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Introduction: A positive direct antiglobulin test (DAT) with or without autoimmune 
hemolytic anemia is a frequent finding in chronic lymphocytic leukemia (CLL). The hetero-
genic clinical course of CLL mainly depends on different pathogenetic mechanisms which 
appears in a form of variable biological and clinical features. These features allow stratifica-
tion of patients into subsets with different outcomes.
Patients and Methods: We evaluated the DAT as a prognostic marker in 120 CLL patients 
treated with chemoimmunotherapy. Clinical and laboratory features, treatment response, and 
survival outcomes of CLL patients were assessed in relation to their DAT test status. 
Additionally, the English literature was extensively reviewed regarding the prognostic impact 
of a positive DAT in CLL.
Results: DAT positivity was detected in 36 patients (30%) and was associated advanced 
disease staging (P = 0.03). No correlations were found with other clinical, laboratory, or 
biological factors such as ZAP-70 or CD38. Both a positive DAT and an Eastern Cooperative 
Oncology Group performance status >2 were predictors for non-response to first-line treat-
ment in the multivariate analysis (OR = 0.3, 95% CI: 0.12–0.8 and OR = 0.2, 95% CI: 
0.08–0.8, respectively). The five-year progression-free survival was significantly lower in the 
DAT-positive group (P = 0.004). No significant association was found with overall survival 
(P = 0.2). Sixteen reports analyzing more than 11,000 patients were identified in our review.
Conclusion: In conclusion, DAT positivity in CLL patients is associated with poor response 
to treatment and disease progression.
Keywords: autoimmunity, chronic lymphocytic leukemia, direct antiglobulin test, 
autoimmune hemolytic anemia

Introduction
Chronic lymphocytic leukemia (CLL) is the most common type of leukemia; it 
accounts for approximately 30% of all leukemias and primarily affects the elderly.1 

The clinical course is usually indolent, but some patients experience more aggres-
sive disease. CLL is frequently associated with immune disturbances. A positive 
direct antiglobulin test (DAT) with or without frank autoimmune hemolytic anemia 
(AIHA) is strongly associated with CLL. Associations with immune thrombocyto-
penia (ITP) and pure red cell aplasia (PRCA) have been reported as well. The 
incidence of immune cytopenia has been reported to range from less than 5% 
to 38%.2

Correspondence: Mostafa F Mohammed 
Saleh  
Tel +201013701057  
Fax +2088-2332278-2080278  
Email mostafafaisal2017@yahoo.com

submit your manuscript | www.dovepress.com Journal of Blood Medicine 2021:12 225–234                                                                   225

http://doi.org/10.2147/JBM.S296225 

DovePress © 2021 Ahmed et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Journal of Blood Medicine                                                                    Dovepress
open access to scientific and medical research

Open Access Full Text Article

Jo
ur

na
l o

f B
lo

od
 M

ed
ic

in
e 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0001-8123-8405
mailto:mostafafaisal2017@yahoo.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php
http://www.dovepress.com


The pathogenesis of autoimmunity in CLL is not well 
known. Different mechanisms have been proposed, includ-
ing aberrant antigen presentation that induces IgG auto- 
antibodies coating erythrocytes and platelets with 
consequent antibody-dependent cellular cytotoxicity and 
complement-mediated destruction and the development 
of an autoreactive T-cell repertoire that produces inhibitory 
cytokines.3 The dysregulation of T regulatory cells in CLL 
with an imbalance of the T regulatory/T helper 17-cell 
ratio has also been noted.4,5

AIHA is primarily characterized by the presence of 
a positive DAT and the alteration of other hemolytic mar-
kers including the reticulocyte count, lactate dehydrogen-
ase (LDH), and haptoglobin.6 The DAT is positive at some 
point during the course of CLL in up to 35% of cases.7 

However, DAT positivity does not necessarily mean that 
AIHA is present, and only one-third of DAT-positive CLL 
cases develop clinically overt hemolysis.8

Regarding prognostic relevance, several reports have 
shown an association of AIHA in CLL patients with other 
clinical and biological prognostic factors.7,9–11 Moreover, 
DAT positivity at diagnosis may provide insights about 
survival in CLL; however, conflicting conclusions have 
been reported.12–14

In this study, we sought to determine the prognostic role 
of the DAT in CLL patients treated with chemoimmunother-
apy by evaluating the response rate and survival outcomes. 
An extensive literature review was performed on this subject 
to verify this potential and provide a platform for possible 
use in future prognostic models of CLL.

Patients and Methods
Patients with newly diagnosed CLL between January 2011 
and December 2019 who attended the Clinical 
Hematology Unit, Internal Medicine Department, Assiut 
University Hospital were recruited for this study. Patients 
were eligible if they had a confirmed diagnosis of CLL and 
the treatment was as per the International Workshop on 
Chronic Lymphocytic Leukemia (IWCLL).15 For diagno-
sis, peripheral blood smears and bone marrow morphology 
examinations with immunophenotyping by flowcytometry 
(strong expressions of CD5 and CD23, low or absent 
expressions of CD79b, sIgM, and FMC7) were performed. 
All patients were classified according to Rai staging.16 

Any patient with a history of prior systemic autoimmune 
diseases and prior cancer or who had received previous 
chemotherapy and radiotherapy had been ruled out. 
Baseline data of different demographic and clinical 

parameters were collected, including age, sex, perfor-
mance status, presence of B-symptoms, Rai stage, hepatitis 
status, and DAT test at diagnosis. The expressions of sur-
face CD38 and cytoplasmic ZAP-70 were illustrated as the 
percentage of gated cells and were considered positive 
when ZAP-70 ≥ 20% and CD38 ≥ 30%. 
A flowcytometric analysis was performed by fluorescence- 
activated cell sorter Calibur flow cytometry, and data were 
obtained and analyzed using Cell Quest software (Becton 
Dickinson Biosciences).

The peripheral blood samples were obtained using 
K3EDTA vacutainers for the complete count (CBC), and 
DAT analyses. Another peripheral blood sample was col-
lected without anticoagulants, and plain tubes were used 
for the assessments of serum LDH, urea, creatinine, and 
uric acid. Hematological parameters were determined by 
the automated CBC analyzer “Cell Dyne Ruby” (Abbott, 
Diagnostic ®). Biochemical markers were assessed using 
“Hitachi 912” (Japan) by photometric assay. The DAT was 
performed in all cases using microtube column agglutina-
tion Gel technique systems for antibody screening 
(Diamed). AIHA was diagnosed based on the presence of 
unexplained anemia; a positive DAT for IgG, C3d, or both; 
and/or an increased reticulocyte count and an increase in 
indirect bilirubin with no other cause for anemia identified 
prior to treatment or any blood product transfusion.

Treatment Course and Outcomes
Indications for treatment in the CLL patients followed the 
IWCLL guidelines.15 The following treatment regimens 
were administered:

● Thirty-five patients received an alkylating agent, 
chlorambucil, at a dose of 6–10 mg/d (0.1–0.2 mg/ 
kg/d) PO for 7–14 days in 28-day cycles until the 
disease stabilized (usually 6–12 cycles).

● Twenty-one patients received a purine analog ther-
apy, FCR (fludarabine (25 mg/m2/d intravenously 
(IV) × 5 days q28), cyclophosphamide (250 mg/m2 

IV × 5 days), and rituximab (375 mg/m2 day 1 prior 
to each chemotherapy cycle by slow intravenous 
infusion)).

● Fifty-seven patients received CVP plus rituximab 
treatment on day 1 of a 21-day cycle with cyclopho-
sphamide, 750 mg/m2 IV; vincristine, 1.4 mg/m2 

(maximum of 2.0 mg); and prednisone, 100 mg by 
mouth daily for 5 days. Rituximab was administered 
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as 375 mg/m2 one day prior to each chemotherapy 
cycle by slow intravenous infusion.

The response to treatment was classified as complete 
remission,16 which was defined by the disappearance of 
the disease in the clinical and imaging studies; partial 
response, which was defined by a >50% decrease of the 
involved site; progressive disease, which was defined by 
a >50% increase in the size of the involved lesions or the 
appearance of new lesions; or as relapse, which was 
defined by recurrence of the disease after CR. Stable dis-
ease was defined as a change of −45% to +45% in size of 
the involved lesions.17 The overall response included both 
CR and PR.

Overall survival (OS) was defined as the duration 
between the date of diagnosis and the last follow-up or 
date of death. Progression-free survival (PFS) is the period 
from the date of first-line therapy to the date of relapse, 
progression, the last follow-up, or death from any cause. 
The study was approved by our Institutional Review Board 
in accordance with the Declaration of Helsinki, and writ-
ten informed consent was obtained from all recruited 
patients.

A literature search for relevant studies was performed 
using PubMed, Scopus, and Google Scholar. The follow-
ing key words were used: autoimmunity, DAT test, 
Coombs test, AHIA, and CLL. Relevant references in the 
cited studies were also included in the review process. 
Case reports or studies of other autoimmune cytopenias 
such as ITP or PRCA in CLL were excluded.

Statistical Analysis
Comparisons between DAT-positive and -negative groups 
were performed regarding CBC, LDH levels, staging, 
treatment outcomes, and survival analysis. Numeric vari-
ables were expressed as the mean ± standard deviation or 
the median (interquartile range) depending on tests of 
normality, and categorical variables were described as 
relative frequencies. The t-test, Wilcoxon Sum-Rank test, 
and the chi-square test were used for comparisons between 
groups. The differences were considered statistically sig-
nificant at P < 0.05. The survival curves were determined 
by the Kaplan–Meier method and analyzed by a cox 
regression hazard ratio. The difference between groups 
was calculated by the Log Rank test. Data were analyzed 
using the Statistical Package for Social Science version 24 
(IBM Corp., Armonk, NY).

Results
The baseline data of 120 patients were collected, and two 
patients had completed their treatment and follow-up in 
another center and thus only their baseline data were ana-
lyzed. The mean age of the cohort population was 60 ± 12.5 
years, and 56 patients (46.7%) were females. DAT positivity 
was recorded at study entry in 36 patients (30%). The base-
line clinical and laboratory parameters of the cohort accord-
ing to the DAT test at diagnosis are illustrated in Table 1.

CD38 and ZAP-70 were analyzed for 90 patients at 
diagnosis, and the results indicated that 32 (35.6%) 
patients were positive for ZAP-70 and 25 (27.8%) were 
positive for CD38. The frequencies of the positive CD38 
and ZAP-70 cases within positive and negative DATs 
cases are shown in Table 2.

A total of 113 patients in the cohort required treatment 
with either fludarabine-based chemotherapy or non- 
fludarabine-based chemotherapy (chlorambucil ± R or 
CVP ± R), five patients remained under a wait and see 
protocol throughout the entire recorded follow-up period, 
and there no data were available regarding the therapy 
response in two patients. The percentages of the patients 
treated by the different therapy lines in DAT-positive and 
DAT-negative cases are illustrated in Table 3. The details 
of the response are illustrated in Table 4. The univariate 
logistic regression analysis of the overall response of the 
patients who received first-line treatment was associated 
with a positive DAT at diagnosis (OR = 0.3, 95% CI: 
0.12–0.65), an Eastern Cooperative Oncology Group 
(ECOG) performance score >2 (OR = 0.2, 95% CI: 
0.08–0.5), and older age (OR = 0.96, CI: 0.93–0.99); 
conversely, there was no association with being positive 
for CD38 at diagnosis (OR = 0.5, 95% CI: 0.21–1.4), 
being positive for ZAP-70 (OR = 0.7, 95% CI: 0.3–1.9), 
or advanced Rai stage (OR = 1.2, 95% CI: 0.5–2.6). The 
multivariate model including performance status, age, and 
positive DAT is illustrated in Table 5.

The median follow-up was 35.5 months (range, 2–84 
months). The median survival time of the patients with 
a negative DAT was 84 months, which did not differ signifi-
cantly from the group with a positive Coombs test (60 months, 
P = 0.2) (Figure 1). The five-year PFS of patients with positive 
DATs was significantly lower than that of patients with nega-
tive Coombs tests (22% vs 60%, P = 0.004) (Figure 2).

We included parameters that were reported as predic-
tors of PFS in the univariate cox regression hazards ana-
lysis (Table 6) and used them in the multivariate cox 
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regression model. This model indicated that a positive 
DAT (HR = 2.3, 95% CI: 1.1–4.8) and being positive for 
CD38 (HR = 2.5, CI: 1.1–5.1) could serve as predictors.

Only 12 patients with a positive DAT had confirmed 
AHIA, and 24 patients had no obvious anemia. As shown 
in Figure 3, there was no difference in PFS between 
patients who developed AIHA and those who did not 
(median PFS of 36 and 42 months, respectively, P = 0.9).

We thoroughly searched for previous studies performed 
on CLL patients with AIHA or a positive DAT and identi-
fied 16 reports with more 11,000 total patients. Table 7 
summarizes the impact of a positive DAT on CLL patient 
outcomes reported by those studies.

Discussion
A positive DAT with or without AIHA is a common find-
ing in CLL. Although there are convincing data that the 

Table 1 Clinical and Laboratory Characteristics of Patients with CLL Based on DAT Status

Patient Characteristics DAT-Positive (N = 36) DAT-Negative (N = 84) P-value

Age (years) mean ± SD 60.9 ± 12.2 59.8 ± 12.7 0.7

Male 15 (41.7%) 49 (58.3%) 0.1

Performance stage ECOG (0–1) 23 (63.9%) 67 (79.8%) 0.07

B-symptoms 19 (54.3%) 44 (68.8%) 0.2

Rai stage Stage 0–2 9 (25%) 39 (46.4%) 0.03*
Stage 3–4 27 (75%) 45 (54.8%)

HCV (Positive cases) 8 (22.2%) 13 (15.5%) 0.4

White blood cells × 109/L (median, IQR) 141 (191) 65 (99.5) 0.1

Hemoglobin gm/dl (mean ± SD) 8.4 ± 2.5 9.7 ± 2.4 0.006*

Platelets × 109/L (median, IQR) 137.5 (116.3) 141 (99) 0.8

Lactate dehydrogenase U/L (median, IQR) 529 (402) 391 (233.5) 0.4

Albumin mg/dl (mean ± SD) 36.8 ± 4.7 37.5 ± 5.7 0.3

Notes: *Statistically significant at <0.05; chi-square test was used. 
Abbreviations: SD, standard deviation; ECOG, Eastern cooperative oncology group; HCV, hepatitis C virus; IQR, interquartile range; LDH, lactate dehydrogenase; DAT, 
direct antiglobulin test.

Table 2 Associations of CD38 and ZAP-70 with DAT

DAT-Positive 
(N = 26)

DAT-Negative 
(N = 64)

p-value

CD38 positive 
cases (n, %)

8 (30.8%) 17 (26.6%) 0.7

ZAP-70 positive 

cases (n, %)

9 (34.9%) 23 (35.9%) 0.9

Note: Chi-square test was used. 
Abbreviation: DAT, direct antiglobulin test.

Table 3 Proportions of the Therapy Lines in DAT-Positive and 
DAT-Negative Cases

DAT-Negative 
(n = 79)

DAT-Positive 
(n = 34)

p-value

Chlorambucil 24 (30.4%) 11 (32.4%) 0.6

Fludarabine-based 13 (16.5%) 8 (23.5%)
CVP-R 42 (53.2%) 15 (44.1%)

Abbreviation: CVP-R, cyclophosphamide, vincristine, prednisone, and rituximab.

Table 4 Response Assessment-Based DAT

DAT-Positive 
(N = 34)

DAT-Negative 
(N = 79)

P-value

CR 3 (8.8%) 13 (16.5%) 0.03

PR 13 (38.2%) 47 (59.5%)

Progression 18 (53%) 19 (24%)
Death 5 (14.7%) 8 (10.1%) 0.5

Abbreviations: CR, complete response; PR, partial response.

Table 5 Multivariate Analysis of Overall Response to the First- 
Line Therapy

Regression Coefficient p-value OR

Positive DAT −1.1 0.013 0.3
ECOG >2 −1.4 0.02 0.2

Age in years −0.006 0.9 0.9

Abbreviations: OR, odds ratio; DAT, direct antiglobulin test; ECOG, Eastern 
cooperative oncology group.
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clinical outcome of CLL patients who have a positive DAT 
differs from that of patients with a negative result, the 
conclusions remain inconsistent.

In the present study, the frequency of a positive DAT 
was 30%. This is very similar to previous studies from Asia 
that were conducted in Chinese and Pakistani 
populations.13,18 Reports from western countries had lower 
prevalence.10,19–21 The higher incidence might be explained 
by ethnic background or late patient medical consultation 
resulting in a higher percentage (60%) of advanced disease 
stages at diagnosis, as noted in our cohort.

Among the different baseline clinical and biological fac-
tors of CLL, DAT positivity was associated with advanced 
stage CLL. This association between either a positive DAT10 

or AIHA and advanced disease has been consistently 
reported in several studies.12,19 Other studies have reported 
that autoimmune diseases or positive DATs in CLL were 

Figure 1 Kaplan–Meier estimates of overall survival in CLL patients according to DAT status (P = 0.2).

Figure 2 Kaplan–Meier estimates of PFS in CLL patients according to DAT status (P = 0.004). Median PFS of positive and negative cases: 40.9 and 84 months, respectively.

Table 6 Univariate Cox Regression Hazard Analysis of Possible 
Predictors of PFS

Variables HR 95% CI P-value

DAT-positive 2.5 1.3–4.6 0.005

Advanced Rai stage 1 0.5–1.9 0.5

Zap-70 positive 1.9 1–4.3 0.07
CD38 positive 2.5 1.2–5.3 0.02

Age 0.97 0.95–0.99 0.05

Fludarabine-based chemotherapy as 
first-line treatment

1.2 0.5–3.1 0.7

Abbreviations: HR, hazard ratio; CI, confidence interval; DAT, direct antiglobulin.

Journal of Blood Medicine 2021:12                                                                                         submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                         
229

Dovepress                                                                                                                                                          Ahmed et al

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


associated with older age,13,20 male gender,20 higher lym-
phocytic count at presentation,10,20 high serum LDH,18,22 and 
high β2-microglobulin levels.10,14,23

AIHA occurred in 33.3% of the patients with a positive 
DAT, and this accounted for approximately 10% of the 
entire cohort, which is in agreement with other studies.8,12 

This could indicate that a positive DAT without anemia in 
CLL might serve as an early unique prognostication of the 
disease.

In the present study, the subgroup comparison based on 
DAT positivity revealed no differences regarding the pre-
sence of other biologic prognostic parameters such as 
ZAP-70 or CD38, and this was partially agreed by Xu 
et al who found no correlation with CD38 despite the 
presence of a correlation with ZAP-70.18 Others reported 
that a positive DAT was associated with ZAP-70 and 
CD38.10 Nevertheless, because such assessments did not 
account for all patients in this study, this finding should be 
interpreted with caution.

Unfortunately, baseline cytogenetic and molecular data 
of our cohort were not recorded and were not included in 
our analysis to verify our assumption; however, several 
reports have shown that DAT positivity was associated 
with poor risk cytogenetics22 and unmutated IgVH 
status.8,18,22

In the response assessment, a positive DAT and worse 
ECOG performance status seemed to be the only indepen-
dent predictors for an unfavorable response to the different 

chemo-immunotherapies. Dearden et al reported lower 
overall response rates for positive DATs that reflected 
poor PFS,12 which is quite similar to our findings. The 
outcomes of the DAT-positive patients treated with 
a fludarabine-based regimen were not any better, which 
is consistent with the results of Barcellini et al.9 However, 
the combination of cyclophosphamide with fludarabine 
may have a protective effect against the development of 
AIHA with a better response and PFS compared with 
fludarabine alone. Interestingly, positive DATs have been 
reported to have shorter treatment-free survival in 
untreated CLL.8

Previous reports have shown that anemia caused by 
autoimmune mechanisms results in better survival com-
pared with anemia secondary to bone marrow infiltration 
with advanced disease stages.24 Herein, the PFS did not 
differ between the patients who developed AIHA and 
those who did not among the DAT-positive cohort. An 
interesting finding by Dearden et al was that PFS and OS 
were better for DAT-negative patients, even after exclud-
ing those who developed AHA.12 This strongly indicates 
that a positive DAT represents a risk factor independently 
from developing anemia for the survival of CLL patients.

A positive DAT was not associated with OS in our 
cohort. This finding is in accordance with previous 
reports;1,10,13,25 however, Quinquenel et al reported that 
a positive DAT was an independent adverse prognostic 
factor for OS.8 In our study, PFS may not be a surrogate 

Figure 3 Kaplan–Meier estimates of PFS in DAT-positive CLL patients according to AIHA development (P = 0.9).
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Table 7 Studies About the Prognostic Impact of a Positive DAT on CLL Outcomes

Study CLL DAT- 
Positive 

N (%)

AIHA 
N (%)

CLL Patients with DAT Positive Characteristics

Atef et al; 

201925

101 28 (27.7%) 20 (19.8) Higher WBC, lower HB, lower PLT
Positive CD38

Positive ZAP-70

Less BM infiltration

Demir and 

Ekinci; 
201728

192 8 (4%) 

+DAT 
(n = 4)

3 (2.5) Older age (P = 0.036),
Advanced disease stage (P = 0.004)

Received more first-line treatments (P = 0.003)

Visentin et al; 
201329

795 27 (3.4%) 27 (3.8) Autoimmune disease more in females, advanced disease stage and 11q deletion by 
FISH
Autoimmune diseases have better survival compared to other CLL complications as 
major infections or secondary cancers

Quinquenel 
et al; 20158

378 56 (14.8%) In Binet stage A correlated only with IgHV unmutated status (p < 0.001)
In Binet stage A, positive DAT had a significantly shorter OS, regardless of their 

IGHV mutational status

By multivariate analysis, a positive DAT was found to be an independent adverse 
prognostic factor for OS.

Abbas et al; 
201513

60 14 (23.3%) 14 (23.3) Advanced Rai stage (P<0.01)
Anemia (P<0.001)

Ricci et al; 
201314

146* 20 (14%) 8 (5.5) # Higher β2-microglobulin
Shorter treatment free survival (TFS)

Shvidel et al; 
201323

1477 93 (6.3%) 80 (5.4)# 66 patients with DAT positive have no clinical or laboratory signs of hemolysis at 
time of CLL diagnosis
Shorter OS compared to DAT negative CLL (P =0.001)

Moreno et al; 

201010

960 49 (5%) 50 (5.2)# Higher WBC, shorter lymphocyte doubling time
Higher β2 microglobulin
Higher CD38

Advanced (Binet stage C) disease 2nd to autoimmune mechanism had better survival 

vs Advanced stage2nd to a massive bone marrow infiltration (P = 0.02).

Xu et al; 
200918

123 34 (27.6%) 12 (9.8)# Advanced Binet stage (p < 0.001),
Higher level of serum lactate dehydrogenase (LDH) (p = 0.003)

Higher β2 microglobulin (p = 0.011),

Higher IgVH un mutated status (p < 0.001),
Positive ZAP-70 (p = 0.012), and

Trisomy 12 cytogenetic aberration (p = 0.004)

Ricci et al; 

200922**

158 42 (26.6%) 8 (5.5)# Higher β2 microglobulin (P=0.011)
Higher IgVH un mutated status (P=0.0014).
Higher LDH (P=0.051).

Positive ZAP-70 (P=0.083) and

More frequency of deletion in 17p13, 11q22 or 6q21 (P=0.064),

Zent et al; 

200824

1750 41 (2.3%) 41 (2.3) Survival from onset of cytopenia was significantly better for patients with 

autoimmune mechanism (median 9.1 years) compared to patients with BM failure 
(median 4.4 years, p < 0.001)

(Continued)
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for OS because this association became weaker in diseases 
with longer survival post progression, and it may require 
a longer follow-up duration to detect it.26

This study has some limitations. It is a retrospective 
cohort study with a relatively short follow-up duration. 
The unavailability of data about cytogenetic parameters 
and other molecular variables such as IgVH status or del 
17 prevented us from conducting further analyses to prove 
our hypothesis. Another limitation was that patients 
receiving novel agents such as Bruton tyrosine kinase 
inhibitors like ibrutinib or BCL2 inhibitors like 
Venetoclax were not included in our study; thus, our con-
clusions might not extend to this population.

Conclusion
When assessing CLL, anemia is a cornerstone of Rai 
and Binet staging systems;16,27 however, whether it is 
immune-related has not yet been incorporated in those 
models, which might limit better disease evaluation 
and prognostication. DAT positivity can be considered 
a surrogate marker for advanced clinical stage and 
progression of the disease course in patients with 

CLL, and we suggest incorporating it with other devel-
oping molecular stratifying parameters currently being 
investigated to develop a novel risk stratification sys-
tem for CLL.

Abbreviations
CLL, Chronic lymphocytic leukemia; CR, Complete 
remission; DAT, Direct antiglobulin test; ECOG, Eastern 
Cooperative Oncology Group; IWCLL, International 
Workshop on Chronic Lymphocytic Leukemia; OR, Or 
advanced Rai; OS, Overall survival; PFS, Progression- 
free survival; PR, Partial response; PRCA, Pure red cell 
aplasia.
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Table 7 (Continued). 

Study CLL DAT- 
Positive 

N (%)

AIHA 
N (%)

CLL Patients with DAT Positive Characteristics

Dearden 
et al; 200812

637 89 (14%) 89 (14) Less Overall response (66% vs 81%, P = 0.004)
Less likely to have had a good (complete or nodular partial) response (18% vs 41%, 

P <0.001)

Lower 5-year PFS (9% vs 18%; P=0.001)

Duek et al; 
200630

964 62 (6.4%) 55 (5.7) Higher atypical prolymphocytes
Higher CD38

Higher β2-microglobulin

Barcellini 

et al; 20069

3150 (18 

center) 194 had 

AIC

126/3150 

(4%)

129 (4) Advanced stage (P<0.001).
Older age (OR 3.43, CI 1.22–9.63)
First line therapy (OR 15.62, CI 5.00–48.82)

Second line therapy (OR 48.64, CI 10.00–239.19)

Multivariate analysis showed that Fludarabine as a second line did not show 
difference in RR

126/194 
(66%)

Kyasa et al; 
200321

132 16 (18%) 6 (4.5)# No CLL/SLL patients had DAT-negative hemolytic anemia
10 DAT positive CLL/SLL patients, did not have AIHA, 2 had ITP.

Mauro et al; 
200020

1203 52 (4.3%) 45 (3.7)# More LC > 60 x 10(9)/L (P <0.00001)
Age above 65 years (P <0.01)

Male gender (P <0.01)

Notes: *Untreated CLL; **Abstract ASH 2009; #studies that not all DAT positive patients suffer from AIHA. 
Abbreviations: WBC, white blood cells; Hb, hemoglobin; PLT, platelet; LC, lymphocytic count; LDH, lactate dehydrogenase; ZAP, zeta-associated protein; IgVH, 
immunoglobulin variable heavy chain; PFS, progression-free survival; OS, overall survival; DAT, direct antiglobulin.
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