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Background and Objectives. To investigate whether CD38
expression at diagnosis is an independent predictor of
survival and assess its associations with other clinical
parameters used in the staging of B-cell chronic lym-
phocytic leukemia (B-CLL).

Design and Methods. CD38 expression was analyzed in
155 consecutive unselected patients newly diagnosed
with B-CLL from January 1991 to July 1997. In all cases
CD38 expression was evaluated at diagnosis and
patients were classified into two groups: those with
≥ 30% were considered positive (CD38+) and those with
< 30% were considered negative (CD38−). Statistical dif-
ferences between each group were analyzed using χ2

tests for categorical variables and Student’s t-tests for
continuous variables. Survival analysis was performed at
the univariate level by the Kaplan Meier technique and
at the multivariate level by Cox hazard models.

Results. Thirty (19%) patients were CD38+. CD38+ was
associated with atypical morphology (p=0.004), a diffuse
bone marrow pattern (p=0.016), Rai stage ≥2
(p=0.009), high lactate dehydrogenase (p=0.02), high
β2 microglobulin (p=0.004), and higher lymphocyte
count (p=0.02).  Furthermore, CD38+ patients required
treatment more frequently (p=0.006) and CLL-related
mortality was significantly higher (p=0.012). When we
divided the study group into patients with Rai 0-1 and Rai
2-4 stages, CD38 positivity was only significantly asso-
ciated with mortality in the early stage patients (p= 0.012
vs p= 0.68). CD38 expression in the multivariate analy-
sis lost its statistical significance. None of these results
was modified when the CD38 cut-off was set at 20%.

Interpretation and Conclusions. CD38 expression iden-
tifies a subgroup of B-CLL patients with aggressive clin-
ical presentation and worse outcome. Its expression is
probably associated with other prognostic factors, but
the feasibility of determining this parameter makes it
easily reproducible and adds prognostic information at
diagnosis to aid prediction of the clinical course and out-
come of B-CLL.
©2002, Ferrata Storti Foundation
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B-cell chronic lymphocytic leukemia (B-CLL) is
the most frequent form of leukemia in West-
ern countries; its incidence increases with

age and is higher in men. B-CLL is characterized by
the clonal accumulation of CD5+ B-cells, with the
appearance of small mature lymphocytes and a
distinct immunophenotype which includes CD5,
CD23, CD19 positive, weak surface Ig, and weak or
negative CD22, FMC7 and CD79b.1,2

The clinical course of patients with B-CLL is vari-
able. Two major staging systems are used,3,4 togeth-
er with other parameters such as lymphocyte dou-
bling time,5 β2-microglobulin serum levels,6 bone
marrow histology7 and cytogenetic abnormalities,
such as deletion in 13q, deletion in 11q, trisomy of
12q, deletion in 17p, and deletion in 6q,8-10 in order
to predict the clinical course the disease.

B-CLL cells were originally considered naïve lym-
phocytes. Recent studies have found that the
analysis of VH gene sequences can identify two B-
CLL subgroups: one group of patients with somat-
ically mutated immunoglobulin variable region
genes, indicating that the B-cell has passed
through the germinal center and another group of
patients with unmutated sequences of VH genes,
characteristic of naïve B-cells.11-13 Continuing
along this line, Damle et al.14 demonstrated that
CD38 expression was a surrogate marker of VH
gene status: more than 30% of B-cells being
CD38+ was indicative of the unmutated genotype,
whereas less than 30% of the B-cells being CD38+

was indicative of the mutated genotype. More-
over, the group with unmutated genotype and
more than 30% CD38+ cells had a poor response
to treatment and a shorter survival. These data
were recently confirmed by Hamblin et al.,15 who
identified another subgroup of patients with dis-
cordant results who follow an intermediate clini-
cal course. The prognostic value of CD38 in pre-
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dicting the clinical course, progression after ther-
apy and outcome of B-CLL patients has been reit-
erated by other groups.16-19

We report the clinical presentation and outcome
of 155 consecutive patients diagnosed with B-CLL
from 1991 to 1997 with a long follow-up, who were
studied for CD38 expression at diagnosis. The objec-
tive of this study was to analyze whether there is an
association between CD38 expression and the clin-
ical presentation and outcome of these patients.

Design and Methods

Patients
This study was carried out in a 1,000-bed uni-

versity teaching hospital in Barcelona, Spain. The
hospital serves as a referral center for adults and
is located in an urban area with a population of
approximately one million.

From January 1991 to July 1997, peripheral blood
from all patients with a suspicion of chronic lym-
phoproliferative disease, based on standard crite-
ria (absolute lymphocytosis and/or abnormal lym-
phocytes), was systematically immunophenotyped.
The antibody panel used included CD38-PE mole-
cule. We also included in this study all consecutive
patients newly diagnosed with B-CLL who attend-
ed our hematology department.

Morphologic analysis
Lymphocyte morphology was assessed on blood

films stained with May-Grünwald-Giemsa. Two
observers (ADC, EA) reviewed all the samples. Atyp-
ical morphology was defined as more than 10%
prolymphocytes or more than 15% cells with
cleaved nuclei and/or lymphoplasmacytoid cells in
the blood of patients whose predominant cell type
was a small lymphocyte with coarsely clumped
chromatin, according to the criteria of Matutes et
al.20 Atypical B-CLL was only considered in those
cases with the characteristic immunophenotype
profile of this disease. Bone marrow biopsy was
performed in 109 patients and all the biopsy sam-
ples were examined by the same pathologist (VR)
and classified according to standard criteria.7

Clinical data
Patients were staged at diagnosis according to

the Rai classification.3 Progressive disease was
defined as: lymphocyte doubling time shorter than
1 year, progression to a more advanced Rai stage,
development of B-symptoms, and transformation
to Richter’s syndrome. Patients with progressive
disease were conventionally treated with chloram-
bucil as first-line therapy and with fludarabine for
resistant disease. Patients with stable disease were

not offered chemotherapy. CLL mortality was
defined as deaths related to disease progression or
treatment toxicity.

Cellular immunophenotypic analysis
Immunophenotyping of all patients was per-

formed at diagnosis with fresh peripheral blood
using direct fluorescence. Cells were incubated
with fluorescein isothiocyanate (FITC)-conjugated
and phycoerythrin (PE)-conjugated monoclonal
antibodies to the different surface molecules for 15
minutes at 25°C in a dark environment. Samples
were washed twice with PBS. Erythrocytes were
lysed incubating blood with FACS-lysing for 5 min-
utes. Negative controls consisted of cells incubat-
ed directly with FITC-conjugated and PE- conju-
gated isotype-matched mouse immunoglobulins.
Cells were analyzed using a FACScan flow cytome-
ter (Beckton Dickinson, San José, CA, USA) and by
setting gates on lymphocyte populations based on
SSC/FSC (LeucoGATE). The protocol for B-cell
chronic lymphoproliferative diseases used in all
cases included the following antibody conjugates:
anti-CD-19-PE, CD5-FITC, anti-CD23-PE, anti-
FMC7-FITC, anti-CD38-PE, anti-CD10–FITC, anti-
HLA-DR-FITC, anti-CD45-FITC, anti-CD14-PE and
restriction surface light chains anti-κ-FITC and
anti-λ-PE, all from Becton Dickinson except for
anti-FMC7-FITC from Serotec. Double color immu-
nofluorescence was used to analyze CD19/CD5,
CD19/CD38, κ/λ. The Lysys II software system (Bec-
ton Dickinson) was used to acquire and analyze the
data.

Positivity was considered when at least 20% of
the neoplastic lymphocytes expressed a particular
antibody, except for CD38 for which the cut-off
was considered to be 30%, according to recently
published data.14 We also analyzed the CD38 cut-
off set at 20% as suggested by Ibrahim et al.17

All cases in our study were scored according to
the Royal Marsden scoring system for CLL1 and all
cases were CD23 and CD5 positive, and had weak
or negative monotypic expression of surface Ig.

Statistical analyses
Results of the descriptive analysis are expressed as

means and standard deviations (SD) for continuous
data and number of cases with their proportions for
qualitative data. According to the percentages of
CD5+/CD19+ B-cells that co-expressed CD38, the
patients were classified into two groups: those with
≥ 30% CD38+ and those with < 30% CD38+. Statis-
tical differences between each group were analyzed
using the χ2 test for categorical variables and Stu-
dent’s t-test for continuous variables. Survival
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analysis was performed at the univariate level by
means of Kaplan-Meier techniques to estimate
overall survival and curves were compared by the
log-rank test. All variables were individually evalu-
ated in a hazard ratio model. Variables significant-
ly related to survival were then included in the mul-
tivariate Cox proportional hazard regression model.
Results of the regression analyses were expressed as
a hazard ratio (HR), with its 95% confidence inter-
val (CI). Values of p<0.05 were considered to be sta-
tistically significant. All these data were also ana-
lyzed for a CD38 positivity cut-off set at ≥ 20%.

Results

Clinical and biological features
This study was done on 155 patients with B-cell

CLL diagnosed in our hospital from January 1991 to
July 1997, and seen at least once in our outpatient
hematology clinic. Their median age at diagnosis
was 68 years (range 40-92 years), and the male to
female ratio was 1.5:1. The patients’ characteristics
are summarized in Table 1. In 124 cases (81%) lym-
phocyte morphology was typical. Of the 107 bone
marrow biopsies performed, mixed infiltration, in
52 (49%) cases, was the most common bone mar-
row pattern. In 3 cases, the infiltration pattern
could not be evaluated because of the poor biop-
sy samples. A total of 98 (64%) patients had Rai
stage 0 disease at diagnosis. At the time of diag-
nosis, 17/139 (12%) patients had high lactate
dehydrogenase (LDH) and 14/53 (26%) had a high
level of β2-microglobulin.

Twenty out of 128 (16%) patients had a dou-
bling time shorter than one year, and 56/141 (40%)
patients required treatment during the study peri-
od due to progressive disease. The median follow-
up of the study group was 78 months, with a range
between 1 and 129 months.

Comparison of CD38+ and CD38−subgroups
Of the 155 patients included in this study, 30

(19%) were CD38 positive (Figure 1). As shown in
Table 2, CD38 positivity identified a subgroup of CLL
patients with atypical morphology (p=0.004), a dif-
fuse bone marrow pattern (p=0.016) and aggressive
disease with Rai stage ≥2 (p=0.009). Furthermore,
the presence of high LDH and β2microglobulin at
diagnosis correlated strongly with more than 30%
CD38+ B-cells (p=0.024 and p=0.004, respectively),
together with a higher lymphocyte count at diag-
nosis (p=0.021). CD38+ patients required treatment
more frequently than did CD38− patients (p=0.006).
All these data remained significant when a cut-off
of 20% CD38 positivity was used and no new para-

meters emerged as being associated with CD38 pos-
itivity (Table 2).

There were significant differences in CLL-related
mortality between the two groups (Figure 2), with
the median survival not reached during the follow-
up period (p=0.012). When the 20% cut-off was
analyzed, it continued to differentiate two groups
of patients (p=0.009) (Figure 3). Furthermore, we
divided the patients into two groups according to
Rai stage, 0-1 and 2-4, and analyzed the impact of
CD38 expression on CLL-related mortality. CD38
was only significantly associated with worse out-
come in patients with Rai stage 0-1 disease
(p=0.012) (Figures 4-5). When CD38 expression

CD38 expression in B-CLL and outcome

Table 1. Clinical characteristics of the 155 patients.

Gender (male/female) 94/61 (1.5/1)

Age 
Median 68 years
Range 40-92 years

CD38 (n=155)
30% cut-off

<30% 125 (81%)
≥30% 30 (19%)

20% cut-off
<20% 116 (75%)
≥20% 39 (25%)

Morphology (n=153)
Typical 124 (81%)
Atypical 29 (19%)

Rai stage  (n=153)
0 98 (64%)
1 21 (14%)
2 18 (12%)
3 5 (3%)
4 11 (7%)

Bone marrow pattern (n=107)
Interstitial 37 (34%)
Mixed 52 (49%)
Diffuse 15 (14%)
Not evaluable 3 ( 3%)

LDH (n=139)
< 1N 122 (88%)
≥ 1N 17 (12%)

β2 microglobulin (n=53)
< 1N 39 (74%)
≥ 1N 14 (26%)

Doubling time < 1 year (n=128) 20 (16%)

Treatment required (n=141)
No 85 (60%)
Yes 56 (40%)
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was analyzed with the cut-off set at 20% it also
remained a prognostic factor only for early stage
patients (p= 0.009 in patients with Rai 0-1 disease
vs p=0.92 in Rai stage 2-4 patients) (curves not
shown).

Study of factors prognostic of survival
Associations between survival and the classi-

cal/known risk factors, including CD38 expression,

E. Domingo-Domènech et al.

Figure 1. Representative flow cytometric profiles of CD38 expression on CD5+/CD19+ B-CLL cases. A. CD38-PE negative in
CD5-FITC/CD19-PerCy5 positive cells; B. CD38 <30% in CD5-FITC/CD19-PerCy5 positive cells; C. CD38 75% in CD5-
FITC/CD19-PerCy5 positive cells.

Table 2. Comparisons between CD38 positive and CD38
negative patients according to the 30% and 20% CD38 cut-
offs. No major differences were found according to the two
cut-offs.

CD38 30% CD38 20%
CD38+ CD38− p CD38+ CD38− p 
(n=30) (n=125) (95% CI) (n=39) (n=116) (95% CI)

Mean age (years) 68 67.5 0.381 67 68 0.123

Gender (M/F) 18/12 76/49 0.936 26/13 68/48 0.374

Morphology 
Typical 18 (62%) 106 (85%) 0.004 25 (66%) 99 (86%) 0.006
Atypical 11 (38%) 18 (15%) 13 (34%) 16 (14%)

Bone marrow pattern
Diffuse 7 (32%) 8 (10%) 0.016 8 (30%) 7 (9%) 0.021
Other 15 (68%) 74 (90%) 19 (70%) 70 (91%)

Rai stage
0-1 18 (60%) 101 (82%) 0.009 23 (59%) 96 (84%) 0.001
2-4 12 (40%) 22 (18%) 16 (41%) 18 (16%)

Doubling time 5 (22%) 15 (14%) 0.356 5 (17%) 15 (15%) 0.785
< 1 year

High LDH (>1N) 7 (26%) 10 (9%) 0.024 10 (29%) 7 (7%) 0.002

High β2 7 (64%) 7 (17%) 0.004 7 (58%) 7 (17%) 0.008
microglobulin (>1N)

Treatment requir. 17 (63%) 39 (34%) 0.006 21 (60%) 35 (33%) 0.005

Lymphocyte count 18.45 12.35 0.021 30.6 18.2 0.003
× 109 (mean)

Figure 2. Kaplan-Meier CLL-related mortality curve compar-
ing CD38 positive and CD38 negative B-CLL patients (30%
cut-off). The difference is significant at p=0.012 (log-rank
test).

A B C
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were evaluated (Table 3). Age, diffuse bone marrow
pattern, Rai stage 2-4, high LDH and β2microglob-
ulin, doubling time < 1 year and CD38 expression
(20% and 30% cut-offs) were all significant fac-
tors in determining overall survival. The prognostic
factors with statistical significance were consid-
ered in a multivariate analysis (Table 4), which
included 94 patients with all variables (β2

microglobulin was excluded from the analysis due
to the small number of patients who had this
determination done). In this analysis, age, diffuse
bone marrow pattern, Rai stage and LDH were the
variables strongly associated with survival. CD38
expression, either 20% or 30% cut-off, was not a
statistically significant prognostic factor.

Discussion
We report on a large number of unselected con-

secutive B-CLL patients studied for CD38 expres-
sion at diagnosis. In our study, CD38 identified two
groups of B-CLL patients with different clinical pre-
sentations and outcomes.

CD38 expression in B-CLL and outcome

Figure 3. Kaplan-Meier CLL-related mortality curve compar-
ing CD38 positive and CD38 negative B-CLL patients (20%
cut-off). The difference is significant at p=0.009 (log-rank
test).

Table 3. Univariate study of patients’ characteristics pre-
dicting survival.

Hazard ratio 95% CI p

Sex 1.06 0.62-1.87 0.836
Age 1.06 1.03-1.09 <0.001
CD38 ≥ 30% 2.7 1.48-4.91 0.001
CD38 ≥ 20% 2.8 1.57-4.87 <0.001
Atypical morphology 1.6 0.85-3.03 0.144
Diffuse bone marrow pattern 4.7 2.26-9.80 <0.001
Rai stage 2-4 5.02 2.80-8.99 <0.001
Doubling time <1 year 2.5 1.22-5.09 0.012
LDH > 1N 3.8 1.84-7.84 <0.001
β2 microglobulin >1N 6.2 2.15-18.1 0.003

Table 4. Multivariate Cox proportional hazard model on
patients with all variables, except β2 microglobulin (n=94).

Hazard ratio 95% CI p

Age 1.07 1.02-1.12 0.003
High LDH 3.09 1.1-8.74 0.033
Diffuse bone marrow pattern 3.41 1.2-9.5 0.019
Rai stage 2-4 5.35 2.2-13.01 <0.003
CD38 ≥ 30% 2.82 0.29-27.0 0.37
CD38 ≥ 20% 0.52 0.05-4.83 0.56

Figure 4. Kaplan-Meier CLL-related mortality curve compar-
ing CD38 positive and CD38 negative Rai 0-1 B-CLL patients
(30% cut-off). The difference is significant at p=0.0125 (log-
rank test).

Figure 5. Kaplan-Meier CLL-related mortality curve compar-
ing CD38 positive and CD38 negative Rai 2-4 B-CLL patients
(30% cut-off). The difference is not significant p=0.68 (log-
rank test).



As first described by Damle et al.,14 CD38 expres-
sion and Ig VH gene mutations are reliable prog-
nostic indicators of clinical course and outcome in
B-CLL. This study identified 2 subsets of patients:
those with >30% CD38+ lymphocytes and unmu-
tated VH genes, characteristic of B-cells that have
not entered a germinal center (GC), and those with
<30% CD38+ lymphocytes and mutated V genes,
characteristic of post-GC, memory B-cells. More-
over, those patients with unmutated V genes and
>30% CD38+ lymphocytes had a worse clinical
course and shorter survival. Data reported by Ham-
blin et al.16 demonstrated that CD38 expression and
Ig VH gene mutation were independent prognostic
factors in B-CLL, although an association between
both parameters was not always found. Recent data
published by this group15 report discordant results of
CD38 expression and Ig VH mutations in 28% of the
patients included in the analysis. This subgroup of
patients follows an intermediate clinical course,
with a median survival of 15 years. Other studies
reported by Ibrahim et al.17 and Del Poeta et al.,18

reiterate the importance of CD38 expression in B-
CLL as a prognostic factor in large series of patients.
It is worth noting that the CD38 expression cut-off
used by Ibrahim et al. was 20%, in contrast to the
30% cut-off used by other authors. Moreover,
recently Morabito et al.19 demonstrated the impor-
tance of CD38 expression in predicting progression-
free survival after first-line therapy with high-dose
chlorambucil.

In this study, we confirm the association between
CD38 expression and most of the known bad prog-
nostic parameters for B-CLL, such as atypical mor-
phology, diffuse bone marrow pattern, Rai stage 2-
4, high β2microglobulin and LDH levels, as well as
a higher lymphocyte count and treatment require-
ment. Furthermore, CD38 expression identified a
subset of patients with a significantly shorter sur-
vival (p=0.012). When we divided patients into 2
groups according to their Rai stage (0-1 vs. 2-4),
CD38 positivity remained significantly associated
with CLL-related mortality only in the early stage
group. In the multivariate analysis, age, diffuse
bone marrow pattern, Rai stage 2-4 and high LDH
levels were found to be independent factors pre-
dicting survival, and CD38 expression lost its sta-
tistical significance.

The results of our multivariate analysis do not cor-
roborate those recently reported by other authors.
In the study by Ibrahim et al.,17 the cut-off for CD38
expression was arbitrarily set at 20%, differing from
the cut-off used by Damle et al.14 who reported an

inverse relationship between CD38 expression (cut-
off 30%) and V gene mutation status. This makes it
difficult to compare results from Ibrahim’s study
with results from our study and for that reason we
also analyzed our group of patients using a 20%
cut-off for CD38 positivity. No differences were
found in the univariate or multivariate analysis, or
in the CLL-related mortality curves, and CD38 con-
tinued to lose its significance as an independent
prognostic factor.

Del Poeta et al.,18 using the same 30% cut-off
for CD38 expression, only included biological vari-
ables and modified Rai stages in multivariate
analysis. In our analysis we also included those bio-
logical and clinical parameters with significance at
the univariate level, excluding β2-microglobulin
because of the small number of patients in whom
this was measured at diagnosis.

Nevertheless, we think that CD38 evaluation is a
measurable biological parameter that is not as sub-
jective as the evaluation of some clinical parame-
ters and which, performed at diagnosis, can iden-
tify two subgroups of B-CLL patients. Probably, bio-
logical parameters such as CD38 expression might
permit other invasive prognostic proceedings
included in the current staging of B-CLL to be
replaced in these patients.

At present, all these data suggest that there are
2 types of B-CLL with different stages of cell ori-
gin differentiation, which might explain the clini-
cal variability and survival seen in this disease. The
study of CD38 expression in immunophenotyping
protocols of B-CLL, measured under the same con-
ditions (CD38-PE) and with a unified criterion for
positivity (20% or 30%), is an interlaboratory
reproducible technology that will enable the uni-
form study of larger series of patients. This will help
in determining the exact prognostic value of CD38
in staging systems of B-CLL.
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What is already known on this topic
Over the last two years, a number of studies have shown
the prognostic value of CD38 in CLL for disease pro-
gression and survival.

What this study adds
The present study shows that CD38 expression is asso-
ciated with other poor prognostic variables in CLL. How-
ever, CD38 is only a prognostic factor for survival in ear-
ly stages and in a univariate analysis.

Potential implications for clinical practice
The feasible assessment of CD38 makes it an important
parameter to investigate in the routine practice as an
indicator of disease outcome in CLL.
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