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ABSTRACT

Introduction: There is a decade of investigations into the role of CD38 in B cell chronic lymphocytic leukemia (B-CLL). Signifi-
cant percentage of CLL patients expressed transmembrane glycoprotein- CD38 on the surface of leukemic cells. Several pub-
lished studies suggested that CD38 is accepted as a dependable marker of unfavorable prognosis and as an indicator of activa-
tion and proliferation of CLL cells. The aims of the present study were to establish the predictive value of the CD38 expression
and to examine the relationship between CD38 positivity and other established prognostic markers in Macedonian CLL patients.

Material and methods: Peripheral blood samples from 100 consecutive treatment naive CLL patients were analyzed by flow
cytometry for CD38 expression on CD5/19 leukemic cells. Various patients established prognostic characteristics and molecular
markers were studied in correlation to time to treatment (TTT). The Kaplan-Meier method was used to construct survival curves,
and the log-rank statistic was used to compare these curves.

Results: CD38 was expressed in 61 % of the patients. Patients with high CD38 expression (30% or more) with high value of
B2M and advance disease according to Binet had significantly shorter survival times (p= 0.00001) and (p=0.00033) respectively.
Multivariate analyses showed that CD38 expression is an important prognostic factor for shorter TTT associated high B2M level
(P .000002), age(P.00000), gender(P.00000), lower hemoglobin level (P.00008 ),hepatomegaly

(P.00086).

Conclusion: CD38 expression identified a group of patients with aggressive disease that was considered by traditional staging
to be early-stage disease (Rai stages 0-1l or Binet A). Patients with CD38 samples have significantly aggressive disease regard-
less of their clinical stage. But today in era of molecular and genetics markers when CD38 is loosing it prognostic value in CLL
patients prognosis, we propose serial analyses of the percentage of CD38+cells to be done, resembling indicators of leukemic
cell proliferation and may signal clone evolution to a more aggressive state.

Key Words: CLL, CD38, prognosis

INTRODUCTION tic Index that can be used to group patients with CLL ac-

. ) ) i ) cording to likely outcome or to guide treatment.
Chronic lymphocytic leukemia (CLL) is defined as a pro-

liferation of B lymphocytes that express surface CD19
and CD5 with expression of CD23, and low levels of im-
munoglobulin (Ig), CD79b and CD22(1). Some patients
with CLL die within 2 years of diagnosis, yet others have
a normal lifetime. A significant number of CLL patients
show an aggressive form of the disease from the early
stages, characterized by refractoriness to treatment, in-
fectious and autoimmune complications, and a relatively
rapid fatal outcome. However, unlike the situation in
non-Hodgkin’s lymphoma, there is no standard Prognos-
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The earliest staging systems, Rai and Binet systems for
CLL relied on disease burden parameters. Histology pat-
terns of bone marrow (BM) involvement and lympho-
cyte doubling time (LDT) have also been used as valid
prognostic indicators. However, these classifications fail
to distinguish patients who will eventually progress to
an aggressive form of the disease from those who have a
more stable form of the disease.

During the past 20 years, several soluble molecules have
been used as prognostic tools in CLL, including thymi-
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dine kinase, CD23, and B2M and genetic markers of
tumor cells, such as genomic aberrations, gene abnor-
malities (p53, ATM), the mutation status of the varia-
ble segments of the immunoglobulin heavy chain genes
(IGVH) or surrogate markers for these factors, such as
CD38 and ZAP-70.

However, some of these markers do help in determining
predicting the outcome. Fais et al. (2) were the first to
report that the presence or absence of immunoglobulin
gene mutation could classify patients with B-CLL into
2 groups. Hamblin et al( 3) and Damle et al( 4) inde-
pendently confirmed this observation and demonstrated
that patients without the immunoglobulin gene mutation
had more aggressive disease with shorter survival times,
whereas patients with the immunoglobulin gene muta-
tion had less aggressive disease and prolonged survival
times. Damle et al(4) studied CD38 expression in CLL pa-
tients and reported that cells from patients with unmu-
tated immunoglobulin genes were positive for CD38 ex-
pression and this was associated with aggressive disease.

In this study, we measured the levels of CD38 expression
in 100 patients with CLL and correlated these values with
various clinical, molecular characteristics in ordered to
investigate prognostic value of CD38 in CLL population
when mutational status of IG gene plays the most impor-
tant prognostic role.

MATERIALS AND METHODS

Patient population

One hundred consecutive treatment naive patients with
B-CLL seen at University Clinic for Hematology between
September 2011 and August 2013 were included in this
study. At initial evaluation, date of CLL diagnosis was
recorded, and the time-to- treatment end point was de-
fined as time from first University Clinic for Hematology
visit to first CLL treatment. There was no restriction for
time from diagnosis to presentation to University Clinic
for Hematology.

All patients had more than 1 months of treatment-free
follow-up from initial University Clinic for Hematology
evaluation, and physicians were to conform to 1996 NCI-
WG guidelines for initiating treatment. The study was
conducted in accordance with the Helsinki declaration.
Clinical and laboratory evaluation at first University
Clinic for Hematology visit included history and physi-
cal examination, standard clinical laboratory evaluation,
evaluation for CD38 by flow cytometry was performed
on peripheral blood at University Clinic for Hematology.
Traditional prognostic factors and clinical and laboratory
variables included sex, age, Rai stage, Eastern Coopera-
tive Oncology Group performance status, physical ex-
amination with evaluation of number of involved lymph

node sites (cervical, axillary, and inguinal), measure-
ment of liver and spleen size, white blood cells count
(WBC), absolute lymphocyte count(ALC), hemoglobin
level, platelet count, Beta-2 microglobulin(B-2M), lac-
tate dehydrogenase (LDH), creatinine, albumin, and
quantitative immunoglobulin (Ig) levels (IgG, IgA, and
IgM) (5). Peripheral blood samples were collected at the
time of presentation. The samples were taken to confirm
the diagnosis by flow cytometry and characterization of
CD38 expression before therapy was initiated.

IGHV mutation status was characterized by direct se-
quencing method, and patients were categorized as un-
mutated (IGHV =98% germline homology) or mutated
(< 98% homology) (6). There were 100 patients who
had IGHV mutation status performed by Center for bio-
molecular pharmaceutical analyses, Faculty of Pharmacy,
Skopje Macedonia.

Measurement of CD38 expression by flow cy-
tometry

CD38 measurements were performed at University Clinic
for Hematology, as reported (6). Peripheral blood sam-
ples were obtained at the time of presentation and diag-
nosis and were used for flow cytometry analysis. Sam-
ples were prepared using a 3-color staining method (4).
Directly labeled monoclonal antibodies (mAbs) against
the lymphoid antigens CD5-phycoerythrin (PE), CD19-
allophycocyanin (APC) and CD38- fluorescein isothio-
cyanate (FITC; Becton Dickinson Immunocytochemistry
Systems, San Jose, CA) were used. Immunophenotyp-
ing expression was measured by FACS IICalibur (Bec-
ton Dickinson) using DIVA softer program. B-CLL cells
(CD5/19) were gated. The degree of CD38 expression
in this gated population was expressed as percentage
positivity, using a threshold at 30% expression to define
positive cases.

Statistical analyses

The univariate Cox proportional hazard model was used
to evaluate the possible associations between time to-
first-treatment (TFT) and each risk factor singly. Variables
identified as statistically significant (B .05) in univari-
ate analyses were subsequently included in the stepwise
multivariate Cox proportional hazards model. Survival
time was measured from the test date to either the last
follow-up date (censored) or to the time of death by any
cause. Variables examined were age, sex, Rai and Binet
stages, splenomegaly, hepatomegaly, Hgb level, B2M lev-
el in the serum, WBC)count, platelet count, lymphocyte
count in the peripheral blood, number of nodal sites in-
volved with disease, IGHV mutation status. All data were
collected from reviewing the patient’s record and were
entered into the leukemia database. The Kaplan-Meier
method was used to construct survival curves, and re-
sults were compared using the log-rank test.
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RESULTS

Patient characteristics

Patient characteristics are summarized in Table 1. An
like other published data, there was female predomina-
tion in our population, and the median age was 64, 8
years. Ninety -one percent of patients had Rai stages O to

WBC count, number of circulating lymphocytes. CD38+
patients were predominantly associated with unmutated
IGHV (U-CLL) in addition CD38- patients were predomi-
nantly associated with mutated IGHV (M-CLL).

Table 2: CD38 expression in patients with B-CLL

IT disease. CD38 expression varied in patients with CLL c“”a::jﬂ"i“ | co3s+ET%) [ CO38-0%)
(Figurel). Sixty-one percent of the patients had CD38 ol 91.80% &7 10%
expression in 30% or more of the cells, and 39% of the v 5.20% 12 B0%
patients had CD38 expression in less than 30% of the Binat
cells. Sixteen percent of the patients had CD38 expres- A+B 90% 89.70%
sion in more than 80% of the leukemic cells. Using 30% c 10% 10.20%
as a cut-off point in our analysis was arbitrary, and most Lymph nodes
of the analysis was repeated using CD38 as a continuous 1':12 gm 87 c'::“
variable. Of the 100 patients we studied, 59% were pre- 20%
viously untreated. 3{or more) 40 12.80%
Palpabkle spleen 45.10% 25.60%
Palpable liver 16.40% 12.80%
. . . . Hagb gil 128.3(77-165) | 130.6(91-145)
Table 1: Baseline patient characteristics Wbe 210 97 B1(17.2-134.4) | 79.3(22.1299.6)
Age 3t diagnosic I9G gL Plt Kiml 189(102373) | 245(33-354)
Median | Fange Median | Fange
64,8 | (47-T8) 12.27 [ (7.24-18.2) ALC 51.8(7.1-104.5) ST(17-163)
Gander Ig giL
mie | w% Median Range % of Lym 78.7(40-95) | 83.2(7497)
'E'é‘“c:g P.m"mm“ ﬂ‘ L Ty [0.3%-3.42) Beta 2 microglobuline mgfl | 2.6(1.2-4.68) | 2.7(1.46-4.9)
] 8% Median | Range Agey 63.3(47-76) 65.2(59-77)
1 21% 243 | [0.7-3.9) Sex
2 26% Lactate d!h]ldlropm“ 1L male 75.40% 43 .50%
3 5% Maedian Range
No. of lymph node sites 53 ! 22.503) fII'I'I‘lh 24.50% 56.40%
0 54% Beta-2 microglobulin mlL IGHV mutational status
1 6% Median Range M-CLL 34.40% T4.30%
z 1o 27 (157-43) U-CLL 66.50% 26.60%
ALC[x10s0L) Albumin level gril
Median | Flange Median | Range
54.1 | 71130} 391 | (30- 45}
Hemoglobin level griL) Alkaline photphataze 1]
Median | Range Median | Range .
1282 ) [ [ faszom) ]
White blood cells{x10s/L) Liver size.sm ag
Median | Fange Median | Fange
68,1 | (22.1-299.8) 85 | (0= 5} as
Plavelet Kiml Spleen sizesm
M dian | Range Mo dian | Rln_a! E arT
210,95 | (93-354) 59 | 0-20) E
RAl stage IGHY mutation status E a8
0 54% Unmutated | 41% &
5% Mutated | 55% g o5
il % CD36 expression -]
il 5% positive>30%) | 51% g o4
v % negative(<30%) | 9% £ as
LE]
a2
Comparison of CD38+ and CD38- patient sub-
groups !
When the percentages of CD38+ cells were plotted for e 2 com

the entire patient population (data not shown), the pa-
tients could be segregated into 2 groups. Patients with
30% or more B cells expressing CD38 were considered
positive, and those with less than 30% were considered
negative. As shown in Table 2, there was no significant
difference between the 2 groups in terms of Rai or Bi-
net staging, splenomegaly, age, or sex. In addition, there
was no significant difference between the 2 groups in
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Figure 1: Time to first treatment by CD38 expression, Kaplan-
Meier survival curves. Kaplan-Meier survival curve comparing
patients with B-CLL whose samples were positive (30% or
more) or negative (less than 30%) for CD38 expression; the
difference is not significant at p= 0 .67.
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Figure 2:Time to first treatment by Beta 2 microglobuline. Ka-
plan-Meier curve based on CD38 expression comparing Treat-
ment free survival among patients with CLL stratified as having
a high b2M (greater than 2.5 mg/L) levels; the difference is
significant at p=0.00001.
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Figure 3: Time to first treatment by IGHV mutation. Kaplan-
Meier curve based on CD38 expression comparing Treatment
free survival among patients with CLL stratified as having
mutated/ unmutated IGHV; the difference is not significant at
p=0.09.
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Figure 4. Time to first treatment by Kaplan-Meier curve based
on CD38 expression comparing the Treatment free survival
among patients with CLL stratified as Binet A,B,C difference is
significant at p= 0 .00033.

Statistical analyses for CD38 expression

We used the univariate Cox proportional hazard model
to assess associations between Treatment free survival
time and various risk factors in this group of patients
with CLL (Table 3).

Table 3: CD38 expression and Time to first Treatment

TFS 0.23321 0.815599
Age 0.66429 0.506502
ALC 0.00000 1.000000
HB -0.80563 0.420455
WBC -0.42402 0.671553
Pt 3.80909 0.000140
L.gl -4.28611 0.000018
Spleen -2.69958 0.006943
Hepar -0.47349 0.635867
Gender 2.67131 0.007556
ECOG -1.19078 0.233740
RAI -3.84443 0.000121
IGHV mutation status  -3.49108 0.000481
Renal function 1.28972 0.197149

As expected patients with >30%CD38 expression have
had shorter time to first treatment, associated with these
prognostic factors: gender,platelet count, number of in-
volved lymph node sites, increased spleen, advanced Rai
and unmutated IGHVgene

A multivariable model for time to first treatment was de-
veloped with 100 patients (100%), who had complete
data available for the fitted covariates (table4). The fol-
lowing patient characteristics were independently asso-
ciated with shorter time to first treatment:

high b2M level (P .000002), age(P .00000), gender (P
.00000 ),lower hemoglobin level (P .00008 ), hepato-
megaly (P .00086 ).
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Table 4. Multivariate Cox proportional hazard model using 100 patients with CLL

b* Std.Err b Std.Err t(95) p-value
of b* of b*
Intercept 1.97893 4.230596 0.46777 0.641023
B2M 0.472676 0.094265 6.61499 1.319215 5.01434 0.000002
CD38 -0.016635 0.099031 -0.23846 1.419589 -0.16798 0.866955
IGHV -0.110753 0.099628 -1.54903 1.93439 -1.11166 0.269091
BINET -0.124757 0.105324 -1.33036 1.123140 -1.18450 0.239168

Table 5. Multivariate Cox proportional hazard model using 100 patients with CLL (cont.)

Intercept 65.23390 8.596915 7.58806 0.000000
Gender 0.352037 0.068440 5.09807 0991122 5.14374 0.000002
Age -.826478 0.098023 -0.70390 0,083485 -.843147 0.000000
Hbg -0.417540 0.101496 -0.11802 0.028688 -4.11386 0.000085
WBC -0.124262 0.174775 -0.01352 0.019018 -0.71098 0.478914
L.gl 0.086588 0.113226 0.44945 0.587718 0.76474 0.446406
Spleen -0.036652 0.128441 -0.3127 0.109591 -0.28536 0.776013
Liver -0.324641 0.094235 -1.42773 0.414433 -3.44502 0.000866
ALC -0.167952 0.184705 -0.02609 0.028690 -0.90930 0.365594
DISCUSSION ring inside the cell. Indeed, the percentage of CD38+cells

In this study, we found that patients with CLL could be
divided into 2 prognostic groups one with worse progno-
ses had high CD38 expression on malignant cells (30%
or more), and those with a better prognoses which had
low CD38 expression (less than 30%). Multivariate ana-
lyze in our study did not confirmed that CD38 expres-
sion is an important prognostic factor in time when mu-
lational status of IGHV gene plays the most important
prognostic role.

The prime subject behind the clinical observations is why
expression of this molecule on the cell surface would cor-
relate with a worse clinical outcome. One of the propose
possibility is that CD38 expression reflects events occur-

within a leukemic clone was originally described as one
of two independent indicators along with IGHV gene mu-
tations of clinical outcome in CLL (4).

Because both indicators marked somewhat overlapping
populations, a link with IGHV mutation status, signals
mediated by B cell receptor (BCR), and CD38 was pro-
posed(5). These two parameters are not obligatorily
linked; there is one hypothesis that the presence of cell
surface CD38 provides a more global molecular associa-
tion to the setting, changing the balance between sur-
vival/proliferation and apoptosis in favor of the survival.

CD38 is a transmembrane type II glycoprotein with a
short amino-terminal cytoplasmic tail, a single mem-
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brane spanning region, and a long extracellular carboxy-
terminal domain with molecular weight of 45 kDa. It has
ecto-enzymatic activity that serves in the conversion of
nicotinamide adenine dinucleotide to cyclic adenosine
diphosphate ribose, or cADBE an important regulator of
intracellular Ca 2+ release. CD38 has no lineage restric-
tion and mediates variable functions. In myeloid cells,
CD38 is expressed on immature precursors and can be
up-regulated using all-trans retinoic acid. Its presence has
been associated with better prognosis in acute myeloid
leukemia (AML), with the exception of AML-M3. CD38
has been reported to play a complex role in lymphocyte
proliferation. Ligation of CD38 using an agonistic mono-
clonal antibody produced diverse responses manifested
as growth or apoptosis. CD38 ligation on mature B cells
protected against apoptosis and up-regulated the expres-
sion of the Bcl-2 proto-oncogene. In contrast, ligation of
the CD38 molecule suppressed the growth of immature B
cells in the bone marrow micro-environment.

Recent studies divided patients with CLL into two prog-
nostic groups based on their IgHV gene mutation status,
one with mutation and good outcome and the other with-
out mutation but with poor outcome. But they also iden-
tify two subgroups of CLL patients with different clinical
outcomes according to CD38 expression. This distinc-
tion is based on the percentage of CD38+ leukemic cells
within a CLL clone. In the majority of studies, the thresh-
old is considered as +30% CD38+ clone members (7).
The two patient subgroups that result from this cut-off
point differ clinically in several ways, including overall
survival, time to first treatment, (8) toward male gender,
number of leukemic cells with atypical morphology(9),
extent and level of adenopathy, lactate dehydrogenase
and B2-microglobulin levels, (10) and absolute lympho-
cyte counts. These subgroups also differ in responsive-
ness to various therapies. In the past decade Damle et
al (4) found that patients with B-CLL with high CD38
expression did not have IgH mutations and that this cor-
related with poor prognosis, whereas patients with low
CD38 expression had IgH mutations that correlated with
good prognosis. Based on this observation, they pro-
posed that the B-CLL subset with high CD38 expression
arises from pregerminal center B cells and that the sub-
set with low CD38 expression arises from postgerminal
center cells.

Today it is accepted that more sensitive prognostic CLL
marker is mutational status of IGHV, and where is the
place of CD38 like prognostic CLL marker?

IGHV mutation status is a more static marker, indicative
of the cell of origin and the maturational events that oc-
curred in the life of the B cell before its leukemic trans-
formation. Antigen binding specificity correlates with
outcome because it indicates the extent of antigenic
epitopes that the BCR can engage, the affinity of these

engagements, and therefore the likelihood that survival
signals will be delivered to the CLL cell. It is for these
reasons that CD38 expression, which is a reflection of
the existing level of cellular activation within. leukemic
clone often correlates with a lack of IGHV somatic muta-
tions, which is more likely to lead to polyspecific binding,
cell signaling, and eventual cellular proliferation. Thus,
both prognostic indicators can be linked by the common
thread of leukemic cell proliferation: IGHV mutations in-
dicating the likelihood of binding multiple antigens and
of cellular stimulation and CD38 expression representing
the consequence of such binding and stimulation.

But CD38 is dynamic marker, although CD38 expression
was constant (negative or positive) over a variable peri-
od of time it increased. This increase in CD38 expression
was associated with marked worsening of the patient’s
clinical parameters. This was an unexpected finding and
contradicted the concept that CD38 expression reflects
the origin of B cells from pregerminal or postgerminal
centers. Although we cannot rule out the possibility of
an evolving new clone of pregerminal center origin, the
fact that the patient was untreated suggests an evolution
of the same disease. According to some other studies(11)
this change is usually not large (10%) and more often,
does not disregard the restrictions that mark “superior”
or inferior” clinical outcome, it can occur. However, when
it does, the suggested weakness can be actually viewed
as a positive feature of this prognostic indicator as an
rising trend in CD38-expressing cells may signal clone
evolution to a more aggressive state (12).

Therefore, we propose serial analyses of the percentage
of CD38+cells to be done, like indicators of leukemic
cell proliferation and prediction of worsening the clinical
course of the disease. This laboratory setting can have
an additional advantage of indicating a change in clone
behavior.

Some scoring systems are involving a multiplicity of
markers: IGHV mutations, CD38 and/or ZAP-70 levels,
chromosomal abnormalities, p53 mutations, and serum
molecules such as B2-microglobulin, can be effective risk
assessors and group stratifies. These approaches may re-
quire further prospective testing to refine and simplify
the methods.

CONCLUSION

CD38 expression identified a group of patients with ag-
gressive disease that was considered by traditional stag-
ing to be early-stage disease (Rai stages O-II or Binet A).
Patients with CD38 samples have significantly aggressive
disease regardless of their clinical stage. But today in era
of molecular and genetics markers when CD38 is loosing
it prognostic value in CLL patients prognosis, we propose
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serial analyses of the percentage of CD38+cells to be
done, resembling indicators of leukemic cell prolifera-
tion and may signal clone evolution to a more aggressive
state
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