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Background

Otherwise healthy persons with a small number of B-cell clones circulating in the 
peripheral blood have been designated as having monoclonal B-cell lymphocytosis 
(MBL). Hospital-based series indicate an excess risk of progression from MBL to chron-
ic lymphocytic leukemia (CLL). In this prospective cohort study, we tested the hypoth-
esis that CLL is always preceded by MBL.

Methods

Among 77,469 healthy adults who were enrolled in the nationwide, population-based 
Prostate, Lung, Colorectal, and Ovarian (PLCO) Cancer Screening Trial, we identified 
45 subjects in whom CLL was subsequently diagnosed (up to 6.4 years later) through 
the collection of a peripheral-blood sample. Using six-color f low cytometry (with 
antibodies CD45, CD19, CD5, CD10, kappa, and lambda) and immunoglobulin heavy-
chain gene rearrangement by reverse-transcriptase–polymerase-chain-reaction assay, 
we determined the association between MBL and subsequent CLL and characterized 
the immunoglobulin gene repertoire of the prediagnostic B-cell clones.

Results

On the basis of either flow-cytometric or molecular analysis, 44 of 45 patients with 
CLL (98%; 95% confidence interval [CI], 88 to 100) had a prediagnostic B-cell clone; 
in 41 patients (91%; 95% CI, 79 to 98), the presence of the B-cell clone was confirmed 
by both methods. The presence of immunoglobulin heavy-chain variable (IGHV) genes 
was determined in 35 of 45 prediagnostic clones (78%). Of these clones, 16 (46%) 
were IGHV3 subgroup genes (including 6 [17%] IGHV3-23 genes) and 9 (26%) were 
IGHV4 subgroup genes (including 4 [11%] IGHV4-34 genes). Furthermore, 27 of 35 of 
the IGHV sequences (77%) had mutations, with similar distributions after stratifica-
tion either below or above the median time between the collection of the prediag-
nostic blood sample and the subsequent CLL diagnosis.

Conclusions

In peripheral blood obtained up to 77 months before a CLL diagnosis, prediagnostic 
B-cell clones were present in 44 of 45 patients with CLL.
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Chronic lymphocytic leukemia (cll), 
the most common leukemia among adults 
in Western countries,1 is characterized by 

an accumulation of mature B cells.2 Although male 
sex, advanced age, white race, and a family his-
tory of CLL or other lymphoproliferative cancers 
are recognized risk factors,3,4 the cause and patho-
genesis of CLL are largely unknown. Genetic fac-
tors are important in the development of CLL on 
the basis of evidence from multiply affected fam-
ilies, case series, and registry studies of twins and 
case–control and population-based subjects.1-11 
Also, findings of an association between polymor-
phisms and an increased susceptibility to CLL sup-
port a role for genetic factors.5,6 Several lines of 
evidence suggest a role for antigenic stimulation 
in the development of CLL.7-13

Using flow cytometry, investigators have iden-
tified small B-cell clones with a surface phenotype 
similar to that of CLL circulating in the peripheral 
blood of healthy adults who have no evidence of 
other lymphoproliferative disorders.14-22 Although 
many terms have been used to describe this condi-
tion, an international consensus has recommend-
ed monoclonal B-cell lymphocytosis (MBL), which 
indicates the presence in the blood of monoclonal 
B cells in numbers below 5000 per cubic millime-
ter.17 The prevalence of MBL reportedly ranges 
from 3 to 5% in the general population over the 
age of 50 years.19,21-23 With the exception of an 
increasing frequency of MBL with older age24 and 
in first-degree relatives of patients with CLL,16,19,25 
population subgroups at risk for MBL have not 
been identified. Small, hospital-based case se-
ries from the United Kingdom have indicated that 
patients with MBL who have increased levels of 
monoclonal B cells show a steady increase in dis-
ease levels over time, with about 5% progressing 
to clinically recognizable CLL (including 1% per 
year who require chemotherapy).23,26 Although it 
is plausible that MBL confers an increased risk of 
CLL, the precise degree of risk has not been stud-
ied, since no group of patients with MBL has yet 
been prospectively identified and followed.

A key gap in our understanding is whether CLL 
is always preceded by MBL, whether CLL typically 
arises de novo, or whether both processes occur. 
Taking advantage of the large nationwide Prostate, 
Lung, Colorectal, and Ovarian (PLCO) Cancer 
Screening Trial,27 we conducted a prospective 
study to address these questions. Among more 
than 77,000 subjects who were cancer-free at base-
line, we identified all those in whom CLL was 

subsequently diagnosed. Using stored prediagnos-
tic peripheral-blood samples obtained before the 
CLL diagnosis, we aimed to define the associa-
tion between MBL and CLL and to characterize 
the immunoglobulin gene repertoire of the pre-
diagnostic B-cell clones.

Me thods

Study Population

The subjects in the PLCO Cancer Screening Trial 
have been described previously.27 Briefly, from 1992 
through 2001, more than 150,000 subjects between 
the ages of 55 and 74 years from 10 study centers 
across the United States were randomly assigned 
to undergo a specific cancer-screening regimen 
(screening group) or receive routine medical care 
(control group) to evaluate the effects of screening 
on disease-specific mortality. At baseline, all study 
subjects provided written informed consent and 
completed a questionnaire regarding demographic 
and risk-factor characteristics.28

We drew our study population from the 77,469 
subjects in the screening group. Initially, we iden-
tified 129 subjects with incident CLL in the data-
base; of these subjects, 123 had given their con-
sent to participate in research studies. Forty-six of 
the 123 subjects had available prediagnostic cryo-
preserved whole blood. For one subject, the stored 
blood contained an insufficient number of cells 
for our analysis. Therefore, 45 subjects with CLL 
were eligible for our study. For all subjects, a blood 
sample had been obtained at least 3 months before 
the date of diagnosis. We also included 10 subjects 
without a CLL diagnosis as negative controls.

Subjects in the screening group of the PLCO 
Cancer Screening Trial had undergone testing for 
the detection of prostate cancer (the prostate-spe-
cific antigen [PSA] test and digital rectal exami-
nation), lung cancer (chest radiography), colorectal 
cancer (sigmoidoscopy), and ovarian cancer (the 
CA-125 test and transvaginal ultrasonography). 
Subjects who provided annual blood samples for 
6 years for the PSA test (in men) or CA-125 (in 
women) were also asked to contribute additional 
blood samples for research on cancer and other 
diseases common to their age group. In addition, 
information on incident cancers (type and date) 
was obtained prospectively with the use of stan-
dardized questionnaires that were mailed to all 
study subjects annually. Trained PLCO data ab-
stracters reviewed and confirmed each reported 
case of cancer.
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Using existing data from medical records (in-
cluding clinical data, results of laboratory tests 
and flow cytometry, and pathology reports), we 
conducted an independent review of all the avail-
able clinical records for patients with CLL in this 
study. The study was conducted according to a 
protocol approved by the institutional review board 
at the National Cancer Institute and at each of the 
10 screening centers.

Handling of Samples

Because standard Ficoll gradient lymphocyte sep-
aration and cryopreservation are prohibitively ex-
pensive for large epidemiologic studies, investiga-
tors in the PLCO trial developed and validated a 
field-collection protocol29 involving the collection 
of blood at the nationwide screening centers in 
acid–citrate–dextrose, followed by express ship-
ment to a processing laboratory in Frederick, Mary-
land, where whole-blood aliquoting with 5% di-
methylsulfoxide to cryovials and controlled-rate 
step-freezing took place, to establish a trial-wide 
viable lymphocyte repository. Whole-blood samples 
(1 ml) that were stored in liquid nitrogen freezers 
were thawed and an aliquot of 500 μl was used for 
six-color f low cytometry (with antibodies CD45, 
CD19, CD5, CD10, kappa, and lambda); the re-
maining 500 μl of whole blood was used for analy
ses of the immunoglobulin heavy-chain variable 
(IGHV) gene.

Flow Cytometry

Two 100-μl samples of thawed blood were placed 
in two tubes for staining. They were washed three 
times with the use of Sorvall cell washers. Then 
10 μl of rabbit immunoglobulin was added and 
incubated at 37°C for 30 minutes, followed by 10 μl 
of an isotypic cocktail (consisting of fluorescein 
isothiocyanate–conjugated IgG, phycoerythrin-
conjugated IgG, peridinin–chlorophyll–protein 
cyanine 5.5–conjugated anti-CD19 antibodies, phy-
coerythrin–cyanine 7–conjugated IgG, allophyco-
cyanin-conjugated IgG, and allophycocyanin H7–
conjugated anti-CD45 antibodies), which was added 
to one tube; the second tube was stained with the 
custom conjugated six-color antibodies cocktail 
(consisting of f luorescein isothiocyanate–con
jugated anti-CD5, phycoerythrin-conjugated anti-
lambda, peridinin–chlorophyll–protein cyanine 
5.5–conjugated anti-CD19 antibodies, phycoeryth-
rin–cyanine 7–conjugated CD10, allophycocyanin-
conjugated anti-kappa, and allophycocyanin H7–
conjugated anti-CD45 antibodies) and incubated 

for 20 minutes. All antibodies were obtained from 
BD Biosciences. After this procedure, 1 ml of red-
cell lyse buffer was added to each tube and incu-
bated for 10 minutes and then washed with Sor-
vall cell washer. Cells were then resuspended in 
350 μl of phosphate-buffered saline and acquired 
with the use of FACSCanto flow cytometry; daily 
quality control and assurance were carried out 
with the use of seven-color setup beads (BD Bio-
sciences).

IGHV Analysis

Total RNA was manually extracted from the whole 
blood using RNA-BEE (Tel Test) and purified by 
Dynal magnetic beads (Invitrogen) to obtain mess
enger RNA (mRNA). The purified mRNA was am-
plified with the use of six-sense IGHV family-spe-
cific (HV1–HV6) leader primers and an antisense 
μ-chain constant-region primer in one multiplex 
one-step reverse-transcriptase–polymerase-chain-
reaction (RT-PCR) assay.

The clonal product, when present, was excised 
from gel, purified by the MinElute gel-extraction 
method (Qiagen), and sequenced with heavy-chain 
reverse primer with the use of BigDye Terminator, 
version 3.1, on a ABI 3730 Genetic analyzer (Ap-
plied Biosystems). Subcloning was used for clonal 
cases occurring on a polyclonal background with 

Table 1. Characteristics of the Patients.*

Variable Value

Total no. of patients 45

Age at CLL diagnosis — yr

Mean 70

Range 61–79

Male sex — no. (%) 30 (67)

Race — no. (%)†

White 42 (93)

Black 3 (7)

Calendar year of CLL diagnosis

Median 2002

Range 1999–2005

Time between collection of the prediagnostic  
blood sample and the subsequent CLL  
diagnosis — mo

Mean 32

Range 3–77

*	CLL denotes chronic lymphocytic leukemia.
†	Race was self-reported.
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the use of a TOPO TA cloning kit (Invitrogen). 
The PCR products were ligated into the vector and 
transformed into Escherichia coli cells. Eight colo-
nies were randomly selected for sequencing, as 
described above. Nucleotide sequences were ana-
lyzed with the use of the IMGT database and 
tools30 and aligned to the closest match with the 
germ-line IGHV segment. Sequences with a germ-
line identity of less than 98% were considered to 
be mutated, whereas those with a germ-line iden-
tity of 98% or more were considered to be unmu-
tated.31,32

Statistical Analysis 

Conventional descriptive measures were used. Ex-
act 95% binomial confidence intervals were com-
puted for estimates of proportions.

R esult s

Patients

A total of 45 patients with CLL who had available 
stored prediagnostic samples of cryopreserved 
whole blood were included in the study (Table 1). 
The mean age of the patients was 70 years, and 
67% of the patients were men. The median time 
between the time at which the prediagnostic blood 
sample was obtained and the subsequent CLL di-
agnosis was approximately 3 years (range, 3 months 
to 77 months). Among 43 patients with available 
information on Rai staging of disease (ranging 
from 0 [low risk] to I or II [intermediate risk] to 
III or IV [high risk]) at the time of the diagnosis 
of CLL, 40 patients (93%) had stage 0 or I, 2 pa-
tients (5%) had stage II, and 1 patient (2%) had 
stage III disease (Table 2).

Flow-Cytometric and Molecular Analyses

As a first step, using six-color flow cytometry and 
a gating strategy that has been described previ-
ously,19 we identified prediagnostic B-cell clones 
in 42 of 45 patients (93%) on the basis of the pres-
ence of an abnormal kappa:lambda ratio (>3:1) or 
negativity for both chains (Fig. 1). The results for 
the remaining three patients (Patients 6, 27, and 
30) were indeterminate, since there were too few 
cells in the sample to perform a reliable assess-
ment of clonality (Table 2). Among the 42 patients 
with a detectable prediagnostic clone, the B cells 
showed a kappa restriction in 28 patients (67%), 
a lambda restriction in 8 (19%), and an apparent 
negativity for both light chains in 3 (7%). On the 
basis of flow cytometry, in three patients (Patients 

19, 26, and 38) (7%), the B cells showed a biclonal 
pattern of light-chain restriction.

As a second step, for all prediagnostic blood 
samples, analysis of IGHV gene rearrangement was 
performed by RT-PCR assay. A monoclonal band 
was demonstrated in 43 of 45 patients (96%) (Fig. 
2). Patients 6 and 8 showed no evidence of mono-
clonality (Table 2).

As a third and last step, for all 43 patients with 
evidence of monoclonality on RT-PCR assay, the 
monoclonal rearrangement was directly sequenced 
and the IGHV-subgroup status and mutational sta-
tus were assessed. We were able to identify and 
analyze the IGHV genes in 35 of 45 patients (78%), 
probably because of the limited number of clonal 
B cells (or possibly because of the presence of more 
than one clone with overlapping sequences) in 
these prediagnostic samples.33 Among the 35 se-
quenced IGHV gene rearrangements, 16 samples 
(46%) had IGHV3-subgroup genes and 9 (26%) had 
IGHV4-subgroup genes, frequencies that are sim-
ilar to the expected frequency in the normal B-cell 
repertoire. In particular, the most prevalent IGHV 
genes were IGHV3–23, which were identified in six 
patients (17%), and IGHV4–34, which were identi-
fied in four (11%). The vast majority of the IGHV 
sequences (27 of 35, or 77%) were mutated (range 
of germ-line identity, 87.9 to 97.9%), whereas only 
8 of the sequences (23%) were unmutated, includ-
ing those in 6 samples with a 100% identity with 
the closest germ-line IGHV gene.

In summary, on the basis of either flow-cyto-
metric or molecular analysis, we demonstrated 
that 44 of 45 patients with CLL (98%; 95% confi-
dence interval [CI], 88 to 100) had a prediagnos-
tic B-cell clone. In particular, 41 patients (91%; 
95% CI, 79 to 98) had a prediagnostic clone de-
tected by both techniques, whereas 2 patients 
(Patients 27 and 30) (4%) had evidence of a pre-
diagnostic clone only on RT-PCR analysis, and 
1 patient (Patient 8) (2%) had evidence of a pre-
diagnostic clone only on six-color flow cytometry. 
One patient (Patient 6) had negative results on the 
basis of both methods; all 10 control subjects also 
had negative results.

Prediagnostic Presence of B-Cell Clone

To test whether there were differences with regard 
to characteristics of the observed prediagnostic 
clones in relation to the time between the time at 
which the prediagnostic blood sample was ob-
tained and the subsequent CLL diagnosis (i.e., la-
tency), we conducted analyses stratified according 
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to the mean latency (≤32 months or >32 months). 
Among patients with latency of more than 32 
months, we were able to define the presence of 
the IGHV gene and determine the mutational sta-
tus in 14 of 19 patients. Of these patients, 11 (79%) 
had mutated genes, and 3 (21%) had unmutated 
genes. For patients with a latency of 32 months or 
less, the mutational status of IGHV was defined in 
21 of 27 patients. Of these patients, 16 (76%) had 
mutated genes, and 5 (24%) had unmutated genes. 
The distribution of the presence of IGHV was sim-
ilar in the two groups (Table 2). When we assessed 
patterns of kappa or lambda light chains of the 
prediagnostic clones according to mutational sta-
tus, among 30 patients for whom results were 
available on both light-chain restriction and mu-
tational status, we found that 19 of 25 patients with 
mutated genes (76%) and 4 of 5 patients with un-
mutated genes (80%) were kappa-positive.

Light-Chain Restriction

Using existing flow-cytometric data from medi-
cal records that were obtained at the time of the 
CLL diagnosis (available for 25 patients), we com-
pared patterns of light-chain restriction at diag-
nosis with those observed in the prediagnostic 
samples and found all to be identical (Table 2). 
In particular, both the prediagnostic clone and the 
clone at CLL diagnosis showed kappa light-chain 
restriction in 19 patients and lambda light-chain 
restriction in 4 patients. For Patients 19 and 38, we 
found evidence of two detectable clones (i.e., bi-
clonal light-chain restriction) in the prediagnos-
tic sample, and at the time of CLL diagnosis, the 
clone was defined as kappa.

Discussion

We were intrigued by recent hospital-based case 
series suggesting that patients with MBL are at 
increased risk for CLL23,26 and wanted to test the 
hypothesis that CLL is typically preceded by MBL 
as a precursor state. Among 77,469 healthy adults 
who were enrolled in the nationwide, population-
based PLCO Cancer Screening Trial,27 we identi-
fied 45 patients who were subsequently diagnosed 
with CLL and had prospectively stored prediag-
nostic peripheral-blood samples, which had been 
obtained up to 6.4 years earlier. Using six-color 
f low cytometry and IGHV gene-rearrangement 
analysis by RT-PCR, we found evidence of predi-
agnostic monoclonality among B cells (by either 
of the two methods) in 44 patients (98%; 95% CI, 

88 to 100). In 41 patients (91%; 95% CI, 79 to 98), 
the clone was confirmed by both methods.

It is well known that the mutational status of 
IGHV carries a strong prognostic value in CLL, with 
patients carrying unmutated genes having a more 
aggressive course of the disease, as reflected in 
a shorter life expectancy.31,32 Despite the limited 
size of the prediagnostic clones and limited avail-
ability of specimens, we were able to define IGHV 
mutational status for 35 of 45 clones, demonstrat-
ing that the vast majority (approximately 80%) 
carried mutated IGHV genes. This finding notwith-
standing, patients with unmutated genes were also 
observed, some with 100% identity with the clos-
est germ-line genes. The distribution of mutated 
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clones, as compared with unmutated clones, was 
very similar regardless of the time between the 
time at which the blood sample was obtained and 
the subsequent CLL diagnosis. In addition, among 
eight unmutated prediagnostic clones, three were 
present more than 3 years before the CLL diag-
nosis, with two being detectable 5 years before.

Our findings show that virtually all cases of 
CLL (both with mutated genes and unmutated 
genes) are preceded by MBL. It is also interesting 
to note that both indolent disease (stage 0 or I) 
and more aggressive disease (stage II or III) 
showed evidence of a prediagnostic clone up to 
3 years before the diagnosis of CLL. However, be-
cause the distribution of unmutated genes, as 
compared with mutated genes, was somewhat 
lower (23%) than distributions reported previously 
(35 to 40%),34 one might speculate that there are 
more aggressive CLL cases that present de novo 
without being preceded by MBL. Alternatively, our 
findings might reflect the ratio between unmu-
tated and mutated genes in a nonclinic-based 
population of patients with CLL.

The strengths of our study include its unique 

population-based, prospective design, the avail-
ability of prediagnostic blood samples, and the 
application of high-quality assays for the deter-
mination of the presence of prediagnostic B-cell 
clones. The study also had some limitations. Be-
cause of the design of the PLCO Cancer Screening 
Trial, blood samples at the time of CLL diagnosis 
were not available. To partially address this issue, 
we used existing clinical data regarding light-
chain restriction in CLL diagnostic clones. When 
we compared the CLL clone with the prediagnos-
tic clone of the same patient, we did not find any 
cases in which either kappa or lambda expression 
was discordant. These findings are consistent with 
the contention that the prediagnostic clone sub-
sequently evolved into clinically detectable CLL. 
It may also be questioned whether the high fre-
quency of MBL before CLL diagnosis represents, 
in part, a manifestation of undetected leukemia 
present months to years before the manifestations 
of CLL. However, for the majority of patients in 
our study, we believe this hypothesis is unlikely. 
The PLCO population is relatively health-conscious 
and has volunteered for and complied with the 
requirements of a screening trial, including an-
nual screening tests and blood collection. This 
is reflected in the very high proportion of early-
stage CLL among patients in our study.

 Although screening for MBL outside a research 
study is not recommended, its incidental detection 
will continue. Physicians need to be aware that 
the diagnosis of MBL may lead to unneeded dis-
tress and increased health care costs.35 Taken to-
gether, these facts emphasize the need for future 
population-based and preclinical studies designed 
to improve our understanding of the progression 
of leukemogenesis, particularly in the early win-
dow before the development of clinical CLL.1,36

In conclusion, we found that the vast majority 
of patients with CLL have a precursor state from 
6 months to 6 years before the development of 
clinically recognized leukemia. Future studies are 
needed to provide insights into the pathogenesis 
of MBL and predictors for CLL progression. A bet-
ter description of mechanisms mediating B-cell 
clonal proliferation and survival will ultimately 
enhance our understanding of the pathophysiol-
ogy of MBL and CLL and allow for the identifica-
tion of new molecular targets.
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