
 

 

Introduction 
 
Lung cancer is the second most common can-
cer in incidence but the leading cause of cancer 
deaths in men and women in the United States. 
According to the American Cancer Society, in 
2009 there were estimated 219,440 new 
cases, which represent approximately 15% of all 
new cancer cases, excluding basal and 
squamous cell carcinoma and in situ carcinoma 
except bladder cancer. The total estimated lung 
cancer deaths, however, was estimated to be 
159,390 representing 30% and 26% of all can-
cer deaths in males and females respectively 
[1]. This dismal mortality makes early diagnosis 
and treatment of utmost importance. Cytology 
plays an important role in the initial evaluation 
and diagnosis of patients with lung cancer. Vari-
ous sampling techniques are currently available 
to procure specimens for cytologic evaluation of 
lung tumors. These include exfoliative (induced 
sputum, thoracentesis), abrasive cytology 
(bronchioalveolar lavage, bronchial brushing, 
bronchial washing) and fine needle aspiration 
[FNA] cytology (endobronchial ultrasound 

guided, transesophageal, CT-guided percutane-
ous / transthoracic). The cytomorphologic diag-
nosis of lung malignancies is fraught with nu-
merous mimics and pitfalls that may lead to 
false positive or false negative diagnoses. A 
zero false positive rate may be unattainable as 
a false positive rate of approximately 1% was 
observed even with experienced cytopatholo-
gists in a study by Thivolet-Bejui [2].  It is critical 
to be familiar with the potential pitfalls and 
mimics in respiratory cytopathology since false 
positive diagnoses may result in a significant 
morbidity or even mortality; while false negative 
diagnosis may result in delayed diagnosis and 
treatment. This review will discuss common pit-
falls and mimics that may be encountered and 
also highlight an algorithm useful in the evalua-
tion of respiratory cytology. 
 
Adenocarcinoma 
 
Pulmonary adenocarcinoma usually arises in a 
peripheral location and may thus be sampled by 
CT-guided percutaneous / transthoracic FNA. 
There are several variants of adenocarcinoma, 
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including the more common acinar, papillary, 
mixed acinar-papillary and solid. Bronchioloal-
veolar carcinoma (BAC), defined by convention 
as lacking stromal, vascular or capsular inva-
sion, is often included in this category. Typical 
cytomorphological features of adenocarcinoma 
include cellular clusters with depth of focus; 
however, there may also be individual cells or 
acinar (glandular) arrangements. Depth of focus 
is one of the major cytological features, be-
cause adenocarcinoma is often present as 
three-dimensional clusters of large vacuolated 
cells. These cells are columnar, cuboidal or po-
lygonal with variable cell size and variable quan-
tity of fine vacuolated cytoplasm. The nucleus is 
variably sized round to oval nuclei, often eccen-
tric with high nuclear/cytoplasm (N/C) ratio, 
finely granular chromatin. Prominent central 
cherry red nucleoli are variably identified. On a 
cautionary note, BAC may have a large number 
of bland neoplastic cells [which may resemble 
alveolar macrophages/bronchial cells] that may 
suggest a reactive or reparative process. The 
presence of papillary fronds with fibrovascular 
septa and/or psammoma bodies should sug-
gest the diagnosis of BAC.  
 

Mimics and pitfalls for lung adenocarcinoma are 
summarized in Table 1, Figures 1, 4 and 5. 
 
Reactive type II pneumocytes 
 
Reactive type II pneumocytes are often seen in 
bronchoalveolar lavage (BAL), bronchial wash-
ing and sometimes in FNA specimens. The 
epithelial surface area of the alveoli consists 
predominant of thin or flat type I alveolar pneu-
mocytes for efficient gaseous exchange. Type II 
pneumocytes comprise less than 5% of the al-
veolar surface area and are important for the 
synthesis and secretion of surfactant, and re-
generation of alveolar epithelium following in-
jury [3]. In view of its functions, significant re-
generative atypia may sometimes be in Type II 
pneumocytes. Over-interpretation of these reac-
tive changes may lead to a false positive diag-
nosis. Typically, Type II pneumocytes are rela-
tively small, present as individual or loose clus-
ters of cells with finely vacuolated cytoplasm, 
low N/C ratio and central to eccentric nuclei 
with inconspicuous nucleoli. Type II Pneumo-
cytes are often difficult to distinguish from 
macrophages.  
 

Table 1. Cytomorphologic features and potential mimics of pulmonary adenocarcinoma (ADCA) 

 



Lung cancer cytology: pitfalls and mimics 

 
 
369                                                                                                       Int J Clin Exp Pathol 2010;3(4):367-385 

Atypical pneumocytes may be seen in condi-
tions that cause injury to the alveolar epithe-
lium, resulting in regeneration of Type II pneu-
mocytes. Such conditions include organizing 
pneumonia, infarcts, adult respiratory distress 

syndrome, acquired immunodeficiency syn-
drome and oxygen therapy. Cytomorphologically, 
the Type II pneumocytes may demonstrate co-
hesive clusters with high nuclear:cytoplasmic 
(N/C) ratios, hyperchromatic nuclei with nuclear 
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Figure 1. (1A1,1A2). Adenocarcinoma. There are clusters of tumor cells (1A1) and single cells (1A2), with high N/C 
ratio, irregular nuclear membrane, granular chromatin and nucleoli. Occasional reactive bronchial cells with cilia 
mixed with the single tumor cells (Diff Quik, 1A1 X200; 1A2 X400); (1B). Diffuse alveolar damage. Clusters and indi-
vidual cells of reactive Type II pneumocytes. Significant atypia may be encountered in cytologic specimens from pa-
tients with diffuse alveolar damage. (Papanicolaou stain, X400); (1C). Reactive bronchial  cells. Cluster of reactive 
bronchial cells with moderate cytoplasm, enlarged nuclei, with smooth nuclear membrane, granular chromatin and 
inconspicuous nucleoli. While there is no cilia on identified in the cluster, there are individual reactive bronchial cells 
with cilia in the background with somewhat similar cytologic features (Papanicolaou stain, X200); (1D). Congestive 
heart failure. Loose clusters of severely atypical bronchial cells with moderate cytoplasm, increased N/C ratio, rela-
tively smooth nuclear membrane, granular chromatin and prominent nucleoli. There are some acute inflammatory 
cells present (Papanicolaou stain, X200); (1E). Atypical pneumocytes. Individual atypical Type II pneumocyte with high 
N/C ratio and smudged nuclear features is present. The specimen is from a patient status post transplant for myelo-
dysplastic syndrome. There is no evidence of a mass lesion in this patient (Papanicolaou stain, X400); (1F1-1F3). 
Clear cell tumor. Note the loose cluster with delicate transgressing vessel, single cells with stripped cytoplasm and 
foamy vacuolated background. The nuclei are round to oval, uniform with smooth nuclear membrane, evenly dis-
persed chromatin and  inconspicuous nucleoli. HMB-45 may be useful in differentiating clear cell tumor from renal 
cell carcinoma (Diff Quik, 1F1 X100, 1F2 X200; Papanicolaou stain 1F3 X200); (1G1-1G3). Pulmonary hamartoma. 
Note the mesenchymal and epithelial components. The chondromyxoid stroma is best appreciated on Diff-Quik stain 
(1G1 X200) but is also appreciable on Papanicolaou stain (1G2 X200). The epithelial component in this case does 
not have cilia (1G3, Diff Quik X400). While cilia are often seen in the epithelial component, the absence of cilia does 
not preclude a diagnosis of hamartoma; (to be continued to next page). 
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membrane irregularity, coarse chromatin and 
prominent nucleoli, features which mimic ade-
nocarcinoma [4-11]. Awareness of these atypi-
cal features and clinical and radiologic informa-
tion [e.g. absence of a mass or acutely ill pa-
tient] are critical in avoiding a false positive di-
agnosis.   
 
Goblet cell hyperplasia 
 
Goblet cell hyperplasia which consists of an 
increased area and number of goblet cells in 
the lower airways may be seen is asthma or 
chronic obstructive airway disease [12]. Given 
the location of the goblet cells, goblet cell hyper-
plasia in cytology specimen is more often en-
countered in bronchoscopy specimens or endo-
bronchial ultrasound guided FNA, rather than 
percutaneous FNA. Such hyperplasia may mimic 
mucin producing adenocarcinoma, like muci-
nous BAC or metastatic signet ring cell carci-
noma. Features suggestive of a benign process 
include a clean background with single cells 
containing large distended cytoplasmic vacu-
oles which indent uniform basal nuclei, as well 
as smooth nuclear membranes, fine chromatin 
and inconspicuous nucleoli. Furthermore, the 
clinical history of chronic obstructive airway dis-
ease and/or the absence of discrete mass on 
imaging may help in correctly diagnosing this 
process as benign rather than malignant. 
 
Bronchial cell hyperplasia 
 
Bronchial cell hyperplasia may be seen in the 
context of asthma, tuberculosis, viral infection 
or instrumentation.  Cytologically, it consists of 
tight papillary clusters with occasional molding 
and variable numbers of mucus producing cells 

– often called Creola bodies. The cells have uni-
form small, round to oval nuclei with bland 
finely granular chromatin and inconspicuous 
nucleoli. Typically, cilia and/or terminal bars are 
identifiable. Depending on the etiology, the 
background may be clean or inflammatory - 
eosinophils may occasionally be seen. There 
may be increased cellularity and the clusters 
may sometimes contain atypical cells mimicking 
adenocarcinoma. Clues to the benign nature of 
these clusters include the presence of cilia, the 
bland nuclei, finely granular chromatin and the 
tightness of the cluster. Furthermore, the clini-
cal history and imaging are critical in avoiding 
this pitfall. 
 
Reactive/atypical bronchial cells 
 
Reactive bronchial cells may be encountered in 
the setting of pneumonia, diffuse alveolar dam-
age (including the proliferative/organizing 
phase), pulmonary infarct, asthma, chronic ob-
structive airway disease, environmental toxins, 
radiation/chemotherapy treatment effects and 
instrumentation [7, 13-17]. Cytologic atypia in 
these settings can be quite significant, creating 
a major source of false positive diagnoses. Re-
active bronchial cells may form three-
dimensional clusters but often have uniform 
cohesive sheets of cells with a streaming pat-
tern. There is a high N/C ratio but the cytoplasm 
is still abundant. The nuclei may be hyperchro-
matic but if so will appear degenerative with 
loss of nuclear details. The nuclear membranes 
are regular with fine and evenly distributed 
chromatin. Nuclei may have coarse chromatin 
with single or multiple macronucleoli and infre-
quent mitoses. Cilia and terminal bars are usu-
ally present but may be lost due to degeneration 

(1H1-1H4). Post transplant lymphoproliferative disorder (PTLD). Loose cluster of atypical cells with moderate amount 
of cytoplasm, anisonucleosis and prominent nucleoli, features suggestive of an epithelial neoplasm are present. The 
corresponding H&E shows cohesive pleomorphic tumor cells with moderate amount of cytoplasm and adjacent necro-
sis . Immunohistochemical stains with CD20 and EBV LMP are positive, cytokeratin stains are negative (not shown). 
The patient is status post liver transplant for autoimmune hepatitis, presenting with multiple lung nodules and medi-
astinal adenopathy. The apparent cohesion of the cells may lead to a diagnosis of adenocarcinoma. The clinical his-
tory should raise the possibility of a PTLD, with appropriate work-up. (Papanicolaou stain, 1H1 X200; Hematoxylin and 
eosin stain, 1H2  X100; CD20 immunohistochemistry 1H3  X100; EBV LMP immunohistochemistry 1H4  X100); (1I). 
Goblet cell hyperplasia. Small clusters of columnar, mucin filled cytoplasmic vacuoles suggestive of signet ring cell. 
The nuclei are small and uniform with smooth nuclear membrane, fine chromatin and inconspicuous nucleoli. There 
are reactive bronchial cells in the background (Diff Quik X200); (1J1-1J3). Granular cell tumor. Loose sheets of po-
lygonal cells with abundant ill defined granular cytoplasm. Some of the cells are stripped of their cytoplasm creating a 
granular background. The nuclei are round to oval with smooth nuclear membrane, fine granular chromatin and in-
conspicuous nucleoli (Diff Quik, 1J1 X200x, 1J2 X400; Papanicolaou stain 1J3 X200). 
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and may not be identified in the specimen [15-
21]. Clues to the benign and reactive process 
include finding identical atypical nuclear fea-
tures in other cells with cilia and terminal 
plates, the presence of a few single atypical 
isolated cells within an obviously benign group, 
and a spectrum of changes from normal to 
atypical instead of the distinct two cell popula-
tion of normal and malignant cells [17]. Nucle-
omegaly (up to 6 times normal size) may be 
seen in reactive atypical bronchial cells, larger 
nuclear size and nuclear pleomorphism should 
raise the suspicion of malignancy [19]. Multinu-
cleated cells may sometimes be seen, but their 
nuclei are identical to those of single reactive 
cells [7]. While it is prudent to identify cilia on 
atypical cluster of cells and to use this as a sign 
of benignity, a word of caution is in order, be-
cause a hasty dismissal of a cluster with cilia as 
benign without consideration to all the cytologic 
features may lead to a missed diagnosis of can-
cer [17]. It has been suggested that repeat cy-
tology may be useful in demonstrating that the 
atypia decreases or disappears in cases of reac-
tive bronchial cells [18].    
     
Therapeutic effects 
 
Radiotherapy or chemotherapy induced cellular 
changes may induce significant cellular atypia, 
leading to a false positive diagnosis for the un-
wary [16, 17, 22-24]. Changes related to ther-
apy effects may be seen within a few weeks of 
the beginning of therapy and may resolve by a 
month after the cessation of the therapy [17, 
22]. However, some radiation induced changes 
may persist throughout life and seen in cytologic 
specimens as dispersed individual atypical 
cells. Responses to radiation or chemotherapy 
may be patchy or diffuse and often bilateral, 
and such atypical cells may be obtained by 
bronchial washings or lavage. Rarely, there may 
be pulmonary consolidation secondary to these 
processes, in which case the specimen may be 
obtained by FNA. Atypical reactive bronchial 
cells secondary to chemoradiation may occur as 
cohesive groups or scattered individual cells 
with cytomegaly (nuclear and cytoplasmic 
enlargement with mildly increased to normal N/
C ratio), nuclear hyperchromasia (and in some 
cases smudgy nuclei), macronucleoli, and ir-
regular nuclear membranes [16, 17, 22-24]. 
Like bronchial cells, macrophages and alveolar 
pneumocytes may show similar atypia. In ex-
treme cases of radiation induced changes, it 

may be difficult to distinguish the resulting bi-
zarre cells from carcinoma. This atypia may 
mimic adenocarcinoma and squamous cell car-
cinoma. Cytologic features favoring radiation/
chemotherapy induced changes rather than 
malignancy include repair-like arrangement with 
nuclear and cytoplasmic vacuolization, degen-
erative nuclei and occasional two-toning of the 
cytoplasm. Non-vacuolated reactive atypical 
cells can be differentiated from carcinoma by 
degenerative, smudged nuclei, with no distinct 
features of malignancy. Clinical history is of ut-
most importance in avoiding overdiagnosis of 
these changes as a malignancy [16, 17, 22-24].  
 
Clear cell (sugar) tumor 
 
Cytologic diagnosis of clear cell (sugar) tumor 
may be challenging because this is a rare be-
nign tumor of the lung [25] infrequently encoun-
tered as a cytology specimen. Clear cell (sugar) 
tumors of the lung were originally described by 
Liebow and Castleman [26, 27]. Cytomor-
phologic findings include a dual population of 
cohesive clusters of polygonal cells and spindle 
cells with delicate transgressing vessels. Mild 
anisonucleosis, single spindle-shaped and po-
lygonal cells may also be seen. The cytoplasm is 
fragile and may be stripped, creating a vacuo-
lated, granular or foamy background and naked 
nuclei. Nuclei are round to oval with smooth 
nuclear membranes. There may be intranuclear 
inclusions, however, no overt cytologic atypia, 
necrosis or mitoses are present [28, 29]. This 
tumor is characteristically positive for HMB45, 
similar to other perivascular epithelioid cell-like 
tumors (the so called PEComas family). This 
tumor may mimic clear cell variant of lung ade-
nocarcinoma or acinic cell carcinoma as well as 
metastatic carcinoma [including renal cell carci-
noma, adrenal cortical carcinoma, melanoma 
and clear cell carcinoma of the female genital 
tract]. For the clear cell variant of lung adeno-
carcinoma, other features suggesting of carci-
noma, like overt malignant cells with glandular 
or squamous differentiation will be identifiable. 
Acinic cell carcinoma consists of cellular smears 
thick-layered or monolayered clusters and disso-
ciated large polygonal cells with low N/C ratio, 
uniform round eccentrically or centrally situated 
nuclei with finely granular cytoplasm and incon-
spicuous nucleoli [30]. It is also prudent to be 
cautious in making a diagnosis of metastatic 
carcinoma when there is a clear cell morphology 
unless there is supporting clinical and radiologic 
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information, ancillary tests of the cytology speci-
men (e.g. immunohistochemistry) and review of 
the previous pathology material if available [31]. 
 
Granular cell tumor 
 
Granular cell tumor is generally a benign tumor 
of Schwann-cell origin which is usually endo-
bronchial, but may be located in the lung paren-
chyma [32]. Given the predominant location, it 
is often sampled by FNA, but may be obtained 
by bronchial brushing. Cytologically, the tumor 
consists of variably large, thick syncytial clusters 
or sheets, with ill-defined, coarsely granular cy-
toplasm, oval nuclei with smooth nuclear mem-
branes, finely granular chromatin, inconspicu-
ous nucleoli and no mitosis [33]. The cytoplasm 
is fragile and often stripped off, creating a 
vacuolated and granular background. This tu-
mor is positive for S100. Careful attention to 
the cytologic features, the granular cytoplasm 
and absence of overt malignant features should 
help in avoiding the pitfall of misdiagnosis [33] 
of this entity as adenocarcinoma. 
 
Pulmonary hamartoma 
 
Pulmonary hamartoma (PH) is the most com-
mon benign neoplasm of the lung consisting of 
cartilage, adipose tissue, smooth muscle and 
respiratory epithelium [34]. PH is thought to 
arise from embryologic rests that are present in 
fetal life, but generally do not become visible 
until adulthood [35]. They are often asympto-
matic, discovered incidentally on chest radio-
graph as a coin lesion with “popcorn” calcifica-
tions and are usually less than 4 cm. Cytologi-
cally, the aspirates consist of variable propor-
tion of both epithelial and mesenchymal ele-
ments (such as fat, smooth muscle, cartilage, 
fibrous tissue and occasionally bone). The 
epithelial cell component consists of bronchial 
cells that appear as sheets of small uniform 
cuboidal or columnar cells with or without cilia. 
The cells have scant to moderate cytoplasm 
with round to oval cells nuclei, smooth nuclear 
membranes, finely granular chromatin and in-
conspicuous nucleoli. The aspirates may be 
paucicellular (depending on the proportion of 
the epithelial or mesenchymal elements in the 
tumor), but the background is clean [34-38]. 
The cytodiagnosis of PH relies heavily on sam-
pling its mesenchymal component (like cartilage 
often with chondrocytes in lacunae or fibro-
myxomatous fragments) and their definite dis-

tinction from other tissue or cellular elements 
that may mimic them [36]. The mesenchymal 
component may be easier to identify on Diff-
Quik-stained preparations compared to Papani-
colaou-stained preparations. The presence of 
adipose tissue admixed with the other compo-
nents may be useful; however, adipose tissue in 
of itself may be of limited cytologic value be-
cause it may be obtained from chest wall adi-
pose tissue. Accurate diagnosis of PH can be 
challenging as highlighted in a study using the 
data from College of American Pathologists 
(CAP) inter-laboratory comparison program, 
where there was a 22% false positive rate with 
PH. Commonly selected false positive diagnoses 
include carcinoid tumor, adenocarcinoma and 
small cell carcinoma [35]. While 78% of the re-
spondents made a correct classification of be-
nign lesion, the overall accuracy of making a 
correct specific diagnosis of PH was 26% [35]. 
Possible explanation for the high false positive 
rate and the low overall correct specific diagno-
sis include the failure of the participants to rec-
ognize the mesenchymal component which was 
present but often subtle on Papanicolaou 
preparations, as well as the failure to recognize 
the benign nature of the often very cellular 
epithelial component [35]. The epithelial com-
ponent may show reactive changes such as 
large variably sized nuclei (no distinct two cell 
population of benign and malignant cells), in-
tranuclear invaginations and multinucleated 
cells, with or without cilia. In some cases re-
serve cells may be prominent which may lead to 
a misdiagnosis as neuroendocrine tumor. It is 
critical to be aware of these pitfalls and pay 
particular attention the radiographic findings 
and to the fine cellular details which often will 
show the dual epithelial and mesenchymal com-
ponents [35]. 
 
Reactive mesothelial cells 
 
Mesothelial cells may be encountered in speci-
mens obtained by CT-guided percutaneous or 
transthoracic FNA or in pleural effusion. The 
cytomorphology of mesothelial cells consists of 
sheets or individual cells with “windows” be-
tween the cells, well defined amphophilic cyto-
plasm, round to oval nuclei with occasional 
grooves, but smooth nuclear membrane contour 
and small nucleoli. Occasionally, reactive meso-
thelial cells show single cells and a few clusters 
of atypical cells with high N/C ratio, hyperchro-
matic nuclei and intracytoplasmic vacuoles – 
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resulting in misinterpretation as adenocarci-
noma. Of note, the cytoplasmic vacuoles in re-
active mesothelial cells tend to be paranuclear, 
without indentation of the nuclear membrane 
unlike in adenocarcinoma. In some cases, it 
may be necessary to use immunohistochemistry 
in the determination [21, 24]. GLUT-1, E-
cadherin and desmin among others have been 
reported to be useful in differentiating reactive 
mesothelial cells from adenocarcinoma with E-
cadherin positive in adenocarcinoma and meso-
thelioma but negative in reactive mesothelial 
cells; desmin positive in reactive mesothelial 
and negative in carcinoma; while GLUT-1 is posi-
tive in carcinoma and negative in reactive meso-
thelial cells [39-41].  
 
Contaminants 
 
FNA specimens from the right lower lobe may 
be contaminated by inadvertent aspiration of 
the liver. This contamination may lead to the 
diagnosis of malignancy [16] by the unwary. 
This possibility needs to be kept in mind to 
avoid the pitfall of false positive. 
 
Pitfalls in subclassifications of non-small cell 
lung carcinoma 
 
Although, the classification of primary lung car-
cinoma into small cell and non small cell carci-
noma was adequate for management in the 
past, the advancement in the understanding of 
molecular mechanisms of lung cancer and the 
recent identification of mutation / gene copy 
number gain of epidermal growth factor recep-
tor (EGFR) in a subset of patients diagnosed 
with adenocarcinoma which predict response to 
therapeutic intervention by anti-EGFR tyrosine 
kinase inhibitors (TKI) [42-56] makes it impor-
tant to subclassify non small cell carcinoma into 
adenocarcinoma and squamous cell carcinoma. 
While this subclassification of NSCLC can be 
readily made in well differentiated tumors when 
the characteristic cytomorphologic features are 
present, it may be a real challenge in poorly 
differentiated tumors. In difficult cases ancillary 
studies like immunohistochemistry may be nec-
essary for the subclassification. Preferably cell 
blocks, but smears and cytospins as well, may 
be used for ancillary tests, if necessary. In fact, 
cytology specimens can also be used for the 
EGFR testing [57-62]. The use of cytology speci-
mens for the subclassification of NSCLC and 

EGFR testing may be challenged by some, espe-
cially, if the patient is a surgical candidate. On 
the other hand there is really no point in making 
a less specific diagnosis, if a more specific diag-
nosis is possible despite the size of the speci-
men. Furthermore, it is a good practice to sub-
classify with cytologic specimens, because this 
will obviate the need for a more invasive proce-
dure to obtain additional tissue specimens for 
subclassification. 
 
Primary versus metastatic adenocarcinoma 
 
For management and staging purposes, it is 
important to distinguish between primary lung 
cancer and pulmonary metastases. The clinical 
history of a known extrapulmonary primary and 
the radiologic findings of multiple nodules in the 
lung are useful in arriving at the right diagnosis. 
However, the clinical history may not be avail-
able or the pulmonary metastasis may rarely be 
the first manifestation of an extrapulmonary 
tumor. Furthermore, pulmonary metastasis may 
present as a single nodule, while bronchioloal-
veolar carcinoma is known to present as multi-
ple nodules. In fact primary lung carcinoma may 
have intrapulmonary metastasis presenting as 
multiple nodules [63-65]. Some tumors may 
have sufficient characteristic cytomorphologic 
features which raise the possibility of metastatic 
disease. For example, the presence of large 
clusters of loosely cohesive to discohesive cells 
with fairly uniform, elongated and hyperchro-
matic nuclei basally oriented in a “picket fence 
array” with background dirty necrosis should 
raise the possibility of colorectal cancer. Simi-
larly, deceptively bland clusters of cells with 
foamy, multivacuolated cytoplasm [resembling 
pneumocytes and histiocytes, but with no car-
bon pigments] with low N/C ratio, round nuclei, 
fine chromatin and variable nucleoli may raise 
the possibility of renal cell carcinoma. Malignant 
melanoma may mimic a variety of tumors. How-
ever, it commonly appears as large discohesive, 
pleomorphic cells. Identification of intranuclear 
inclusion, double mirror image nuclei and mela-
nin pigment suggests the diagnosis. In the more 
challenging cases distinctive features are not 
present to suggest a primary site. Even in these 
instances, when the potential for a metastasis 
exists, ancillary immunohistochemistry tests will 
be necessary to assist in narrowing down the 
primary site, especially, when there is no previ-
ous pathology material (slides or images) avail-
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able for comparison. Unfortunately in a few 
cases, it is almost impossible to distinguish pri-
mary lung cancer from metastatic carcinoma 
without the use of ancillary tests.  
 
Squamous cell carcinoma 
 
Squamous cell carcinoma is usually a centrally 
located tumor. Cytology specimens may be ob-
tained by EBUS, bronchial brush, bronchial 
wash among others. Cytomorphologically, well 
differentiated SCCA typically appears as individ-
ual cells or cohesive sheets of tumor cells 
[depending on specimen procurement method] 
with well defined cell borders and dense cyto-
plasm. Some of the cells may be tadpole, fiber 
or strap-shaped. There is variable N/C ratio and 
there may be keratin and background necrosis 
or ghost cells. Poorly differentiated SCCA may 
be indistinguishable from poorly differentiated 
adenocarcinoma with high cellularity, discohe-
sive or small groups of tumor cells with high N/
C ratio, nuclear pleomorphism with variable 

chromatin and occasional nucleoli. Without an-
cillary tests like immunohistochemical stains, it 
may be impossible to accurately subclassify 
these poorly differentiated carcinoma into ade-
nocarcinoma or squamous cell carcinoma. 
 
The mimics and pitfalls for squamous cell carci-
noma are summarized in Table 2, Figures 2, 4 
and 5. 
 
Pulmonary infarction 
 
Pulmonary infarction, presenting as a discrete 
lung lesion with atypical cytology can lead to a 
false positive diagnosis of either adenocarci-
noma or squamous cell carcinoma, even for 
experienced cytopathologists [7, 14, 24]. On 
imaging, it may but not always present as a 
wedge-shaped lesion. The atypical cells may 
present as a three dimensional sheets/clusters 
of bronchial cells with variable cytoplasm, small 
to slightly high N/C ratio, enlarged nuclei, 
coarse chromatin and irregular macronucleoli. 

Table 2. Cytomorphologic features and potential mimics of squamous cell carcinoma (SCCA) 
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Figure 2. (2A1-3). Squamous cell carcinoma. Loose cohesive sheet of tumor cells and single tumor “strap cells” cells 
with keratinization are present. Prominent nucleoli may be seen in squamous cell carcinoma (Papanicolaou stain, 
2A1 X400, 2A2 X400, 2A3 X200); (to be continued next page) 
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Occasionally, there may single keratinized 
squamous cells with hyperchromatic degenera-
tive and smudged nuclei. These features are 
sufficiently worrisome to raise the possibility of 
malignancy. However, careful attention to de-
tails will reveal that in the keratinized squamous 
cells, the nuclei are degenerative. The smears 
are not cellular and there are numerous he-
mosiderin laden macrophages, which is sugges-
tive of a reactive process. In view of the worri-
some features, caution is warranted and it has 
been suggested that pulmonary infarction 
should be considered in the differential diagno-
sis when the features described above are seen 
and to repeat the test in equivocal cases [20, 
66, 67]. 
 
Squamous metaplasia 
 
Continuous irritation of the respiratory epithe-
lium, commonly from cigarette smoking, but 
also from the presence of a tracheostomy, and 
instrumentation may lead to squamous meta-
plasia. In some cases, squamous metaplastic 
cells from cavitary lesions like mycetoma or tu-
berculosis [7, 24] may be identified in respira-
tory specimens. Benign or atypical squamous 
cells may also exfoliate in patients with oral le-
sions or poorly fitted dentures. Squamous meta-
plasia is a common finding in sputum and other 
upper respiratory cytology specimens. Cytologi-
cally, metaplastic cells have variable amounts 
of basophilic cytoplasm with well defined bor-
ders, variable N/C ratios, round centrally placed 
nuclei with smooth nuclear membranes and 
occasional nucleoli [7]. Metaplastic squamous 
cells may occasionally be significantly atypical 
and be mistaken for malignancy. These atypical 
metaplastic cells may be arranged in clusters or 
singly with dense eosinophilic cytoplasm, high 
N/C ratio, hyperchromatic nuclei with irregular 
nuclear membrane. The concurrent identifica-
tion of granulomas or fungal elements should 

make one hesitate to diagnose a malignancy. 
Clinical history of instrumentation or tracheo-
stomy may also help avoid this pitfall [7, 16, 17, 
24].  
 
Vegetable matter 
 
Vegetable contaminants in respiratory cytology 
specimens, especially sputum or exfoliative cy-
tology specimens may be mistaken for 
squamous cell carcinoma, especially when well 
preserved. Cytologically, vegetable contaminant 
may appear as single cells or loose clusters of 
cells with basophilic cytoplasm, thick refractile 
rectangular cell wall and small amorphous nu-
clei. The dark staining cytoplasm may be mis-
taken for nuclei and the nuclei for nucleoli lead-
ing to misinterpretation as malignancy. The rec-
ognition of a cell wall which is typically refractile 
is the key to avoid this pitfall. Although, the 
most significant misinterpretation is the misdi-
agnosis as squamous cell carcinoma, occasion-
ally, some vegetable cells like asparagus may 
have a linear arrangement and may be mis-
taken for metastatic lobular carcinoma [7, 17, 
24, 68] 
 
Meningioma/menigothelial nodules 
 
Meningothelial nodules are generally detected 
incidentally in surgical lung specimen and are 
found more often in patients with malignant 
pulmonary tumors than those with benign dis-
ease [69]. Intracranial meningiomas rarely me-
tastasize to the lung [70, 71]. Meningioma or 
meningothelial nodules may rarely be found in 
cytology specimen and may mimic squamous 
cell carcinoma. Cytologically, meningioma con-
sists of cohesive whorls and syncytia of bland 
fibroblastic-type cells with fusiform nuclei. Nu-
clear grooves and intranuclear inclusions may 
be seen [72]. The whorls may resemble 
squamous pearls but there will be no keratiniza-

(2B1-2B2). Mycetoma. Loose cluster of atypical cells with adjacent necrosis. The cells have moderate amount of cyto-
plasm, mild increase in N/C ratio, finely dispersed chromatin and nucleoli. The patient presented with a cavitary lung 
mass. Corresponding H&E shows that the cavitary mass is due to Aspergillus spp. Epithelial atypia around myce-
tomas may be quite significant (Papanicolaou stain, 2B1 X200; hematoxylin and eosin stain, 2B2 X200); (2C1-2C3). 
Metastatic meningioma. Cohesive whorls and syncytial of cells with no keratinization. The cells have moderate to 
scant cytoplasm, fusiform nuclei, occasional intranuclear inclusion and nuclear grooves. There is finely dispersed 
chromatin and inconspicuous nucleoli (Papanicolaou stain, 2C1 X200, 2C2 X200, 2C3 X400); (2D1-2D3). Vegetable 
contaminant. Loose clusters of rectangular cells with basophilic cytoplasm (simulating nuclei), thick clear, sometimes 
refractile cell wall. The nuclei are inconspicuous. Misinterpretation of basophilic cytoplasm as nuclei may lead to an 
erroneous diagnosis of squamous cell carcinoma (Papanicolaou stain 2D1 X100, 2D3 X200, 2D2 X200). 
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tion. Of note, menigioma can be atypical and 
have a different cytologic features from those 
described above. For example, rhabdoid men-
ingioma will look clearly malignant, mimicking 
adenocarcinoma, melanoma and other tumors 
with rhabdoid features [73], however, it is 
unlikely that a lung metastasis will the first pres-
entation of rhabdoid meningioma. 
 
Small cell lung carcinoma (SCLC) 
 
Small cell lung carcinoma (SCLC) is a high grade 
neuroendocrine tumor with poor prognosis. It is 
usually located centrally and associated with 
smoking. Using the Surveillance, Epidemiologic 
and End Results (SEER) data-base, Govinda et 
al., observed that the proportion of SCLC among 
all lung cancer decreased from 17.62% in 1986 
to 12.95% in 2002, while the proportion of 
women with SCLC increased from 28% in1973 
to 50% in 2002 [74]. Limited stage disease pa-
tients who receive appropriate therapy are re-
ported to have a median survival of 18-20 
months and 5-year survival rates of 15-25%, 
whereas extensive stage disease still has a dis-
mal prognosis [75]. Accurate and early diagno-
sis of SCLC ensures that patients with the dis-
ease receive appropriate treatment with poten-
tially improved survival. Cytologic specimens are 
frequently used in the diagnosis of small cell 
carcinoma. Typically, the cytomorphologic fea-
tures of SCLC consists of biphasic population of 
viable and degenerating small to intermediate 
cells present in single or loose clusters with 
molding and DNA artifact [nuclear encrustation 
of vessel wall may be seen], scattered individual 
cell necrosis and tumor diathesis. The viable 
tumor cells have scant cytoplasm with thin 
cyanophilic rim, round to oval nuclei with high 
N/C ratio, smooth nuclear membranes, finely 
granular evenly dispersed chromatin and incon-
spicuous or absent nucleoli. Mitoses are pre-
sent and may be brisk. The nuclei may also be 
quite hyperchromatic or pyknotic. Occasionally, 
SCLC may have intermediate sized cells that 
may have small yet distinct nucleoli and lack 
definitive neuroendocrine features cytologically 
leading to a misclassification as NSCLC with 
significant treatment implications [76]. In addi-
tion, there are entities like carcinoid tumors 
[both typical and atypical], reserve cell hyperpla-
sia and atypical lymphoproliferative process, 
that may be overdiagnosed as SCLC [77-79].   
 
The mimics and pitfalls for small cell lung carci-

noma are summarized in Table 3, Figures 3, 4 
and 5. 
 
Reserve/basal cell hyperplasia 
 
Reserve cells are immature cells underneath 
the surface columnar epithelium that serve to 
buffer the basal layer when the columnar cells 
are exfoliated. These immature cells gradually 
mature into squamous metaplasia. With chronic 
irritation, reserve cells may be exposed and 
when sampled mimic SCLC. Cytomorphologi-
cally, reserve cell hyperplasia appears as tight 
cohesive, uniform but hyperchromatic cells that 
are about the size of lymphocytes [7], some-
what smaller than SCLC. The cells have scant 
indistinct cytoplasm. The nuclei are round to 
oval with high N/C ratio, smooth nuclear mem-
brane, finely granular evenly distributed chro-
matin and inconspicuous or absent nucleoli 
[80].  There may be nuclear molding, but the 
clusters show uniformity, however there may 
nuclear degeneration, raising possibility of indi-
vidual cell necrosis [7]. The tight clusters, the 
uniformity of the cells, smooth nuclear mem-
branes, absence of single cells, absence of tu-
mor necrosis / apoptosis / tumor diathesis and 
mitosis, should aid in avoiding this pitfall [7, 81, 
82].  
 
Typical/atypical carcinoid tumor 
 
Carcinoid tumors are low to intermediate grade 
neuroendocrine tumors may be misinterpreted 
as SCLC [77, 78]. Cytomorphologic features of 
typical carcinoid tumor consist of single cells or 
loose clusters of cells, occasionally with trabe-
culae or three dimensional patterns. The cyto-
plasm may be stripped from the nucleus, but 
when present is scant to moderate, homoge-
nous to finely granular. There is moderate to 
high N/C ratio. The nuclei are small, round to 
oval and tend to be central or slightly eccentric 
with smooth nuclear membranes. With the spin-
dle cell variant, the nuclei are elongated, some-
what hyperchromatic with limited cytoplasm. 
The nuclear features characteristic of this tumor 
include finely stippled to granular chromatin 
[“salt and pepper”] with small distinct nucleo-
lus. Nuclear molding and necrosis are not pre-
sent [83, 84]. There may be scant mitotic activ-
ity and prominent vascularity [85]. MIB-1 prolif-
eration index is usually low and this may be use-
ful to avoid misdiagnosis as small cell carci-
noma [77, 78].  
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Table 3. Cytologic features and potential mimics of small cell lung carcinoma (SCLC) 

 

Figure 3. (3A) Small cell carcinoma. There is spectrum of viability, high N/C 
ratio, hyperchromaticity and occasional molding. There is finely granular 
chromatin and inconspicuous nucleoli (Papanicolaou stain X200); 
(3B1,3B2). Carcinoid tumor. Note the clean background. The cells are ar-
ranged in loose clusters with uniform nuclei having granular stippled “salt 
and pepper” chromatin. Occasional distinct nucleoli are seen (Papanicolaou 
stain 3B1 X200; Diff Quik 3B2 X200); (3C) Reserve cells hyperplasia. The 
clean background, tight cluster of small cells with round nuclei with finely 
granular evenly distributed chromatin are helpful in avoiding overdiagnosis 
as small cell carcinoma (Papanicolaou stain X400). 
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Lymphoma/lymphoproliferative process 
 
Lymphoproliferative processes, like lymphoma 
or interstitial pneumonitis with lymphoid hyper-
plasia may also be encountered in pulmonary 
cytology specimens. Typically, the cells are dis-
cohesive and monomorphic with scant baso-
philic cytoplasm. There are lymphoglandular 
bodies. The nuclei are usually round and chro-
matin smooth, with small indistinct nucleoli. It 
must be pointed out that pseudolymphoglandu-
lar bodies may rarely be seen in small cell carci-
noma [86]. In well preserved samples, the dis-
tinction should be relatively easy. However, in 

poor preparations, there may be crushed cells 
in the smears which mimic DNA artifact seen in 
SCLC. Furthermore there may be artifactual 
clustering of cells,  which may simulate molding. 
Awareness of this pitfall is crucial in avoiding a 
misdiagnosis. 
 
Summary 
 
Respiratory cytology is fraught with numerous 
potential pitfalls and mimics. Familiarity with 
these mimics and pitfalls is essential in avoiding 
a misdiagnosis. There should be hesitation to 
make a diagnosis of malignancy in an acutely ill 

Figure 4. Algorithm for evaluating respiratory cytology and potential pitfalls. 
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patient, patients without a mass and who have 
undergone therapy or prior procedures. The 
potential pitfalls and mimics discussed herein 

are not all inclusive. As always, common sense 
and correlation of the cytomorphologic features 
with the clinical presentation of the patient 

Figure 5. Pitfalls in the evaluation of respiratory cytology specimens 
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(including radiologic imaging) are absolutely 
critical in the accurate interpretations of respira-
tory cytology specimens.  
 
Please address correspondence to: Celeste Powers, 
MD, PhD, Department of Pathology, Virginia Common-
wealth University Medical Center, P. O. Box 980662, 
Richmond, VA 23298-0662, USA. E-mail: cpow-
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