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ABSTRACT

Few data are available concerning the prevalence of autoimmune disease or chronic infections in chronic lymphocytic leukemia patients
at diagnosis as well as their clinical outcome. We studied the frequency of such chronic conditions in relation to prognostic markers. A
history of autoimmune disease or chronic infection was found in 21% of 186 chronic lymphocytic leukemia patients (12% in autoim-
mune diseases, 9% in chronic infections). Patients with a history of chronic stimulation were more likely to have unmutated IgVs genes
(p<0.002), unfavorable or intermediate risk cytogenetics (11q, 17p deletions, trisomy 12) (p<0.001), and higher CD38 expression
(p=0.004). Autoimmune conditions (n=22) were characterized by female predominance (55.0%) with a high frequency of unmutated
IgVk (53,8%). Median time to first treatment was 83 months for the chronic stimulation group compared to 128 months for the non-
chronic stimulation group (n.s.). Patients suffering from chronic conditions at chronic lymphocytic leukemia diagnosis are likely to have
poor prognostic markers, particularly unmutated gV« genes.
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Introduction at least some CLL clones are derived from autoreactive precur-
sors.’ This has been corroborated by functional experiments.”"

B-cell chronic lymphocytic leukemia (CLL) is a clonal expan-  Despite increasing evidence for the involvement of chronic anti-

sion of B cells. Little is known about underlying factors or spe-
cific triggers,' although it seems clear that survival of CLL cells
is associated with stimulation of and signaling through the B-
cell receptor (BCR).” Leukemic cells are characterized by strik-
ingly similar rearrangements of the immunoglobulin (Ig) vari-
able region genes (IgVi) which are biased compared to normal
B cells.* The skewed Vi gene usage, possibly caused by selec-
tive pressure via the BCR, is thought to give survival advantage
by constant antigenic stimulation of the leukemic clone. Thus,
antigens are thought to play a role in the pathogenesis of CLL.*®
Recent evidence based on Ig usage and sequence suggests that

genic stimuli based on IgVk sequence analysis, data on obvious
clinical association with autoimmune diseases (Al) or chronic
infections (CI) at diagnosis are rare. One study reporting
autoimmune complications (autoimmune hemolytic anemia,
thrombocytopenia, or similar) in CLL patients found 16% of
patients, mostly in Binet stage A, to suffer from clinically overt
autoimmune diseases."' The relationship between chronic clini-
cal conditions and molecular or cytogenetic markers in CLL has
never been studied. The data reported here provide novel evi-
dence for the association of Al or Cl in CLL patients at diagno-
sis with mutational status and cytogenetic aberrations.
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Conclusions regarding direct involvement of chronic
stimulation in the development of CLL cannot be drawn
from our study. However, our data suggest that patients
with pre-existing autoimmune conditions or chronic
infections are more likely to have high-risk disease.

Design and Methods

Patients

The charts of CLL patients seen between 1991 and 2006
at the Division of Haematology and Haemostaseology at
the Vienna General Hospital were reviewed retrospec-
tively for information on chronic stimulation at or before
diagnosis of CLL. Selection was based on availability of
well kept chart reviews and known IgVumutation status.
The majority of patients (75%) were first seen between
2001 and 2006 (median observation period: 53 months).
Written informed consent was obtained for collection of
blood cells for the determination of molecular parameters
(Ethics approval numbers 38/1998, 505/2002, 495/2003).
A diagnosis of autoimmune disease was made based on
clinical manifestations. Chronic infections were defined
as chronic infection or recurring history of an infection of
more than six months. For patient selection refer to the
algorithm in Figure 1 and the detailed description in the
Online Supplementary Appendix Methods. The final number
of patients included in the analysis was 121, 39 patients
with chronic stimulation (CS group) and 82 patients with-
out chronic stimulation (non-CS group).

Determination of IgV. gene usage and mutation
status

Genomic DNA from MNC and BM samples was isolat-
ed using the MagNA Pure LC DNA isolation system
(Roche). PCR amplification of clonal VD] rearrangements
was performed as previously described."” Sequences were
analyzed using IMGT/V-QUEST (hutp://imgt.cines.fr/
IMGT_vquest/vquestélivret=0& Option=humanlg) to identify
most closely related germline fragments and homology to
the nearest germline fragments was calculated."* More
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Chron. stim. (n=69) 25.6%
Without stim. (n=201) 74.4%

AT (n=28) 10.4%
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Chronic antigenic stimulation in CLL patients at diagnosis

detailed information and primer sequences are given in
the Online Supplementary Appendix Methods.

Fluorescence in situ hybridization
Genetic aberrations were assessed by fluorescence in

situ hybridization (FISH) as described.”

Statistical analysis

%’ test and Fisher’s exact t-test were used to compare
categorical data. Student’s t-test was used to compare
patient groups with respect to continuous, normally dis-
tributed data. Time to first treatment and overall sur-
vival were analyzed using Kaplan-Meier estimation and
log-rank functions in SPSS (15.0).

Results

Entire patient cohort
General considerations and subgroup definitions

Patient and data selection is shown in the flow chart
of Figure 1. Within the data set with available informa-
tion on IgVu gene usage and mutation status (n=186),
the incidence of chronic stimulation was 20.9% (n=39),
22 patients suffering from Al (11.8%) and 17 from CI
(9.1%). Al included autoimmune thyroiditis/Ha-
shimoto’s thyroiditis (n=5), psoriasis (n=5), vasculitis
(n=4), polyneuropathy (PNP, CIDP) (n=3), allergic asth-
ma (n=2), celiac disease (n=1), rheumatoid arthritis
(n=1), and sarcoidosis (1). CI included Helicobacter pylori
— gastritis (n=5), chronic sinusitis or laryngitis (n=4),
chronic respiratory tract infections (n=3), recurring her-
pes infections (Herpes/Varicella-Zoster/Cytomegalovirus)
(n=2), chronic colitis (n=1), hepatitis C (n=1), and recur-
ring pneumonia (n=1). There was no difference in the
distribution of CS patients and IgVs mutation status
before and after 2001 (data not shown). Six of the 22 Al
patients had received immunosuppressive therapy
before CLL was diagnosed; one of these has received
treatment for CLL.

In order to remove any bias, we excluded all patients
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Figure 1. Outline of the patient selection process.
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Table 1. Characteristics of chronic stimulation and non-chronic stimulation chronic lymphocytic leukemia patients.

Chronic stimulation Non-chronic stimulation p*
Median age/range 60 25-79 62 39-83 n.d.
Gender: male (%)/female (%) 56.4 43.6 64.6 35.4 n.s.
Al: male (%)/female (%) 45.0 55.0
Cl: male (%)/female (%) 68.4 31.6 female Al vs. Cl n.s.
Binet stage (CS N=39 ; non-CS n=82)
A (n/%) 32 82.1 73 89.0 n.d.
B (n/%) 5 12.8 7 8.5
C(n/%) 2 5.1 2 224
(D38 expression (CS N=27; non-CS n=69)
Median/range 23 1-79 4 0-85 0.004
Coombs test (CS N=35; non-CS n=74)
Positive (n/%) 2 5.7 4 5.5 n.d.
Negative (n/%) 33 94.3 70 94.6
CRP (CS n=37; non-CS n=80)
<0.5 (n/%) 29 784 62 175
>0.5 (n/%) 8 21.6 18 22.5
Median/range 0.57 0.16-14.14 0.53 0.04-2.18 n.d
Mutation status (clones: CS n=46; non-CS n=94)
UM (%)/M (%) 54.3 45.7 21.7 72.3 0.002
Mutation status (clones: CS n=46; non-CS+DM+tumors+incurrent infections n=174)
UM (%)/M (%) 54.3 45.7 32.8 67.2 0.007
Genetic abnormalities (CS n=35; non-CS n=65) (N) Inf (N)
Normal (n/%) 6 17.1 4 2 17 26.2 n.s.
13- (n/%) 14 40.0 5 9 38 58.5 0.036
143g- sole (n/%) 4 114 2 2 21 323 0.021
11q- (/%) 11 31.4 5 6 7 10.8 0.009
+12 (n/%) 10 28.6 5 5 6 9.2 0.01
17p- (n /%) 3 8.6 1 2 5 .7 ns.
1432 rearr. (n/%) 5 14.3 2 4 15 231 n.d.
Other (6q- etc) (n/%) 4 114 2 2 1 1.5 n.d.

CS: chronic stimulation; *n.s.: not significant; n.d. : not determined.

from the non-CS group suffering from concomitant dis-
ease (diabetes mellitus type II (DM), non-chronic infec-
tions, or tumors at some point in their lives), while in
the CS group we considered long-term chronic anti-
genic stimulation to outweigh concomitant or intermit-
tent disease and did not exclude such patients. This
resulted in a final 121 patient cohort, with n=39 (clones:
n=46) in the CS group and n=82 (clones: n=94) in the
non-CS group (Figure 1). As shown in the Omnline
Supplementary Results Appendix, Table 1, the baseline
characteristics of this final patient cohort represent an
average CLL population.

IgVu gene usage

Vul-69 was the most frequently used gene (11.4%),
followed by 4-34 (8.6%), 3-30 (7.9%), 3-23 (6.4%), 3-7
(6.7%), 5-51 (5.0 %), and 2-5 (5.0%). This distribution is
typical for Vi gene usage in CLL? Detailed Vu gene
usage is shown in supplementary results in the Online
Supplementary Results Appendix , Figure 1A.

Characteristics of chronic stimulation- and
non-chronic stimulation groups
Molecular genetics and gender differences

Patients with a history of CS had significantly more
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UM Vi genes (54.3% vs. 27.7 %; p<0.002), less 13q and
13q sole abnormalities (p=0.036 and 0.021, respective-
ly), more 11q deletions (p=0.009), more trisomy 12
(»=0.01), and higher expression of CD38 (median 23%
vs. 4%; p=0.004) (Table 1). They also had significantly
more often at least one of the aberrations associated
with more rapid disease progression (11q deletion, 17p
deletion, trisomy 12) when patients with concomitant
13q deletions were excluded (9<0.001). Women in the
CS group had a higher percentage of UM clones when
compared to female non-CS patients (23.4% vs. 4,3%;
»=0.002). In the non-CS group, men were more likely to
have UM IgVu genes compared to women (23.7% vs.
4.3%; p=0.01) (Online Supplementary Results Appendix,
Table 2).

Vi gene usage and mutation status

The most frequently used Vi genes were 4-34, 1-69,
3-30, and 5-51 for the CS group and 1-69, 3-23, 3-7, 3-
30, and 4-34 for the non-CS group. No statistical differ-
ence between CS and non-CS patients was observed
regarding Vu gene usage (Online Supplementary Results
Appendix, Table 3 and Figures 1B and 1C). We also com-
pared IgVi gene rearrangements of previously described
stereotyped receptors with IgVu sequences found in our



CLL cohort.*** Positive matches were found in 18.6%
of CS patients and 23.7% of non-CS patients (Online
Supplementary Results Appendix, Table S4). While only Ig
heavy chains and no light chains were analyzed, there
was no obvious difference between CS and non-CS
patients regarding subclasses.

Clinical outcome

Patients with CS showed a tendency towards earlier
treatment (Figure 2). However, median Kaplan Meier
estimate of time to first treatment (TFI) between CS
and non-CS patients was not significantly different
(TFT CS 83 months vs. non-CS 128 months; p=0.3).
Overall survival was not calculated because to date only
2 patients have died.

Comparison of autoimmune disease and chronic
infection in the chronic stimulation group

Mutational status was almost equal between the 22
patients (26 clones) with Al and the 17 patients (20
clones) with CI (UM 53.8 vs. 55.0% clones). While there
was a higher number of female patients in the Al group
compared to the CI group (12/22=54.5% vs. 5/17=
29.4%), this was not statistically different. Female Al
patients had a high proportion of unmutated IgVs genes
(53.8%).

Patients excluded from final analysis in the
non-chronic stimulation group

Patients not included in the non-CS group were those
who had concurrent DM, cancer, or non-chronic infec-
tions. No particular features in Vi gene usage could be
found in these patients (data not shown). Considering
mutation status only (Online Supplementary Results
Appendix, Table S5), patients with metabolic disease or
tumors had 31.8% and 26.3% unmutated Vu genes
respectively. Of note, patients with non-chronic infec-
tions and other illnesses had 47.5% unmutated Vu
genes. Including patients with DM, tumors, and incur-
rent infections into the non-CS group, the percentage of
UM IgVu genes was 32.8% vs. 54.3% for the CS group
(»=0.007).

Discussion

We show that autoimmune diseases and chronic infec-
tions are present at the time of CLL diagnosis at a fre-
quency of 21% (12 and 9% respectively). While our find-
ings do not allow the conclusion that chronic stimulation
directly induces development of CLL, the data suggest
that the presence of a chronic condition at diagnosis is
associated with poor prognostic markers.

Autoimmune complications (AIHA, ITP) in the course
of the disease have been reported for many years (see
Hamblin' for summary). An association of chronic stimu-
lation at or before the onset of CLL, however, has rarely
been documented. Data on the association of Al with an
increased risk of developing CLL are scarce.”"
Clinically, Barcellini" found 16% of CLL patients to suf-
fer from Al Other than disease stage, no clinical or prog-
nostic data were included in this study. UM Vu status

Chronic antigenic stimulation in CLL patients at diagnosis
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Figure 2. Kaplan-Meier plot comparing treatment-free survival of
CS and non-CS patients.

was related to the occurrence of ITP and poor survival.?’
While in our study 11.8% of CLL patients suffered from
various autoimmune diseases, our data do not suggest
that any of the diseases bear an increased risk for CLL
per se. Clinically overt autoimmune diseases are estimat-
ed to occur with a frequency of 3-5% in Western coun-
tries.”’ This implies that, in our cohort, autoimmune
conditions are 2 to 3-fold over-represented at diagnosis.
No difference was found concerning the impact of hep-
atitis C infection on CLL presentation and outcome.”
However, an association was found of pre-existing
infectious disease, particularly chronic respiratory tract
infections and herpes virus infections, with CLL."” These
two entities were also among the most frequent Cls in
our cohort (9/17).

Our data suggest that patients with pre-existing
autoimmune conditions or chronic infections are more
likely to have high-risk disease. CS patients were charac-
terized by the association of known poor risk factors, par-
ticularly UM Va genes.””® Median time to first treatment
was shorter in CS patients compared to non-CS patients,
albeit not statistically significant. This may be due to the
short observation time and low patient numbers. Of note,
some Al patients remained untreated for many years.

Twenty percent of BCRs in B-CLL are stereotyped.* In
our study, the heavy chain fraction of stereotyped recep-
tors was not more frequent in the CS group suggesting no
major overlap between the subgroup of patients with
clinically overt CS and patients with stereotyped recep-
tors. Our approach has some limitations and draw-backs.
Patient subgroups were defined by chart review relying
on the accuracy of clinical records. Reports on Al and CI
were carefully reviewed under strict criteria and corrobo-
rated by medical records. Cut-offs for duration of CI may
vary with the underlying disease. For pragmatic reasons
we chose six months for this study. Other researchers
have used one year."” The number of CS patients may be
underestimated due to missing information. Direct sero-
logical evidence for Al was not obtained in all patients.
Other researchers have approached the problem by
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reviewing patient diagnosis through ICD codes.” In both
cases, confidence is placed in the diagnosing doctor and
medical records on Al provided by the patient during the
interview. While we have described patients at the earli-
est available diagnostic work-up, in some cases it remains
unclear whether CLL was not present earlier leaving the
possibility that infections were a result of immunosup-
pression by CLL and not pre-existent.

CLL shows sex-specific distribution of risk factors. Men
are much more likely to have UM Vi genes and a shorter
survival.* In our study, female CS patients show more
frequently UM IgVu genes compared to female non-CS
patients. This difference is highly significant (»=0.002)
due to a higher percentage of women among Al patients
(54.5%). This is in contrast to all other CLL subgroups,
but consistent with sex distribution in Al The distribu-
tion of UM and M IgVu genes is statistically different
between men and women in the non-CS group (p=0.01)
with women having preferentially mutated genes.

occur at considerable frequency in CLL patients at or
before the onset of leukemia. We document the associ-
ation of CS with UM Vi status and other poor risk fac-
tors. Further studies regarding clinical outcome and
impact of CS on the biology of disease are warranted.
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