720
https://doi.org/10.1002/ajh.23785
https://doi.org/10.1002/ajh.23785
https://doi.org/10.3109/10428194.2016.1157877
https://doi.org/10.3109/10428194.2016.1157877
https://doi.org/10.1111/j.1537-2995.2009.02199.x
https://doi.org/10.2450/2018.0024-18
https://doi.org/10.1111/bjh.14261
https://doi.org/10.1111/bjh.14261
https://doi.org/10.1007/s00277-016-2642-x
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Characteristics of patients with autoimmune haemolytic anaemia secondary to lymphoproliferative disorder: A single-centre r ...
	Patients and Methods
	Patients and healthy individuals. 
	Diagnosis criteria for AIHA. 
	Clinically relevant indicators. 
	Treatment protocol. 
	Definition of the therapeutic response. 
	Statistical analysis. 

	Results
	Patient characteristics. 
	General characteristics. 
	Haemolytic indicators. 
	Immunological features. 
	Direct antiglobulin test (DAT). 

	Efficacy Evaluation and follow-up of Patients with AIHA Secondary to LPD and Patients with Primary AIHA
	Efficacy response. 
	Prognosis. 

	Discussion
	Acknowledgements
	Figure 1 The age of secondary AIHA patients (59.
	Figure 2 The cumulative recurrence rate of secondary AIHA patients was 33.
	Figure 3 The progression-free survival of patients with secondary AIHA was significantly shorter than that of primary AIHA patients.
	Table 1 International Prognosis Index (IPI) and Follicular Lymphoma IPI-2 (FLIPI-2) scoring system.
	Table 2 The underlying disease of Secondary AIHA.
	Table 3 Clinical characteristics of patients with AIHA at onset of the diseases.
	Table 4 The Immune Characteristics at onset of the diseases.
	Table 5 Death cases in secondary AIHA Patients.




