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Abstract: Chronic lymphocytic leukemia (CLL) is the most common form of leukemia in the Western world. 
The timing as to when a patient will require treatment is highly unpredictable. Thus, there has been great 
interest in identifying prognostic markers that can be used to distinguish patients who may have an aggressive 
form of CLL and might benefit from early intervention. Recently developed molecular markers are costly 
and often require a high level of technological expertise. Recent data give evidence for the prognostic 
relevance of peripheral blood smudge cells percentage in CLL. In our study, we investigated the prognostic 
potential of smudge cell percentage in 180 de novo CLL patients referring to the National Cancer Institute, 
Cairo University, Egypt and correlated the smudge cell percentage with established prognostic markers; 
including age, sex, ZAP 70 and CD 38 expression, pattern of marrow infiltration, Beta-2 microglobulin, 
Lactate dehydrogenase and lymphocyte doubling time. Our results showed that smudge cells percentage 
correlated inversely with markers of bad prognosis and correlated positively with hemoglobin and 
lymphocyte doubling time, which confer a better prognosis. We concluded that peripheral blood smudge 
cells percentage could be used as a simple, inexpensive and independent prognostic marker that can predict 
the outcome and survival in de novo CLL patients. 
[Zaher, Amr and Elgamal, Basma. Peripheral Blood Smudge Cells Percentage in De Novo CLL: A 
Comparison with Other Established Laboratory Prognostic Markers] Life Science Journal. 2011; 
8(4):239-244] (ISSN: 1097-8135). http://www.lifesciencesite.com.  
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1. Introduction 

B-cell chronic lymphocytic leukemia 
(B-CLL) is the most common type of adult 
leukemia in Western countries.  Each year, 
15,000 to 19,000 individuals are diagnosed with 
this disease in the United States (1). It shows a 
remarkable heterogeneity, with some patients 
having an almost normal lifespan, while others 
having only several years of survival in spite of 
intensive chemotherapy (2). With the widespread 
use of automated blood cell counters and flow 
cytometric immunophenotyping, up to 80% of 
patients with CLL are diagnosed at an early 
stage of the disease (3). However, approximately 
50% of patients with early stage disease have 
accelerated disease progression, while many of 
the rest survive for more than a decade without 
even requiring therapy (4). The prognosis of CLL 
patients had been accordingly linked to many 
factors, the most important of which are the 
immunoglobulin heavy chain gene mutation 
status, leukemic cell expression of CD38 and 
ZAP 70 associated protein, chromosome 
analysis by fluorescence in situ hybridization 
(FISH) and others, which identify patients with 
biologically aggressive disease and shorter 
survival time(5). Unfortunately, most of such 
recently developed prognostic tests are costly 

and often require a high level of technologic 
expertise(6) and despite this progress, many 
patients have limited access to these laboratory 
tests, which require highly sophisticated 
instruments and a high degree of technical 
expertise and are costly to perform. In addition, 
because of the technical complexity of some of 
the assays, a considerable effort is necessary to 
ensure reproducibility between the laboratories 

(7-9). 
 Smudge cells are ragged lymphoid 

cells found mainly in peripheral blood smears of 
CLL patients and which are ruptured during 
smear preparation of virtually all CLL patients. 
For nearly a century, smudge cells were thought 
to be merely an artifact of slide preparation (10). 
The interpatient variability in the percentage of 
smudge cells on a peripheral blood smear is well 
recognized and is independent of the absolute 
lymphocyte count and also of the staining 
technique (11).  

It has been discovered that smudge 
formation is related to the content of the 
cytoskeletal protein vimentin present in leukemic 
cells (12).  It was shown that CLL patients with 
high vimentin content have a low percentage of 
smudge cells. In addition, it was found that high 
vimentin expression is associated with a 



Life Science Journal, 2011;8(4)                    http://www.lifesciencesite.com 

240 
 

shortened time to initial therapy in early-stage 
CLL (5). Because vimentin expression was found 
to be a prognostic factor in early-stage CLL, we 
hypothesize that there could accordingly be an 
association between smudge cell percentage and 
prognosis in patients with CLL. 
Aim of work: 

This study was performed to investigate the 
possible prognostic implication of the 
percentage of peripheral blood smudge cells, as 
an easy and cheap technique in de novo CLL 
patients, through comparing it with other 
established laboratory prognostic tests. 

 
2. Patients and Methods: 

Our study included 180 CLL patients 
referring from the Medical Oncology 
Department to the Clinical Pathology 
Department, Egyptian NCI, during the period 
from May 2007 to Dec 2009. These un-selected 
patients were newly diagnosed after fulfilling the 
diagnostic criteria of CLL according to the 
National Cancer Institute-sponsored Working 
Group [NCI-WG] guidelines (13). At diagnosis, 
these patients were subjected to complete blood 
count (CBC), bone marrow aspiration/biopsy 
(BMA/BMB), flowcytometric 
immunophenotyping (IPT), serum beta-2 
microglobulin (ß2M), serum lactate 
dehydrogenase enzyme (LDH) and smudge cells 
percentage in peripheral blood smears. 
Lymphocyte doubling time (LDT) was 
concluded after two check points evaluating the 
absolute lymphocytic count; the 1st when 
patients achieved maximum response of 
treatment (CR-PR-SD) and the 2nd after 12 
months. Correlations between smudge cells 
percentage and all of the above-mentioned 
laboratory prognostic tests were explored. 

Hemograms were done on Cell-Dyn-3700 
automated cell counter. Absolute lymphocytic 
counts (ALCs) were revised and calculated from 
peripheral blood smears. Leishman-stained 
BMA smears were examined for percentages of 
mature (± immature) lymphocytes. Bone marrow 
biopsy (BMB) cores were fixed, decalcified, 
processed, embedded, sectioned and 
H&E-stained according to the well known 
routine techniques (14). BMB sections were 
histologically examined for lymphoid infiltration 
patterns.  

CLL diagnosis was confirmed by  
immunophenotypic analysis performed on 
Partec-III  flowcytometer using a panel of  
McAbs [Dako, Denmark and Santa Cruz 
Biotechnology, USA] including CD3, CD4, 

CD20, FMC7, HLA-DR, and Kappa light chain 
conjugated with fluorescein isothiocyanate 
(FITC); CD5, CD23, CD10, CD22, CD79b, CD8 
and Lambda light chain conjugated with 
phycoerythrin (PE) and CD19 conjugated with 
phycoerythrin-Cyanine 5(PE-Cya5). For all of 
these markers, results were expressed as a 
percentage of cells showing positive surface 
expression (when the marker was identified in 
≥20%). As prognostic markers, the cytoplasmic 
expression of ZAP-70 and the surface expression 
of CD38 were further determined in (CD5/CD19) 
positive B-CLL cells by using anti-ZAP-70-FITC 
and anti-CD38-PE McAbs [BD Bioscience, 
Mountain view, California]. ZAP-70 expression 
was considered as positive when identified in 
≥20% of the gated (CD5/CD19) positive B-cells 
(15), while CD38 expression was considered as 
positive when identified in ≥30% of the gated 
(CD5/CD19) positive B-cells (16). Serum ß2M 
was estimated on the fully automated Axyum, 
Abbott, USA, by micro-ELISA technique. ß2M ≤ 
3.4µg/ml was considered normal and ß2M > 
3.4µg/ml was considered elevated. LDH was 
estimated on Synchron CX-9-PRO, Beckman 
Coulter, Inc., USA, by the spectrophotometric 
technique. LDH ≤ 480 U/L was considered 
normal and LDH >480 U/L was considered 
elevated. 

 
Assessment of Pb smudge cells percentage: 

From an EDTA blood samples, smears 
were freshly prepared by the manual wedge 
method using a clean glass-slide with frosted 
edges. For each case, two stained peripheral 
blood smears were examined simultaneously in a 
blinded manner by two hematopathologists and 
the mean of their readings was obtained. 
Smudge cells were identified a broken cells with 
disrupted nuclear membrane and without intact 
cytoplasm; accordingly, a total of 300 intact 
lymphoid cells and smudge/basket cells were 
counted on each smear. Then, the percentage of 
smudge cells was calculated through dividing 
the smudge/basket cells count by the sum of 
intact lymphoid cells and smudge/ basket cells 
counts times 100. 

 
Statistical methods: 

Data was analyzed using SPSSwin 
statistical package version 17 (SPSS inc., 
Chicago, IL). Chi-square test was used to 
examine the relation between qualitative 
variables. For quantitative data, comparison 
between two groups was done using 
Mann-Whitney test (non parametric t-test). 
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Comparison between 3 groups was done using 
Kruskal-Wallis test (non-parametric ANOVA). 
Spearman-rho method was used to test 
correlation between numerical variables. 
P-value<0.05 was considered significant.  
 
3. Results: 

Our study was carried out on 180 patients 
with de novo CLL, 126 males (70%) and 54 

females (30%). Their age ranged from 35 to 79 
years with a median of 57 years and a mean of 
57.9+8.3 years. Table (1) describes the data of 
the numerical laboratory parameters of the 180 
patients included in the study. It shows that the 
peripheral blood smudge cells percentage was 
ranging from 3 to 75 with a median of 27 and a 
mean of 30.1±19.7 

 
Table (1): Descriptive data for the numerical laboratory parameters of the 180 patients included in this 

study 

Parameter 
Patients number = 180 

Median Minimum Maximum Mean ±SD 
Hb (gm/dl) 10 5.1 15.3 9.8 2.5 
TLC (x10³/Cmm) 80.8 6.6 514 105 89.1 
Pb (L) % 83 38 99 80.1 13.8 
Pb (IL) % 0 0 12 1.2 2.9 
Pb ALC (x10³/Cmm) 66.23 5.02 493.44 90.08 82.55 
BMA (L) % 79 12 97 75.1 15.8 
BMA (IL) % 0 0 9 1 2.1 
Serum B2M (mg/L) 3.7 1.6 7.3 4 1.5 
Serum LDH (U/L) 572 282 1538 632 261 
Pb SCs  % 27 3 75 30.1 19.7 

Hb= hemoglobin, TLC= total leucocytic count, L= lymphocyte, IL= immature lymphocyte, ALC= 
absolute lymphocytic count, BMA= bone marrow aspiration, ß2M= beta 2 microglobulin, LDH= lactate 
dehydrogenase, Pb= peripheral blood, SCs= smudge cells 
  

Figure (1) shows a peripheral blood smear 
with high smudge cells percentage (70%) and 

figure (2) shows another smear with low smudge 
cells percentage (4%) in 2 de novo CLL patients. 

 

 

 

 

Fig. (1): Peripheral blood smear shows high smudge cells percentage (70%) in de novo CLL patient, 
Leishman’s stain, x20, x100 and x100, respectively.  

 
Table (2) shows the results of categorical 

laboratory parameters obtained in this study. 
They included immunophenotyping for common 
prognostic markers [namely ZAP 70 and CD38], 
LDT and BM biopsy infiltration pattern. On the 
flowcytometer, 83 patients (46.1%) showed 

positive ZAP 70 expression, 58 patients (32.2%) 
showed positive CD38 expression and 33 
patients (18.3%) showed ZAP70/CD38 
co-expression. Twenty five patients (13.9%) 
were ZAP 70 negative and CD38 positive, 50 
patients (27.8%) ZAP 70+ CD38- and 72 



Life Science Journal, 2011;8(4)                    http://www.lifesciencesite.com 

242 
 

patients (40%) were both ZAP70 and CD38 
negative. On BM histological examination, 95 
patients (52.8%) showed diffuse pattern of 
lymphoid infiltration, 11 patients (6.1%) showed 
nodular pattern and 74 patients (41.1%) showed 
mixed pattern of lymphoid infiltration. Out of 
the 180 patients, 61 were missed and could not 

be followed for more than 12 month, while, 119 
patients could be followed for estimating the 
lymphocyte doubling time (LDT). Thirty nine 
patients (32.8%) had LDT less than 12 months 
and 80 ones (67.2%) had LDT more than 12 
months.  

 

 

 

 

Fig. (2): Peripheral blood smear shows low smudge cells percentage (4%) in de novo CLL patient, 
Leishman’s stain, x20, x100 and x100, respectively.  

 
Table (2): Results of categorical laboratory parameters of the 180 patients including: (a) IPT for prognostic 

markers (b) BM biopsy pattern and (c) LDT. 

Parameter 
Patients number = 180 

Positive Negative 

(a)  
CD38 expression 58 (32.2 %) 122 (67.8%) 

ZAP-70 expression 83 (46.1%) 97 (53.9%) 
CD38/ ZAP-70 co-expression 33 (18.3%) 147 (81.7%) 

 

(b)  BM biopsy infiltration pattern 
Diffuse Nodular Mixed  

95 (52.8%) 11(6.1%) 74(41.1%) 
 

(c)  Lymphocyte Doubling Time 
Patients number (valid) = 119* 

< 12 month ≥ 12 month 
39 (32.8%) 80 (67.2%) 

IPT= immunophenotyping, BM= bone marrow and LDT= lymphocyte doubling time 
*Out of total 180 patients, 119 were valid to be followed and 61 were missed and could not be followed 
 

Peripheral blood smudge cell % was lower 
with high ZAP 70 expression, high CD38 
expression, high ZAP70/CD38 coexpression and 
diffuse pattern of marrow infiltration (P<0.001 
for each). 

 Peripheral blood smudge cell % was 
negatively correlated with Beta-2 microglobulin 
level (P=0.029), LDH level (P=0.002), bone 
marrow lymphocyte % (P<0.001) and bone 
marrow immature lymphocytes % (P=0.008). It 
was also negatively correlated with TLC 
(P=0.035) and peripheral blood absolute 

lymphocytic count (P=0.039). 
Peripheral blood smudge cells % was 

positively correlated with Hb (P<0.001) and 
LDT (P<0.001). There was no correlation with 
peripheral blood lymphocyte % (P=0.287) 
peripheral blood immature lymphocyte % 
(p=0.061), age (P=0.82) or sex (p=0.566). Table 
(3) shows different correlations between 
peripheral blood smudge cells percentage and 
numerical laboratory parameters included in this 
study. 
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Table (3): Correlations between the peripheral blood SCs percentage and other numerical laboratory 
parameters 

 
Peripheral blood BMA Serum 

Hb TLC L % IL % ALC L % IL % ß2M LDH 

Pb SCs 
% 

r-value 0.406 - 0.158 - 0.08 - 0.140 - 0.154 - 0.288 - 0.198 - 0.374 - 0.322 
p-value 0.001 0.035 0.287 0.061 0.039 0.001 0.008 0.001 0.001 

Pb= peripheral blood, SCs= smudge cells, Hb= hemoglobin, TLC= total leucocytic count, L= lymphocyte, 
IL= immature lymphocyte, ALC= absolute lymphocytic count, BMA= bone marrow aspiration, ß2M= 
beta 2 microglobulin, LDH= lactate dehydrogenase 

 
4. Discussion: 

The appearance of smudge cells on a 
peripheral-blood smear is a characteristic feature 
of CLL, with virtually all patients demonstrating 
at least some degree of smudging (5). Since their 
description in 1896 by Gumprecht on blood 
smears of patients with lymphocytic leukemia, 
smudge cells which are also known as 
Gumprecht or basket cells, were thought to be 
just an artifact of slide preparation resulting from 
the fragility of CLL cells (17). In 1959 Heinivaara 
made two important observations, first that the 
percentage of smudge cells was not dependent 
simply on the degree of lymphocytosis or the 
slide stain method and second that smudging 
appeared to be patient specific (5). 

Studies demonstrated that smudge cells 
formation is inversely correlated with CLL B cell 
content of vimentin, a cytoskeletal protein critical 
for rigidity and integrity of lymphocytes (17). High 
vimentin expression has been shown to be 
associated with poor prognosis and metastatic 
potential in breast (18) and colon cancer (19).  

In the present study, we hypothesized that 
the calculated smudge cells percentage on a blood 
smear would have prognostic value in CLL, 
based on the studies that proved that the 
percentage of smudge cells inversely correlates 
with vimentin expression, which by its turn was 
proven to confer bad prognosis (17).  

While clinical staging systems have been 
used to stratify patients into risk categories, they 
lack the ability to predict disease progression or 
response to therapy. Recent advances in the 
understanding of the biology of CLL have led to 
the identification of numerous cellular and 
molecular markers with potential prognostic and 
therapeutic significance. We correlated the 
percentage of peripheral blood smudge cells with 
such established markers of prognosis. Several 
studies demonstrated that age and gender (20), 
ZAP 70 (21,22), CD38 (23,24), Beta-2 microglobulin 
(25), serum lactate dehydrogenase (26), lymphocyte 
doubling time (27) and bone marrow infiltration 
pattern (22) are important prognostic factors in 
CLL.  

Our results showed that lower smudge cells 
percentage was correlated with markers of bad 
prognosis, such as ZAP 70 expression (P<0.001), 
CD38 expression (P<0.001) and  ZAP70/CD38 
coexpression (P<0.001). We agree in this respect 
with the results reported by Nowakowski et 
al.,(17) and Johansson et al., (6). It was also 
correlated with high B-2 microglobulin level 
(P=0.029), high LDH level (P=0.002), diffuse 
pattern of marrow infiltration (P<0.001), high 
TLC (P=0.035), high peripheral blood absolute 
lymphocytic count (P=0.039), high bone marrow 
lymphocyte % (P<0.001) and high bone marrow 
immature lymphocyte % (P=0.008).  

On the other hand, higher peripheral blood 
smudge cells percentage was correlated with 
higher Hb (P<0.001) and lymphocyte doubling 
time of more than 12 months (P<0.001), which 
confer a better prognosis in CLL patients.  

To the best of our knowledge, no other 
studies correlated peripheral blood smudge cells 
percentage with Beta-2 microglobulin, LDH 
level, pattern of marrow infiltration, absolute 
lymphocytic count, immature lymphocyte % or 
lymphocyte doubling time.  

Further investigation to define a precise cut 
off for the peripheral blood smudge cells 
percentage might be a helpful parameter to 
discriminate the lower bad prognostic values 
from the higher good ones, which might have 
different impacts on the clinical outcome. 

We conclude that peripheral blood smudge 
cells percentage, estimated by microscopic 
examination of routine blood smears, could be 
used as a simple, inexpensive and independent 
prognostic marker that can predict the outcome 
and survival in de novo CLL patients. 
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