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ABSTRACT

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 flow 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%j; 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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HRONIC LYMPHOCYTIC LEUKEMIA (CLL),

the most common leukemia among adults

in Western countries,* is characterized by
an accumulation of mature B cells.? Although male
sex, advanced age, white race, and a family his-
tory of CLL or other lymphoproliferative cancers
are recognized risk factors,>* 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.* 11
Also, findings of an association between polymor-
phisms and an increased susceptibility to CLL sup-
port a role for genetic factors.>° 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.**2? 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.l” The prevalence of MBL reportedly ranges
from 3 to 5% in the general population over the
age of 50 years.12123 With the exception of an
increasing frequency of MBL with older age?* and
in first-degree relatives of patients with CLL,1%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).232¢ 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,?” 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.

METHODS

STUDY POPULATION
The subjects in the PLCO Cancer Screening Trial
have been described previously.?” 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.2®

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 protocol?® 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 ul was used for
six-color flow cytometry (with antibodies CD45,
CD19, CD5, CD10, kappa, and lambda); the re-
maining 500 ul of whole blood was used for analy-
ses of the immunoglobulin heavy-chain variable
(IGHV) gene.

FLOW CYTOMETRY
Two 100-ul 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 ul of rabbit immunoglobulin was added and
incubated at 37°C for 30 minutes, followed by 10 ul
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 fluorescein 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

N ENGL ) MED 360;7
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Table 1. Characteristics of the Patients.*

Variable

Total no. of patients

Age at CLL diagnosis —yr
Mean
Range

Male sex — no. (%)

Race —no. (%) 7
White
Black

Calendar year of CLL diagnosis
Median
Range

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

Mean

Range

Value
45

70
61-79
30 (67)

2002
1999-2005

* CLL denotes chronic lymphocytic leukemia.
T Race was self-reported.

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 ul 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
p-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

FEBRUARY 12, 2009

Downloaded from www.nejm.org on November 27, 2009 . For personal use only. No other uses without permission.
Copyright © 2009 Massachusetts Medical Society. All rights reserved.

661



The NEW ENGLAND JOURNAL of MEDICINE

74 400
9¢ |
9¢ 0
8¢ 1400
6C 0
1¢ 0
1¢ I
143 |
9¢ |
LE 0
8¢

6¢ 0
ov 1400
184 1400
124 0
144 0
144 VN
9 0
8y 0
¥S |
¥S Il
8§ 0
19 0
[44 VN
(4 |
LL 0
ow

[pAousre §oders
ey

VN VN VN VN 157§ L6
00b'€T VN VN M VN VN
8859 VN VN 3 €C-€ v'Z6
0€v'LT VN VN VN A3 ¥'88
VN VN VN VN €T-¢ 6'88
VN VN VN M VN VN
9TL'6T VN VN VN 0¢-¢ €06
88971 VN A vey $'96
005°2Z VN 1 VN VN
059°CT VN M L€ lo-oot
08L'TT VN VN VN AL $'88
15201 VN VN M VN VN
009°0T VN VN VN 6-€ 996
€25'L VN VN 1 19 16
08Z'0T  °nmIsod %IT VN M L€ v'€6
6999 VN VN A VN VN
VN aA13e33N VN 1 4 §'56
88Z'Y1 VN VN M 8T-1 1's6
VN VN VN M VN VN
0S£'68T  xxAHSOd VN VN 1€ lo-oot
LTL'st VN aA13ISOd 1 VN VN
VN VN VN M vEy v'¥6
000'ST VN VN M -9 €96
VN VN VN M €T-¢ 1'¢6
020°L VN VN 4\ €€ 6.6
08S'€€  2MNISOd 9%/  dANISOd M 157§ lo-oot
Wi Jad %
+8€AD 0/-d¥z uomduisay dnoudgns  FAmusp)
uteyd
4817
uno) A118W014) Moy AHDI
a1fo0ydwic]
ainjosqy

9A1}ISOd
3AI}ISOd
aAIISOd
9A1}ISO(
aAIISOd
aAINISOd
aA1}ISOd
aAIISOd
9A1}ISO(
3AI}ISOd
aAIISOd
9A1}ISO(
aAIISOd
aAIISOd
aA1}ISOd
aAIISOd
aAIISOd
3A1}ISOd
anedaN
9A1}ISO(
aniedaN
aAINISOd
9A1}ISO(
aAIISOd
aAINISOd

aA1}ISOd

¥0d-1d

wsug
91BIpaLLIAIU|
S1BIpaWISIU|
w3ug
y3ug
S1BIpaLLISIU|
w3ug
1y3ug
91BIpaLLLIAIU|
91BIpaLLIAIU|
9leIpauIalU|
wsug
91eIpaLLIAlU|
1y3ug
91BIpaLLIIAU|
9leIpauIalU|
91eIpaLLLIAU|
91eIpaLLIIAIU|
aAnnedapN
NI
NI
w3ug
w3ug
2jel ﬁwztm“_: |
1y3ug

SeIpaLWIAU|

v'L8
T'66
69
186
8'C6
[
66
Lt
7’86
¥'06
T'1¢
16
9'¢s
96
9'L8
€6/
8'86
8¢
v'91
86
Al
96
Ly
8
q'es
§'9¢

JA
6’16
6'GS
6’18
(A4S
699
T¥8
¥'e6
108
¥'¢9
6'7C
6'8%

9.9
8y
SIS
8’18
L'Y6
£'68
|44
(a4
£'es
99
§o¢
€9y
S'6C
Lee

%

€Ly
Eh474
¥6°0
6'6S
Gee
791
£'6¢
8Ly
199
€08
vy
9'1¢
£9¢
6'9%
S'0L
99
8
LTl
Getl
9
980
0¢
9'1¢
(4% 4
S'1e
(A4

[euopig
NI
N

A
|euopdig

1

¥ ¥ ¥ ¥ ¥ =2 ¥ ¥ ¥ 1 ¥ ¥ 1 ¥ ¥ 1 ¥

dx3 sad

+6/6TAD  +61aD samooydwi] uoipdLIsay

LAiawoik) moj4

urey>
481

sisouSelq 11D W

s|dwes poo|g dnsoudeipaid

9¢
S¢
174
€C
[44
[¥4
0¢
61
81
L1
91
ST
4!
€T
A4l
11
0t

— N & < N O N 0

JaquinN
jusned

»'sisoudeiq 77D wanbasqns e yum sjusized jo sajdwes poojg dnisouseipaid Jo solsualdeIRYD *Z 9|qEL

FEBRUARY 12, 2009

NEJM.ORG

N ENGLJ MED 360;7

662

Downloaded from www.nejm.org on November 27, 2009 . For personal use only. No other uses without permission.
Copyright © 2009 Massachusetts Medical Society. All rights reserved.



B-CELL CLONES AS MARKERS FOR CHRONIC LYMPHOCYTIC LEUKEMIA

‘Buissiw a1am |92 +8¢@D o a8ejuadiad ayy Suipiedas eleq

'sauad AHD| pareinwiun pey sjuaied asay |

‘sisouSelp 77D juanbasqgns ayy pue 3|dwes poo|q drsouSeipaid 3y JO UOIID3||0D B} USIMISG SYIUOW Ul dLUI} By} O} S434a4 Aouaje]
"| 40 0 Ssem a3e1s 1By SY] JOYIAYM PaUILLISISP 3q 10U P|nod i ‘sjuaiied SAl) 104 piodaJ [edIpaW S juaijed Yoes ul ejep Aiojeioqe| pue
|EDIUI|D 3|qe|IBAE JO SISeq Yy} uo 3|qissod 2ai3ap ay1 03 pauyap sem a3eis ey ayl (ysu y3iy) Al 4o ||| 01 (s1 1eIpawIAIUL) || 4O | 03 (3S1 Mo|) O woly sadues wialsks 3uiels 1ey ay |
2e're’ PRIBINLULN 3 O} P2ISPISUOD 219M IO 10 9486 JO A1IUSPI SUIj-WISS B UM SSOY] SBIISUYM ‘Pa]EINLU 3q O} PAIIPISUOD 2I9M 9486 UBY] SS3| JO A1Ijuapl aul|
-wia$ e ypm saduanbag JuawSas AH D[ aulj-wudS B Yyim Yydjew 1s3s0jd 3y} 0} pausije a1am pue o 5|00} pue aseqelep | DIA| Y3 JO SN ay3 Yum pazk|eue a1am saduanbas apiospn

5|92 g

+61aD || uowe S92 g +5/61QD Jo sadejuadiad pue ‘sarkooydwi| ||e Suowe s|j9d g +61QD Jo sadeiuadiad ‘a|dwes ayy ul 5|93 || Suowe saikooydwi| jo saSejuadiad aie paisi]
"uoljoeal uleyd aselawi|od aseldiDsueII-9SI9A] YD d-1Y PUE ‘9|qE|IEAR 10U YN ‘BP
-quie| 7 ‘eddey y ‘a1euUILIBIAPUI N| ‘|BLSIBW JUIIDIYNSUL | ‘B|qBLIBA UlBYD-AABSY UINgojSounwiwl AH D] ‘elwayna| d1nkdoydwiA| o1uoiyd 77D ‘|22 g Suissaidxe-gqD satouap dx3 §ad

e

|
b

~N < e

01T
1T
4l
€T
el
81
61
(74
(4
1c
j¥4
¥e
174
S¢
74

o O O O ©O o o o o

1400

65208
T18'ST
§ST'SE
oze'zt
Yrp'ST
609'S

09%'€T
08856
029'#T
006'£T
'L

000'€T
89Z'v¥
01888

VN

905'0T
9££'0S
££8'0T
098'¢y

annedapN

annedaN
VN

annedaN
VN
VN
VN
VN
VN
VN

SAIUSOd %LE

anledaN

SAINSOd %8C
SAINSOd %ST

VN
VN
VN
VN
VN

aniedaN
VN
VN
VN
VN
VN
VN
VN
VN
VN
VN
VN
VN
VN
VN
VN
dAIISOd %06
VN
VN

A
VN

<
Zxxzz

S N

VN

VN

VN

VN
A

691
I1-¢
(4443
€Tt
91
£e¢
6¢v
VN
vey
14%4
VN
VN
SC
6¢v
8¥-¢
€e¢e
S-C
€6-¢
&1

loee
796
9'56
€16
026
86
68
vN
6°06
196
VN
vN
lo-oot
lo-oot
96
|66
S'€6
L€6
looot

amISOd

A

1sod

OA

1sod

9A

1sod

9A

1sod
SAI}ISOd
SISO
A
=
oA

oA

WY
9ANSOd
SAI}ISOd
aAINISOd
aA}SOd
SAI}ISOd
aAINSOd

SAIHSO(

vum__uwc\twu:_
olelpawliaiu]
mum__umrchwuc_
wig
w3ug
w3ug
wy3ug
w3ug
wysug
w3ug
91eIpaLLIAU|
ysug
91eIpaLLIAIU|
w3ug
S1eIpaLLIAIU|
NI
wum_ﬁwrc\_wuc_
wwm__uwrr:wuc_

NI

8'86
S'L9
£'66
9T
86
86
£'86
T's¢L
5’66
£'66
(A7
(A1)
S'L6
£'96
6'L6

74
¥'86
6'86

85

€8
G'es
A4
6’78
76
§'6L
YA
6'LL
6
G586
9'16
8'LL
86
L°€9
6°LL
€L
6'vL
9'¢8
€19

¥0'8
8¢1
808
avi
v'L8
Sv
L'ET
£'89
£°06
6'Cl
¥'8S
L've
6'68
34
vo'l
890
£'89
£5e
891

Y ¥ ¥ ¥ v Z

[euoig

A
|
|
1
1
pl
1

N

NI

1
NI

Sy
144
124
44
184
or
6¢
8¢
LE
9¢
13
143
23
[43
T¢
0¢
6¢
8¢
LT

663

FEBRUARY 12, 2009

NEJM.ORG

N ENGL ) MED 360;7

Downloaded from www.nejm.org on November 27, 2009 . For personal use only. No other uses without permission.
Copyright © 2009 Massachusetts Medical Society. All rights reserved.



664

The NEW ENGLAND JOURNAL of MEDICINE

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
tools3? 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.3132

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

RESULTS

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 O [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,* 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.>* 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 CLL?3:2° 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,?” 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
flow 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,
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Figure 1. Six-Color Flow-Cytometric Analysis, Showing Representative
Kappa Light-Chain Restriction in Prediagnostic Blood Samples

from the Patients.

Panel A shows a bivariant plot of CD45 against side scatter, showing the
isolation of lymphocytes incubated with anti-CD45 allophycocyanin H7
(APC-H7). Panel B shows a plot of CD19 against CD5. The monoclonal
B-cell lymphocytosis (MBL) clone (red), positive for anti-CD19 peridinin—
chlorophyll-protein cyanine 5.5 (PerCP-Cy5.5), shows coexpression of
CD19 and CDS. The green population represents the remaining CD5-posi-
tive T cells, and the blue population represents the remaining polyclonal

B cells. Panel C shows that the red population, positive for anti-kappa allo-
phycocyanin (APC), has a kappa light-chain restriction. Panel D shows that
the remaining B cells (blue) are polyclonal. FITC denotes fluorescein isothi-
ocyanate, and PE phycoerythrin.

NEJM.ORG

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.3%: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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Figure 2. IGHV Rearrangements, as Detected on RT-PCR
Assay, Showing a Monoclonal Band in a Prediagnostic
Blood Sample from a Patient with Subsequent CLL.

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%),>* 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.>> 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.%-3¢
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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