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Abstract: Background and objectives: Numerous studies have focused on the role of CD38 in chronic lymphocytic
leukemia (CLL), but evidence regarding the prognostic value of CD38 with respect to overall survival (0OS) in CLL
remains controversial. The aim of this study is to gain a better insight about the direct relationship between CD38
expression and patients’ survival status. Materials and methods: Relevant publications addressing the association
between CD38 expression and OS in CLL patients were selected from PubMed, Embase, Web of Sience and the
Cochrane library. Studies were pooled and summary hazard ratios (HR) were calculated. Sensitivity analyses and
publication bias were also conducted. Statistical analysis was performed by STATA 12.0 software. Results: 18 stud-
ies met the inclusion criteria and were included in our meta-analysis. Combined HRs suggested that CD38 high
expression had an unfavorable impact on CLL patients’ survival (HR=1.92, 95% CI=1.41-2.6, P=0.000). Subgroup
analyses according to the studies categorized by histological type, cutoff scores and follow-up period were also con-
ducted, and all the above analyses supported the stability of the prognostic role of CD38. Conclusion: Our findings
suggest that CD38 overexpression in CLL patients might be a poor prognostic factor. However, further large scale

studies are needed to confirm these findings.
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Introduction

Chronic lymphocytic leukemia (CLL) is the
most prevalent adult leukemia, and despite the
introduction of new therapies, remains a seri-
ous clinical challenge due to its heterogeneity.
While some patients never require treatment
and have a survival of several decades, others
suffer from a much more aggressive, rapidly
evolving form. Identification of these subgro-
ups and insight into the prognosis for each
individual patient will be crucial to determine
individualized treatment strategies. With reg-
ard to the prognosis of CLL patients, the clini-
cal staging systems proposed by Rai [1] and
Binet [2], based on leukemia cell burden, are
useful for assessing prognosis. However, the
staging systems lack the ability to distinguish
prospectively patients with early stage B-CLL
that will rapidly progress to aggressive disease
from patients who will remain in early stage for
a long time [3].

In a continual effort to identify the patients with
poor prognosis and to facilitate the clinical

management of CLL, several prognostic ma-
rkers have been identified during the last two
decades [4]. CD38 is a diphosphate-ribose
hydrolase that acts as a complex ecto-enzyme
with adenosine diphosphate-ribosyl cyclase
and cyclic adenosine [5]. The elevated CD38
expression is associated with inferior clinical
outcomes of CLL [6]. Many laboratories now
analyze CD38 expression as part of their rou-
tine diagnostic flow cytometric analysis of CLL
patients. However, the clinical application of
CD38 data has been clouded by a perception
that major uncertainties remain in the litera-
ture concerning its prognostic value [7-9].
Some studies have reported that CD38 exp-
ression changed over time or that only relati-
vely high levels of CD38 positivity were prog-
nostic [8, 9], while other studies have shown
that CD38 expression was stable over time
and that the presence of even a small perc-
entage of CD38-positive cells was associated
with significantly poorer clinical outcomes [10,
11]. As meta-analysis is an essential tool for
summarizing evidences accurately and reliably,
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we conducted this meta-analysis to gain a bet-
ter insight on the direct relationship between
CD38 expression and patients’ survival sta-
tuses, which, to the best of our knowledge, has
not been previously performed.

Materials and methods
Literature search

Studies were identified via an electronic
search of PubMed, Embase, Web of Sience
and the Cochrane library (updated to January
31, 2016) using the following key words: chron-
ic lymphocytic leukemia, CLL, CD38, progn-
ostic, prognosis and survival. The language of
published papers was restricted to English.
Reference lists from retrieved documents were
also searched.

Selection criteria

Studies had to meet the following criteria: (a)
full text publication compared the OS between
different expressions of CD38 in CLL; (b) mea-
sured CD38 expression in CLL with flow cytom-
etry or fluorescence in situ hybridization (FISH);
(c) hazard ratios (HRs) and their 95% confi-
dence intervals (95% Cls) for OS according
to CD38 status either had to be reported or
could be computed from the data presented;
(d) to avoid duplicated publications, the most
recent report or the most informative one was
included. Reviews, letters to the editor, confer-
ence abstracts or comments were excluded
due to insufficient data. We also used a manual
reference search for relevant articles, including
original articles and reviews, to identify addi-
tional studies.

Data extraction

Data were extracted independently by two
investigators (H. C and L. Z. G). The following
data were collected from each article: first
author, year of publication, country, number
of patients, CD38 high/low expression cases,
detecting methodology, cut-off, follow-up peri-
od, histological type and HR with 95% CI.
Some published researches didn’t provide HR
and 95% CI directly. In that case, two revie-
wers (H. C and J. J) independently digitized and
extracted the data through the Kaplan-Meier
curves by using GetData Graph Digitizer 2.24
(http://getdata-graph-digitizer.com) and then
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reconstructed the HR and its variance
(GraphPad Software, Inc, La Jolla, CA, USA).
Disagreements between the reviewers were
resolved by consensus.

Statistical analysis

The HR with its variance estimates (95% CI)
was abstracted or calculated to quantitati-
vely evaluate the association between CD38
expression and CLL prognosis. High expres-
sion of CD38 indicated poor prognosis in
patients with CLL if HR>1 with the 95% ClI did
not overlap 1. To assess heterogeneity among
the studies, Cochrane’s Q test (Chi-squared
test) and inconsistency (I?) statistics were used.
Where there is no heterogeneity (P>0.1;
1°<50%), the fixed effects model analysis was
made, otherwise, the random effect model
should be used. The possibility of publication
bias was assessed using the Begg test and
visual inspection of a funnel plot. We also per-
formed the Duvaland Tweedie nonparametric
“trim and fill” procedure to further assess the
possible effect of publication bias in our meta-
analysis [12]. This method considers the pos-
sibility of hypothetical “missing” studies that
might exist, imputes their HRs, and recalcu-
lates a pooled HR that incorporates the hypo-
thetical missing studies as though they actu-
ally existed. For all analyses, a two-sided P
value less than 0.05 was considered as stati-
stically significant. All analyses were perfor-
med using STATA software version 12.0 (Stata
Corporation, College Station, TX).

Results
Selection and characteristics of studies

After the initial literature search, a total of
526 potentially relevant citations were retri-
eved. 72 articles were excluded after the first
screening since they were reviews, abstracts,
letters to editor, animal/in vitro studies. 426
were excluded based on abstracts or titles,
which were duplications or studies irrelevant
to the current topic, leaving 28 studies for
detailed evaluation. After carefully reading
the full text articles, 10 were excluded for the
meta-analysis for lacking sufficient survival
data. As a result, 18 eligible studies including
2975 CLL cases were included in this meta-
analysis [6, 13-29]. The main characteristics
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Table 1. Characteristics and results of eligible prognostic studies evaluating CD38

First author Year Country P:t.it(e); " Method HISttOyI F()Jeglcal Dfl;:?ot\:a:;f P(l)\‘s.i'?if/e Cutoff value 0S

HR Estimate HR 95% Cl
Assem, M 2009 Egypt 50 Flowcytometry B-CLL 120 9 30% Sur. curve 2.96 0.33-26.33
Boonstra, J 2006 Netherlands 78 Flowcytometry B-CLL 60 35 30% Sur. curve 1.64 0.54-5
Chang, C 2003 USA 24 Flowcytometry B-CLL 203 11 30% Sur. curve 1.56 0.44-5.58
Chevallier, P 2002 France 122 FISH B-CLL 157 32 30% Sur. curve 2.38 1.30-4.35
Damle, R 1999 USA 36 Flowcytometry B-CLL 240 17 30% Sur.curve  1511.63 Not applicable
D’Arena, G 2001 Italy 61 Flowcytometry B-CLL 180 22 30% Sur. curve 1.01 0-283.35
Del Poeta, G 2001 Italy 168  Flowcytometry B-CLL 132 50 30% HR 95% CI 6.86 2.19-21.39
Domingo-Domenech, E 2002 Spain 155  Flowcytometry B-CLL 129 30 30% HR 95% CI 2.7 1.48-4.91
Dong, H 2014 China 194  Flowcytometry CLL 82 74 30% HR 95% ClI 2.24 0.80-6.23
Hamblin, T. 2002 UK 145  Flowcytometry B-CLL 428 61 30% HR 95% CI 1.8 0.90-3.30
Hewamana, S 2009 UK 131  Flowcytometry CLL 24 57 20% HR 95% ClI 2.8 0.96-9.82
Hock, B 2010 New Zealand 106  Flowcytometry CLL 120 14 5% Sur. curve 5.63 1.12-28.33
Hsi, E 2003 USA 131  Flowcytometry CLL 103 92 100 (antibodies bound/cell)  Sur. curve 1 0.67-1.49
Ibrahim, S 2003 USA 120  Flowcytometry B-CLL NA 63 20% Sur. curve 1.27 0.65-2.47
Kontos, C 2016  Germany a7 Flowcytometry CLL 120 4 30% HR 95% CI 1.02 0.98-1.06
Pepper, C 2012 UK 1035 Flowcytometry CLL 96 343 20% HR 95% ClI 1.7 1.40-2.40
Pratt, G 2016 UK 225  Flowcytometry CLL 48 170 % HR 95% ClI 2.65 1.86-3.79
Xu, W 2009 China 147  Flowcytometry B-CLL 184 45 30% Sur. curve 2.67 0.16-44.35

N, number; CLL, chronic lymphocytic leukemia; B-CLL, B cell chronic lymphocytic leukemia; NA, no available; OS, overall survival; HR, hazard ratio; 95% Cl, 95% confidence interval.
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Table 2. Summarized HRs of subgroup analyses for CD38 on CLL

and 2.06 (95% Cl: 1.3-

survival 3.28, P=0.002), separat-

Heterogeneity ely. FiQaIIy, in the subgroup

N.of — Effect 0 959 ci) test analysis based on the fol-

studies  model P Pvalue low-up period, the com-

i (o)

Overall 16  Random 1.92(1.41-2.6) 81.6% <0.001 bined HR was 1.78 (95%

Histological type Cl: 1.24-2.57, P=0.002) for

i f sh follow-

B cell CLL 9 Fixed 2.13(1.61-2.82) 0.0% 0.44 stu@es of shorter follow-up

period (<120 months) and

Total CLL 7 Random 1.7 (1.13-2.54) 87.8% <0.001 228 (95% Cl: 1.34-3.89

Cutoff value P=0.002) for those of lon-

30% 10 Random 2.06(1.33.28) 74.7% <0.001 ger follow-up period (>120
20% 3 Fixed 1.67(1.31-2.13) 0.0% 0.49 months).

Duration of follow-up

<120 months 6 Random 2.28 (1.34-3.89) 63.4% 0.018
Random 1.78 (1.24-2.57)

>120 months 9

Sensitivity analyses and
78.4% <0.001 publication bias

N, number; HR, hazard ratio; 95% Cl, 95% confidence interval.

of studies enrolled are summarized in Table 1.
Briefly, sample sizes ranged from 24 to 1035.
The mean follow-up period for the studies
was 142.7 months, ranging from 24 to 428
months. Among the 18 studies, 7 focused on
all types of CLL, while 11 reported B cell CLL
only. All the studies investigated CD38 by flow
cytometry, except one, which used FISH [16].
6 of the 18 included studies identified CD38
high expression as a significant poor progno-
stic factor, whereas the other 12 studies repo-
rted that CD38 high expression had no signifi-
cant association with CLL prognosis.

Meta-analysis results

The main results of this meta-analysis are
summarized in Table 2. 16 studies had suffi-
cient data for estimating HR and 95% Cl, inc-
luding 2878 patients. As shown in Figure 1,
using random-effect model, CD38 high expres-
sion was a prognostic factor for poor survival
in CLL patients (HR=1.92, 95% CI=1.41-2.6,
P<0.001). Our results indicated that CD38 was
an independent prognostic factor in patients
with CLL.

We also conducted subgroup analyses based
on histological type, cutoff scores and follow-up
period. When grouped according to the histo-
logical type, the combined HR was 2.13 (95%
Cl: 1.61-2.82, P<0.001) for B cell CLL. Stratified
by the positive threshold for CD38 express-
ion, the combined HRs of 20% and 30% cutoff
value were 1.67 (95% CI: 1.31-2.13, P<0.001)
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Visual inspection of the

Begg funnel plot revealed
asymmetry (Figure 2). Although the Begg test
was not statisitically significant (z=0.68; P=
0.499), this raises the possibility of publica-
tion bias. Thus, we undertook a sensitivity
analysis using the trim and fill method, which
conservatively imputes hypothetical negative
unpublished studies to mirror the positive
studies that cause funnel plot asymmetry [30].
The pooled analysis incorporating the hypoth-
etical studies continued to show a statistic-
ally significant association between CD38 and
poor survival outcome of CLL (HR=1.69, 95%
Cl: 1.27-2.23, P<0.001).

Discussion

CD38 is a transmembrane glycoprotein that
is widely expressed on a range of hematopoi-
etic and non-hematopoietic cell types. There
has been a considerable amount of interest
and controversy in the perspective that CD38
expression in CLL is associated with short
survival. Therefore, we performed the present
meta-analysis to summarize all of the availa-
ble researches on the impact of the CD38 on
the prognosis of CLL, which to the best of our
knowledge, has not been performed before.

By pooling all the studies which compared
the survival outcomes of CLL patients acco-
rding to expression status of CD38, our meta-
analysis showed promising prognostic value
of CD38 detected in tumor samples for OS of
CLL. Patients with elevated CD38 expression
had about 1.92 fold higher risk of poor progno-
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the heterogeneity. When
histological type of CLL
was taken into consider-
ation, the pooled analysis
results for B-CLL were
similar to the overall res-
ults with increased HR,
further proving the prog-
nostic significance of CD-
38 in B-CLL. Individual
study selected various
cutoff points, so we also
stratified studies accord-
ing to different cutoffs to
increase the homogenei-
ty, which would be mean-
ingful in clinical applica-

Study %
1D HR (95% CI) Weight
T
Assem, M 1 2.96 (0 33, 26.33) 166
1
Boonstra, J ——0-3— 164 (054, 5.00) 454
Chang, C —_— 156 (0.44. 5.58) 384
)
Chevallier, P ——— 238 (1.30,4 35) 793
Del Poeta, G i—t— 686 (2.19,21.39) 441
Domingo-Domenech, E ﬁ:—O— 270(148,481) 796
Dong, H -—— 224 (0.80,6.23) 499
Hamblin, T — 180 (0 90, 3 30) 756
o i
Hewamana, S — 2580 (0.96,982) 430
Hock, B —%—o— 563 (1.12, 28.33) 272
Hsi, E —_—— 1.00 (0.67, 149) 961
2 |
Ibrahim, S —t— 1.27 (0.65,247) 742
Kontos, C o 102 (0,98, 1.06) 1148
! ]
Pepper, C - 1.70 (1.40, 2.40) 1056
Pratt, G — 265 (186, 379) 995
N 1
Xu, W . S 267 (0.16,44.35) 107
Overall (I-squared=81.6%, p = 0.000) <> 192 (141,2560) 100 00
|
NOTE: Weights are from random effects analysis 3
T T

tion. A more dismal im-

5 115

Figure 1. The association between CD38 overexpression and overall survival of
CLL stratified by HR estimation. The summary HR and 95% Cls were shown (ac-

cording to the random effect estimations).

Begg's funnel plot with pseudo 95% confidence imis

log[HR]
o
L

s.e. of: log[HR]

Figure 2. Funnel plots of Begg's to detect publication
bias on overall estimate.

sis, compared with those without high CD38
expression. Significant heterogeneity was fo-
und in this meta-analysis (1?>=81.6%, P<0.001)
for OS. Studies may have differed with regard
to the baseline characteristics of the patients
included (age, histological type, differentiation
or disease stage), the duration of follow-up and
adjustments for other cofactors, adding the
heterogeneity between studies. Therefore, we
performed the analysis using random-effects
model which considered the between-study
heterogeneity. Moreover, we attempted to per-
form a stratified subgroup analysis to reduce
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pact on survival was ob-
served by using 30% cut-
off value, indicating that
a higher level of cutoff
score, 30% for example,
would be more helpful
leading to a differential conclusion. Finally, we
found that the association was more significant
for studies of longer follow-up period (=120
months), implying that CD38 might be more
valuable on predicting long-term outcome of
CLL.

CLL prognostic markers are often only obtai-
ned at diagnosis, and these single measure-
ments do not reflect the changing nature of
CLL over the disease trajectory. It is worth
mentioning that CD38 expression often varies
over time in CLL and repeated measurement
of CD38 expression on peripheral blood CLL
lymphocytes by flow cytometry appears to ref-
ine the initial information [31]. For the same
reason, combinations of CD38 with other bio-
markers are recommended to identify more
aggressive CLL patient subgroups and to gui-
de treatment decisions. It has been repor-
ted that patients with combined expression
of ZAP-70 and CD38 had significantly shorter
time to disease progression (TDP) and overall
survival [13]. In patients with low CD38 exp-
ression, a subgroup with low CD31 expression
had significantly longer survival compared with
the survival for the entire group [25]. Further
multi-factor analyses about the prognostic
role of CD38 with other established prognostic
factors for CLL patients are still needed.

Int J Clin Exp Med 2017;10(3):4305-4312
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The results should be interpreted cautiously
since some limitations exist in present meta-
analysis. First of all, the pooled HRs calcul-
ated in our study may be overestimated due
to publication and reporting bias, while unpub-
lished papers, abstracts and letters to the
editor were not taken into account. Although
the trim and fill sensitivity analysis did not
change the general results, the possibility of
publication bias is not fully excluded by this
method. Second, the quality of the individual
study was not always optimal, as shown by the
general lack of information on blinding and
recruiting of consecutive patients for all stud-
ies. Third, method used to extrapolate the
HRs may bring potential bias. The HRs were
extrapolated from the survival curves and
recalculated if they were not reported in the
study, which, in fact, seem to be less relia-
ble than extracting HRs from published statis-
tics because this strategy did not completely
eliminate inaccuracy. Besides, Damle R and
D’Arena G’s studies [6, 17] did not provide
sufficient OS data for meta-analysis. The miss-
ing information showed “positive” association
of CD38 with CLL survival that might increase
the significance of CD38 as a predictor of OS
in CLL. Finally, CLL patients had received diff-
erent treatments, which may influence the
survival of CLL. Nevertheless, the majority of
published studies lacked required data regard-
ing patient treatment and all these sources
of variability could produce additional incon-
sistencies and cause potential selection bias
[32]. Therefore, appropriate multivariate analy-
sis should be performed to examine whether
CD38 is a prognostic factor, independently of
as known clinical factors, such as age, sex,
stages, and treatment.

In summary, despite of the above limitations,
the present meta-analysis demonstrates a sig-
nificant association between CD38 high exp-
ression and poor overall survival in patients
with CLL. However, these findings had to be
interpreted with caution when used in clinical
practice, since the reported associations were
diverse. Larger well-designed prospective coh-
ort studies are still needed to further validate
the prognostic role of CD38 in patients with
CLL.
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