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Abstract The arbitrary threshold of 5×109/L chronic lym-
phocytic leukemia (CLL)-like lymphocytes differentiates
monoclonal B lymphocytosis (MBL) from CLL. There are
no prospective studies that search for the optimal cut-off of
monoclonal lymphocytes able to predict outcome and simul-
taneously analyze the prognostic value of classic,
immunophenotypic, and cytogenetic variables in patients with
asymptomatic clonal CLL lymphocytosis (ACL), which in-
cludesMBL plus Rai 0 CLL patients. From 2003 to 2010, 231
ACL patients were enrolled in this study. Patients with 11q
deletion and atypical lymphocyte morphology at diagnosis
had shorter progression-free survival (PFS) (p=0.007 and
p=0.015, respectively) and treatment-free survival (TFS)
(p=0.009 and p=0.017, respectively). Elevated beta-2 micro-
globulin (B2M) also correlated with worse TFS (p=0.002).
The optimal threshold of monoclonal lymphocytes indepen-
dently correlated with survival was 11×109/L (p=0.000 for
PFS and p=0.016 for TFS). As conclusion, monoclonal

lymphocytosis higher than 11×109/L better identifies two
subgroups of patients with different outcomes than the stan-
dard cut-off value of 5×109/L. Atypical lymphocyte morphol-
ogy, 11q deletion and elevated B2M had a negative impact on
the survival in ACL patients.
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Introduction

Main diagnostic criteria for B-cell chronic lymphocytic
leukemia (CLL) according to 2008 NCI Guidelines is the
presence of at least 5×109/L monoclonal B lymphocytes
in the peripheral blood with the characteristic CLL
immunophenotype by flow cytometry during a period
longer than 3 months. Asymptomatic patients who present
smaller monoclonal lymphocyte population with a CLL
phenotype who do not have lymphadenopathies,
organomegalies, or cytopenias shall be classified as
monoclonal B lymphocytosis (MBL) [1]. However, the
threshold of 5×109/L monoclonal lymphocytes is arbi-
trary and it has not been properly validated in prospective
studies.

Two different types of MBL can be identified. Indi-
viduals with normal blood counts in whom monoclonal
lymphocytes are detected during population screening
for epidemiological purposes (low count MBL) show a
very small probability, if any, of progression to CLL
[2]. On the other hand, those patients who are referred
for hematological evaluation because of lymphocytosis
(clinical MBL) will develop CLL and require treatment
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at a rate of 1.1 % per year [3]. According to previous
reports, clinical MBL is very similar to Rai 0 CLL
regarding microRNA and immunogenetic profiles
[4–6]. These data suggest that clinical MBL and Rai 0
CLL should be seen as a unique group of patients in
different phases of the same disease who presents
asymptomatic clonal CLL-like lymphocytosis (ACL).

Some studies have analyzed the prognostic value of
chromosomal alterations by fluorescent in situ hybridiza-
tion (FISH) while others have searched the most appro-
priate monoclonal lymphocyte count able to predict out-
come in ACL [3, 6–11]. None of them, though, have
addressed both issues and also analyzed the prognostic
role of classic variables in a prospective and multivariate
way in an ACL cohort.

We describe a series of 307 consecutive patients pre-
senting with CLL clonal lymphocytes in one single refer-
ence center for hematological malignancies and belonging
to the same geographic area. A prospective follow-up was
focused in 231 ACL patients without any other sign of
disease. The main objectives were to find a significant
monoclonal lymphocyte count able to predict outcome as
well as identify other prognostic variables for PFS and
TFS in this group of patients. In this study, all laboratory
and biological parameters tested are routinely used in
clinical practice in CLL and were available in virtually
all cases at diagnosis.

Patients and methods

Patients

Three hundred and seven consecutive untreated patients diag-
nosed with MBL, small lymphocytic lymphoma (SLL), or
CLL in one single center from January 2003 to December
2010 were prospectively included in this study. Clinical and
laboratory data, Rai staging, immunophenotyping, and FISH
cytogenetics were reported at diagnosis. Analysis of prognos-
tic factors and survival was performed in the cohort of 231
patients with ACL, which included MBL plus Rai 0 CLL
patients.

The study was approved by our Institution’s Ethic
Committee Board, and all patients provided informed
consent. All procedures followed were in accordance
with the Helsinki Declaration of 1975, as revised in
2008.

Classification into MBL, SLL, or CLL was made accord-
ing to 2008 NCI Guidelines and based in absolute number of
monoclonal B lymphocytes by flow cytometry [1]. Those
cases diagnosed before 2008 had their classification retrospec-
tively reviewed.

Patients were prospectively followed up for progression of
disease, need for treatment, or death. Treatment was initiated
following standard guidelines criteria [1, 12].

Methods

The following classic variables were analyzed for prognosis:
atypical lymphocyte morphology, hypogammaglobulinemia,
monoclonal protein, elevated lactate dehydrogenase (LDH),
and elevated beta-2 microglobulin (B2M). Lymphocyte mor-
phology was evaluated in all cases in the same laboratory and
by the same experts according to the French-American-British
(FAB) classification of leukemias [13]. Atypical CLL includ-
ed two morphology subtypes: the CLL/prolymphocytic leu-
kemia, with more than 10 % circulating prolymphocytes and
the mixed subtype, with more than 15 % elements with
lymphoplasmacytic aspect and cleaved cells.

Flow cytometry, FISH, and conventional cytogenetic tech-
niques were performed as previously described [14]. CD38
was considered positive when at least 30 % of pathologic
lymphocytes expressed the corresponding antibody, while
ZAP70 was considered positive above 20 %. FISH results
were divided into the five hierarchical categories classically
described by Dohnner: normal FISH, presence of isolated 13q
deletion, presence of 12 trisomy alone or with 13q deletion,
presence of 11q deletion with or without other abnormality but
17p deletion, and presence of 17p deletion with or without
other abnormality [15]. The presence of more than 10 %
nuclei with the referred abnormality was considered a positive
result.

Statistical analysis

Crosstabs were used to compare the frequencies of variables
between groups. Comparison of categorical variables was
performed using X2 test.

Progression-free survival (PFS) was defined as the time
between diagnosis and the first sign of disease progres-
sion as described previously [14]. Treatment-free survival
(TFS) was defined as the time from diagnosis until the
first treatment required. Survival curves were plotted
using Kaplan-Meier’s method, and log-rank test was used
to identify differences in survival between subgroups.
Multivariate analysis for survival was performed with a
Cox regression model.

Receiver operating characteristic (ROC) curves for
censored survival data were used to test the various
thresholds of monoclonal lymphocyte count for PFS and
TFS [16].

All analyses were performed at a 95 % confidence
interval and differences were considered statistically sig-
nificant when p value was less than 0.05. Statistical
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analysis was made using SPSS software, version 17.0
(SPSS Inc., Chicago, IL, USA).

Results

Clinical, laboratory, and biological data of the 307 patients at
diagnosis did not differ from any CLL series previously
reported (data not shown). Diagnosis and Rai staging data
are shown in Table 1.

Two hundred thirty-one patients had ACL, which included
81 patients classified as MBL plus 150 patients classified as
Rai 0 CLL. One hundred forty-five (62.8 %) patients were
male and median age at diagnosis was 68 years (limits 27–
93 years). Table 2 shows prognostic factors at diagnosis in
patients with ACL and differences between Rai 0 CLL and
MBL subgroups. Deletions of 13q and 11q were significantly
more frequent in Rai 0 CLL than in MBL patients while a
normal FISH was found in a higher proportion of MBL
patients.

With a median follow-up time of 61 months, overall sur-
vival (OS) for 231 ACL patients was 86.5 %. Seventeen
(7.4 %) patients died and only 3 (1.3 %) due to CLL related
causes. Forty-six (19.9 %) patients presented disease progres-
sion and 36 (15.6 %) patients required treatment during the
follow-up period.

Variables included in the analysis for prognostic factors
were: hypogammaglobulinemia, monoclonal protein, atypical
lymphocyte morphology, elevated LDH, elevated B2M, pos-
itive CD38, and positive ZAP70 by flow cytometry, abnormal
conventional karyotype, and FISH categorical results. Elevat-
ed LDH, elevated B2M, atypical lymphocyte morphology,
CD38 expression, abnormal karyotype, and 11q deletion by
FISH had all a negative impact on PFS and TFS in univariate
analysis. Atypical lymphocyte morphology and 11q deletion
were correlated with worse PFS and TFS in the multivariate
analysis. Elevated B2M was also significant for TFS
(Table 3).

To search for the optimal monoclonal lymphocyte count
able to predict survival in the ACL patients, we measured the
risk of each increase of 1×109/L monoclonal lymphocytes
regarding to PFS and TFS, starting from 1×109/L until 20×
109/L cells. According to this analysis, 11×109/L was the
monoclonal lymphocyte threshold able to identify two groups
with different PFS and TFS in our series (Figs. 1 and 2). This
did not happen either when the chosen value was the standard
5×109/L or with any other limit beyond 11×109/L cells.

When included as a new variable in the multivariate anal-
ysis, the cut-off of 11×109/L monoclonal lymphocytes had an
independent prognostic impact in both PFS (OR 3.9, CI 1.8–
8.3, p=0.000) and TFS (OR 2.9, CI 1.2–7.3, p=0.016) togeth-
er with the other variables described before.

Discussion

Some retrospective studies analyzed the prognostic value of
monoclonal lymphocyte count in ACL patients but did not
simultaneously test the role of CLL cytogenetic prognostic
factors [8–10]. Other few authors explored the prognostic role
of cytogenetic, but not of classic variables in ACL patients [6,
11, 17]. In our study, we search for the optimal monoclonal
lymphocyte cut-off able to predict survival in ACL patients
and prospectively analyze the correlation of classic,
immunophenotypic, and cytogenetic variables with outcome.

In our ACL series, no differences were found between
MBL and Rai 0 CLL regarding the frequency of classic
variables at diagnosis. However, among MBL patients, nor-
mal FISH was more frequent (p=0.007) than in Rai 0 CLL,
while cases with Rai 0 CLL showed a higher frequency of
either 13q deletion (p=0.027) or 11q deletion (p=0.018) than
MBL cases. In a study published before the 2008 NCI Guide-
lines [1], Tsimberidou et al. [18] retrospectively analyzed the
biological characteristics of more than 2000 patients with CLL
and separated them according to the limit of 5×109/L absolute
lymphocytes (not monoclonal). Despite being a heteroge-
neous group of patients, they found karyotype and FISH
abnormalities to happen in both groups but in a higher fre-
quency in patients with more than 5×109/L lymphocytes.
Kern et al. [11] also reported a higher frequency of chromo-
somal aberrations by FISH in patients with Rai 0 CLL com-
paring with MBL while Rossi et al. [17] and Morabito et al.
[6] described a lower prevalence of 11q and 17p deletions in
MBL cases. On the other hand, clinical MBL seem to be very
similar to Rai 0 CLL regarding to microRNA signature and
immunogenetic profile [5, 6]. Altogether, these findings sug-
gest that clinical MBL and Rai 0 CLL could simply corre-
spond to different phases of the same disease and that, the
larger the clone, the more frequent the acquisition of cytoge-
netic abnormalities.

Table 1 Classification
and Rai staging at
diagnosis in 307 patients
with CLL-like
lymphocytosis

n Percentage

Diagnosis

CLL 212 69

SLL 14 4.6

MBL 81 26.4

Staging of CLL cases

Rai 0 150 70.8

1 37 17.5

2 20 9.4

3 2 0.9

4 3 1.4
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We have then analyzed the impact of different variables in
the survival of ACL as a unique group, based on the findings
described above. Deletion of 11q was the only cytogenetic
parameter associated with worse PFS and TFS. In CLL pa-
tients, it has a clear correlation with advanced disease, exten-
sive lymph node involvement, and a shorter time to treatment
(TTT) [15, 19, 20]. In patients with early-stage CLL expan-
sions, as in our cohort, this cytogenetic aberration has no well-
established role. Rossi et al. [17] found 17p deletion and 12
trisomy, but not 11q deletion, to be related to worse PFS and
TFS in a prospective series of MBL patients. On the other
hand, Kern et al. [11] reported a shorter TTT in patients with
11q deletion in both MBL and Rai 0 CLL cohorts. In a
previous series described by our group with a shorter follow-
up and a smaller number of cases, we found 17p deletion, but
not 11q deletion, to show prognostic value in multivariate
analysis regarding PFS in Rai 0–1 CLL patients [14]. It is
possible that 17p deletion does not have a prognostic rele-
vance in our present study because it is found with a very low

frequency in these first steps of monoclonal lymphocytosis as
it occurs later in lymphocyte clonal evolution.

Regarding classic prognostic factors, atypical morphology
was a strong predictor of both PFS and TFS. In CLL, it has
been classically correlated with a worse outcome. In 1997,
Oscier et al. [21] reported its association with disease progres-
sion, and in 2006, Schwarz et al. [22] described its correlation
with a shorter OS. Since then, no studies have been published

Table 2 Classic and cytogenetic
prognostic factors at diagnosis in
patients with asymptomatic clonal
lymphocytosis

Classic parameters Rai 0 CLL (n=150) MBL (n=81) p

n Percentage n Percentage

Atypical morphology 41/150 27.3 20/81 24.7 0.393

Elevated B2M 37/114 32.5 19/64 29.7 0.418

Elevated LDH 16/149 10.7 13/81 16 0.170

Monoclonal protein 15/118 12.7 0.313

Hypogammaglobulinemia 37/111 33.3 20/61 32.8 0.541

Immunophenotypic parameters

CD38 31/147 21.1 22/81 27.2 0.190

ZAP70 20/136 14.7 9/75 12 0.373

Cytogenetic parameters

FISH

Isolated 13q 72/148 48.6 28/81 34.6 0.027

+12 without 11q or 17p 21/149 14.1 16/81 19.8 0.176

11q without 17p 9/149 6 0/81 0 0.018

17p 6/150 4 1/81 1.2 0.229

Normal 42/148 28.4 37/81 45.7 0.007

Abnormal karyotype 40/150 26.7 14/81 17.3 0.073

Table 3 Multivariate analysis of prognostic factors in 231 patients with
asymptomatic clonal lymphocytosis

Prognostic variable PFS TFS

p OR CI p OR CI

Elevated B2M NS NS NS 0.002 3.4 1.5–7.3

Atypical morphology 0.015 2.3 1.1–4.8 0.017 2.6 1.1–6.0

11q deletion 0.007 4.7 1.5–14.6 0.009 4.5 1.4–14.4

NS not significant
Fig. 1 ROC curve for progression-free survival data with 11×109/L
monoclonal lymphocyte cut-off
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addressing this subject. We think it is an interesting finding
that a cheap and easily available tool as microscopic exami-
nation of lymphocyte morphology can have a strong prognos-
tic value in ACL patients. Also interestingly, B2M was the
other classic variable with significance inmultivariate analysis
regarding TFS. The negative impact of this prognostic marker
in CLL was first described in 1996 by Hallek et al. [23].
Lately, other authors also reported its correlation with survival
in patients diagnosed with CLL in all stages of the disease [17,
19, 24]. More recently, Letestu et al. [25] have proposed a
prognostic score based on routine parameters with signifi-
cance for PFS in a multivariate analysis of 339 Binet A stage
CLL patients and have found elevated B2M to be one of the
strongest variables.

We also have searched for the most appropriate monoclo-
nal lymphocyte threshold able to identify different prognostic
subgroups within ACL group and found that patients with
more than 11×109/L at diagnosis had significantly worse PFS
and TFS. Other authors have described similar values of
monoclonal lymphocytes to be correlated with outcome in
retrospective cohorts. Molica et al. [10] found the limit of
10×109/L absolute B lymphocytes to be associated with TTT
in a multivariate analysis, and Scarfò et al. [7] described the
same cut-off regarding PFS and TFS while Shanafelt et al. [8]
reported 11×109/L to be the one that predicted TFS an OS in
their series. Only one prospective study correlated the 5×109/
L absolute B lymphocytes cut-off with the likelihood of
progression when three or more unfavorable prognostic vari-
ables were present in the same patient [6]. Although most of
these studies are based in the absolute (and not monoclonal) B
lymphocyte count, their data suggest that maybe ACL patients

should be stratified into two prognostic subgroups based in a
higher threshold of monoclonal lymphocytes.

As conclusion, MBL and Rai 0 CLL correspond to a single
group of patients in different phases of the same disease. In
clinical practice, the identification of patients with ACL who
will develop progressive CLL and require treatment is diffi-
cult. Monoclonal lymphocytosis higher than 11×109/L better
identifies two subgroups with different outcomes than the
standard cut-off value of 5×109/L. Moreover, atypical lym-
phocyte morphology and 11q deletion by FISH at diagnosis
correlated to progression of disease and need for treatment.
Elevated B2M also had a negative impact in TFS.
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