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A B S T R A C T

Purpose
Smudge cells are ruptured chronic lymphocytic leukemia (CLL) cells appearing on the blood
smears of CLL patients. Our recent findings suggest that the number of smudge cells may have
important biologic correlations rather than being only an artifact of slide preparation. In this study,
we evaluated whether the smudge cell percentage on a blood smear predicted survival of
CLL patients.

Patients and Methods
We calculated smudge cell percentages (ratio of smudged to intact cells plus smudged lymphocytes)
on archived blood smears from a cohort of previously untreated patients with predominantly
early-stage CLL enrolled onto a prospective observational study. The relationship between
percentage of smudge cells, patient survival, and other prognostic factors was explored.

Results
Between 1994 and 2002, 108 patients were enrolled onto the study and had archived blood
smears available for review; 80% of patients had Rai stage 0 or I disease. The median smudge cell
percentage was 28% (range, 1% to 75%). The percentage of smudge cells was lower in CD38�

versus CD38– patients (P � .019) and in Zap70-positive versus Zap70-negative patients (P � .028).
Smudge cell percentage as a continuous variable was associated with prolonged survival
(P � .042). The 10-year survival rate was 50% for patients with 30% or less smudge cells
compared with 80% for patients with more than 30% of smudge cells (P � .015). In multivariate
analysis, the percentage of smudge cells was an independent predictor of overall survival.

Conclusion
Percentage of smudge cells on blood smear is readily available and an independent factor
predicting overall survival in CLL.

J Clin Oncol 27:1844-1849. © 2009 by American Society of Clinical Oncology

INTRODUCTION

Chronic lymphocytic leukemia (CLL) is one of the
most common malignant lymphoid diseases. Each
year, 15,000 to 19,000 individuals are diagnosed
with this disease in the United States.1 The introduc-
tion of the automated CBC resulted in a consider-
able shift in the clinical stage at the time of CLL
diagnosis, with approximately 70% of patients now
diagnosed with early Rai/Binet stage disease.2 The
prognosis of patients diagnosed with early clinical
stage is highly variable; approximately 30% to 40%
of patients experience a rapid progression of their
disease, whereas others have a relatively indolent
form of the disease with survival measured in de-
cades.3,4 The shift toward early-stage disease at the
time of diagnosis has increased interest in the iden-
tification of prognostic factors that would allow the
recognition of early and intermediate clinical stage

patients at risk for more rapid disease progression. A
number of such factors have been identified, includ-
ing immunoglobulin heavy chain (IgVH) muta-
tional status, CD38 and Zap70 expression, and
cytogenetic abnormalities identified by interphase
fluorescence in situ hybridization (FISH).5 Despite
this progress, many patients have limited access to
these laboratory tests, which require highly sophisti-
cated 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.6-8

Smudge cells are ruptured CLL B cells seen on
routine blood smears of virtually all CLL patients.
For nearly a century, smudge cells were thought to
be merely an artifact of slide preparation.9,10 We
have recently discovered that smudge formation is
related to the content of the cytoskeletal protein
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vimentin present in leukemic cells.11 Vimentin is an intermediate
filament protein critical for lymphocyte rigidity and integrity.12 We
previously showed that CLL patients with high vimentin content have
a low percentage of smudge cells.13 In addition, we found that high
vimentin expression is associated with a shortened time to initial
therapy in early-stage CLL.11 Because vimentin expression is a prog-
nostic factor in early-stage CLL, we hypothesized that there could also
be an association between smudge cell percentage and prognosis in
patients with CLL. Indeed, we previously demonstrated that patients
with a high percentage of smudge cells on a routine blood smear (eg,
low vimentin) experience a prolonged time to first treatment.13

In the current study, we have calculated the percentage of smudge
cells on a routine blood smear at diagnosis in an independent group of
patients with predominantly early and intermediate Rai stage CLL
enrolled onto a prospective observational trial and evaluated the im-
pact of smudge cell percentage on overall survival (OS). We also
investigated the relationship of the percentage of smudge cells with
other well-established prognostic factors in CLL.

PATIENTS AND METHODS

Patients

Between January 1994 and October 2002, 159 patients with previously
untreated B-cell CLL seen at the Mayo Clinic Rochester, NY and Jacksonville,
FL campuses were enrolled onto a prospective study evaluating the prognostic
importance of cytogenetic abnormalities in CLL, as previously reported.14 The
study was approved by the Mayo Clinic Institutional Review Board, and all
patients signed a written consent form to participate. Clinical data, including
patient characteristics, disease course, and survival, and blood samples were
collected at the time of study enrollment and periodically thereafter. The
median time from diagnosis to study enrollment was 2.8 months, and the
median follow-up time from diagnosis was 9.9 years (range, 0.8 to 23 years).

Peripheral-Blood Smear Examination

Archived Wright-Giemsa–stained blood smears made at the time of
study entry for clinical purposes were reviewed. The blood smears were pre-
pared from either EDTA anticoagulated blood or a finger stick. All blood
smears were prepared using a semiautomatic device (Miniprep; Sedona Lab
Products, Sedona, AZ) in which a simple spring mechanism pulls a drop of
blood along a slide to ensure better smear uniformity. Slides were randomly
assigned to five hematopathology technologists blinded to patients’ clinical
and outcome data. Each slide (one per patient) was evaluated once by one of
the five technologists. Smudge cells were defined as broken cells with no intact
cytoplasm and a disrupted nuclear membrane (Fig 1), and smudge cell per-
centage was estimated as previously described.13 On the basis of our previous
findings that a 200-cell differential provides excellent interobserver reproduc-
ibility13 regardless of the method of slide preparation, a total of 200 lympho-
cytes and smudge cells were counted on each slide. The results were expressed
as a percentage of the total lymphocytes (intact and smudged). In addition, to
evaluate the interobserver reproducibility of smudge cell percentage estimate
in the current cohort, we randomly selected 15 slides. These slides were ran-
domly assigned to five technologists blinded to the first readout results and
re-evaluated. The results from the first and the second readouts were
then compared.

Assessment of Other Prognostic Factors

CLL B cells were isolated by density gradient centrifugation from
heparinized blood samples and either used immediately or suspended in
RPMI 1640/20% fetal calf serum/10% dimethyl sulfoxide and stored at
�80°C until used. CD38 expression in CD19� cells was measured by flow
cytometry using antibodies specific for CD38 and CD19, as previously
described.14 IgVH mutation status and cytogenetic abnormalities by FISH
panel testing were assessed using methods previously described.14-18 Pa-

tients with mutated IgVH genes using the VH 3-21 rearrangement were
grouped with unmutated patients in categoric analysis.19 Zap70 expression
was assessed as described by Rassenti et al.20

Statistical Considerations

Relationships between continuous variables were explored using the
Spearman rank correlation coefficient. Differences between groups were eval-
uated using Fisher’s exact test and Wilcoxon rank sum test for categoric and
continuous variables, respectively. All tests were two-sided, and statistical
significance was defined as P � .05. OS was calculated as the time from date of
diagnosis of CLL to date of death from any cause or last follow-up. Differences
in OS between prognostic groups were evaluated using the standard Kaplan-
Meier method21 and log-rank statistics. Univariate and multivariate analyses
were performed using Cox models.22

RESULTS

Of the 159 previously untreated patients with CLL accrued to the
prospective observational study, 108 (68%) had archived blood
smears available for review made within 1 week before study or on
study entry. Clinical characteristics, including age, sex, Rai stage,
CD38 expression, IgVH mutation status, and cytogenetic category,
were not significantly different for the 51 patients who did not have
archived slides available for review compared with patients with ar-
chived slides available (Appendix Table A1, online only). The propor-
tion of patients with Zap70-positive disease was slightly higher in
patients who had slides reviewed versus patients without available
slides (58% v 40%, respectively; P � .04). Importantly, the estimated
median OS of patients with archived slides versus those without ar-
chived slides was not significantly different (13.2 v 12.2 years, respec-
tively; P � .6; Appendix Fig A1, online only). Detailed characteristics
of 108 patients who had slides reviewed in this study are listed in Table
1. The median follow-up time from diagnosis was 9.9 years (range, 0.8
to 23 years), and there were 43 deaths during follow-up. The vast
majority of patients (80%) had early-stage disease (Rai stage 0 or I) at
study entry. Zap70 status, CD38 status, and cytogenetic analysis by

Fig 1. Smudge cells on peripheral-blood smear of patient with chronic lympho-
cytic leukemia. The arrows show examples of smudge cells. The smudge cell
percentage is estimated by counting 200 lymphocytes and/or smudge cells; the
smudge cell number is then divided by total number of cells counted (smudge
cells � intact lymphocytes) and multiplied by 100%.

Prognostic Value of Smudge Cells in CLL
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FISH were available for all 108 patients. IgVH sequencing was at-
tempted in all patients, with 89 patients (82%) classifiable as having
either mutated or unmutated IgVH.

Smudge Cell Percentage in CLL Patients

The median smudge cell percentage was 28% (range, 1% to
75%). The distribution of smudge cell percentages among patients is
shown in Figure 2A. Percentage of smudge cells was lower in CD38�

patients than in CD38– patients (median, 23%; range, 6% to 51% v
median, 29%; range, 1% to 75%, respectively; P � .019; Fig 2B). When
analyzed as continuous variables, there was a weak inverse correlation
between CD38 expression and smudge cell percentage (r � �0.31,
P � .001; Fig 2C). The percentage of smudge cells was also lower in
Zap70-positive patients than Zap70-negative patients (median, 27%;
range, 1% to 75% v median, 34%; range, 5% to 67%, respectively;
P � .028). When both factors were treated as continuous variables,
there was a weak inverse correlation between Zap70 expression and
percentage of smudge cells (r � �0.21, P � .024). Patients with 13q
deletion as a sole abnormality, a favorable genetic finding, had a higher
percentage of smudge cells than patients with normal karyotype and
other cytogenetic abnormalities (median, 32%; range, 2% to 75% v
median, 23%; range, 1% to 67%; P � .036). There was no difference in
the percentage of smudge cells based on other FISH cytogenetic cate-
gories or IgVH mutation status. There was no correlation of smudge
cell percentage with absolute lymphocyte count (r � 0.07, P � .45),
which is a finding consistent with previous observations.13 We also did
not see an association of smudge cell percentage with age or Rai stage.
The median percentage of smudge cells was higher in females than
males (26% v 32%, respectively; P � .023); however, sex was not a
significant prognostic factor for survival in this cohort.

There was a significant correlation of smudge cells percentage for
15 slides randomly selected for reassessment between the first and the
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Fig 2. Smudge cell percentage in 108 patients with chronic lymphocytic leukemia
(CLL). (A) Distribution of smudge cell percentage in the entire cohort. The presence
of smudge cells on peripheral-blood smears of CLL patients is a constant feature of
CLL with significant interpatient variability. The median smudge cell percentage was
28% (range, 1% to 75%) in our study. Only four patients (4%) had a smudge cell
percentage within the 1% to 5% range. (B) Percentage of smudge cells in CD38–

and CD38� patients. (C) Smudge cell percentage and CD38 expression as continu-
ous variables. A distinct group of patients with a high percentage of smudge cells
and CD38– disease can be identified.

Table 1. Patient Characteristics

Characteristic No. of Patients (N � 108) %

Age, years
Median 63
Range 36-83

Male 73 68
Rai stage

0 53 49
I 34 31
II 13 12
III 2 2
IV 6 6

Zap70 � 20% 63 58
IgVH unmutated� 41 46
CD38 � 30% 33 30
FISH

del 13q14.2 41 38
Normal 30 28
Trisomy 12 18 17
del 11q22.3 7 6
del 17p13.1 6 6
Other 3 3

Abbreviations: FISH, fluorescence in situ hybridization; IgVH, immunoglobulin
heavy chain.

�IgVH gene mutation status was attempted for all patients but classifiable for
89 patients.
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second readout (r � 0.89, P � .001). The median percentage of
smudge cells was not significantly different between the first and the
second readout (24% v 25%, respectively; P � .68).

Percentage of Smudge Cells and Survival

Smudge cell percentage as a continuous variable was associated
with prolonged survival (P � .042). Next, we evaluated the relation-
ship between smudge cells as a discrete variable and OS. We first
applied the 30% threshold shown to best stratify outcome in an inde-
pendent and previously reported patient series13 and observed a sig-
nificant separation of survival curves. We next evaluated what level of
smudge cells would best stratify survival in the current cohort. Re-
markably, the 30% threshold was again confirmed using the minimal
P value approach. Therefore, we used a 30% cutoff to classify patients
as having low- or high-risk disease based on smudge cell percentage in
all analyses. The 10-year survival estimate was 50% v 80% for patients
with smudge cell percentage � 30% v more than 30%, respectively
(P � .015; Fig 3A). In patients with Rai stage of 0 to I (n � 87), 61% of
patients with smudge cell percentage � 30% were alive at 10 years
compared with 84% of patients with more than 30% of smudge cells
(P � .033; Fig 3B). A comparison of CD38 expression and smudge cell
percentage revealed a distinct subgroup of patients with CD38-
negative disease and a high percentage of smudge cells (Fig 2C).
Because CD38 expression is an independent prognostic factor from
smudge cell percentage in multivariate analysis, we wondered whether
the prognostic value of smudge cells is related to the excellent progno-
sis seen in this distinct patient subgroup. Interestingly, the prognostic
value of smudge cell percentage appears to be related to the ability to
further risk stratify the CD38� rather than CD38– patients (Fig 3C).
The 10-year survival rate of patients with CD38� disease and less than
30% smudge cells was only 13% compared with rates of 58%, 72%,
and 85% for patients with CD38� disease and � 30% smudges cells,
CD38– disease and less than 30% smudge cells, and CD38– disease
and � 30% smudge cells, respectively (P � .001).

Multivariate Analysis for Survival

We then evaluated how the percentage of smudge cells impacts
survival in relation to other commonly used prognostic factors such as
Rai stage, Zap70 and CD38 expression, IgVH gene mutation status,
and cytogenetic abnormalities detected by FISH. For the purposes of
these analyses, a patient with a FISH diagnosis of del(17p13.1) or
del(11q22.3) was categorized as having a poor FISH-based prognosis.
Similarly, patients with a FISH classification of normal, del(13q14.2),
or trisomy 12 were categorized as having a good/intermediate FISH-
based prognosis. The prognostic value of each marker on univari-
ate analysis is listed in Table 2. In multivariate analysis (Table 3),
which included all prognostic markers that were significant in
univariate analysis, smudge cell percentage was an independent
prognostic factor.

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.13,23 In contrast, smudge cells are a
rare and inconsistent feature of other lymphoproliferative disorders.24

Since its description in 1896 by Gumprecht, smudge cells were

thought to be just an artifact of slide preparation resulting from the
fragility of CLL cells.9,10 The first suggestion that smudge cells may be
biologically significant came from two intriguing observations in the
1950s demonstrating that smudge cell percentage was independent
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Fig 3. Overall survival (OS) based on the percentage of smudge cells on blood
smear. (A) Kaplan-Meier estimates of OS based on the percentage of smudge
cells in the entire cohort. The 10-year survival rate was 50% v 80% for patients
with smudge cell percentage � 30% v more than 30%, respectively (P � .015).
(B) Kaplan-Meier estimates of OS based on the percentage of smudge cells in
patients with Rai stage 0 and I disease only. The 10-year survival rate was 61% v
84% for patients with smudge cell percentage � 30% v more than 30%,
respectively (P � .033). (C) Kaplan-Meier estimates of OS based on smudge cell
percentage and CD38 expression. The 10-year survival of patients with CD38�

disease and less than 30% smudge cells was only 13% compared with 58%,
72%, and 85% for patients with CD38� disease and � 30% smudge cells, CD38–

disease and less than 30% smudge cells, and CD38– disease and � 30%
smudge cells, respectively (P � .001).
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from the degree of lymphocytosis and seemed to be patient specific.23

We recently confirmed these two observations and demonstrated that
the percentage of smudge cells remains constant over time in any given
CLL patient.13 We also demonstrated that smudge cell formation is
inversely correlated with CLL B cell content of vimentin, a cytoskeletal
protein critical for rigidity and integrity of lymphocytes. The physio-
logic role of vimentin may extend beyond maintaining cell integrity;
rearrangement of vimentin fibers was shown to participate in cell
activation and signal transduction.25 High vimentin expression has
been shown to be associated with poor prognosis and metastatic
potential in breast26,27 and colon cancer.28

Because the percentage of smudge cells inversely correlates with
vimentin expression,13 we hypothesized that the calculated smudge
cell percentage on a blood smear would have prognostic value in CLL.
Accordingly, patients with low vimentin expression would have a high
percentage of smudge cells and a better prognosis, whereas those with
high vimentin expression would have a low percentage of smudge cells
and a worse prognosis. Indeed, we previously demonstrated that a
high percentage of smudge cells correlated with a prolonged time to
the initial therapy in a small cohort of 75 patients with early- and
intermediate-stage CLL.13 Follow-up was insufficient to evaluate the
relationship with OS in that series.

In the current study, we demonstrate that a low percentage of
smudge cells predicts shortened OS as both a continuous and cate-
goric variable in an independent sample of CLL patients participating
in a prospective observational cohort study. The percentage of smudge
cells was lower in high-risk patients as defined by Zap70 and CD38
expression and 13q deletion; however, there was only weak correlation
between Zap70 and CD38 expression as a continuous variable and
smudge cell percentage. The lack of strong association of smudge cell
percentage with other prognostic factors suggests a distinct role for the
cytoskeleton in CLL biology. The latter notion is further supported by
the fact that, in multivariate analysis, the percentage of smudge cells
was an independent predictor of OS.

The smudge cell percentage has two potential advantages over
other recently identified prognostic markers. First, it is nearly univer-
sally accessible because microscopic evaluation of a blood smear is
typically available even to patients in countries with limited resources.
In the present study, counting smudge cells and calculating the per-
centage were performed by laboratory technologists and took, on
average, 3 to 5 minutes per slide. Second, the smudge cell percentage
can be retrospectively determined for patients participating in com-
pleted or ongoing studies based on review of archived slides even if no
other biologic samples were stored. The difference in OS at 10 years for
patients with a high versus low percentage of smudge cells was approx-
imately 30%. Importantly, because smudge cell percentage is an inde-
pendent variable and only weakly correlates with other prognostic
factors, we believe that smudge cell percentage may be used for additional
risk stratification in combination with other biologic prognostic factors.

The prognostic value of smudging may have direct biologic im-
plications as to the role of cytoskeleton in survival and progression of
CLL cells. In this regard, the question is whether fragile CLL B cells
undergo in vivo rupture secondary to vascular shear stress similar to
the process of smudging during slide preparation and whether this in
vivo smudging plays any role in CLL homeostasis. Soluble CD20 levels
are detectable in CLL, and presumably, CD20 shedding could be a
result of leukemic cell rupture. Although this hypothesis seems to be
contradicted by the fact that high levels of soluble CD20 are related to
an adverse prognosis in CLL, it should be noted that CD20 levels
correlate with measures of tumor volume like Rai stage or �2-
microglobulin level. In contrast, we did not see a correlation of
smudge cell percentage with Rai stage or lymphocytosis. Therefore, it
is plausible that the relation of CD20 to tumor mass negates its corre-
lation with smudge cell levels. Further studies of the relationship
between smudge cell percentage and soluble CD20 may shed light on
the link between these hypothetical markers of in vivo cell fragility.
Agents targeting proteins involved in cytoskeleton function, including
vimentin, are currently being developed,29-31 and further preclinical
testing in CLL maybe warranted.

Our findings are subject to a number of limitations. First, because
blood smears were not a mandatory component of the study, the
smudge cell percentage could not be determined for all participants in
the original cohort. Second, although we used the previously pub-
lished threshold of a 30% smudge cell percentage to classify patients at
risk of shorter survival in the present cohort, the optimal cut point to
stratify patient risk will need to be defined in future studies using even
larger cohorts.

Our study also has a number of important strengths. The indi-
viduals studied were from a well-defined cohort of CLL patients par-
ticipating in a prospective observational trial. Nearly 90% of the
patients studied had early-stage disease at study entry and thus repre-
sent the patient group for whom prognostic tools are most needed.
Smudge cell percentage correlated with OS as a continuous variable
and was an independent predictor of OS on multivariable analysis
including the other well-established prognostic parameters. Other
prognostic factors, including IgVH mutational status, Zap70 and
CD38 expression, and cytogenetic abnormalities detected by FISH,
were also characterized in this cohort, allowing us to investigate the
relationship between these factors and the percentage of smudge cells.

In conclusion, the percentage of smudge cells on a routine blood
smear is an independent prognostic factor in patients with CLL. Pa-
tients with a high percentage of smudge cells experience prolonged

Table 2. Univariate Analysis for Overall Survival

Variable HR 95% CI P

Smudge cell percentage: � 30% 2.1 1.1 to 4.1 .018
FISH: 11q- or 17p- 1.9 0.9 to 4.1 .11
IgVH unmutated 1.8 0.9 to 3.7 .071
Zap70: � 20% 1.9 1.1 to 4.4 .017
CD38: � 30% 3.4 1.8 to 6.2 � .001
Rai stage: III or IV 4.8 1.9 to 11.8 � .001
Age: � 60 years 1.8 0.9 to 3.6 .083
Sex: male 1.2 0.6 to 2.5 .51

Abbreviations: HR, hazard ratio; FISH, fluorescence in situ hybridization; IgVH,
immunoglobulin heavy chain.

Table 3. Multivariable Analysis for Overall Survival

Variable HR 95% CI P

Smudge cell percentage: � 30% 2.9 1.1 to 3.9 .038
CD38: � 30% 2.7 1.2 to 6.3 .012
Rai stage: III or IV 2.5 1.3 to 4.9 .005

Abbreviation: HR, hazard ratio.
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survival. Because minimal technical resources are required, the esti-
mation of smudge cell percentage is a potentially universally available
prognostic marker. Future studies of the cytoskeleton in CLL may shed
light on the biology of this disease and identify new therapeutic targets.
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