
Introduction

Smudge cells, also known as Gumprecht cells1 are ragged
lymphoid cells found mainly in peripheral blood smears of
patients with chronic lymphocytic leukemia (CLL) and other
B-cell chronic lymphoproliferative diseases (CLD). Smudge
cells are not simply artifacts of slide preparations and there is
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 Smudge cells has been classically associated with chronic lymphocytic leukemia (CLL),
but they are found in peripheral blood tests for other chronic B-cell lymphoproliferative
diseases (CLD). We investigated whether the percentage of smudge cells in peripheral
blood smears can be used in the clinical practice to differentiate CLL from other B-cell
CLD. The peripheral blood smears of 63 patients with the diagnosis of CLL and 62 with
other B-cell CLD were analyzed. Three hundred cells (both lymphoid cells and smudge
cells) were counted for each peripheral blood smear. A comparison of the percentage of
smudge cells between the two groups was performed and, subsequently, 5 cut-off values
were fixed (10%, 20%, 30%, 40% and 50% of smudge cells) with the aim of defining
cases as "positive" or "negative" for smudge cells and verifying whether there are any
differences between CLL and the other B-cell CLD. The percentage of smudge cells in
patients with CLL (median 26%, 4%-86%) was higher than in patients with B-cell CLD
(median 14%, 1%-64%). However, none of the cut-off values tested presented suitable
values of sensitivity, specificity and positive predictive value to separate the two groups.
As it is necessary to have a single cut-off value with high sensitivity, specificity and
positive predictive value to infer the diagnosis of CLL in the clinical practice, we
concluded that smudge cells are not fitting to differentiate CLL from other B-cell CLD.
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no correlation between absolute lymphocyte count and the
percentage of these cells.2

Therefore they may be related to the biological
characteristics of leukemic cells, as demonstrated in a recent
paper where low vimentin expression could render CLL cells
more susceptible to smudging when making peripheral blood
smears.3
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Although smudge cells can be found in different B-cell
CLD and even in reactive lymphocytosis,4 they have been
classically associated with the diagnosis of chronic
lymphocytic leukemia. In fact, even in recent publications
the smudge cells are considered a typical finding which
strongly suggests the diagnosis of chronic lymphocytic
leukemia.5

In this study, we investigated if the percentage of
smudge cells in peripheral blood smears could really be used
in the clinical practice of hematology to differentiate CLL
from other B-cell CLD.

Design and Method

Patients
We analyzed the peripheral blood smears of 125

patients with the diagnosis of mature B-cell neoplasm: 63
with chronic lymphocytic leukemia and 62 with other B-cell
chronic lymphoproliferative disorders (31 with mantle-cell
lymphoma, 11 with splenic marginal B-cell lymphoma, 5 with
B-cell prolymphocytic leukemia, 5 with follicular lymphoma,
3 with lymhoplasmacytic lymphoma, 1 with hairy cell
leukemia and 6 patients with a B-cell lymphoproliferative
disorders not otherwise categorized). All cases of CLL had
4 or 5 points in the Matutes scoring system,6 while all other
CLD cases had 0, 1 or 2 points. We excluded all patients
with 3 points in the scoring system. The patients' diagnosis
was based mainly on morphological and immuno-
phenotypical features. All mantle-cell lymphoma cases had
evidence of CYCLIN D1 overexpression measured by real-
time polymerase chain reaction (data not shown). All
peripheral blood slides belong to the "Blood and Bone
Marrow Bank" of the Laboratory of Hematology, University
of Sao Paulo, which was approved by the Ethics Commitee
of University Hospital, School of Medicine of  Ribeirao
Preto.

Morphological examination and
immunophenotyping
The blood smears of all samples were prepared from

either EDTA anticoagulated blood or a finger stick, by manual
wedge method, in which a drop of blood is pulled by a glass
cover. Three-hundred cells, among lymphoid cells and
smudge cells, were counted simultaneously by two
hematologists on each peripheral blood smear stained with
Leishman stain, and 10% of the samples were randomly
selected to be blindly reviewed by a third independent
investigator. All samples were considered to be consistent
with the diagnosis of a mature B-cell neoplasm on morphologic
examination.

Mononuclear cells were isolated from peripheral blood
samples by Fycoll Hypaque density gradient centrifugation.
The following panel of monoclonal antibodies directly
conjugated with fluorescein isothiocyanate (FITC) or
phycoerythrin (PE) was used: CD2, CD5, CD10, CD19, CD23,
CD79b, CD103, FMC7, Kappa/Lambda-immunoglobulin light
chain. All monoclonal antibodies were purchased from Becton
Dickinson, except FMC7 (Dako, USA). All samples were
analyzed with a FACScan (Becton Dickinson, San Jose, CA).
The Cell Quest software was used for data acquisition and
analysis.

Statistics
The samples did not present a normal distribution

based on the Kolmogorov-Smirnov test performed with the
SPSS 9.0 software. So, the comparison of the percentage of
smudge cells between the two groups (CLL vs. B-cell CLD)
was performed by the Mann-Whitney test, two-tailed, using
GraphPad 4.0 Prism software. Subsequently, we fixed 5 cut-
off values of more than 10%, 20%, 30%, 40% and 50% of
smudge cells with the purpose to define a case as "positive
for smudge cells" and verify if there were any differences
between CLL and the others CLD. We used a Fisher's exact

Figure 1. Median (horizontal bars) of percentage of smudge cells between chronic lymphocytic leukemia (CLL) and other B-cell chronic
lymphoproliferative diseases (CLD)
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test, and a p value of less than 0.05 was considered of
statistical significance.

Results

The percentage of smudge cells in peripheral blood
smears of patients with the diagnosis of chronic
lymphocytic leukemia [26% (range, 4%-86%)] was higher
than in patients with B-cell chronic lymphoproliferative
disorders [14% (range, 1%-64%)] (p=0.0005) (Figure 1). We
then analyzed the discriminating capacity of the five different
cut-offs. Table 1 show that percentages of smudge cells
equal or higher than 10%, 20% and 30% were found to
generate two subgroups with frequencies of CLL cases
statistically different. We determined the variables related
to the tests (sensitivity and specificity) and the positives
predictives values in order to verify if the separation between
the CLL and the others CLD could really be possible on
clinical grounds (Table 2).

differentiation between CLL and CLD. We calculated the
sensitivity and the specificity of 10%, 20% and 30% cut-
offs, since these pre-test variables are the most important
determinants of the utility of any diagnostic test intended
to be used in clinical practice. Moreover, we calculated the
positive predictive value because this post-test probability
is, in fact, the value used by clinicians in their diagnosis
decision process (Table 2).

The cut-off of 10% has presented the higher
sensitivity (89%), and the cut-off of 30% has presented the
higher specificity (81%) for the diagnosis of CLL. However,
the cut-off of 10% has showed a low specificity (27%), and
the cut-off of 30% has showed a low sensitivity (36%). The
cut-off of 20% has presented intermediate values of
sensitivity and specificity (65% and 63%, respectively).
Thus, for each one of the three "tests", the probability of
be positive (percentages of smudge cells higher than the
cut-off) provided that the diagnosis is CLL, and, at the same
time, the probability of be negative (percentages of smudge

cells lower than the cut-off) provided that the
diagnosis is not CLL are not sufficient to
precisely separate between the CLL and the
others CLD. This occurs because there is an
overlay of smudge cells' percentages in both
CLL and CLD. Besides, the probability that a
patient has the diagnosis of CLL provided
that the test is positive (positive predictive
value) based on that three cut-offs is low and
also not sufficient to distinguish the two
groups.

Hence, even if the percentage of smudge cells in CLL
was higher than in patients with CLD when we compared
directly the two groups, it would be necessary to have a
single cut-off value with higher sensitivity, specificity and
positive predictive value to infer the diagnosis of CLL in
clinical practice.

When using a test as a diagnostic tool, the validity of
the test, measures by the rates of sensitivity and specificity,
is what gives the information about the value of the test for
its clinical application. Smudge cells on peripheral blood
smears are, at most, "statistically significant", but, essentially,
they are not "clinically significant" to discriminate CLL from
other CLD.

In clinical medicine, it is very common that a reasonable
and general assumption among physicians become

Discussion

The presence of smudge cells has been classically
associated with the diagnosis of chronic lymphocytic
leukemia. In this study, we investigated the presence of
smudge cells in 125 randomly selected patients with mature
B-cell neoplasms, with the purpose to verify if the widespread
belief that smudge cells are more frequently associated with
the diagnosis of chronic lymphocytic leukemia is a true
conception.

Thus, three cut-offs were found to be able, in theory,
to separate CLL patients from CLD patients: 10%, 20% and
30%. Since these values have allowed a statistically valid
separation between the two groups, we have considered
which one of them as a "test" to be used in the



considered a really proved medical information. These
"widespread beliefs" occur mainly because they make some
pathophysiologic sense, but they are infrequently submitted
to clinical studies.7 The results of this report show clearly
that, on clinical grounds, the percentage of smudge cells in
peripheral blood smears have no value as a morphologic
finding for the differentiation between CLL and others B-cell
CLD.

Resumo

As sombras nucleares têm sido classicamente associadas à
leucemia linfocítica crônica (LLC), embora possam ser encon-
tradas nos esfregaços do sangue periférico de outras doenças
linfoproliferativas B crônicas (DLBC). Nesse estudo, nós investi-
gamos se a porcentagem de sombras nucleares nos esfregaços do
sangue periférico pode ser utilizada na prática clínica da hemato-
logia para diferenciar a LLC das outras DLBC. Foram analisados
os esfregaços do sangue periférico de 63 pacientes com o diag-
nóstico de LLC e 62 com outras DLPC. Trezentas células, entre
células linfoides e sombras nucleares, foram contadas em cada
esfregaço. A comparação da porcentagem de sombras nucleares
entre os dois grupos foi realizada e, subsequentemente, foram
fixados 5 cut-offs de mais de 10%, 20%, 30%, 40% e 50% de
sombras nucleares com o propósito de definir um caso como
"positivo para sombras nucleares" e verificar se havia diferenças
entre a LLC e as outras DLBC. A porcentagem das sombras
nucleares em pacientes com LLC (mediana 26%, 4%-86%) foi
maior do que em pacientes com DLBC (mediana 14%, 1%-64%).
Entretanto, nenhum dos cut-offs testados apresentou valores
apropriados de sensibilidade, especificidade e valor preditivo
positivo para distinguir os dois grupos. Desde que é necessário
se dispor de um único valor de cut-off com alta sensibilidade,
especificidade e valor preditivo positivo para inferir o diagnóstico
de CLL na prática clínica, conclui-se que as sombras nucleares
não são úteis para diferenciar a LLC das outras DLBC. Rev.
Bras. Hematol. Hemoter.

Palavras-chave: Leucemia linfocítica crônica; doenças linfo-
proliferativas B; sombras nucleares; citometria de fluxo.

References
1. Gumprecht F. Leukozytenzerfall im Blute bei Leukamie und bei

schweren Anamien. Deutsch Arch Klini Med. 1896; 57:523-548.
2. Heinivaara O. Smudge cells in lymphocytic leukemia. Ann Med

Intern Fenn. 1959;48:69-75.
3. Nowakowski GS, Hoyer JD, Shanafelt TD, Geyer SM, LaPlant BR,

Call TG, et al. Using smudge cells on routine blood smears to
predict clinical outcome in chronic lymphocytic leukemia: a
universally available prognostic test. Mayo Clin Proc. 2007;
82(4):449-53.

4. Macdonald D, Richardson H, Raby A. Practice guidelines on the
reporting of smudge cells in the white blood cell differential count.
Arch Pathol Lab Med. 2003;127(1):105.

5. Matutes E, Wotherspoon A, Catovsky D. Differential diagnosis in
chronic lymphocytic leukaemia. Best Pract Res Clin Haematol.
2007;20(3):367-84.

Matos DM et al                                               Rev. Bras. Hematol. Hemoter.

Avaliação: Editor e dois revisores externos
Conflito de interesse: sem conflito de interesse

Recebido: 07/12/2008
Aceito: 17/12/2008

6. Matutes E, Owusu-Ankomah K, Morilla R, Garcia Marco J, Houlihan
A, Que TH, et al. The immunological profile of B-cell disorders
and proposal of a scoring system for the diagnosis of CLL.
Leukemia. 1994;8(10):1640-5.

7. Paauw DS. Did we learn evidence-based medicine in medical school?
Some common medical mythology. J Am Board Fam Pract.
1999;12(2):143-9.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


