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Abstract
Improved medical care could have altered the clinical presentation and survival of patients with
chronic lymphocytic leukemia/small lymphocytic lymphoma (CLL) complicated by autoimmune
cytopenia (AID cytopenia). We reviewed the clinical characteristics, treatment, and outcome of
AID cytopenia that was diagnosed in 75 (4.3%) of 1750 CLL patients seen at a single institution
over 10 years. Compared to historical reported data, our study shows a lower rate of autoimmune
hemolytic anemia (2.3%), and similar rates of immune thrombocytopenia (2.0%) and pure red
blood cell aplasia (0.5%). AID cytopenia occurred at all stages of CLL, responded well to
treatment, did not alter overall survival, and contributed to death in only 6 (12%) patients. We
propose that more sensitive and accurate diagnostic methods for CLL have decreased the
perceived prevalence of AID cytopenia and that improvements in management could have
increased the survival of these patients.

Introduction
Cytopenia in patients with chronic lymphocytic anemia/small lymphocytic lymphoma (CLL)
can be caused by progression of disease (bone marrow failure), complicating autoimmune
disease (AID cytopenia), hypersplenism, treatment of CLL, or non-CLL related causes.
Accurate diagnosis of the cause of cytopenia is crucial for determining prognosis and
treatment1. Cytopenia caused by bone marrow failure is clearly a poor prognostic factor1-3

and an indication for treatment in CLL4, 5. Autoimmune disease in CLL most commonly
affects hematopoietic tissue causing autoimmune hemolytic anemia (AIHA), immune
thrombocytopenia (ITP), pure red blood cell aplasia (PRBCA) and autoimmune
agranulocytosis (AIG)6. In contrast to bone marrow failure, AID cytopenias can be more
difficult to diagnose, do not have the same adverse prognostic implications as bone marrow
failure, and can occur at any time in the course of CLL1, 7, 8. AID cytopenia can also
complicate therapy for progressive CLL, particularly when patients are treated with single
agent purine analogues or alkylating agents9, 10. AID cytopenia is thus a discrete
complication of CLL requiring specific evaluation and management.
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Earlier and more accurate diagnosis of patients with chronic lymphocytic leukemia/small
lymphocytic lymphoma (CLL) has had a profound effect on the presentation, demographics,
and perceived natural history of patients with CLL. Thus CLL can now be accurately
differentiated from other mature B-lymphocyte malignancies and especially the leukemic
phase of mantle cell lymphoma11,12. CLL is currently most often diagnosed in an early
asymptomatic stage because of the incidental finding of lymphocytosis on routine automated
white blood cell differential counts and immunophenotyping of the lymphocytes by flow
cytometry13. The prognosis of these patients with earlier stage CLL can be more accurately
predicted with biological markers including somatic hypermutation of the immunoglobulin
gene heavy chain variable region (IgVH)14, 15, chromosomal abnormalities detected by
interphase FISH analysis16, 17, and expression of ZAP-7018 and CD3819, 20. In addition,
there have also been major improvements in the efficacy of initial treatment of CLL21-23.
These changes could have altered the clinical presentation and implications of AID
cytopenia in CLL.

In a previously published study of the same patient cohort we reported the prognostic
significance of cytopenia in CLL1. The most common cause of cytopenia in the study
population was bone marrow failure with a minority of patients (75, 19%) having AID
cytopenia. We now report the clinical presentation and course of the 75 patients with AID
cytopenia seen in the Division of Hematology at Mayo Clinic Rochester (MCR) over a
period of 10 years with a subsequent 3.9 years of follow up.

Material and Methods
This observational study was conducted at MCR with the approval of the Institutional
Review Board. The study population was all CLL patients seen at least once in the Division
of Hematology at MCR from 1 January 1995 to 31 December 2004. Patients with CLL and
AID cytopenia were identified using the Mayo Clinic CLL database and cross referenced
with the MCR Clinic records as previously described1. The entire study population was then
followed until 11 November 2008. Prognostic data collected included IgVH mutation status,
chromosomal abnormalities detected by interphase FISH, and ZAP-70 and CD38
expression. The date of the diagnosis of AID was compared to the date of diagnosis of CLL
and the AID was determined to have been diagnosed before, simultaneously (within 1
month), or after the diagnosis of CLL for each patient. Treatment details recorded for each
patient were specific indication for therapy, drugs used, response, duration of response and
complications. Response to therapy with or without maintenance therapy was classified
according to the criteria detailed in Table 1. Response duration for each patient was
measured from the date of achieving remission.

Statistical Analysis
Descriptive counts and frequency distributions were computed and either the Wilcoxon rank
test or chi-square test was used to compare difference between demographic variables.
Survival curves were calculated using the Kaplan-Meier method. Log-rank tests or Cox
proportional hazard regression analysis was used for statistical comparisons, with death or
censoring (as of 11 November 2008) as the event. When needed, we modeled our binary
covariates (such as AID cytopenia status) as a time-dependent covariate in the Cox
regression model. All analyses were done using S-plus (Insightful, Seattle, WA) or SAS
(SAS Institute, Inc., Cary, NC). Statistical significance was set at a 5% threshold.

Results
One thousand seven hundred and fifty patients with CLL were seen in the Division of
Hematology at MCR over the 10 year period from 1 January 1995 to 31 December 2004. Of
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these 75 (4.3%) had AID cytopenia. The median follow up for the entire CLL population
was 6.5 years and for patients with AID cytopenia was 7.8 years.

Clinical Features
The median age at diagnosis of the first episode of AID cytopenia was 66.7 years (range 30
– 85) with a male predominance (79%). The majority of patients (n = 54, 72%) had their
AID cytopenia diagnosed after their CLL diagnosis, 14 (19%) patients had AID cytopenia
and CLL diagnosed within one month of each other, and 7 (9%) patients had AID cytopenia
diagnosed at least one month before their CLL (median difference in time between diagnosis
of CLL and AID was 1.7 years). For patients with AID cytopenia diagnosed after the
diagnosis of CLL, the median interval between the diagnosis of CLL and AID cytopenia was
3.3 years (range 0.2 – 17.4). Ten patients (13%) had more than one type of AID cytopenia.
Of the patients with AID cytopenia, 62 (82%) had lymphocytosis > 5 × 109/L and the other
13 (18%) had the SLL variant of CLL. Thirty two (43%) patients were considered regional
(non-referred) because they lived within 120 miles of Rochester MN (excluding the
Minneapolis – St. Paul metropolitan area). A comparison of the clinical features of patients
with AID cytopenia, bone marrow failure and the entire CLL cohort has been previously
published1.

AIHA—(n = 41, 55%) was the most common presentation of AID cytopenia and presented
with symptomatic anemia in 74% of cases (median hemoglobin (Hgb) 7.3 g/dL, standard
deviation (SD) 1.7, range 4.7 - 10.9, normal range 13.5 – 17.5 in males and 12.0 – 15.5 in
females). The absolute reticulocyte count was increased in 25 out of 39 (67%) patients with
a median count of 209 × 109/L (SD 90.5, range 110 to 436, normal range 29.5 -87.3). The
total bilirubin was elevated in 37 out of 39 (95%) patients (median 2.2 mg/dL, SD 1.2, range
1.1 – 5.3, normal range 0.1 – 1.0). The indirect bilirubin was elevated in 34 of 37 (92%)
patients (median 1.70 mg/dL, SD 0.98, range 0.7 – 4.5, normal range 0.0 – 0.3). LDH was
increased in 32 out of 39 (82%) of patients (median 358 U/L, SD 192, range 232 – 1155,
normal range 122 – 222). The direct antiglobulin test (DAT) was positive in 35 (92%)
patients and negative in 3 (8%) patients with no data available for 3 patients.

ITP—(n = 35, 47%) was an incidental finding in most patients (68%). The median platelet
count at diagnosis of ITP was 15.5 × 109/L (SD 31, range 1 – 100, normal range 150 - 450).
In patients presenting with bleeding/bruising (32%) the median platelet count at diagnosis
was 7.0 × 109/L (SD 4.6, range 1-15) compared to a median of 46.2 × 109/L (SD 30.5, range
6-100) in patients without bleeding. Bone marrow studies were done on all ITP patients and
showed that megakaryocytes were either increased (n = 16, 46%) or normal in number (n =
18, 51%) (no specific comment was available in 1 patient whose bone marrow material was
not available for review). DAT tests were done at diagnosis in 15 out of 33 (49%) ITP
patients and were positive in 7 (47%) patients of whom 5 also had AIHA.

PRBCA—(n = 9, 12%) patients all presented with symptomatic anemia. Data on Hgb
(median 5.7 g/dL, SD 1.9, range 3.8 – 9.0) and absolute reticulocyte count (median 5.0 ×
109/L, SD 10.2, range 2.2 – 31.2) at presentation with anemia was available for 7 patients.
Parvovirus serology was positive for IgM in 3 out of the 6 patients who were tested and
polymerase chain reaction (PCR) for parvovirus was not done on any of the specimens. All
patients had a bone marrow examination and none showed the characteristic features of
parvovirus infection.

AIG—(n = 3, 4%) patients all presented with serious neutropenic infections.
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Most of the AID patient cohort reported in this study underwent their initial evaluation prior
to the widespread availability of molecular prognostic factors and these tests were only done
on a limited number of patients (Table 2). The available data suggests that CLL patients
with AID cytopenia are more likely to have unmutated IGVH, high risk FISH abnormalities
and ZAP-70 expression. However, because this data is not available for most patients, the
results cannot be analyzed for statistical significance.

Treatment
AIHA—There was information on the management of AIHA in 37 (90%) patients. Three of
these patients met the 1996 National Cancer Institute Working Group (NCI-WG 1996)4

criteria other than their cytopenia for concomitant treatment for their CLL at the time of
their first treatment of their AID cytopenia and were treated for both progressive CLL and
AIHA. The other 34 patients had initial treatment specifically directed at their AIHA.
Sixteen patients (43%) required only one treatment regimen and 21 (51%) patients required
multiple treatment regimens (range 2- 7). There was detailed information on the first
treatment of AIHA for 35 patients. Of these patients, most (n = 30, 86%) received
corticosteroids and for 8 (23%) patients this was the only therapy used. Among the 34
patients who did not require concomitant treatment for CLL, 16 (47%) received red blood
cell (RBC) transfusions, 2 underwent splenectomy, 3 received rituximab, 2 received
cyclophosphamide, and 1 received intravenous immunoglobulin as part of their therapy.
Thirteen (35%) of the treated patients achieved a complete response (CR) to therapy with 14
(38%) achieving a partial response (PR). The median duration of response to initial therapy
among the 27 responding patients was 0.62 years.

ITP—Thirty one (89%) patients with ITP were treated including 8 patients who also had
AIHA. Two of the patients with AIHA needing treatment for progressive CLL also had ITP.
Thirteen (42%) patients required only one treatment regimen and 18 (58%) patients required
multiple treatment regimens (range 2 – 7). Most patients (n = 27, 87%) received
corticosteroids for the initial treatment of ITP and this was the only treatment used in 11
(35%) patients. Five (16%) patients received rituximab either as monotherapy (n = 3) or in
combination with other drugs. Eight (26%) patients received platelet transfusions. Nine
(29%) patients achieved a CR and 11 (35%) had a PR. The median duration of response to
initial therapy among the 19 responding patients was 1.9 years.

PRBCA—All 9 patients required treatment with 3 requiring only 1 treatment regimen and 6
patients requiring 2-9 treatment regimens. The initial treatment for PRBCA included
corticosteroids in 7 patients and in 5 patients this was the only therapy used. One patient was
treated with corticosteroids and cyclosporine and 1 patient received corticosteroids and
rituximab. One patient required concomitant treatment for CLL. Five patients required RBC
transfusions. Three patients had a CR and 4 had a PR. The median duration of the initial
response to therapy was 0.24 years.

AIG—All patients were treated, 1 with G-CSF and 2 with immunosuppressive therapy, with
no responders.

Complications of treatment—The major complication of treatment of AID cytopenia
was serious infection which occurred in 3 patients and included Klebsiella pneumonia and
Pneumocystis pneumonia. One patient had a pulmonary embolism on treatment and one
patient with PRBCA developed clinically significant iron overload because of the
requirement for repeated red blood cell transfusions.
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Treatment of CLL in Patients with AID
Nineteen (25%) of the 75 patients were never treated for their CLL. Twenty two (29%) were
treated for CLL for the first time after they had developed AID. Of the 34 (45%) patients
who were treated for CLL prior to developing AID cytopenia, 9 (12%) received regimens
containing a purine analogue. Among these 9 patients, 4 subsequently developed AIHA, 2
ITP, 2 PRCA and 1 AIG. The median time from the start of treatment with purine analogues
to the diagnosis of AID cytopenia was 0.68 years (range 0.04 – 2.69).

Survival
The median survival for patients with AID cytopenia complicating CLL was 8.7 years from
the diagnosis of CLL (Figure 1) and 5.9 years from the onset of cytopenia (Figure 2). At the
end of the study 7 (9%) of the 75 patients were alive with no evidence of active disease
(neither CLL nor AID cytopenia), 20 (27%) were alive with evidence of disease, and 48
(64%) had died. The cause of death was progressive CLL in 14 (29%), CLL with active AID
cytopenia in 2 (4%), AID cytopenia in 4 (8%), Richters transformation to diffuse large B
cell lymphoma in 1 (2%), a second non-hematological malignancy in 7 (15%), unrelated to
CLL or AID cytopenia in 11 (23%), and unknown in 9 (19%) patients. We have previously
shown that the patients in this study with AID cytopenia had significantly better survival
than the 228 CLL patients from this patient cohort with cytopenia caused by bone marrow
failure, and similar survival compared to patients without cytopenia1. In this analysis with
an additional 1.9 years of follow up, we confirm that patients with CLL do not have a
significantly shorter survival if their disease is complicated by AID cytopenia (Figure 1).
There was no significant difference in survival from the time of diagnosis of CLL for
patients with the different forms of AID cytopenia (Figure 3) with median survival of 9.7
years (range 0.04 – 20.1) for AIHA, 8.1 years (range 0.02 – 25.3) for ITP, not yet reached
for PRCA, and 9.3 years (range 0.07 – 12.6) for patients with multiple forms of AID
cytopenia (p =0.716). There was also no significant difference in survival from the first
diagnosis of AID cytopenia (Figure 4) with a median survival of 5.2 years (range 0.07 –
17.7) for AIHA, 7.0 years (range 0.07 – 16.7) for ITP, 6.3 years (3.42 – 7.13) for PRBCA,
and 9.3 years (range 0.07 – 12.6) for patients with multiple forms of AID cytopenia (p =
0.081).

Discussion
This study reports the clinical features of AID cytopenia complicating CLL in 75 (4.3%) of
1750 patients seen at a single institution over 10 years. We show that the presentation and
outcome for CLL patients with individual AID cytopenias (AIHA, ITP and PRBCA) differs
from the original reports as reviewed by Hamblin in 20016. CLL patients in this study had a
lower rate of AID cytopenia with a higher proportion of patients having ITP (47%). AID
cytopenia was diagnosed throughout the course of CLL rather than being predominantly a
complication of advanced stage CLL and usually responded well to treatment. Although
many required long term maintenance therapy to prevent relapse, AID cytopenia caused or
contributed to mortality in only 12% of deaths in patients with this complication of their
CLL. In this analysis with a longer follow up and higher mortality rate (64%) we confirm
our previous finding that AID cytopenia complicating CLL did not significantly decrease
survival from the time of diagnosis of CLL and show in addition that there was no
significant difference in survival from the onset of CLL or AID cytopenia for patients with
different types of AID cytopenia (AIHA vs. ITP vs. PRBCA vs. a combination of these).
These data suggest that the clinical presentation and prognosis of AID cytopenia has
changed compared to historical reports.
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The apparent decrease in the prevalence of AID cytopenia in patients with CLL could be
caused in part by changes in the demographics of the CLL population. Earlier diagnosis of
CLL13 and better treatment outcomes in CLL patients with progressive disease21, 22 have
increased the duration of time that patients are monitored for cytopenias without necessarily
increasing the risk for the development of AID cytopenia. The 2.3% rate of AIHA in our
study is lower but comparable to the 4.3% rate reported from a study of 1203 patients from
an Italian referral center7 and the 5.1% (10 of 195 patients)24 and 4.5% (6 of 132 patients)8

reported from single center studies with well characterized and stable patient populations.
The lower rate in our study could be due to the larger patient population, high percentage of
patients with early stage at diagnosis, and the data loss inherent in a largely retrospective
study. In contrast, the rate of AIHA in our study is considerable less than the 10% reported
recently in a population of patients following initial treatment for progressive CLL10 which
could reflect the decrease in immune tolerance caused by therapy. The 2% rate of ITP in this
study is similar to the 2.1 – 5% rate reported in other comparable studies8, 24, 25. PRBCA
occurred in 0.5% of patients which is comparable to the rate of 1% previously reported6.
The lower risk of AID cytopenia in our study population (4.3%) compared to older historical
data is thus due to the lower rate of AIHA.

Cytopenia has long been recognized as a predictor of advanced stage disease and poor
prognosis in CLL2, 3. In our study population only 7% of patients had cytopenia at
diagnosis1 compared to the 28% reported by Rai et al in 19752 and 16% by Binet et al in
19813. Consequently, more patients with earlier stages are being observed for longer periods
before needing treatment for progressive disease. In this study 71% of patients who
developed AID cytopenia had already been diagnosed with CLL and ITP was an
asymptomatic complication in 68% of patients. Our findings support the regular follow up
of patients with asymptomatic untreated CLL and reinforce the need to include in the
differential diagnosis in all patients with CLL who develop cytopenia.

Investigation of the etiology of cytopenia in CLL requires both clinical evaluation and
appropriate laboratory testing. As shown in this study, most patients with CLL complicated
by AIHA present with symptomatic anemia, have evidence of increased erythropoiesis with
an elevated absolute reticulocyte counts, markers of active hemolysis and evidence of anti-
RBC antibodies. A bone marrow study is not always required to diagnose AIHA but is
important for determining both the extent of involvement by CLL and the bone marrow
reserve which are critical for making appropriate decisions on treatment. In patients with
CLL who develop anemia without clinical evidence of AIHA, a bone marrow examination is
required to distinguish between bone marrow failure and PRBCA. In contrast, ITP
complicating CLL is often asymptomatic and the diagnosis requires a bone marrow study to
show normal-increased production of platelets. Based on these data we recommend that
patients with CLL who have cytopenia should be evaluated for increased blood cell
destruction and have a bone marrow study to evaluate hematopoiesis study prior to initiation
of treatment.

There is no standard treatment for AID cytopenia in CLL. In this patient population patients
without progressive CLL usually responded well to AID cytopenia targeted therapy.
However, initial response duration was often short and most patients required long term
maintenance therapy. In patients who required treatment for both progressive CLL and AID
cytopenia, purine analogue containing regimens were usually avoided because of the
concern about exacerbating the autoimmune blood cell destruction. These patients were
usually treated with combinations of corticosteroids, alkylating agents and rituximab26.
However, because of the small number of patients in each treatment group, we cannot make
any specific treatment recommendations.
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AID cytopenia contributed to the death of only 12% of the patients in this study. The most
common cause of death was progressive CLL (29%) followed by non-CLL related causes
(23%). However the high rate of deaths from a second malignancy (n = 8, 17%), of which
only one was lymphoid, is of concern. Although CLL is known to increase the risk of
second non hematological malignancies27, 28, this finding does suggest that the immune
defects leading to AID cytopenia and the further suppression of immune function by
treatment of AID cytopenia could increase the risk of second non-hematological
malignancies. Determining the relationship between AID cytopenia and the risk of a second
malignancy in CLL will require further investigation. In the interim, patients with CLL and
AID cytopenia should be monitored carefully for evidence of complicating second
malignancies.

The applicability of the findings in this study to other CLL patient populations could be
limited by the retrospective collection of data collection prior to 2003. However, the loss of
data was minimized by the availability of comprehensive electronic records for all patients.
Because MCR is a large tertiary care center, referral bias could affect the applicability of our
findings to the general population. However, 43% of the AID cytopenia patients were
considered regional suggesting that this population should be representative. Many patients
in this study were initially evaluated before the currently used prognostic factors were
available and we have insufficient data for this patient population to formally analyze the
correlation between these biological risk factors and the risk of AID cytopenia. However,
our finding that most of the analyzed samples showed use of unmutated IGVH is compatible
with previously reported studies25. We are currently investigating the relationship between
molecular prognostic factors and the risk of AID cytopenia in CLL in an ongoing
prospective study.

In conclusion our study suggests that improvements in the diagnosis and management of
CLL have changed the clinical presentation and course of AID cytopenia. We recommend
that physicians should consider AID in the differential diagnosis of cytopenia in patients
with CLL and that a bone marrow study should be part of the evaluation of cytopenia in all
CLL patients. AID cytopenia does not appear to be an independent prognostic factor in CLL
patients, but prospective studies including biological risk factor analysis will be needed to
resolve this question.
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Figure 1. Survival from diagnosis of CLL
The median survival from the time of diagnosis of the 75 CLL in patients who had cytopenia
caused by autoimmune disease (AID) was 8.68 years (range 0.02 – 25.33) which was not
significantly different from the 10.5 years (range 0 – 45.9) for the 1675 CLL patients
without AID cytopenia (p = 0.178).
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Figure 2. Survival from diagnosis of cytopenia caused by autoimmune disease (AID)
The median survival from the time of diagnosis of AID cytopenia was 5.94 years (range
0.07 – 23.14).
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Figure 3. Survival from diagnosis of CLL
There was no significant difference in survival from the time of diagnosis of CLL for
patients with autoimmune hemolytic anemia (AIHA) (median 9.7 years, range 0.04 – 20.1),
immune thrombocytopenia (ITP) (median 8.1 years, 0.02 – 25.3), pure red blood cell aplasia
(PRBCA) (median not reached), and multiple types of autoimmune cytopenias
(combination) (9.3 years, range 0.07 – 12.62) compared to patients with CLL that was not
complicated by AID cytopenia (median 10.5 years, range 0.00 – 45.8) (p = 0.716).
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Figure 4. Survival from diagnosis of cytopenia caused by autoimmune disease (AID)
There was no significant difference in survival from the time of diagnosis of AID cytopenia
for patients with autoimmune hemolytic anemia (AIHA) (median 5.2 years, range 0.07 –
17.07), immune thrombocytopenia (ITP) (median 7.0 years, range 0.07 – 16.71), pure red
blood cell aplasia (PRBCA) (6.3 years, range 3.42 – 7.13), and more than one manifestation
of AID cytopenia (combined) (median 9.3 years, 0.07 – 23.14) (p = 0.081).
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Table 1

Treatment response criteria for autoimmune cytopenia

AIHA and PRCA

CR = normal hemoglobin

PR = hemoglobin > 10 g/dL

NR = hemoglobin < 10 g/dL or no improvement

ITP

CR = normal platelet count

PR = platelet count ≥ 30 × 109/L

NR = platelet count < 30 × 109/L or no improvement

AIG

CR = normal neutrophil count

PR = ANC ≥ 1 × 109/L

NR = ANC < 1 × 109/L or no improvement

CR – complete response

PR – partial response

NR – no response
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Table 2

Prognostic Factors in patients with AID cytopenia (n = 75)

Prognostic Factor

IgVH Unmutated = 13 (65%)

Mutated = 7 (35%)

No data = 55

FISH High risk = 12 (57%)

Not high risk = 16 (43%)

No data = 47

ZAP-70 Positive = 8 (89%)

Negative = 1 (11%)

No data = 66

CD38 Positive = 18 (43%)

Negative = 24 (57%)

No data = 33

High risk FISH – 17p13- and/or 11q22-
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