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Background
This study aimed to evaluate the prognostic value of smudge cell percentage as a surrogate 
marker for zeta-chain-associated protein kinase 70 (ZAP-70) expression in chronic lym-
phocytic leukemia (CLL) patients.

Methods
Sixty three newly diagnosed CLL patients were investigated at the Hematology 
Department of the Medical Research Institute of Alexandria University with complete 
blood count, lactate dehydrogenase, 2 microglobulin levels, ZAP-70 expression, and es-
timation of the percentage of smudge cells.

Results
The percentage of smudge cells ranged from 2 to 58% with a mean of 24.03±13.98%.
Higher percentages of smudge cells (>30%) were statistically significantly associated 
with markers of better prognosis (negative ZAP-70, early-stage disease according to the 
Binet and Rai staging systems, as well as low and intermediate risk CLL prognostic index). 
The percentage of smudge cells showed significantly negative correlation with the ZAP-70 
expression and higher area under the curve for prediction of ZAP-70 positivity with better 
survival for 36 months in patients with >30% smudge cells.

Conclusion
The percentage of smudge cells at presentation of newly diagnosed CLL patients could 
be used as a surrogate marker for ZAP-70 expression and an additional prognostic marker 
for disease progression.
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INTRODUCTION

Chronic lymphocytic leukemia (CLL) is a clonal pro-
gressive accumulation of mature small B-lymphocytes with 
a narrow rim of cytoplasm [1]. The peripheral blood of CLL 
patients may include other lymphocytes with atypical mor-
phology such as small lymphocytes with cleaved nuclei, large 
immature lymphocytes with abundant cytoplasm (prolym-
phocytes), large granular lymphocytes, and T-lymphocytes 
[2, 3]. Characteristic disintegrated or crushed white cells 
are present in the blood film of CLL patients called smudge 
cells (SCs) or basket cells. They were first described in 1896 

by Gumprecht as white blood cells with broken-down nuclei 
(Gumprecht’s nuclear shadows) [4].

These cells smudge when blood films are made, probably 
because they are more fragile than normal cells and prone 
to traumatic disruption during blood film preparation [5]. 
However, the exact mechanism by which SCs appear in 
the peripheral blood film is not completely understood.

SCs can occasionally be observed in normal peripheral 
blood films (PBFs) [6]. They can also be seen with a variable 
number in abnormal PBFs such as those of patients with 
acute and chronic leukemia but usually in greater numbers 
in CLL [7]. 

Evaluation of prognostic markers in CLL patients is an 
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Table 1. Demographic, clinical and laboratory parameters of the 
studied patients with CLL.

Parameter N of patients (N=63)

Male gender, N (%) 44 (69.8%)
Age (yr), mean±SD (range) 59.85±7.7 (46–76)
Lymphadenopathy, N (%) 62 (98.4%)
Splenomegaly, N (%) 37 (58.7%)
Hepatomegaly, N (%) 10 (15.9%)
Total leukocytes count (×109/L), 

mean±SD (range) 
  34.7±21.9 (9.8–82.0)

Absolute lymphocyte count 
(×109/L), mean±SD (range)

  23.1±15.9 (5.9–61.7)

2 microglobulin (mg/L), mean±SD 
(range)

    3.9±1.6 (1.1–6.2)

Lactate dehydrogenase (U/L), 
mean±SD (range)

393.8±153.7 (180–830)

ZAP-70 (%), mean±SD (range)   16.0±12.2 (1–45)
Smudge cells (%), mean±SD (range) 24.03±13.98 (2–58)

Abbreviation: ZAP-70, zeta-chain-associated protein kinase 70.

important step in selecting the appropriate management 
strategy for such patients. One of the standard prognostic 
markers is the zeta-chain-associated protein kinase 70 
(ZAP-70) expression. In this study, newly diagnosed CLL 
patients were evaluated for the presence of any significant 
relationship between the percentage of SCs in PBFs and 
the established prognostic markers in CLL patients, looking 
for the possibility of using SC percentage as a surrogate 
marker for ZAP-70 expression.

MATERIALS AND METHODS

This prospective study included 63 newly diagnosed CLL 
patients in the Hematology Department of the Medical 
Research Institute, Alexandria University for 3 years (from 
Jan. 1st, 2014 to Dec. 31st, 2016).

Patients were physically examined and investigated with 
complete blood count, lactate dehydrogenase, 2 micro-
globulin levels; imaging for staging (Rai and Binet staging 
systems) [8, 9], CLL prognostic index [10], and flow cy-
tometry to confirm CLL diagnosis and to determine the 
ZAP-70 expression [Becton Dickinson, FACSCalibur flow 
cytometer equipped with BD CellQuest Pro software (BD 
Biosciences, San Jose, CA, USA)]. All the included 63 patients 
had CLL immunophenotypic scores of 4 or 5.

For the analysis of ZAP-70 expression, blood samples were 
incubated with anti-CD5-FITC and anti-CD19-PerCP-Cy5.5 
(Immunotech, Beckman Coulter) for 15 min; red cells were 
lysed using IO Test 3 lysing solution (Beckman Coulter, 
Fullerton, USA). ZAP-70 is an intracytoplasmic antigen, so 
its detection requires an extra step of permeabilization. After 
centrifugation at 200 g, fixation and permeabilization of cells 
were carried out using 4% paraformaldehyde and 2% Tween 
20, Intraprep kits reagent (Immunotech, Beckman Coulter); 
anti-ZAP-70-PE (clone SBZAP) (Beckman Coulter, Fullerton, 
California, USA) was then added and cells were incubated 
for 15 min, cells were washed with phosphate-buffered sal-
ine, and analyzed by flow cytometry. After gating on B 
cells (CD5+/CD19+), percentages of ZAP-70-positive CLL 
cells were determined with negative threshold cutoff values 
set using ZAP-70-stained normal B cells, as well as isotype 
control-stained CLL cells. The cut-off point for ZAP-70 pos-
itivity in CLL cells was more than 20% [11]. 

According to Matutes et al. (1994) [12] and Moreau et 
al. (1997) [13], each one of the following: expression of 
CD23, CD5, the absence of FMC7 with weak CD79b and 
SmIg scored a point. A total score of ≥4 had an accuracy 
of 97% for the diagnosis of CLL.

Peripheral blood films were manually smeared directly 
after venipuncture before the addition of EDTA, stained 
with Leishman stain and the SC percentage was estimated 
by counting 100 lymphocytes and/or SCs; the SC number 
was then considered as a proportion of SCs per 100 intact 
lymphocytes. SCs were defined as broken cells with no intact 
cytoplasms and disrupted nuclear membranes. 

To facilitate the objective of this study, the SC percentage 

was categorized as ≤30% versus ＞30%. The application of 
30% threshold showed the best results in stratifying outcome 
in an independent and previously reported patient series 
that observed a significant separation of survival curves [14].

Data were processed SPSS for Windows version 24 (IBM 
Corp., Armonk, NY, USA). Since the data were normally 
distributed (parametric), the Pearson correlation test was 
applied at a 5% significance level. The qualitative variables 
were analyzed using the chi-square test.

Receiver operating characteristic (ROC) curve analysis was 
then used to identify the predictive value for SC percentage 
in the estimation of ZAP-70 positivity among CLL patients. 
Finally, the Kaplan Meier overall survival analysis was com-
puted in relation to SC percentage.

Ethically, this study was approved by the ethical commit-
tee of the Medical Research Institute of Alexandria University 
and written informed consent was obtained from each partic-
ipant prior to inclusion.

RESULTS

The included 63 CLL patients showed a higher frequency 
of male over female patients (69.8% vs. 30.2%). The male 
to female ratio was 2.3:1. Their ages ranged from 46 years 
to 76 years with a mean of 59.85±7.7 years (Table 1).

Clinical examination of the patients revealed a higher 
proportion of lymphadenopathy (98.4%) followed by spleno-
megaly (58.7%) and hepatomegaly (15.9%) (Table 1).

Hematological parameters showed higher mean total leu-
kocytic count and higher mean absolute lymphocytic count 
and the percentage of SCs ranged from 2 to 58% in the 
studied patients with a mean of 24.03±13.98% (Table 1).

When the expression of ZAP-70 was determined at a 
cutoff value of 20%, 27.0% of the studied patients were 



Blood Res 2018;53:218-222. bloodresearch.or.kr

220 Waiel Al-Kahiry, et al. 

Table 2. Smudge cell percentage in CLL patients according to some CLL parameters.

Parameters

Smudge cells percentage
Total (N=63)

P≤30% (N=39) >30% (N=24)

N % N % N %

ZAP-70
   Positive 15 38.5 2 8.3 17 27.0 0.009a)

   Negative 24 61.5 22 91.7 46 73.0
Binet staging
   A 5 12.8 8 33.3 13 20.6 0.023a)

   B 31 79.5 11 45.8 42 66.7
   C 3 7.7 5 20.8 8 12.7
Rai staging
   0–I 5 12.8 11 45.8 16 25.4 0.014a)

   II 18 46.2 7 29.2 25 39.7
   III–IV 16 41.0 6 25.0 22 34.9
Prognostic index
   Low risk 3 7.7 6 25.0 9 14.3 0.038a)   
   Intermediate risk 24 61.5 16 66.7 40 63.5
   High risk 12 30.8 2 8.3 14 22.2

a)Statistically significant.

Fig. 1. Negative correlation between the percentage of smudge cells 
and ZAP-70 expression in CLL patients.

considered ZAP-70 positive and 73.0% were considered 
ZAP-70 negative. Among the studied CLL patients; a higher 
percentage of SCs (＞30%) was statistically significantly asso-
ciated with ZAP-70 negative patients (91.7%), stage B and 
A Binet (45.8% and 33.3% respectively), early Rai stage 
(0–I and II) (45.8% and 29.2% respectively) and intermediate 
or low risk CLL prognostic index (66.7% and 25.0% re-
spectively) (Table 2).

In a correlation test between the percentage of SCs and 
hematological parameters, ZAP-70, 2 microglobulin levels, 
and LDH, SC percentage was significantly negatively corre-
lated with the percentage of ZAP-70 expression (r=-0.619, 
P=0.0001) (Fig. 1). There was no significant correlation with 
the other hematological parameters or serum markers.

The ROC curve plotted to evaluate the value of SC percent-
age for prediction of positive ZAP-70 expression revealed 
a highly significant area under the curve of 0.936 (P=0.0001) 
with a cutoff value of 8.5% and sensitivity 0.966 (Fig. 2).

Survival analysis revealed that patients with SC percentage 
of ＞30% showed 100% overall survival at 36 months of 
follow up, while those with SC percentage of ≤30% showed 
a lower percentage of overall survival (92.3%). This differ-
ence was statistically insignificant (P=0.169) (Fig. 3).

DISCUSSION

Being common artifacts, SCs may result from any white 
cell in the PBF. It is attributed to traumatic disruption of 
the cells during blood film preparation which depends on 
the physical interaction during blood film smear that occurs 
between the cells and the glass of the slide [15, 16].

Usually, normal PBFs comprise 0 to 1% SCs with some 

studies reporting the mean proportion to be 5% (range, 0–
12%). This value invariably increases to greater than 10% 
and sometimes greater than 50% or more than 100 SCs per 
100 leukocytes in CLL patients [5, 17, 18]. The present study 
found a wide range of SC percentage, from 2 to 58% with 
a mean proportion of 24.03±13.98%. 

Upon rupturing the cell wall, the remaining nuclear rem-
nants of lymphocytes are structureless chromatin material 
[17]. Since these cells were intact cells, both within the 
circulation and in the blood sample, they are counted as 
whole cells in the automated leukocyte count [19]. This 
is why the studied patients showed higher absolute lympho-
cytic counts.

In the study conducted by Nowakowski et al. [20], the 
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Fig. 2. ROC curve for detection of SCs as a sensitive predictor for 
positive ZAP-70 expression.

Fig. 3. Overall survival analysis of the studied CLL patients compared to 
smudge cell percentage.

authors observed that the formation of SCs is related to 
the content of a cytoskeletal protein called vimentin. 
Vimentin is present in leukemic cells; it is a filament protein 
critical for lymphocytic rigidity and integrity. Nowakowski 
et al. [20] discovered that an increase in vimentin content 
resulted in a decrease in SC percentage. This lower SC per-
centage was associated with a shortened time to initial ther-
apy in early-stage CLL.

The present study found that higher percentage of SCs 
(＞30%) was statistically significantly associated with param-
eters of better prognosis in CLL patients. These parameters 
included negative ZAP-70 expression and early clinical stage 
disease as estimated by the Rai and Binet staging systems, 
as well as the CLL prognostic index which showed lower 
or intermediate risk to be associated with a higher percentage 
of SCs ＞30%. 

Sall et al. [21] reported findings similar to those of the 
present study in 2015; they identified that a low percentage 
of SCs (＜30%) was associated with high lymphocyte count 
and advanced Binet stage. Previous studies reported that 
patients with ＞30% of SCs in the PBF were more likely 
to have a mutated IgVH pattern and, therefore, a longer 
time to treatment and better survival [14, 22]. The median 
overall survival depends on the stage at diagnosis, which 
was 10–12 years for early stages (Rai 0–I, Binet A), 7 years 
for stage (Rai II, Binet B) and 1.5–4 years for advanced 
stages (Rai III–IV, Binet C) [23].

Survival analysis in the present study was limited to 36 
months; this is a short median follow-up time for CLL disease. 
In spite of the short duration of follow-up, it was found 
that the lower percentage of SCs was associated with lower 
overall survival over this 36-month follow-up period. This 
finding was statistically insignificant (P＞0.05), which was 
contradictory to that reported in 2009 by Nowakowski et 
al. [24] that the percentage of SCs on blood smear was an 
independent predictor of overall survival among patients 
with CLL.

In the study conducted by Gogia et al. [22] in 2014, the 
authors reported that patients with ＜30% SCs had a shorter 
median progression-free period of 30 months compared with 
patients who had more than 30% SCs (45 mo, P=0.01). They 
concluded that this simple and inexpensive detection of SCs 
on routine blood smears seems useful in predicting pro-
gression-free and overall survival in CLL patients and might 
be beneficial in countries with limited resources. This finding 
is in accordance with that reported in the present study, 
with better overall survival associated with higher percentage 
of SCs in PBF at presentation of patients.

In our case, it was difficult to perform the IgVH mutation 
test, so it was agreed to depend on the surrogate marker 
for IgVH mutation, which is ZAP-70 expression [25]. The 
proportion of ZAP-70 expression in this study ranged from 
1 to 45% with a mean of 16.0±12.2%. With a cut off value 
of 20%, the proportion of positive ZAP-70 expression was 
27% and negative ZAP-70 expression was seen in 73% of 
participants.

In this study, the SC percentage was tested as a surrogate 
marker for ZAP-70 expression in order to facilitate its use 
in situations where flow cytometric evaluation of ZAP-70 
is not easily accessible. The findings of the present study 
showed that SC percentage in the PBF of newly diagnosed 
CLL patients could be used as a surrogate marker for ZAP-70 
expression since there is significant negative correlation be-
tween them. The higher the SC percentage, the lower the 
ZAP-70 expression, and the better the CLL prognosis. 
Moreover, the SC percentage was a significant predictor of 
ZAP-70 expression by the ROC curve analysis, which adds 
to the value of SC percentage in evaluating the prognoses 
of CLL patients and the possibility of using it as a surrogate 
marker for ZAP-70 expression. 

The important limitation in this study is the duration 
of follow-up for the studied CLL patients, which was 36 
months and considered shorter than that of previous studies.

This study concluded that the percentage of SCs at pre-
sentation in newly diagnosed CLL patients could be used 
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as a surrogate marker for ZAP-70 expression and an addi-
tional prognostic marker for disease progression and recom-
mends its estimation in low resource areas where flow cy-
tometry is not available. However, SC counting is a manual 
process; in order to standardize this process, it should be 
performed by two pathologists with a total of 200 cell counts 
per slide.
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