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Abstract: Pitfalls in diagnostic hematopathology are underestimated and underreported. Major causes of 
diagnostic error in hematopathology include: 1) inadequate material; 2) inadequate workup; 3) inadequate 
clinical correlation; 4) over or under interpretation; 5) challenges in hematopathology. In the first part of this 
review series, I will focus on the pitfalls in diagnosing and differentiating chronic lymphocytic leukemia/small 
lymphocytic lymphoma (CLL/SLL) and mantle cell lymphoma, and discuss the strategies to avoid potential 
diagnostic errors based on my personal experience. 
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Introduction 
 
Pitfall is a popular term in the medical 
community. As defined by The American 
Heritage® Dictionary of the English Language 
(Fourth Edition, 2000), “pitfall” is an 
unapparent source of trouble or danger; or a 
hidden hazard. A pitfall in pathology is a 
diagnostic risk that pathologists should be 
aware of and avoid. When searching the 
PubMed using “pitfall in pathology”, there were 
759 hits as of February 2008. Using “pitfalls in 
pathology”, 1931 hits were found. 
Interestingly, most of these pitfalls were 
related to cytopathology. 739 hits were 
identified using keywords “pitfall in 
cytopathology”, and 1781 hits were found with 
“pitfalls in cytopathology”. When either “pitfall” 
or “pitfalls in hematopathology” was used, only 
8 hits were encountered, much fewer than I 
expected. Does it mean that there are fewer 
pitfalls in hematopathology? It is apparently 
not, and the pitfalls in hematopathology are 
under reported. 
 
Some of the most common pitfalls 
encountered in our daily practice of 
hematopathology are summarized in Table 1. 
In this article, I will briefly review the common 
causes of diagnostic errors in 
hematopathology, and discuss in length the 
pitfalls in the diagnosis and differential 

diagnosis of chronic lymphocytic leukemia/ 
small lymphocytic lymphoma (CLL/SLL) and 
mantle cell lymphoma (MCL) and how to avoid 
the potential diagnostic errors. 
 
Common Causes of Diagnostic Error in 
Hematopathology 
 
Why do we pathologists make mistakes? 
Pathologists are humans – humans err. To 
decrease or prevent diagnostic errors, we have 
to understand the factors that may cause 
mistakes. The major causes that could lead to 
diagnostic errors in hematopathology include 
the followings. 
 
Inadequate Material 
 
This includes insufficient diagnostic specimens 
and sampling errors. If insufficient material is 
submitted, we do not have the substantial 
basis to evaluate. On the other hand, if the 
specimen is not representative of the lesion, 
the diagnostic features of the lesion will not be 
present and the incorrect diagnosis could be 
potentially made. 
 
Inadequate Workup 
 
Even with adequate diagnostic materials, 
potential diagnostic mistakes can occur even 
with adequate diagnostic material if initial 
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  Table 1  Common pitfalls in diagnostic hematopathology 
Disease A versus Disease B 
CLL/SLL  MCL 
EBV Infection  Malignant lymphoma 
Hodgkin lymphoma Grey zone lymphoma Diffuse large B-cell lymphoma 
Diffuse large B-cell lymphoma Grey zone lymphoma Atypical Burkitt lymphoma 
Hematogones  Precursor B cell ALL/LBL 
Precursor T ALL/LBL  Thymoma 

  CLL/SLL, chronic lymphocytic leukemia/small lymphocytic lymphoma; MCL, mantle cell lymphoma; EBV, Epstein- 
  Barr virus; ALL/LBL, acute lymphoblastic leukemia/lymphoblastic lymphoma 
 
 
workup is inappropriate. Triage of fresh 
specimen for lymphoma workup is critical in 
hematopathology.   
 
Inadequate Clinical Information 
 
Although pathology is the most objective 
specialty in medicine, a prepared mind is 
always favored.  If we do not know what we are 
looking for, neither can we determine the way 
to look for it, the way to exclude it, and the 
criteria to commit it. For some cases, we can 
never make the right diagnosis without the 
clinical information. 
 
Over or Under Interpretation 
 
Pathologists are subjective. Pathologists are 
also judges based on the evidence provided by 
the specimen.  However, due to the variations 
in training, knowledge and personal 
experience, pathologists sometimes do not 
agree among themselves. Using their 
subjective judgments, they may draw different 
conclusions on the same objective specimen. 
If we are not familiar with the typical 
morphology, atypical variants and its mimics, 
we may either over interpret or under diagnose 
a lesion, resulting in serious consequences. 
 
Challenges in Hematopathology 
 
We have to admit that one of the most 
important causes of misdiagnosis in 
hematopathology is the diagnostic challenges. 
Although hematopathology may have seen the 
most innovative diagnostic advances (such as 
flow cytometry, cytogenetics and molecular 
diagnostics) among all the pathology 
subspecialties, we still have little 
understanding on peripheral T-cell lymphomas, 
myelodysplastic syndrome, or even diffuse 
large B-cell lymphomas. Although there are 
successful examples of application of gene 
array and proteomics to the classification of 

leukemia and lymphoma [1-5], these assays 
are still far from our daily clinical practice. 
 
Diagnostic Features of CLL/SLL and MCL 
 
CLL/SLL and MCL are both B-cell lymphomas 
of small cell type (Kiel classification). In 
addition, both CLL/SLL and MCL aberrantly 
express CD5, a common T-cell marker. CD5 is 
expressed on two subsets of normal B-cells, 
näive (or virgin) B-cells that have not yet been 
exposed to antigens, and memory B-cells that 
can be activated into immunoblasts when they 
encounter the same antigen they contacted 
before. Since the former have never met 
antigen, they have not experienced the 
germinal center clonal selection process, and 
thus do not harbor somatic mutations of the 
immunoglobulin heavy chain variable (IgHv) 
region. In contrast, the latter have somatic 
mutations in the IgHv region. It is believed that 
CLL/SLL can be derived from both näive B-
cells and memory B-cells [6]. Therefore, two 
subsets of CLL/SLL are identified based on 
whether or not there are somatic mutations in 
the IgHv regions. Studies have proved that this 
subset classification is clinically relevant 
because CLL/SLL derived from memory B-cells 
(IgHv mutated) have a much better prognosis 
(median survival 109 months) than those from 
näive B-cells (IgHv unmutated) (median 
survival 293 months) (see Table 2) [7-10]. It is 
currently believed that MCL derives from the 
mantle zone B-cells that are composed of 
CD5+ memory B-cells [11]. However, MCL has 
a much poorer prognosis (median survival 3-5 
years) than their CLL/SLL counterparts. Owing 
to the different clinical courses, CLL/SLL and 
MCL are managed quite differently. Therefore, 
differentiating CLL/SLL from MCL is critically 
important. 
 
In typical cases, CLL/SLL can be easily 
differentiated from MCL based on morphology 
alone. CLL/SLL usually infiltrates lymph node 
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  Table 2  Two subtypes of CLL/SLL 
Features Naive B-cell Memory B-cell 
Germinal center exposure No Yes 
Hypermutation of IgHv No Yes 
CD38 expression Often positive Rarely positive 
ZAP70 expression Frequently positive Rarely positive 
AID mRNA expression High Low 
Lipoprotein lipase A High Low 
ADAM29 High Low 
13 microRNAs overexpression Yes No 
Median survival (months) 109 293 
Prognosis Poor Favorable 

 
 
in a diffuse pattern, although it may appear 
vaguely nodular under the low power (Figure 
1A). Under the intermediate power, they are 
actually pseudo nodules (Figure 1B). There is 
no fibrous septum or vessels between the 
pseudo nodules. Under the high power, those 
pseudo nodules are indeed proliferation 
centers with increased numbers of 
paraimmunoblasts that have more abundant 
cytoplasm and a single centrally located 
prominent nucleolus, and thus the nuclei of 
the lymphoma cells are far apart, giving rise to 
a lighter color on the Hematoxylin-Eosin 
stained sections (Figure 1C). Generally, 
CLL/SLL pseudo nodules are composed of a 
pleomorphic population of lymphoid cells 
ranging from small to medium-sized and 
having regular nuclear contours. On the other 
hand, MCL can infiltrate the lymph node in 
diffuse, nodular or more commonly mantle 
zone patterns (Figure 2). When in nodular 
patterns, MCL are true nodules with fibrous 
septum or proliferating blood vessels 
separating each individual neoplastic nodule 
(Figure 2A). Furthermore, the nodules are 
composed of a monomorphic population of 
small to medium-sized lymphoid cells with 
cleaved, folded nuclei and irregular nuclear 
contours (Figure 2D). The nuclei are usually 
packed closely together without conspicuous 
cytoplasmic membrane. The cells sometimes 
appear three-dimensional, appearing like 
exploding fireworks jumping into your eyes 
(Figure 2D). Large cells with prominent 
nucleoli are almost never identified in MCL 
except in the blastoid variant. However, mitotic 
figure are often present. 
 
MCL occasionally involves the peripheral 
blood, conferring a blastoid variant and has to 
be differentiated from CLL, which is more

 
Figure 1 Classical histology of CLL/SLL under low 
power (A), medium power (B) and high power (C). 
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Figure 2 Histological features of MCL with a true nodular pattern (A) or a mantle zone pattern (B) with the remnant 
germinal center (C). Under high power, MCL cells are monotonous with scant cytoplasm and irregular nuclear 
contour (D). 
 
 

 
 
Figure 3 Comparison of the cytological features between CLL/SLL (A and B) and MCL (C and D). 
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common than MCL in involving peripheral 
blood and often presents with marked 
lymphocytosis (>10,000/dL). The neoplastic 
cells of CLL are small in size, with a rim of 
basophilic cytoplasm, round or slightly 
irregular nuclei and inconspicuous nucleoli 
with regular nuclear contour (Figure 3A). The 
chromatin is characteristically clumped or 
condensed with white areas in between, 
conferring a “soccer ball” appearance (Figure 
3B), as described by one of my mentors Dr. Jay 
Hess. In contrast, MCL in peripheral blood 
usually show irregular nuclear contours, with 
cleaved or folded nuclei (Figure 3C). 
Sometimes the nuclei are squared-off, or even 
with pikes (Figure 3D). Lymphoma cells with 
abundant cytoplasm and prominent nuclei 
resembling prolymphocytes are not typically 
seen. Lymphoma cells similar to centroblasts 
or immunoblasts may be present in rare cases 
of blastoid variant of MCL or transformed MCL.  
 
Diagnostic Pitfalls in CLL and MCL 
 
The above cases are classical examples of 
CLL/SLL and MCL. In our daily practice, we 
may see CLL/SLL and MCL with atypical 
morphology. These cases can be diagnostic 
pitfalls. Fortunately, the development of 
various novel techniques makes our practice 
much easier than our preceding colleagues. 
With immunohistochemistry, flow cytometry, 
cytogenetics, and molecular assays, we are 
able to accurately diagnose >95% of CLL/SLL 

and MCL. The following immunological and 
genetic features are very useful in 
differentiating CLL/SLL from MCL (Table 3). 
 
Although CLL/SLL and MCL share many of the 
mature B-cell markers immunophenotypically 
with aberrant expression of CD5, they have 
many different properties. By flow cytometry, 
CLL/SLL typically expresses low-density 
surface immunoglobulin, CD20, CD22 and 
CD11c, and is often negative for FMC7. On the 
other hand, MCL expresses high-density 
surface immunoglobulin, CD20, CD22, and is 
positive for FMC7. Most importantly, almost all 
MCLs produce cyclin D1 in the nuclei, which 
can be detected by immunohistochemistry 
(Table 3). 
 
However, just like we can never say “never” or 
“always” in medicine, exceptional cases are 
present. These cases are the potential 
diagnostic pitfalls. 
 
Pitfall 1: CD23-negative CLL/SLL 
 
Although almost all the hematopathology 
books may state that CLL/SLL is CD5+ and 
CD23+; whereas MCL is CD5+ and CD23-, 
most of the experienced hematopathologists 
would agree that CD23- negative CLL/SLL are 
not uncommon. If a CD5+, CD23-negative 
small B-cell neoplasm is encountered, to 
determine if it is a CD23-negative CLL/SLL or 
MCL, other immunological markers will be 

 
 
Table 3 Features differentiating CLL/SLL and MCL 

Markers CLL/SLL MCL 
Surface   

CD19 + + 
CD20 Low density+ High density+ 
CD22 Low density+ High density+ 
Ig (κ/λ) Low density+ High density+ 
CD5 + + 
CD23 + - 
CD43 + - 
CD11c Low density+ - 
FMC7 - + 
CD79a - + 

Nuclear   
Cyclin D1 - - 

Cytogenetics   
T(11;14) - + 
Del13q14 + - 
Trisomy 12 + -/+ 
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Figure 4 CD5-negative MCL under low power (A) and medium power (B). The lymphoma cells are 
negative for CD5 (C) but positive for cyclin D1 (D). 
 
 
helpful (Table 3). Low density expression of 
CD20, CD22 and surface immunoglobulin and 
absent FMC7 expression favor the diagnosis of 
CLL/SLL. The opposite is true for MCL. Finally, 
t(11;14) and cyclin D1 would be most useful in 
differentiating these two entities. However, 
even cyclin D1 results can occasionally be 
misleading (see below). 
 
Pitfall 2: CD5-negative MCL 
 
We have encountered a 62-year-old man with 
lymphadenopathy. The biopsy showed a lymph 
node effaced by a vaguely nodular lymphoid 
proliferation composed of a monotonous 
population of small to medium-sized cells 
(Figure 4A). Some of the neoplastic cells 
arrange in a concentric pattern with no 
remnant germinal centers (Figure 4B). The 
neoplastic cells are CD20+, but negative for 
CD3, CD5 or CD10 by immunohistochemistry. 
Although the CD5 negativity may exclude 
either SLL/CLL or MCL, the cytological features 
are suggestive of MCL. Immunostain for cyclin 
D1 was performed and the lymphoma cells 

were strongly positive (Figures 4C and 4D). In 
2002, Liu et al identified 25 cases of CD5-
negative MCL with cyclin D1 expression and 
t(11;14) [12]. In real-time practice, we do not 
know how many cases of CD5-negative MCL 
had been misdiagnosed as marginal zone B-
cell lymphoma due to the negativity for CD5 
and CD10. Fortunately, it was believed that 
these CD5-negative MCL might be more 
indolent. Some pathologists may argue that 
these lymphomas may be truly marginal zone 
B-cell lymphomas with aberrant cyclin D1 
expression since they are more indolent than 
classical MCL. Since cyclin D1 plays an 
important role in MCL and the morphology is 
more consistent with MCL, for this case, a 
diagnosis of CD5-negative MCL was favored. 
Future molecular profiling may be helpful in 
resolving this issue. Indeed, in any cases of B-
cell lymphoma of small cell type, I would 
always perform immunostain for cyclin D1 
irrespective of CD5 expression. We cannot 
afford to miss a MCL since it is well accepted 
that MCL is more aggressive than other B-cell 
lymphomas of small cell type. 
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Figure 5 Cyclin D1-negative MCLs. Bone marrow involvement by a monotonous population of small to medium-
sized lymphoid cells suggestive of MCL morphologically and immunophenotypically (A). However, immunostain for 
cyclin D1 was negative (B).  Nodal MCL with a typical “mantle zone” pattern (C) but negative for cyclin D1 
expression (D) (courtesy of Dr. Dennis Weisenburger). 
 
 
Pitfall 3: Cyclin D1-negative MCL 
 
If CD5 negativity cannot rule out MCL, can a 
negative cyclin D1 immunostain do? We had a 
bone marrow biopsy from a 57-year-old patient 
with both paratrabecular and interstitial 
infiltrations by a monotonous population of 
small to medium-sized lymphoid cells. The 
aspirate smear showed that these cells had 
centrocytic morphology (Figure 5A). Flow 
cytometry revealed that these cells expressed 
high density CD20 and surface 
immunoglobulin lambda light chain. These 
cells were also CD5+, but negative for CD10 
and CD23. All these features were consistent 
with MCL. However, immunostain for cyclin D1 
was negative (Figure 5B). Dennis 
Weisenburger reported a case of a 61-year-old 
man whose lymph node biopsy revealed a 
morphologically typical MCL (Figure 5C) but 
was negative for cyclin D1 (Figure 5D). 
However, using immunohistochemical staining 
with antibodies against cyclin D2 and D3 he 
found it to be positive for cyclin D3, and thus 

called it “cyclin D1-negative MCL” [13]. His 
group also studied 6 cases of cyclin D1-
negative MCL using gene array analysis and 
found that these lymphoma cells had a similar 
genetic signature as the cyclin D1-positive 
MCL except for the lack of cyclin D1 gene 
expression [14]. Instead of cyclin D1, these 
cases expressed either cyclin D2 or D3. Their 
studies not only confirmed that MCL is a 
distinct biologic entity, but also showed that 
cyclin Ds, including cyclin D1, are the key 
molecules that lead to the development of 
MCL. It is possible that our case may represent 
a cyclin D1-negative MCL.  Unfortunately, 
cyclin D2 and D3 stains are currently not 
widely used in most of the hematopathology 
laboratories.  
 
Pitfall 4: CLL/SLL with Focal Cyclin D1 
Staining 
 
To make things even more complicated, one 
group recently reported cyclin D1 staining in a 
bona fide CLL/SLL [15]. However, cyclin D1 
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Figure 6 CLL/SLL with focally increased large 
paraimmunoblasts in the proliferation center (A) 
positive for CD20 (B) and focally positive for cyclin 
D1 (C, positive in approximately 10-15% of the 
lymphoma cells). 
 
 
expression in that case was focal and only 
present on less than 10% of the neoplastic 
cells. We also encountered two such cases 
with focal cyclin D1 positivity (Figure 6), but no 
other evidence of MCL. Whether these cases 
represent an aggressive subset of CLL/SLL or 
a distinct entity is currently unknown. Larger 
series and more extensive immunological, 
cytogenetic and molecular studies are 
required to correlate with the clinical course 
and outcome of these cases. 

Pitfall 5: T(11;14)-negative, Trisomy 12+ MCL 
 
Although t(11;14) is characteristic of MCL 
[16], more and more data suggests that 
t(11;14)-negative MCL does exist. Some of the 
pseudo-negative cases may reflect the 
limitation of our current detection assays [17]; 
others are probably truly t(11;14)-negative 
MCL cases, such as cyclin D1-negative MCL 
[14]. Just as the presence of t(11;14) and 
cyclin D1 positivity excludes CLL/SLL, 
pathologists use the chromosomal 
abnormalities del13q14 and trisomy 12 to 
exclude MCL [15]. Trisomy 12 is considered 
the second most common cytogenetic 
abnormality in CLL/SLL, which is usually 
associated with frequent atypical morphology, 
increased prolymphocytes and an adverse 
prognosis [18]. However, trisomy 12 has been 
reported in MCLs [19]. A recent expression 
profile analysis of a trisomy 12+, t(11;14)-
negative mature B-cell lymphoma showed a 
molecular signature consistent with MCL [20], 
suggesting overlaps between CLL/SLL and 
MCL. With various future molecular profiling 
approaches, the differentiation of CLL/SLL and 
MCL will be beyond the reach of morphology, 
immunology and even cytogenetics. 
 
In summary, differentiating CLL/SLL from MCL 
is not as straight forward as we thought. We 
have to integrate all the information, including 
morphology, immunohistochemistry, flow 
cytometry, cytogenetics and molecular studies, 
to reach the final diagnosis. Translational 
research will guide us in search for more 
specific molecular markers. To differentiate 
CLL/SLL from MCL effectively, we need to 
perform cyclin D1 immunostain on all small B-
cell lymphomas, and to correlate morphology 
with flow cytometric profile of the lymphoma 
cells. In difficult cases, for example, when MCL 
is suspected and cyclin D1 is negative, 
immunostains for cyclin D2 and D3 should be 
performed if available. Whenever possible, 
cytogenetics and fluorescence in situ 
hybridization should be performed to identify 
the characteristic chromosomal abnormalities 
associated with SLL/CLL and MCL. 
 
Please address all correspondences to X. Frank 
Zhao, MD PhD, Department of Pathology, University 
of Maryland School of Medicine, 10 S. Pine Street, 
MSTF 611B, Baltimore, MD 21201. Tel: 410-328-
2146; Fax: 410-328-5508; Email: xzhao@umm.edu 
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