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Preface

Lung cancer is the leading cause of cancer-related deaths worldwide, but its recog-
nition at an early stage and diagnosis with minimally invasive procedures can
decrease morbidity and mortality. In fact, within the past decade, enormous strides
to detect, sample, and treat lung cancer have been made. After many years of no
clear progress in therapy for lung cancer, the last decade has witnessed a large para-
digm shift on the treatment and management of patients with non-small cell lung
cancer (NSCLC). Most of the changes have occurred in adenocarcinoma with the
identification of driver mutations that can be targeted with a specific therapy and
introduction of new chemotherapeutic drugs.

Though promising, this progress is not without challenges. As the number of
minimally invasive procedures and treatment options is increasing, the sizes of the
tissue samples upon which diagnoses are rendered and molecular tests are con-
ducted are decreasing. This shift has resulted in unprecedented significance cen-
tered upon small samples, such as fine-needle aspirates (FNAs) and core biopsies,
often the only tissue from patients.

These challenges have affected many professionals in the field of pulmonary
oncology especially pathologists, who are now required to diagnose and subclassify
NSCLC into adenocarcinoma or squamous cell carcinoma and triage specimens for
molecular pathology and other ancillary tests on small biopsy material. The subclas-
sification of NSCLC has a direct impact on patient’s clinical management. In response
to these challenges, many professionals of multidisciplinary groups including pathol-
ogists, pulmonologists, oncologists, surgeons, and radiologists have worked together
to propose new recommendations and the classification of NSCLC.

This book provides an up-to-date practical yet comprehensive guide to manage
the shift in the diagnosis of lung cancer from large resections to small samples,
including cytology and core biopsy specimens. Specifically, it outlines various avail-
able minimally invasive modalities and presents algorithms to optimize and maxi-
mize sample collection and processing beginning at the time of tissue acquisition
during the procedure. More importantly, the book provides an overview and practical
applications of the multidisciplinary new recommendations for the classification of
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small biopsies and cytology proposed by the International Association for the Study
of Lung Cancer, American Thoracic Society, and European Respiratory Society
(IASLC/ATS/ERS) and molecular triage for pulmonary adenocarcinoma proposed
by the College of American Pathologists, International Association for the Study of
Lung Cancer, and Association for Molecular Pathology (CAP/IASLC/AMP).

We would like to thank all the authors that have contributed and shared their
experience and expertise in pulmonary pathology, interventional pulmonology/radi-
ology, and oncologic pathology. Without them, this work would not be possible.
We would also like to thank the editorial staff for their tremendous patience and
excellent guidance throughout the preparations of this book.

New York, NY, USA Andre Luis Moreira
New York, NY, USA Anjali Saqi



Contents

1 Histologic Classification and Its Need for Treatment
Of LUNG CANCET .........ooiiiiiiiiiiiiieeeceee ettt 1
Andre Luis Moreira and William D. Travis

2 Advances in Nonsurgical Sampling Techniques
for the Diagnosis and Staging of Lung Cancer.................cccceeevvenenen. 15
David F. Yankelevitz and William Bulman

3 Adequacy and Tissue Preservation of Small Biopsy
and Cytology Specimens.............cccoecuverieeiiieniiniienie e 39
John P. Crapanzano and Anjali Saqi

4 Optimization and Triage of Small Specimens ...............cccccoevvvrennnenn. 61
Anjali Saqi and John P. Crapanzano

5 Ancillary Immunohistochemical Techniques
for the Subclassification of Non-small Cell Lung Cancer ................... 77
Daisuke Nonaka

6 Adequacy and Utilization of Small Biopsy Material
for Molecular Diagnosis.............ccocoeeviiriiiinieniiiiieeieeee e 97
Gilda da Cunha Santos

7 Role of Immunohistochemistry in the Detection
of Targetable MUtations ................ccoccveviieiieniiiiieie e 109
Andre Luis Moreira

8 New Discoveries for the Treatment of Lung Cancer
and the Role of Small Biopsy Material ..............c.cccoecveriniinienieneenne. 129
Juliana Eng, Alexander Drilon, and Paul K. Paik

vii



viii Contents

9 Evaluation of Small Biopsy Material in Patients
with Multiple and Secondary Tumors...............cccooeveviieniinnienieeeeen. 155
Sara E. Monaco and Sanja Dacic

10 Mimickers of Lung Carcinoma in Cytology
and Small Biopsy Specimens..............cccccoecieviiiiieniiennienieeee e 197
Elena Lucas and Sunati Sahoo



Contributors

William Bulman, MD Department of Medicine, Columbia University Medical
Center, New York, NY, USA

John P. Crapanzano, MD Department of Pathology and Cell Biology, Columbia
University Medical Center, New York-Presbyterian Hospital, New York, NY, USA

Gilda da Cunha Santos, MD, PhD, FRCPC, FIAC Department of Laboratory
Medicine and Pathobiology, University of Toronto, University Health Network,
Toronto, ON, Canada

Sanja Dacic, MD, PhD Department of Pathology, University of Pittsburgh Medical
Center, Pittsburgh, PA, USA

Alexander Drilon, MD Department of Medicine, Thoracic Oncology Service and
Developmental Therapeutics, Memorial Sloan Kettering Cancer Center,
New York, NY, USA

Juliana Eng, MD Department of Medicine, Thoracic Oncology Service, Memorial
Sloan Kettering Cancer Center, New York, NY, USA

Elena Lucas, MD Department of Pathology, University of Texas Southwestern
Medical Center, Dallas, TX, USA

Sara E. Monaco, MD Department of Pathology, University of Pittsburgh Medical
Center, Pittsburgh, PA, USA

Andre Luis Moreira, MD, PhD Department of Pathology, Memorial Sloan
Kettering Cancer Center, New York, NY, USA

Daisuke Nonaka, MD Department of Histopathology, The Christie Hospital,
Manchester, United Kingdom

Paul K. Paik, MD Department of Medicine, Thoracic Oncology Service, Memorial
Sloan Kettering Cancer Center, New York, NY, USA

ix



X Contributors

Sunati Sahoo, MD Department of Pathology, University of Texas Southwestern
Medical Center, Dallas, TX, USA

Anjali Saqi, MD, MBA Department of Pathology and Cell Biology, Columbia
University Medical Center, New York-Presbyterian Hospital, New York, NY, USA

William D. Travis, MD Department of Pathology, Memorial Sloan Kettering
Cancer Center, New York, NY, USA

David F. Yankelevitz, MD Department of Radiology, Mount Sinai Medical Center,
Mount Sinai Hospital, New York, NY, USA



Chapter 1
Histologic Classification and Its Need
for Treatment of Lung Cancer

Andre Luis Moreira and William D. Travis

Introduction

Lung cancer is the most commonly diagnosed cancer worldwide representing 13 %
of all cancer diagnosis and is still the one with the highest cancer-related death,
representing 1 in 5 deaths to cancer, approximately 20 % of all cancer-related death
globally [1, 2]. Due to the high mortality rate, the incidence to fatality ratio is 0.87.
In the United States, it is estimated that lung cancer would account for over 228,190
new cases and 159,480 cancer deaths in 2013 [3].

The diagnosis of lung cancer is made by evaluation of tissue either by excision
of the tumor or sampling by small biopsy or cytology specimens from the primary
tumor or metastatic sites [4—6].

Therapy for lung cancer is highly influenced by disease stage and other tumor
characteristics. Surgery with curative intent is offered to patients with stage I dis-
ease. Adjuvant therapy following resection is recommended for patients in stages II
and III. The majority of patients, however, present with advanced stage disease at
diagnosis (stage 1V); therefore, only small biopsy specimens and/or cytology are
available for diagnosis and determination of prognostic and predictive markers.
Surgery is not a valid therapeutic option for these patients.

A.L. Moreira, M.D., Ph.D. (0<)) « W.D. Travis, M.D.

Department of Pathology, Memorial Sloan Kettering Cancer Center,
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Contrary to the vital importance of biopsy/cytology for the diagnosis and treatment
of lung cancer, the World Health Organization (WHO) classifications of lung tumors
through the 1999 edition [7-9] were based on resection specimens only and did
not address lung cancer diagnosis based on small biopsies and cytology. Cytologic
features for the diagnosis of lung cancer were addressed for the first time in the 2004
WHO classification [10].

Traditionally there have been four major histologic types of lung cancer based on
resection specimen. These include small cell lung carcinoma (SCLC), adenocarci-
noma, squamous cell carcinoma, and large cell carcinoma. For the diagnosis in
small biopsy material, including cytology, the latter three categories were often
grouped as non-small cell lung carcinoma (NSCLC), since there was no difference
in clinical management of patients with the diagnosis of NSCLC. In addition, squa-
mous cell carcinoma and adenocarcinoma are basically the only histologic subtypes
of NSCLC that could be diagnosed in small biopsy and cytologic specimens. The
diagnosis of large cell carcinoma cannot be established with certainty in small
biopsy material, since the entity is defined as a poorly differentiated carcinoma
without histologic evidence of adenocarcinoma (gland formation) or squamous cell
carcinoma (keratinization), and therefore this diagnosis required examination of a
resected tumor to exclude these differentiation features [10].

Historically, the most important diagnostic distinction was between SCLC and
NSCLC [10] due to significant differences in clinical presentation, spread of tumor,
and response to therapy. Contrary to NSCLC, the diagnosis SCLC precluded a sur-
gical approach. The tumor was generally diagnosed at advanced stages and was
treated differently than NSCLC. Previously, there was no evidence for histologic
type to influence a specific chemotherapeutic approach to NSCLC.

However, over the past decade, new studies have shown that the response to
some chemotherapeutic agents, as well as targeted therapies directed at specific
molecular alterations present in the tumor, is dependent upon histologic subtype.

This paradigm shift brought many new challenges to our understanding of pul-
monary carcinoma, especially to pathologists that are now required to subclassify
NSCLC in small biopsy material [11-14]. In response to this challenge, a multidis-
ciplinary group of lung cancer specialists including pathologists, radiologists,
oncologists, and surgeons joined forces under the leadership of three professional
societies, namely, the International Association for the Study of Lung Cancer
(IASLC), the American Thoracic Society (ATS), and the European Respiratory
Society (ERS), to reevaluate the histologic classification of lung cancer and inte-
grate the classification with clinical and radiographic information [15]. These pro-
fessionals have recommended major changes in the structure of the previous 2004
World Health Organization classification either in excised tumors, but more impor-
tantly, in small biopsies and cytologic material.

This chapter discusses the changes that lead to the modification of the lung cancer
classification, as well as the application of the new classification to small biopsies
and cytology specimens.
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Histology-Based Therapy for Lung Cancer

In older studies the role of chemotherapy in advanced NSCLC showed only a weak
association between histology and therapeutic outcomes, but none showed an inter-
action between different regimens of therapy and histologic subtypes of
NSCLC. Therefore, there was no clear evidence that histology had a prognostic
(independent of treatment) or a predictive role (associated with the effectiveness of
a specific treatment) for patients with NSCLC. All NSCLC cases were treated in the
same manner, thereby limiting the relevance of histologic NSCLC subtyping in rou-
tine clinical practice. However, as new chemotherapeutic agents became available,
studies showed for the first time a difference in response or toxicity in patients with
specific histologic subtypes of NSCLC.

Bevacizumab is a humanized anti-vascular endothelial growth factor (VEGF)
monoclonal antibody that has been used in several solid tumors. The combination of
bevacizumab with chemotherapy has showed a significant benefit in progression-
free survival and overall survival in patients with non-squamous NSCLC [16]. It is
important to notice that the terminology ‘“non-squamous NSCLC” is not recom-
mended to be used for pathology diagnosis. It is reported as such in clinical studies
to indicate that only tumors with the histologic diagnosis of squamous cell carci-
noma were excluded. Bevacizumab is contraindicated in squamous cell carcinoma
because of an increased risk of severe pulmonary hemorrhage [17, 18]. Therefore,
in patients with advanced disease, a biopsy diagnosis of squamous cell carcinoma
will preclude the inclusion of this efficient drug in the treatment plan.

Another drug that has been shown to have different efficacy according to histo-
logic type of lung cancer is pemetrexed, which is a very active cytotoxic agent and
is a powerful inhibitor of folate-dependent enzymes including thymidylate syn-
thase. This drug is indicated only for the treatment of non-squamous NSCLC
because it has showed no antitumor activity in patients with the histologic diagnosis
of SQCC [19-21].

Therefore, an accurate tumor classification in biopsy/cytology specimen is
directly implicated with patient’s clinical management and the choice of chemo-
therapeutic drugs used for systemic therapy.

Tumor Classification for Molecular Targeted Therapy

The discovery that activating mutations in the epidermal growth factor receptor (EGFR)
are associated with response to treatment with the small molecule tyrosine kinase inhib-
itors (TKI) has revolutionized the field of thoracic oncology [22-24]. Gefitinib, erlo-
tinib, and more recently afatinib, TKI drugs approved for the treatment of patients with
lung adenocarcinoma, have been shown to significantly extend progression-free
and overall survival in patients that harbor activating EGFR mutations [25-27].
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The presence of mutation is closely associated with the histologic diagnosis of adeno-
carcinoma and tumors with an adenocarcinoma component such as adenosquamous
carcinoma and combined high-grade neuroendocrine carcinoma (small cell carcinoma
or large cell neuroendocrine carcinoma) with an adenocarcinoma component, but not
other pure histologic subtypes.

Another important molecular alteration discovered in pulmonary adenocarci-
noma is ALK rearrangement. Soda et al. described that a subset of pulmonary ade-
nocarcinomas showed an inversion within chromosome 2 that resulted in a
transforming fusion kinase between echinoderm microtubule-associated protein-
like 4 (EMLA4) in 2p21 and anaplastic lymphoma kinase (ALK) in 2p23.2 [28]. This
fusion results in constitutive activation of ALK kinase. ALK rearrangement is the
second driver oncogene in pulmonary carcinoma that can be targeted by specific
therapy. ALK rearrangement appears to be restricted to patients with the histologic
diagnosis of adenocarcinoma. Patients with ALK rearranged tumors are eligible to
be treated with crizotinib, another TKI that has been shown to be an efficient drug
in the treatment of ALK-positive tumors. Therefore, mutations in the EGFR gene
and rearrangements of ALK are two molecular alterations that can be targeted by
specific therapies and are recommended based on histologic and molecular profile
of the tumor [22-35].

Several other molecular alterations have been identified in adenocarcinomas, and
few are undergoing clinical trials with molecular targeted agents (see chapter on
new discoveries for a detailed description of these alterations).

Based on these advances, correct histologic diagnosis and molecular character-
ization of adenocarcinoma are prerequisite for optimal therapy and triage of patho-
logic specimens for molecular diagnostic tests.

Subtyping of NSCLC in Small Biopsy Material and Cytology

The 2011 classification of adenocarcinoma [15] recommends that subtyping of
NSCLC should be performed in a small biopsy material and cytology. Moreover,
the subclassification of NSCLC should still be based on histologic criteria.
Therefore, if a tumor has histologic features of adenocarcinoma, such as gland
(acinar) and papillary formation, this should be classified as an adenocarcinoma
(Fig. 1.1). Other patterns of adenocarcinoma such as micropapillary and lepidic can
be seen in small biopsy specimens but may be difficult to be recognized in cytologic
material [36-39]. In the latter, a cell block preparation may be very helpful in iden-
tifying histologic patterns of adenocarcinoma that cannot be recognized on smears
[37]. Similarly if a tumor shows keratinization and the presence of intercellular
bridges, which are hallmarks of squamous cell carcinoma, the tumor should be clas-
sified as a squamous cell carcinoma (Fig. 1.2, Table 1.1). When clear differentiation
features are present, there is no need to further characterize these lung tumors by
immunohistochemical stains.

On cytology specimens, a precise histologic subtype of NSCLC is feasible using
well-described criteria; the issue has been addressed in several studies [40—46].
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Fig. 1.1 Photographs of H&E-stained slides diagnosed as adenocarcinoma in core biopsy speci-
mens. (a) Adenocarcinoma with papillary pattern (original magnificationx 100). (b)
Adenocarcinoma with micropapillary pattern (original magnificationx200). As per current
nomenclature, there is no need to perform immunohistochemical stains for further classification
unless a metastatic adenocarcinoma is suspected

Fig. 1.2 Photograph of an H&E-stained slide diagnosed as squamous cell carcinoma. Note the
presence of keratinization and intracellular bridges, hallmarks of keratinizing squamous cell carci-
noma. As per current nomenclature, there is no need to perform immunohistochemical stains for
further classification of this tumor (original magnification x 200)

As demonstrated by Rekhtman et al. [40], a subclassification of NSCLC into
adenocarcinoma and squamous cell carcinoma in cytology specimens can be
achieved in approximately 93 % of the cases using cytomorphologic criteria only.
However, the subclassification of NSCLC can be a problem in paucicellular speci-
mens and in poorly differentiated carcinomas where no clear histologic differen-
tiation is present. In these situations, the distinction between adenocarcinoma and
squamous cell carcinoma cannot be made by morphologic features alone. For
example, solid-type adenocarcinomas can show squamoid features such as nested
appearance and glassy eosinophilic cytoplasm (Fig. 1.3), although there is no clear
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Table 1.1 Proposed nomenclature for the diagnosis of NSCLC in small biopsy/cytology material

Histologic criteria 2 markers IHC profile
Adenocarcinoma Presence of acinar, papillary, Not recommended®
lepidic, or micropapillary patterns
Squamous Presence of keratinization and Not recommended
cell carcinoma intracellular bridges
NSCC favor Solid pattern, no other evidence Any TTF-1 positivity, negative
adenocarcinoma of differentiation for p63/p40
NSCC favor squamous | Solid pattern, no other evidence Diffuse and strong positivity for
cell carcinoma of differentiation p63 or p40. Negative for TTF-1
NSCLC not otherwise | Solid pattern, no other evidence Double positivity for TTF-1 and
specified (NOS) of differentiation p63 or p40 either focal or diffuse
Double-negative stain for TTF-1*
and p40

“TTF-1 may be useful to confirm lung origin. If TTF-1 negative, markers for metastases from other
sites such as the breast, gastrointestinal, or genitourinary tract may be useful if clinically indicated

Fig. 1.3 Photograph of a poorly differentiated carcinoma diagnosed as NSCLC favor adenocarci-
noma. (a) H&E-stained section showing a solid growth pattern without evidence of glandular or
squamous differentiation. Note the squamoid appearance (original magnificationx200). (b)
Immunohistochemical stains show the tumor cells are diffusely positive for TTF-1, whereas nega-
tive for p40 (not showed). This pattern of immunoreactivity supports the diagnosis

keratinization or presence of intracellular bridges. This can be seen either on
cytology or small biopsy material and can be confused with squamous cell carci-
noma. Knowledge of this pitfall can greatly reduce misclassification of NSCLC.

It is recommended that in cases of a poorly differentiated carcinoma without any
clear morphologic evidence of glandular or squamous differentiation, immunohis-
tochemical markers should be used to help in the tumor classification.

There are many studies in the medical literature that attempted to identify the
best panel of immunohistochemical stains to be used for the separation of adenocar-
cinoma and squamous cell carcinoma in small biopsy material [42—45]. Considering
the need to save tissue for molecular studies that are indicated in adenocarcinomas,
a consensus for the use of a minimal panel has been recommended by the IASLC/
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Fig. 1.4 Photograph of a poorly differentiated carcinoma diagnosed as NSCLC favor squamous
cell carcinoma. (a) H&E-stained section showing a solid growth pattern without evidence of glan-
dular or squamous differentiation. Note the squamoid appearance. (b) Immunohistochemical
stains show the tumor cells are diffusely positive for p40, whereas negative for TTF-1 (not showed).
This pattern of immunoreactivity supports the diagnosis (original magnification x 100)

ATS/ERS classification [15] and adopted by the World Health Organization. This
minimal panel of antibodies includes 2 markers, TTF-1 (thyroid transcription fac-
tor-1) and p63 or p40 (an isoform of p63 that seems to be more specific than p63 for
the detection of squamous lesions) [47, 48]. Up to 20-30 % of lung adenocarcino-
mas, including those positive for TTF-1, can be positive for p63, but in virtually all
of these cases p40 will be negative [47, 48].

Several studies have shown that TTF-1, although not specific, is a good marker
for adenocarcinomas of the lung. Therefore, any staining pattern of TTF-1, either
focal or diffuse, is a good indication of adenocarcinoma differentiation. As per the
TASLC/ATS/ERS recommendation, tumors that are poorly differentiated but show
immunohistochemical features of adenocarcinoma should be classified as NSCLC
favor adenocarcinoma (Fig. 1.3). In contrast, poorly differentiated tumors that show
immunophenotype consistent with a squamous cell carcinoma, which is defined by
a strong and diffuse positivity for P63 or P40 and negative reactivity for TTF1,
should be classified as NSCLC favor squamous cell carcinoma (Fig. 1.4).

Although this proposition seems straightforward, there are still some difficulties
in classifying tumors that defies this binary approach. For instances, what to do with
tumors that show reactivity for both markers or are negative for both markers? The
2011 classification recommended that these tumors should be classified as
NSCLC-NOS meaning that the specific subtype cannot be determined in the biopsy
specimen with certainty [15]. In the case of a double-negative tumor or a carcinoma
with ambiguous immunophenotype based on the two markers, it is imperative to
correlate the findings with clinical history. In case of a history or the possibility of a
metastatic tumor, additional immunohistochemical stains should be added to the
panel to rule out metastatic disease and/or a non-epithelial tumor such as melanoma,
sarcoma, and lymphoma. Awareness of the limitations of the two antibody panel,
clinical pitfalls, and source, specificity, and sensitivity of the clone of antibodies
used are essential to avoid misclassification of lung tumors.
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In studies that evaluated the immunophenotype of adenocarcinomas and
squamous cell carcinomas in resections, specimens using the binary model of
immunoreactivity (TTF-1/p63) have demonstrated that adenocarcinomas have great
variability in their staining pattern [42], whereas squamous cell carcinomas are
more homogenous with universal strong and diffuse expression of p63 and/or p40
with negative stain for TTF-1. Therefore, it can be concluded that a negative stain
for p63/p40 tends to exclude the diagnosis of squamous cell carcinoma [42, 47, 48].
In addition, tumors that are double positive (TTF-1+/p63+ or p40+) or double nega-
tive (TTF-1-/p63— or p40-) have the same pattern of mutation as other adenocarci-
nomas that follow the more common immunoreactivity pattern (TTF-1+/p63— or
p40-). In some of the cases where both TTF-1 and p40 are positive, if different
populations of tumor cells are expressing these markers, a comment can be made
that this could represent an adenosquamous carcinoma; however, that diagnosis
requires a resection specimen. For practical purposes, the diagnosis of a NSCLC
favor adenocarcinoma or NSCLC-NOS in a small biopsy material should be
regarded as equivalent to the diagnosis of adenocarcinoma for therapeutic decision
and or triage for molecular studies.

In patients with a resectable tumor, the diagnosis of NSCLC-NOS may correlate
with the diagnosis in a resected specimen of an adenocarcinoma with a predominant
solid pattern or a large cell carcinoma, if no definite differentiation is identified after
examination of the entire tumor. In reality, the proposed classification for small
biopsy material gives the pathologists some leeway on how to address evolving
concepts, such as large cell carcinoma as a histologic independent entity and uncer-
tainties on diagnosis due to sampling issues.

Critics of this biopsy classification have pointed out that the use of the term
“favor” adenocarcinoma or a squamous cell carcinoma can generate concern and
confusion among treating physicians since the term “favor” may be interpreted as
doubt about the diagnosis. One possible scenario is that clinicians faced with the
diagnosis of NSCLC favor adenocarcinoma may be reluctant to treat the patient
appropriately with drugs that can be used in adenocarcinomas because there is the
concern that there might be an underlining squamous cell carcinoma in the biopsy.
Therefore, in order to apply this terminology, there must be clear communication
with the treating physician on what the diagnosis implies.

Another concern for the term of “NSCLC favor” is triaging of cases for molecu-
lar diagnostic tests. This important issue has been addressed by the recent molecular
testing guidelines for pulmonary adenocarcinoma recommended by the College of
American Pathologists (CAP), the International Association for the Study of Lung
Cancer (IASLC), and the Association for Molecular Pathology (AMP) [49]. In
order to reduce the chances of missing a targetable mutation, all tumors with diag-
nosis of NSCLC-NOS or NSCLC favor adenocarcinoma in a small biopsy material
should be submitted for molecular tests. Only tumors with the histologic diagnosis
of squamous cell carcinoma and NSCLC favor squamous cell carcinoma (diffuse
and strong nuclear stain for p63 or p40) should not be sent routinely for molecular
diagnostic tests [49].
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Alternatively, the diagnosis of adenocarcinoma can be rendered in the cases of
NSCLC favor adenocarcinoma (no histologic evidence of gland formation
and immunohistochemical profile of TTF-1+/P63-/p40-) and NSCLC-NOS
(no histologic evidence of gland formation and double-negative immunoreactivity
profile TTF-1-/p63-or p40) based on the variability of reactivity patterns seen in
adenocarcinoma [42], the molecular profile similarities to that of adenocarcinoma
[50], and the levels of confidence of the pathologists rendering the diagnosis.

Conciliation of the Histologic Classification
of Adenocarcinoma in Resected Material
and in Biopsy Specimens

The 2011 TASLC/ATS/ERS classification of pulmonary adenocarcinoma recog-
nizes that adenocarcinomas are histologic heterogeneous and that different histo-
logic patterns are associated in prognostic significance [15]. Therefore, the
recommendation indicates that an invasive adenocarcinoma should be classified
based on the predominant histologic pattern. All other histologic patterns present in
the tumor should be indicated in the report (Table 1.2).

In patients with stage 1 disease, invasive adenocarcinomas with a predominant lep-
idic pattern have a good prognosis with approximately 92 % 5-year recurrence-free
survival. Tumors with predominant papillary and acinar pattern have an intermediate
recurrence-free survival of approximately 84 % in 5 years, and those with predominant

Table 1.2 New proposed classification of pulmonary adenocarcinoma and its implication to small
biopsy specimens

Resection Small biopsy Cytology

Adenocarcinoma Lepidic pattern® Flat sheets® (strips on cell blocks
in situ (AIS) [37])

Minimally invasive Lepidic pattern® Flat sheets® (strips on cell blocks
adenocarcinoma (MIA) [37])

Lepidic predominant Lepidic pattern may be present Flat sheets (strips on cell blocks
(LPA) [371)

Papillary predominant Papillary pattern may be present Papillary clusters may be present
Acinar predominant Acini may be present Acini may be present

Solid predominant Solid pattern may be present -

Micropapillary Micropapillae may be present Small clusters may be present®
predominant

2AIS and MIA cannot be diagnosed in a small biopsy material or cytology. A comment about the
differential diagnosis (AIS, MIA, LPA) can be mentioned

"Small tight clusters have been reported as cytologic correlates for micropapillary pattern;
however, this feature has low sensitivity and specificity for the diagnosis of micropapillary pattern
in resection specimen
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solid or micropapillary patterns have approximately 73 % recurrence-free survival at
5 years. The latter shows approximately 30 % change of recurrence or death of disease
in 5 years [51-53]. Some studies have also suggested that the prognostic stratification
by histologic pattern is also effective in patients with advanced stage [53-55] and in
patients receiving adjuvant therapy. These results are still preliminary and there is no
current recommendation for a differential treatment of lung adenocarcinoma with sys-
temic therapy based on predominant histologic pattern or tumor grade.

The new classification also recognizes two new categories, adenocarcinoma in
situ and minimally invasive adenocarcinoma. Both tumors in these categories have
excellent prognosis with 100 % recurrence-free survival in 5 years if the tumor is
completely resected [51]. Both tumors are characterized by a predominant lepidic
growth pattern without significant invasion. However, these tumors cannot be diag-
nosed in biopsy material, since it is required by definition that the entire tumor must
be examined in order to render the diagnosis.

The next challenge to the pathologists is how to address the issue of determining
the predominant type or subtypes of adenocarcinoma in invasive tumors on small
biopsies and cytology. There are no studies on a direct correlation of predominant
histologic types between small biopsy material and resection specimen. The difficulty
in these studies may rest on sampling issues, since a biopsy may not contain all growth
patterns present in the tumor and may not be representative of the predominant type
either. Although no formal recommendation exists, it is possible that, similarly to the
resection specimen, the pathologist should list the growth patterns seen in the biopsy.
This is particularly important for histologic patterns such as micropapillary, where
even a small proportion may be an indication of a high risk for recurrence [56].

In cytology, the issue has been taken up recently. The conclusion is that the deter-
mination of predominant type or subtyping of adenocarcinoma in cytology material
is not feasible [36—38]. Rudomina et al. [36] showed that the presence of acinar
structures in cytology preparations had a predictive value of 94 % when correlated
with the presence of acinar pattern in resection specimens. Acinar is the most com-
mon pattern in adenocarcinomas [51, 52]. However, the presence of papillary clus-
ters with fibrovascular cores had a predictive value of 75 %, and the presence of
micropapillary tufts had a predictive value of 64 % for micropapillary pattern on
excised specimens. The authors found no cytologic features that correlated with
solid pattern. Rodriguez et al. [37] demonstrated that in approximately 40 % of
cases, an acinar or papillary type can be attributed in cytology material, but there are
no reliable cytomorphologic features that correlate with a solid or micropapillary-
type adenocarcinoma. The latter two are very important histologic patterns that are
associated with poor prognosis. Therefore, as of the writing of this chapter, subtyp-
ing of adenocarcinomas in cytology materials is not recommended.

In summary, the IASLC/ATS/ERS classification of pulmonary adenocarcinoma
has changed the way pathologists diagnose and classify lung cancer and requires a
great integration with other professionals in the field of pulmonary oncology for diag-
nosis and management with patients with lung cancer. For pathologists, the main
challenge is the subclassification of NSCLC into adenocarcinomas and squamous cell
carcinomas as well as the need to perform molecular profiling of adenocarcinomas in
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small biopsy material and cytology. Luckily a series of recommendations on how to
triage tumors for molecular characterization, a panel of immunohistochemical mark-
ers that can help in the classification, in association with proposed terminology that
offer flexibility in reporting complex cases have helped pathologists navigate this
evolving field. It is imperative that pathologists become familiar with these important
recommendations in order to continue to provide the necessary care of patients
suffering from this devastating disease.
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Chapter 2
Advances in Nonsurgical Sampling Techniques
for the Diagnosis and Staging of Lung Cancer

David F. Yankelevitz and William Bulman

Introduction

Intrathoracic malignancy can present with symptoms, as an incidental finding on
imaging performed for an unrelated reason or as a finding during lung cancer
screening. Radiographic findings are judged in the context of clinical and historical
features, allowing the clinician to characterize the overall picture as low, intermedi-
ate, or high suspicion for malignancy. Further radiology or laboratory testing pro-
vides clues as to the type and possible stage of malignancy. Ultimately the clinician
must decide whether intervention or radiographic monitoring is indicated. In many
patients, some form of pathologic sampling is required to determine the diagnosis
and, if it is a malignancy, the stage of the malignancy. Depending on the tumor cell
type, it may also be critically important to obtain the molecular profile, which has
implications for prognosis or treatment.

There are multiple ways to sample lesions in the thorax. Suspected primary or
metastatic parenchymal lesions may be amenable to percutaneous CT-guided nee-
dle biopsy. Primary and metastatic lesions can be accessed bronchoscopically with
saline lavage or washing, cytologic brushing, forceps biopsy, or needle aspiration.
Multiple surgical options are available, including mediastinoscopy, video-assisted
thoracoscopic biopsy, and open thoracotomy. Selecting from among these options
can be challenging, but the overriding goal should be to obtain all of the information
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Table 2.1 Nonsurgical sampling techniques employed for suspected intrathoracic malignancies

Real-time
Sampling Site(s) Staging imaging and Specimen(s)
technique accessible | procedure | sampling Complication risk | attainable
Wang Central Yes No + FNA and biopsy
Radial EBUS | Central and | Yes® No + FNA
peripheral
Convex EBUS | Central Yes Yes + FNA
CT Central and | No +/— ++ FNA and biopsy
peripheral
Navigational | Central and | No +/— + FNA and biopsy
peripheral

“Radial EBUS is now most commonly used for guidance of sampling peripheral nodules; its use
in sampling mediastinal lymph nodes for diagnostic and staging purposes has largely been
supplanted by Convex EBUS

needed for diagnosis and staging with the least risk to the patient. For a patient with
suspected thoracic nodal metastasis, the ideal procedure is one in which diagnosis
and staging are performed in a single step.

This chapter will address some of the more commonly used nonsurgical sam-
pling techniques employed for suspected intrathoracic malignancies (Table 2.1).
Selecting the sampling modality must take into account the current and future needs
of the patient. The optimal paradigm for care of the patient with lung cancer involves
multidisciplinary coordination, and the cytologist or pathologist should fully under-
stand the rationale for and the limitations of each of these techniques in order to
fully participate in this care. Although they may not be directly involved in the
choice of a sampling modality or the performance of the actual procedure, patholo-
gists play a critical role beyond simply providing a cytologic, histologic, or molecu-
lar diagnosis. It is essential that the pathologist provides regular feedback as to the
quality and quantity of the specimen to the bronchoscopist, radiologist, or surgeon
who is collecting tissue samples.

The sampling targets in the chest can be roughly divided into central lesions and
peripheral lesions. Over 70 % of patients with non-small cell lung cancer (NSCLC)
will have nodal involvement at the time of their initial presentation [1]; therefore,
many patients will have both peripheral and central targets to choose from. The vari-
ous nonsurgical techniques for sampling available can be broadly divided into bron-
choscopic and radiologic techniques, although some modalities combine both
bronchoscopic and radiologic approaches to obtain pathologic specimens. This
chapter addresses three bronchoscopic techniques, including endobronchial
ultrasound-guided transbronchial needle aspiration (EBUS-TBNA) using convex
probe technology (CP-EBUS), endobronchial ultrasound-guided sampling of
peripheral nodules using radial probe technology (RP-EBUS), and electromagnetic
navigational bronchoscopy (ENB). It also discusses CT-guided techniques for the
sampling of parenchymal lung nodules, including CT-guided needle aspiration
(CTNA) and CT-guided biopsy (CTNB).
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In this chapter, “sampling” refers to the group of procedures available to
clinicians for tissue diagnosis in suspected thoracic malignancy. Physicians and
patients alike use the word “biopsy” when referring to these procedures. While
the latter term may be useful in discussing various options with patients, it is
incorrectly applied to brushings and fine-needle aspirates which result in a cyto-
logic sample and not a histologic one. The distinction is an important one for the
clinician; it is important to understand the kind of information obtainable from the
samples derived from the different procedures. An excellent example would be
the case of pulmonary lymphoma. Cytologic sampling with EBUS-TBNA com-
bined with flow cytometry may establish a diagnosis of lymphoma, but the added
information obtained from histologic sample, which has greater preservation of
nodal architecture than a cytologic sample, may be useful for guiding treatment
decisions. Knowledge of these differences may guide procedural choices in certain
clinical circumstances.

General Principles of Lung Cancer Management Pertaining
to Pathologic Sampling

Multiple guidelines exist to aid in clinical decision-making for the care of a patient
with suspected lung cancer. For instance, the American College of Radiology
recently proposed the Lung Imaging Reporting and Data System to standardize
management of lung nodules identified on screening based on the size of the nodule,
presence of a solid component, and growth characteristics [2]. Once the decision to
sample a target has been made, the optimal modality for sampling has to be deter-
mined. Characteristics of the lesion and clinical features of the case must be fac-
tored into an analysis of the risks and benefits of each potential approach. Some
techniques are more suitable for lesions with particular characteristics, and many
factors, including the location, size, and differential diagnosis, must be taken into
account when choosing a sampling modality. It is important for the clinician to
understand the sensitivity and the limitations of the available sampling techniques,
particularly when choosing between them.

Multiple approaches may yield the correct pathologic diagnosis, but clinicians
must look at the broad context of each individual’s current and future care needs
with respect to diagnosis, staging, and future treatment. The American College of
Chest Physicians (ACCP) recently updated its guidelines for clinicians who deal
with lung cancer (Diagnosis and Management of Lung Cancer, 3rd ed: American
College of Chest Physicians Evidence-Based Clinical Practice Guidelines). In the
article entitled “Establishing the Diagnosis of Lung Cancer,” Rivera and colleagues
[3] outline the basic principles that should guide clinicians in their decision-making
with respect to the selection of various diagnostic interventions. The clinician
should strive to establish a pathologic diagnosis in the safest and least invasive way
possible. Suspected solitary metastases should be confirmed pathologically.
In patients with radiographic evidence for multiple metastatic foci in which
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pathologic sampling of extrathoracic disease would be problematic or difficult,
sampling of the primary focus of intrathoracic disease is appropriate. Suspected
malignant effusions should be confirmed pathologically. For patients with suspected
mediastinal involvement and no evidence on imaging for extrathoracic disease, the
guideline emphasizes that the diagnosis should be established by the “least invasive
and safest method,” and bronchoscopy with TBNA, EBUS-TBNA, esophageal
ultrasound-guided TBNA (EUS-TBNA), and transthoracic needle aspiration
(TTNA) are listed as options.

An important consideration in undiagnosed patients is minimizing the number of
procedures they undergo during the course of their management, seeking wherever
possible to perform staging and diagnosis in a single step. It may be tempting to
perform a CT-guided biopsy of a large peripheral mass, but if this patient is later
found to have suspicious N3 nodes on a subsequent PET and requires a subsequent
EBUS-TBNA to pathologically establish nodal involvement, the patient may have
undergone an unnecessary intervention. This principle requires that full radio-
graphic staging be undertaken before deciding which intervention is optimal.
Patients are often very anxious and want a definitive diagnosis as soon as possible,
but in the majority of cases, it is far better to have the right information than to do
something right away.

An important distinction between the diagnosis and staging of NSCLC and small
cell lung cancer (SCLC) should be mentioned. In NSCLC, radiographic staging
should guide pathologic sampling, so that the patient’s true stage is established
definitively to inform prognosis and guide therapy. In SCLC, which can often be
suspected radiographically in a finding of bulky, central mediastinal tumor on imag-
ing, the diagnosis can be established by sampling whichever site using whatever
intervention is easiest and safest; staging of the disease is then determined radio-
graphically [3]. In simplest terms, in NSCLC, radiology dictates pathologic
sampling to establish a stage, whereas in SCLC, staging is usually radiographic.

Sampling Central Lesions

In patients with central targets, either masses or adenopathy in the mediastinum or
parenchymal masses adjacent to the central airways from the trachea to the hila,
bronchoscopic sampling is a consideration. “Blind” techniques for transbronchial
needle aspiration (TBNA) of mediastinal lymph nodes were developed by Wang
and colleagues [4, 5] at John Hopkins over 30 years ago. Yield and safety of this
technique are limited by the blind nature of the procedure, but in expert hands, it is
a safe and effective tool. Wang reported an overall diagnostic yield for malignancy
of 85 %. Sensitivities for the procedure have been reported ranging from 39 to 89 %
[6]. Prior to the development of EBUS-TBNA, the technique was usually employed
only for large subcarinal (station 7) and precarinal (station 4R) lymph nodes
and was, for the most part, performed routinely only by small percentage of pulmo-
nologists [7]. Although newer technologies have largely supplanted blind TBNA,
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Wang and others [4, 5] strongly advocate that this procedure still has a role to play
in the diagnosis and staging of lung cancer, citing its benefits as minimal discomfort,
decreased cost, reduced risk, and widespread availability.

Radial and Convex Probe EBUS

Radial ultrasound was first developed for the field of gastroenterology in the 1980s
and was adapted to bronchoscopy as more miniaturized components were devel-
oped in the 1990s. Modern radial probe endobronchial ultrasound (RP-EBUS)
(Olympus) utilizes an ultrasound processor and a reusable 20 MHz ultrasound probe
that is inserted through the working channel of a standard bronchoscope with a
minimum working channel diameter of 2.0 mm. The radial probe uses mechanical
radial scanning from a rotating transducer which, when placed in contact with the
airway wall, generates a 360° B-Mode Doppler image of the layers of the bronchial
wall and deeper structures adjacent to the airway. The image produced is one per-
pendicular to the long axis of the probe. The 20 MHz frequency allows for high
resolution of the separate layers of the airway wall while providing visualization to
a depth of approximately 5 cm [8]. For larger, more central airways, the probe can
be covered in a sheath which has water-filled balloon at the distal tip. This can be
used to facilitate circumferential contact with the airway wall for 360° imaging,
allowing for imaging of the central airways and airway wall as well as central peri-
bronchial structures such as mediastinal lymph nodes and central parenchymal
lesions. The probe’s small diameter (1.4 mm at the distal tip) allows for probe access
to areas of the lung periphery beyond the wedge position of the bronchoscope. It is
this feature which allows it to be of use in localizing peripheral lung nodules for
pathologic sampling, as will be discussed later.

Early reports of performance characteristics of this tool as a means of guiding
conventional TBNA of mediastinal lymph nodes suggested that in expert hands,
RP-EBUS guidance improved the overall yield of TBNA over the conventional
techniques. Diagnostic yield for TBNA with RP-EBUS guidance has been shown to
be superior to blind TBNA, although this comparison is colored by the fact that
many studies of blind TBNA did not employ rapid on-site evaluation (ROSE) [6]. In
a prospective randomized trial in 200 patients, Herth and colleagues [9] reported an
overall yield of 80 % for RP-EBUS-guided TBNA versus 71 % with standard TBNA
(p<0.05). The superiority of RP-EBUS was derived from improved yield in nodal
stations other than the subcarinal station 7; at station 7, no significant difference was
seen [9]. The main disadvantage of the radial probe EBUS is that real-time patho-
logic sampling is not possible. The probe must be withdrawn from the working
channel of the bronchoscope in order to allow for the insertion of a brush, needle, or
forceps. This technique has the same final limitation of blind TBNA: after identifi-
cation of a target lesion, the probe is removed, and the subsequent needle stick
remains a blind procedure. The probe can be deployed inside a 2.0 mm diameter
guide sheath, which can be left in place after ultrasound localization of a target,
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facilitating placement of a sampling tool and allowing for multiple passes at an
identified target. Other disadvantages of the radial probe EBUS are its lack of color
Doppler visualization of blood flow for the identification of vessels, as is possible
with convex probe technology, and mechanical frailty of the probes. Although reus-
able, the delicate radial EBUS probes have a limited lifetime of up to 75 uses when
handled with care [10].

Convex Probe EBUS

Despite its demonstrated superiority over conventional, blind TBNA for sampling
central targets, RP-EBUS did not gain widespread use because of the development
and introduction of curvilinear or convex probe ultrasound (CP-EBUS) technology.
CP-EBUS represents an advance over radial probe technology in that it permits real-
time pathologic sampling during ultrasound imaging. The convex probe technology
uses a series of ultrasound transducers arranged in a curvilinear pattern at the distal
end of a dedicated CP-EBUS bronchoscope. Multiple manufacturers of broncho-
scopic systems currently offer a CP-EBUS platform. On the Olympus EBUS bron-
choscope, the most widely used system, the curvilinear array provides a 60° field of
view which is parallel to the long axis of the bronchoscope. The convex EBUS
probe uses multiple quad-frequencies of 5, 7.5, 10, and 12 MHz, allowing for a
depth of penetration of the ultrasound image to 5 cm, although the resolution is
insufficient to differentiate the layers of the airway wall. The EBUS convex probe
scope has a working channel with a diameter of 2.2 mm which terminates just proxi-
mal to the ultrasound probe head and which is angulated distally 35°, allowing the
TBNA needle to pass over the probe in the plane of the ultrasound image. This
permits real-time TBNA, with visualization of the needle in the target structure,
representing a significant advantage over RP-EBUS. Other advantages include the
optional color Doppler visualization of blood flow for the identification of vessels.

There are several disadvantages of the EBUS convex probe bronchoscope. The
ultrasound transducer in the tip of the bronchoscope is distal to the light source and
viewing port, and the direction of view is angulated 35° forward, parallel to the vec-
tor of the needle as it exits the scope, in contrast to the head-on field of view of
standard bronchoscopy. This obliquely angulated view, which does not include the
ultrasound transducer in the field, can make learning to use the EBUS convex probe
scope difficult and perhaps raises the risks of traumatic injury to airway structures
during bronchoscopy. Passage of the scope through the vocal cords can be particu-
larly difficult and should be done with extreme care, as vocal cord injuries have
been reported [11].

The EBUS convex probe bronchoscope is also larger than standard broncho-
scopes, with an outer diameter of 6.9 mm. For this reason, EBUS convex probe
bronchoscopy is done via the oral route, and airways smaller than 6.9 mm cannot be
accessed. The size of the scope typically permits EBUS-TBNA of hilar nodal sta-
tions 11 and 12, however, as noted below [8]. The scope has a maximum flexion
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range (angulation up) of 120° and a maximum extension range (angulation down)
of 90°. With the needle in the working channel, some degree of flexion is lost, and
directing the scope into apically directed segments can be challenging. Airway wall
contact can be facilitated by using a water-fillable disposable balloon which fits over
the transducer head. This can be particularly useful in the trachea and the mainstem
bronchi, where contact with the wall can be made difficult by limits in scope flexion,
particularly with the needle and sheath in place, and by the irregular contours of the
tracheal rings.

Another disadvantage of the EBUS convex probe bronchoscope is its lack of a
video processor. The apparatus of the ultrasound transducer occupies space in the
distal end of the bronchoscope which normally houses the video processor in a
modern video bronchoscope. An EBUS scope utilizes older fiberoptic technology
which has lesser image quality. The size of the scope, which limits access to more
distal airways, along with the fact that the field of view is both obliquely angled and
of lesser quality than a standard scope, mandates the need for a full inspection with
a standard scope, before or after the EBUS bronchoscopy, in those patients with
suspected NSCLC who are yet unstaged, to look for endobronchial disease or other
foci of neoplasm. With the convex probe EBUS bronchoscope, sampling can be
done of airway-adjacent parenchymal lesions and upper paratracheal (2 L and 2R),
lower paratracheal (4 L and 4R), subcarinal (7), hilar (10 L. and 10R), interlobar
(11 L and 11R), and lobar (12 L and 12R) nodal stations. The prevascular/retrotra-
cheal (3), subaortic (5), para-aortic (6), paraesophageal (8), and pulmonary liga-
ment (9) nodal stations are not accessible via the tracheobronchial tree with the
CP-EBUS [8]. Studies have shown that EBUS-TBNA using convex probe technol-
ogy can be used in combination with endoscopic esophageal ultrasonography (EUS)
to access the additional stations at 8 and 9, and some authors have used the CP-EBUS
itself in the esophagus for this purpose [12].

The convex probe EBUS bronchoscope uses disposable needles available from
multiple manufacturers. The needles are designed to be anchored to the broncho-
scope and have an inner stylet, a movable sheath, and a stopping mechanism that
limits needle travel to a fixed distance. The inner stylet serves to minimize the
chances that a plug of bronchial wall will occlude the distal lumen of the needle.
The needles have a movable sheath which can be deployed into the visual field of
view prior to needle deployment to ensure that the needle leaves the working chan-
nel at the 35° angulation which will allow it to clear the ultrasound transducer and
minimize the chance of a costly deployment into the transducer itself. The needles
have a dimpled tip that serves to make them more echogenic, enhancing visualiza-
tion in the ultrasound image. 21- and 22-gauge needles are now available. The larger
inner diameter of the 21-gauge needle can provide larger samples at the expense of
increased stiffness; this may allow for easier needle penetration but can limit scope
mobility. Studies comparing the yield and complication rates of the 21- and 22-gauge
needles have shown similar yields with slightly bloodier specimens obtained with
the larger gauge [13, 14]. Use of the 21-gauge needle has been shown to result in
fewer needle passes per aspirated node, and some have suggested that it may be
superior with regard to better preservation of histologic architecture as well as
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quantity of tissue obtained [14]. The latter may have important ramifications when
it comes to having adequate tissue for molecular testing in NSCLC, although data
on this point is lacking.

A thorough ultrasonographic survey of the mediastinum at the time of CP-EBUS-
TBNA is essential. Multiple studies of the performance characteristics of CP-EBUS-
TBNA have identified PET-negative lymph nodes which were found to have malignant
invasion on TBNA. Herth and colleagues showed that CP-EBUS can identify micro-
metastasis in patients with lung cancer and a radiographically normal mediastinum
[15]. Although the percentage of cases in which CP-EBUS-TBNA upstages patients
from their radiographic staging is small, they do occur, and these cases highlight the
need for a full ultrasound assessment of accessible nodes and a full sampling from N3
to N2 to N1 nodes, irrespective of PET status, whenever possible in unstaged patients.
In certain circumstances, however, targeted sampling is sufficient. In patients with
radiographic stage 4 disease and difficult to access metastases, for example, a
targeted EBUS-TBNA to establish a diagnosis may be wholly appropriate [3].

Target identification should begin before the procedure, with a careful analysis of
the imaging. During the actual procedure, target identification with ultrasound should
be done before the needle is inserted into the bronchoscope. The needle/sheath appa-
ratus is then inserted and locked into place, and the sheath is deployed into the field
of view and locked into place, ensuring that the needle will leave the bronchoscope
at the proper angle, missing the transducer. After re-identifying the target lesion, the
distance to the target (i.e., the distance of desired needle deployment) must be esti-
mated or calculated using x and y axis centimeter markings on the view screen and
the Pythagorean theorem. The stop mechanism on the needle handle is then set to this
distance. Color Doppler visualization can be used to determine if blood vessels lie in
the needle path. A variety of needle deployment techniques and sample collection
techniques have been described. Firm deployment of the needle with the inner stylet
in place can facilitate smooth needle penetration through the bronchial wall. Pitfalls
at this stage often involve obstructing tracheal or bronchial rings, which can neces-
sitate scope repositioning. After needle deployment, agitation of the stylet, ensuring
that it is pushed as far distally as possible, can help to discharge a bronchial plug if
one has been collected. Some operators use a suction technique, with suction ranging
up to negative 20 cc, while others use no suction. A locking suction syringe is
included with the Olympus EBUS needle package. The needle is then pushed in and
pulled out across the span of the target, with care taken not to pull the tip of the
needle out of the tissue, which could result in aspiration of the specimen into the suc-
tion syringe. Some operators use as many as 10-15 passes across a target lesion.
Suction, if used, is then turned off, the needle is pulled fully into the sheath, the
sheath is retracted, and the needle is removed from the bronchoscope.

It is important for the bronchoscopist to spend a moment to focus on the patient
immediately after the TBNA. The puncture site should be visually observed for
hemostasis. The puncture site should also be inspected for its location with respect
to the desired target determined by careful examination of the imaging; was the
intended target truly sampled? Precision in this regard is critical to prevent inadver-
tent upstaging or downstaging, as could be the case if a 10R hilar node was sampled
instead of an intended nearby mediastinal 4R lymph node.
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Although institutional protocol or physician preference may drive decisions
regarding the type of sedation used for EBUS-TBNA, the procedure can be per-
formed with either general anesthesia (GA), anesthesia-monitored deep sedation, or
with topical anesthetic agents and moderate sedation. Results from the American
College of Chest Physicians Quality Improvement Registry, Education, and
Evaluation (AQuIRE) Registry, a 6-center, prospective study involving over 1,200
patients published in 2013, showed that using GA or deep sedation for EBUS-
TBNA has the potential to improve patient comfort and results in the sampling of a
greater number of nodal stations, possibly allowing for (or reflective of) a more
systematic or thorough sampling of thoracic nodes [16, 17]. Some studies have
shown that use of moderate sedation resulted in lower overall procedural yield [16].
In the AQUIRE Registry data set, the use of GA did not affect complication rates for
the procedure, but it increased procedure time and the likelihood of a need for esca-
lation of care post procedure [18]. EBUS-TBNA done with moderate sedation has
the advantages of not requiring an operating room or anesthesiologist, which could
lower overall procedural cost.

Performance Characteristics of EBUS-TBNA

Until CP-EBUS-TBNA became widely available, surgical mediastinoscopy was the
procedure of choice for the sampling of mediastinal lymph nodes to establish a
diagnosis and/or to stage the disease in patients with suspected stage II or stage I1I
NSCLC. Multiple studies throughout the early years of EBUS-TBNA have reported
similar or superior sensitivity and specificity to surgical mediastinoscopy. Adams
and colleagues performed a meta-analysis of the CP-EBUS-TBNA studies pub-
lished through 2008, finding a pooled specificity of 1.00 (95 % CI 0.92 to 1.00) and
a pooled sensitivity of 0.88 (95 % CI 0.79 to 0.94) [19]. Gu and colleagues per-
formed a meta-analysis which included a total of 11 studies with 1,299 patients,
finding that EBUS-TBNA had a pooled sensitivity of 0.93 (95 % CI, 0.91-0.94) and
a pooled specificity of 1.00 (95 % CI, 0.99-1.00) [20]. Yasufuku and colleagues
published results of a prospective trial in which 159 patients underwent CP-EBUS-
TBNA followed by mediastinoscopy under GA. They showed CP-EBUS-TBNA to
have a sensitivity, negative predictive value, and accuracy of 81 %, 91 %, and 93 %
respectively, compared to 79 %, 90 %, and 93 % for surgical mediastinoscopy [21].
The potential advantages of CP-EBUS over mediastinoscopy go beyond issues of
sensitivity and negative predictive value. Whereas mediastinoscopy requires general
anesthesia, EBUS can be performed with either general anesthesia, anesthesia-
monitored deep sedation, or with topical anesthetic agents and moderate sedation.
Lung cancer staging and diagnosis using EBUS-TBNA results in lower overall pro-
cedural risk compared to mediastinoscopy [22] and can result in lower overall
healthcare costs [23, 24]. As noted above, EBUS-TBNA has a greater range of nodal
stations that can be sampled compared to mediastinoscopy.

Expert interventional pulmonologists and thoracic surgeons performed the major-
ity of published studies on the sensitivity of EBUS-TBNA for lung cancer, and the
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majority of the studies were conducted exclusively in patients under GA. Even in
expert hands, procedural yield can vary greatly from center to center. In the AQuIRE
registry, which included 6 hospitals, diagnostic yield (with yield defined as TBNA
providing a specific diagnosis) ranged from 37 % to 54 % [17]. The performance
characteristics of EBUS as a tool in widespread clinical use are not well known, and
some operators may struggle to replicate the results seen in clinical trials.

Complications can occur with CP-EBUS-TBNA as with any bronchoscopy. As
noted, there are multiple features of the CP-EBUS bronchoscope and the CP-EBUS-
TBNA technique which make it more challenging to master than standard bron-
choscopy. A significant majority of the published studies examining the performance
characteristics of CP-EBUS-TBNA report no complications with the procedure.
However, vocal cord injury [25], pneumothorax [26], pneumomediastinum [6],
mediastinitis [27, 28], empyema [29], nonfatal hemorrhage [30], and fatal hemor-
rhage [31] have been published or presented. Despite these, the overall complica-
tion rate for CP-EBUS-TBNA is indeed low. The AQuIRE Registry examined
complication rates in 1,317 cases performed in 6 centers by 12 clinicians over a
19-month period. They found an overall complication rate of 1.44 % (95 % confi-
dence interval, 0.87-2.24 %). Sustained hypoxia (0.3 %), pneumothorax (0.2 % if
no concurrent transbronchial biopsy was performed), bleeding (0.2 %), and respira-
tory failure (0.2 %) were all seen. One death occurred in the cohort, resulting from
bleeding following an endobronchial biopsy done during the procedure and not
from the TBNA [18].

The complication rates for EBUS-TBNA in widespread clinical use are not well
known but are also likely low. Asano and colleagues published the results of a
nationwide survey of EBUS-TBNA in Japan, where the procedure is widely avail-
able, pooling data from 210 centers that did 7,345 cases over an 18-month period.
They reported a complication rate of 1.23 % (95 % confidence interval, 0.97—
1.48 %), one procedure-related death (from a cerebrovascular hemorrhage), and
procedure-related infection rate of 0.19 %, including cases of mediastinitis, pneu-
monia, pericarditis, cyst infection, and sepsis [32]. The reported procedure-related
infection in the Japanese study, which was not seen in the AQuIRE Registry data,
was likely a result of the fact that the latter study limited complications to events
occurring within 24 h of the procedure.

The possibility of inappropriate or inadequate staging by CP-EBUS when done
by an inexperienced operator is another concern, however. The potential for errone-
ously upstaging or downstaging a patient with NSCLC has been cited by some as a
reason to recommend that a minimum of 50 cases be proctored before a bronchos-
copist is considered to have reached an appropriate level of competency with the
procedure [33].

There are several major limitations to EBUS-TBNA which have critical clinical
implications and important implications for the cytopathologist. Nondiagnostic
aspirations are common and can occur for multiple reasons. Most studies of EBUS-
TBNA classify a lymph node aspirate as nondiagnostic if it contains neither malig-
nant cells nor lymphocytes. Rates of nondiagnostic EBUS-TBNA range from 4 %
to 23 % across published series. These rates describe the final result of a patient’s
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complete procedure, which most often involves multiple aspirations of a target
lesion. When rapid on-site evaluation (ROSE) is employed, multiple aspirations of
a target are often necessary before a diagnostic specimen is obtained; therefore, the
nondiagnostic rate of individual aspiration attempts is lower. For this reason, when
ROSE is not available, it is suggested that 3 aspirations be performed at each target
to optimize yield [34, 35].

The transbronchial approach results in contamination of the cytologic specimen
with bronchial cells; in one study of CP-EBUS-TBNA, bronchial cells were seen in
up to 80 % of specimens [36]. A finding of only bronchial cells in the aspirated
specimen is not uncommon with EBUS-TBNA. This occurs when the hollow bore
needle picks up a bronchial plug as it passes through the airway wall, despite the
presence of the stylet. The bronchial plug can occlude the needle tip, preventing
successful aspiration of the target. Even if it is discharged by pushing out the stylet,
it can be aspirated back into the needle after suction is applied. Certain characteris-
tics of the tumor itself can contribute to a nondiagnostic finding. Necrotic tumors
may contain few cells, for example.

One key to optimizing yield and to optimizing the efficiency of EBUS-TBNA
lies with ROSE of the aspirated specimens. In a large meta-analysis, ROSE was
shown to increase the sensitivity of EBUS-TBNA from 80 % to 88 % while decreas-
ing procedure times [37]. Most (but not all) studies showing improved sensitivity
and negative predictive values for EBUS-TBNA over mediastinoscopy used
ROSE. Resource limitations are a reality in clinical medicine, and ROSE is not
available in every institution, but the bronchoscopist who performs EBUS-TBNA
should strongly advocate for it in order to optimize the benefits to patients.

CP-EBUS-TBNA as Part of a Multidisciplinary,
Multimodality Approach to Lung Cancer

With or without ROSE, the cytopathologist plays a critical role in the performance
of the operator, providing feedback on the quality and quantity of samples obtained.
Whether done by the bronchoscopist, bronchoscopy nurse, or cytopathologist on
site, proper handling, triage, and processing of the aspirated sample is crucial to
optimize the yield for immunohistochemical staining and full molecular analysis in
the case of adenocarcinoma.

The negative predictive value of EBUS-TBNA is not 100 %, and false negatives
do occur [38, 39]. Most studies classify EBUS-TBNA samples as negative or benign
if they contain lymphocytes but no malignant cells. False negatives in nodal aspirates
can occur due to true nodal sampling error, resulting from a needle pass missing
microscopic lymph node invasion or due to limited sampling of a station with mul-
tiple nodes in which tumor invasion is present in only some. Nondiagnostic findings
and false negatives present less of a clinical problem if EBUS-TBNA is employed as
part of a sequential strategy. In patients where the suspicion of nodal involvement is
high based on imaging, an EBUS-TBNA with a negative or nondiagnostic result
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should undergo confirmatory mediastinoscopy or other surgical sampling [36].
Confirmatory surgical sampling can be done as a separate procedure or as part of a
combined procedure; at some institutions, EBUS-TBNA is performed immediately
preceding a planned resection, with surgical intervention aborted if a patient is found
to have mediastinal lymph node involvement. Most studies report a positive predic-
tive value of 100 % for EBUS-TBNA, and therefore, confirmatory mediastinoscopy
in patients with a positive EBUS-TBNA is not needed. In certain cases, a nonmalig-
nant positive finding which drastically changes the level of clinical suspicion for
malignancy, such as a finding of fungal infection, might lead to a reassessment of the
likelihood of malignancy and therefore lead to an alternate approach. For patients in
whom cancer remains a concern, however, the use of confirmatory surgical sampling
after a negative or nondiagnostic EBUS-TBNA avoids a missed diagnosis.

Perhaps the most useful role for EBUS-TBNA is in patients with suspected N2
disease who will be receiving neoadjuvant chemotherapy in anticipation of later
surgical resection. Such patients need diagnosis and pathological staging prior to
therapy, following which they may require repeat pathological staging after chemo-
therapy. If mediastinoscopy were the only modality for staging available, the second
mediastinoscopy would be complicated by the presence of scarring from the first.
With EBUS-TBNA, initial confirmation of N2 disease can be done without surgery.
If there is radiographic evidence of residual nodal disease after chemotherapy, then
EBUS-TBNA can be performed a second time to confirm this. If there is radio-
graphic evidence of a good response and surgery is planned, a mediastinoscopy can
be done immediately prior to resection to confirm the clearance of nodal disease.
This algorithm is shown in Fig. 2.1 [40].

It should be noted that the idea that EBUS-TBNA is superior to mediastinoscopy
is not shared by all. In a recent review in the Annals of Thoracic Surgery, Shrager
points out that in many of the studies comparing EBUS-TBNA to mediastinoscopy,
EBUS was performed under general anesthesia, eliminating the theoretical benefits of
a procedure performed under moderate sedation [41]. EBUS-TBNA has the potential
for false negatives due to sampling error, and without confirmatory mediastinoscopy,
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the potential downside is great: missed N3 disease could lead to unnecessary surgery,
whereas missed N2 disease could lead to a failure to prescribe beneficial neoadjuvant
chemotherapy. When EBUS-TBNA is followed by confirmatory mediastinoscopy,
the costs are additive. Shrager therefore advocates strongly for mediastinoscopy, not
EBUS, as the procedure of choice in patients who have a low suspicion of mediastinal
disease [41].

Quite rapidly, use of the convex probe for endobronchial ultrasound-guided trans-
bronchial needle aspiration (EBUS-TBNA) has become the procedure of choice for
sampling of mediastinal and airway-accessible central targets in patients with sus-
pected lung cancer and other intrathoracic pathologies. Use of this technique has
gained favor among both pulmonologists and surgeons. Unlike the blind Wang tech-
nique, the technique of EBUS-TBNA has not been confined to interventional pulmo-
nologists, and many general pulmonogists who do few other interventional procedures
have begun to perform the procedure. Given the importance of accurate staging in
lung cancer, it is critical that this modality for sampling be handled with expert care.

Pathologic Sampling of Peripheral Lesions

General Principles

Peripheral lung nodules present different challenges for clinical decision-making
and for pathologic sampling. Once a lung lesion is identified, multiple features are
assessed to determine the likelihood of malignancy, including patient age, size of the
nodule, smoking history, evidence of adenopathy, increasing nodule size on serial
studies, and irregular lesion borders [42]. For solitary, peripheral nodules (SPN) for
which there is a high suspicion of malignancy (estimated to be >60 %) [43], the
option of primary resection should be considered. Although the ACCP Guidelines
refer to this as a “diagnostic dilemma,” this is not the case for some patients, where
primary resection fulfills the criteria for “least” and “safest.” A patient with sus-
pected early-stage disease by PET-CT imaging who is a good candidate for surgical
resection (calculated to have sufficient lung function to tolerate lobectomy or pneu-
monectomy, as dictated by the location of the primary tumor) should undergo VATS
wedge resection of the tumor with frozen section analysis to definitively establish
the diagnosis of malignancy, followed immediately by nodal staging and definitive
resection if occult N2 or bulky N1 nodal disease is absent. In these patients, a biopsy
of the primary tumor would be an unnecessary step in the majority of cases. In a high
suspicion lesion, only a benign biopsy finding that led a very high degree of confi-
dence that a false negative was unlikely should avert definitive resection. A finding
of environmental fungal disease, such as histoplasmosis, coccidioidomycosis, or
cryptococcosis, or a finding of tuberculosis, might satisfy these criteria, although the
incidence of these findings in SPN is rare [42]. Rolston and colleagues [44], in a
3-year analysis of all of the patients referred to the University of Texas for suspected
lung cancer, found that the diagnostic workup for suspected malignancy led to a
finding of benign disease in only 6.7 % and a finding of infection mimicking lung
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cancer in only 1.3 %. The majority of the patients had an SPN on imaging, and they
found no radiographic features which were necessarily predictive of either infection
or neoplasm [44]. The possibility of a false-negative biopsy finding in a high suspi-
cion patient should strongly favor an approach of definitive resection in these
patients, contingent on having established good lung function [3, 43].

In other cases, uncertainty as to the nature of solitary peripheral nodule (SPN) or
mass drives the need for pathologic sampling. Many pulmonary nodules are discov-
ered incidentally on imaging done for other reasons. With the findings of the
National Lung Screening Trial (NLST) showing a 20 % reduction in deaths from
lung cancer among current or former heavy smokers who were screened with low-
dose helical computed tomography (CT) versus those screened by chest X-ray,
more individuals at risk for lung cancer will undergo CT imaging in the near future,
and more pulmonary nodules of unclear clinical significance will be identified [45].
Given that the observed reduction in lung cancer mortality was invariably due to
early accurate identification of malignant disease and subsequent early intervention,
the diagnosis of the cancerous peripheral lung nodule is critical.

A total of 96.4 % of the positive screening results in the low-dose CT group in the
NLST were false positives, however [45]. In the management of a patient with an
uncharacterized SPN of unknown clinical significance, the clinician must determine
based on the clinical context whether intervention is needed and, if so, what type.
Some nodules, by virtue of their radiologic characteristics or stability over time, can
be assumed to be benign, whereas some warrant immediate surgical resection. In
between these extremes of inaction and complete surgical removal fall many pulmo-
nary nodules and masses which require either radiologic monitoring or a biopsy to
determine pathology, which in turn dictates the need for further intervention.

Clinical context is unique for every patient, however, and patient participation in
the discussions related to these decisions is important. There are some patients for
whom the idea of contemplating surgical resection without an established diagnosis
is overwhelming, and pathologic sampling may be necessary to get them to the place
where they can accept the imperative for potentially curative resection. In patients
with an SPN where the suspicion of malignancy is low or intermediate, or in patients
for whom surgical resection is not or may not be an option, or in patients with clear
radiographic evidence of stage 4 disease where the primary lesion is the easiest and
safest site to sample, multiple modalities are available. Bronchoscopic sampling
(lavage, cytologic brushing, TBNA, and forceps biopsy), CT-guided needle sam-
pling, bronchoscopic sampling with RP-EBUS guidance, and EMN bronchoscopy
are options to be considered. The last three modalities will be discussed in detail.

Radiographically Guided Needle Sampling of an SPN

Image-guided sampling of a thoracic target can be done with plain fluoroscopy, or
with transthoracic ultrasound imaging if the lesion is near the pleural surface, or
with CT guidance. CT-guided sampling allows for precise needle positioning,
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resulting in high yields and low morbidity, and is typically done by an experienced
interventional radiologist. This procedure can be performed as an transthoracic fine-
needle aspiration (TTNA), which is done with a smaller gauge needle (typically
20-22 g) and which yields a cytologic sample, or as a transthoracic needle biopsy
(TTNB), most often done with a hollow larger-bore needle with a cutting mecha-
nism following CT-guided insertion of a thinner localizing needle. TTNB is intended
to yield a core histologic specimen which can demonstrate tissue architecture. Both
can be done with or without ROSE, and the two procedures can be done in combina-
tion, usually TTNA followed by a TTNB. ROSE can be effectively used in a com-
bination procedure to provide additional information beyond confirmation of a
diagnosis. ROSE of an aspirate cytology specimen can confirm lesional tissue to
guide the subsequent core biopsy, which can be sent in its entirety for pathologic
processing, without “wasting” additional tissue for on-site fixation.

CT-guided sampling can be done with intermittent imaging with interval needle
repositioning or with CT fluoroscopy with the radiologist tableside. Real-time CT
fluoroscopic sampling is possible, with needle positioning done with active fluoro-
scopic imaging, although this can be technically difficult. Needle insertion is typi-
cally done with a breath hold, with cessation of tidal respiration rather than at deep
inspiration. The challenges of CT-guided intrathoracic sampling include difficulties
that arise as a result of a target size and location and accommodating respiratory
motion. Although it would seem reasonable that a lesion adjacent to the pleura
would be easier to access than a deeper, intraparenchymal lesion of the same size,
this is often not the case. A needle passing through some lung tissue will result in an
anchoring of the needle in place, and a deeper lesion can allow for more subtle
directional changes on the way to the target that may not be possible with a lesion
against the pleura as repositioning might necessitate repuncturing the pleura multi-
ple times, thereby increasing the chance for complications.

If given a choice, needle insertion from the back with the patient prone is pre-
ferred over needle insertion with the patient supine for several reasons. First, patient
anxiety is typically less if they are unable to see the long sampling needle. Second,
it is generally recommended that patients recover post procedure with the biopsy
site down, so that the weight of the lung rest on the puncture site, and it is easier for
a patient to recover supine than prone.

The pleura is a fibrous membrane which, unlike the lung parenchyma, is inner-
vated; crossing the pleura can cause pain. If the clinician does not cross the pleura in
arapid fashion but instead hesitates with the needle tenting the membrane, the result-
ing patient response can result in a laceration of the lung rather than a puncture,
possibly resulting in pneumothorax. Emphysematous areas of lung adjacent to the
entry site may also increase the risk of pneumothorax and should be avoided if pos-
sible. If a needle is inserted into the lung but misses the target lesion necessitating a
second needlestick, it may be preferable to leave the first needle in place. This is
because the first needle will tend to stabilize motion of the lung, aiding in the posi-
tioning of the second needle, and because of the possibility of pneumothorax follow-
ing removal of the first needle. The patient will have this pneumothorax regardless
with removal of the first needle, but better to have this complication after second
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(hopefully successful) sampling rather than before. One advantage of CT-guided
biopsy performed by interventional radiology is that a chest tube, if needed, can be
placed with imaging guidance by the radiologist obtaining the biopsy or aspiration.
Sampling using a needle mechanism that employs a coaxial technique in which a
single needle puncture is followed by multiple samplings over the finder needle has
been thought to mitigate pneumothorax risk, although this potential benefit has not
been seen in all studies [46].

Performance Characteristics

TTNA has been shown to have good sensitivity for identifying malignancy in
SPN. The 2007 ACCP Guidelines present an excellent review of the literature on the
performance characteristics of transthoracic sampling for suspected lung cancer. No
new relevant literature was identified in the 2013 ACCP Guidelines, which again
presented the 2007 findings. In a meta-analysis of 46 studies, with nondiagnostic,
nonspecific, and benign findings all considered to be negative, the pooled sensitivity
of TTNA was 90 % (95 % CI, 88-91 %) with a range of 62-99 % [3]. These studies
included TTNA performed under fluoroscopic guidance and CT guidance. In the
presence of a nonspecific benign diagnosis following multiple passes and docu-
mented needle tip in the target, pathology follow-up demonstrated that approxi-
mately 90 % of lesions are benign [47]. False negatives do occur, however, therefore
a nondiagnostic, nonspecific, or benign finding should prompt consideration of
additional investigation, if the initial suspicion of cancer is high, as previously dis-
cussed. This could include re-sampling, resection, or close radiographic monitoring
with careful attention to growth.

The performance characteristics of TTNA and TTNB have been compared in
case series with variable results. Tuna and colleagues [48] retrospectively compared
the yield in 105 patients who underwent CT-guided transthoracic lung biopsy, 83 by
TTNB and 22 by TTNA. They reported finding a definitive diagnosis in 87 of 105
patients (83 %) overall, with 94 % of the diagnoses showing a malignancy. The sen-
sitivity of TTNB was significantly higher, with a sensitivity of 92 % compared to a
sensitivity of only 78 % for TTNA [49]. Ten percent of patients overall had a pneu-
mothorax, and only 2 % had hemorrhage, with no significant difference in complica-
tions between TTNA and TTNB. Klein and colleagues [49] published a retrospective
review of CT-guiding sampling performed on 127 lesions in 122 patients, with 87
samplings done as a TTNA and 99 sampling done as a cutting needle TTNB. Both
procedures were performed using a coaxial technique with sampling needles placed
through a 19-gauge needle placed in the lesion. TTNA was done with a 20-gauge
Westcott needle (Becton Dickinson, Franklin Lakes, NJ) or a 22-gauge Chiba needle
(Cook). TTNB was done with a 20-gauge ASAP automated cutting needle (Medi-
Tech/Boston Scientific, Watertown, MA) or a 20-gauge Temno automated cutting
needle (Bauer Medical, Clearwater, FL). The overall diagnostic yield for the study
was 88 %. The sensitivity was 95 % for malignancy and 91 % for benign disease.
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Although no significant difference was found for sensitivity between fine-needle
aspiration and core biopsy of malignant lesions (92 % vs. 86 %), a statistically
significant difference was found for benign lesions (44 % vs. 100 %). Pneumothorax
rate in this study was high, occurring in 54 % of patients [49].

Complications

Pneumothorax and hemorrhage are the most common complications of TTNA and
TTNB. Richardson and colleagues [50] recently searched retrospectively over 5,000
cases of CT-guided thoracic samplings in the UK, reporting a pneumothorax rate of
20.5 %, with 3.1 % requiring chest drainage (3.1 %). Pneumothorax was similar in
procedures done with a core cutting biopsy needle and those done as a FNA.
Hemoptysis occurred in 5.3 % and death in 0.15 % of cases. Hiraki and colleagues
[51] reported a much higher rate of pneumothorax in over 1,000 cases performed
over a 9-year period in Japan using a 20-gauge coaxial cutting needle. They found
an overall incidence of pneumothorax of 42.3 %, with 11.9 % needing a chest tube.
In one of the largest series to date, Wiener and colleagues [52] reviewed over 15,000
CT-guided biopsies of pulmonary nodules identified in the 2006 State Ambulatory
Surgery Databases and State Inpatient Databases for California, Florida, Michigan,
and New York. 15.0 % of procedures (CI, 14.0 % to 16.0 %) were complicated by
pneumothorax, and 6.6 % (CI, 6.0 % to 7.2 %) of patients required a chest tube.
Bleeding was uncommon, with only 1.0 % (95 % CI, 0.9 % to 1.2 %) of procedures
complicated by hemorrhage. Smokers and patients with chronic obstructive pulmo-
nary disease were at higher risk for complications [52].

The risk factors predisposing to pneumothorax are variable across different stud-
ies. Some studies have shown pneumothorax rate to be independent of the size of
the lesion and the size of the needle, whereas others have shown the opposite.
Needle dwell time (the amount of time spent with the needle in the lung paren-
chyma), the need to cross a fissure, and the number of total punctures have been
thought to correlate with the chance of pneumothorax. In the Japanese series, depth
of the lesion, a lower lobe lesion, and needle trajectory <45° were associated with
pneumothorax risk, and emphysema increased the risk of needing chest tube place-
ment. Clinical features like prior lung or pleural surgery and the presence of pleural
adhesions might be of some protective benefit [53].

RP-EBUS

Convex probe EBUS evolved from radial probe EBUS, but they each now have a
separate potential role to play in the management of patients with suspected tho-
racic malignancy. As noted above, the size of the CP-EBUS scope limits its reach in
the segmental airways, so it plays little role in the diagnosis of most peripheral
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nodules. RP-EBUS has retained a useful role in the diagnosis and sampling of
peripheral nodules, at least in the hands of experienced practitioners. The probe’s
small diameter (1.4 mm at the distal tip) allows for access to areas of the lung
periphery beyond the wedge position of the bronchoscope. The high resolution with
ability to delineate the layers of the bronchial wall allows for direct observation of
bronchial wall invasion which could inform staging. Use of RP-EBUS to guide
bronchoscopic sampling of peripheral lesions has been shown to improve the yield
over standard bronchoscopy. Steinfort and colleagues published a meta-analysis of
16 studies with 1,420 patients. They found a specificity of 100 % (95 % CI 99-100)
and a sensitivity of 73 % (95 % CI 70-76) for the detection of lung cancer. Yield was
significantly better for lesions greater than 2 cm in size [54]. The rate of pneumo-
thorax was very low, ranging from 0 % to 5.1 %, and the risk of bleeding was
extremely low, with no patients experiencing bleeding which required an interven-
tion. The 2013 ACCP Guidelines recommend consideration of RP-EBUS as an
adjunct imaging tool for the bronchoscopic sampling of a suspicious SPN in patients
where pathologic diagnosis is desired [3].

Navigational Bronchoscopy

The search to improve diagnostic yield in the bronchoscopic sampling of SPNs
has led to efforts to guide the bronchoscope and sampling tools through the
tracheobronchial tree to the target lesion. These “navigational” systems employ
3-D reconstructions of the tracheobronchial tree from CT imaging, often with a
virtual endobronchial view akin to the view seen through the bronchoscope, to
produce a virtual roadmap to the lesion. One commercially available system, iLogic
System (superDimension, Inc., Herzliya, Israel and Minnesota, MN), combines
elements of virtual bronchoscopic reconstruction with real-time 3-D directional and
positional mapping. Termed electromagnetic navigational bronchoscopy (ENB),
this guidance system has been shown to improve the yield of diagnostic sampling
over conventional bronchoscopy.

The technique of ENB was first reported in animal experiments in 2003 [55] and
later described in humans in 2006 by the same researchers [56]. Leong and col-
leagues [57] have recently published an excellent review of ENB which describes
both the iLogic System and the ENB procedure in detail. The system utilizes a
software program and several pieces of novel hardware, including an extended
working channel which functions as a guide sheath, an 8-way steerable probe with
a miniaturized EM sensor at the distal tip, and a low frequency electromagnetic field
generator and emitter.

A patient’s CT imaging, which must be in the appropriate, standardized DICOM
format (Digital Imaging and Communications in Medicine, Rosslyn, VA), is
uploaded into the ENB software planning program prior to the procedure. The plan-
ning software converts the CT images into a multi-planar 3-D reconstruction and
displays axial, coronal, sagittal, and 3-D views, and both the target lesion and a
bronchial pathway to the lesion are plotted. At the time of the procedure, the patient
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is placed supine on the bronchoscopy table with an EM emitter, or location board,
placed under the mattress. Additional location pads are placed on the patient’s chest,
and an EM field is generated which encompasses the patient’s thorax.

An inspection bronchoscopy is performed with the EWC extending 8 mm from
the distal end of the scope and the sensor probe, or location guide, deployed in the
EWC. The location guide collects data on its position and orientation in the tracheo-
bronchial tree 166 times per second to the ENB software program, and this informa-
tion is superimposed on the virtual 3-D map (provided by the CT images) in real
time. In the course of a full inspection bronchoscopy, the data collected automatically
“registers” the patient’s anatomy with the virtual 3-D reconstruction of the CT
images. The two data sets are then aligned and presented as an overlay on the proce-
dure screen. The highest allowable divergence between the two 3-D images is 5 mm;
greater divergence should prompt re-registration. The aligned overlay of these two
data sets is presented on the software’s procedure display for real-time guidance
through the tracheobronchial tree to the lesion. The display shows multiple views of
the overlaid imaging, including the previously mapped route to the lesion and a head-
on “tip view” showing the target as well as distance and direction to the target. Arrows
in the tip view direct the operator to manipulate the steerable probe in the direction of
the target as the probe is advanced. After reaching the target lesion with the probe and
extended working channel, the location guide is removed and the working channel is
left in place to allow introduction of tools for sampling. Fluoroscopy can be used to
confirm positioning, as can RP-EBUS, deployed through the working channel after
the LG is removed. ENB can also be used for the placement fiducial markers for
subsequent interventions, including surgical resection or radiation.

Performance Characteristics of ENB

ENB has been extensively studied since its development and has been consistently
shown to improve the diagnostic yield of bronchoscopic sampling. Leong and col-
leagues [57] examined data from 12 studies of the performance of ENB, reporting
diagnostic yields ranging from 59 to 77 %. Rates for pneumothorax were low, rang-
ing from O to 10 %. There are multiple studies comparing the sensitivity and yield
of ENB over conventional bronchoscopic biopsy techniques. In one of the larger
single center series of 92 biopsies in 89 patients, Eberhardt and colleagues [58]
reported an overall diagnostic yield of 67 %, with only 2 cases leading to pneumo-
thorax. ENB has been used to guide SPN biopsy as well as lymph node biopsy.
Gildea and colleagues prospectively studied 60 subjects undergoing ENB; they
reported a navigational success rate (reaching the target lesion) of 100 %, with a
yield of 74 % for SPN and 100 % for lymph nodes [59].

Multiple factors have been shown to affect yield. The procedure is technically
challenging, and experience helps. Lamprecht and colleagues [60] looked at 112
cases comparing yield in the first 30 cases to the last 30, showing yields of 80 % and
87 % respectively. Larger lesions had a higher yield, with diagnoses obtained in 89 %
of lesions greater than 2 cm compared to 75 % in lesions less than 2 cm. Location of
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the lesion did not appear to affect yield [60]. In one study, the presence of a “bronchus
sign,” an area of hypoattenuation on CT leading to or into an SPN, was the only vari-
able on multivariate analysis which appeared to affect diagnostic yield of ENB [61].

Comparison and Combination of Sampling Techniques

ENB is a newer technology than RP-EBUS, and its role in the management of SPNs
is still being elucidated. Studies have shown that in expert hands, ENB increases the
diagnostic sensitivity of bronchoscopic sampling over standard bronchoscopy. ENB
requires equipment and software that represents a capital expense for the institution
or operator; it requires time for data entry; and it requires expertise with the soft-
ware and the hardware. As with all technological advances, it is remains to be seen
whether the yield and complication rate seen in clinical studies can be duplicated in
wider clinical use.

It is also obvious that all nodules are unique and each will have features that will
alter the balance of risks and benefits in a way that may favor one diagnostic
approach over another. Location with respect to the pleura, relationship to the air-
ways and blood vessels, and relationship to emphysematous lung all will affect the
expected sensitivity of a procedure and the potential for complications in an indi-
vidual patient.

Comparing TTNA or TTNB with ENB, studies suggest that an ENB approach
may offer the advantage of a lower complication rate at the expense of decreased
sensitivity; an ENB approach would therefore increase the likelihood of requiring a
second, alternate diagnostic intervention (subsequent CT-guided biopsy or VATS),
increasing overall risk and increasing overall costs, in the subset of patients with
nondiagnostic results on ENB. Researchers have used modeling to compare serial
testing with ENB followed by CTGB or CTGB followed by ENB. The approach
utilizing ENB as an initial modality could be more than twice as expensive, although
the risk of complications would likely be lower than with the reverse serial strategy.
Combining the two procedures in serial testing would have a combined sensitivity
of 97 % [62].

Real-world utilization is likely to be dictated by clinical considerations, however
not modeling. As noted, there are certainly features of individual tumors and indi-
vidual patients which make one approach favorable over another and each case must
be evaluated with an eye toward yield and risk specific to the clinical circumstances.
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Chapter 3
Adequacy and Tissue Preservation of Small
Biopsy and Cytology Specimens

John P. Crapanzano and Anjali Saqi

Introduction

Lung carcinoma remains the leading cause of mortality worldwide. It accounts for
approximately 16,000 deaths annually [1], with nearly 70 % of patients presenting
at an advanced stage. Several advances have been made in recent years, though.
These comprise classification of non-small cell lung cancers (NSCLCs) in small
biopsy and cytology specimens [2], identification of driver mutations, and treatment
of lung carcinomas. For lung cancer, the recommendation is to subclassify NSCLCs
on small specimens because the morphological subtype of NSCLC and molecular
profile of lung adenocarcinoma impact therapy. Distinguishing lung adenocarci-
noma from squamous cell carcinoma is important because of clinical observa-
tions—patients with squamous cell carcinomas are at increased risk for
life-threatening hemorrhage when treated with bevacizumab, and patients with
adenocarcinoma respond significantly better to pemetrexed than those with squa-
mous cell carcinoma. Adenocarcinomas with an epidermal growth factor receptor
(EGFR) mutation have better response to tyrosine kinase inhibitors as a first-line
therapy, while those without the mutation have a better outcome with chemotherapy
[3-9]. Similar benefits have been linked to treatment of anaplastic lymphoma kinase
(ALK) rearranged lung adenocarcinomas [9].
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Moreover, there has been a shift to perform minimally invasive procedures,
where the goal is to obtain the necessary information for diagnosis, and possibly
staging, with the least risk to the patient. There are multiple available sampling
methods, particularly for (suspected) lung cancer [10], whether primary or meta-
static, to obtain needle core biopsy and/or fine-needle aspiration (FNA). Usually
performed under image guidance, the modalities include directed sampling with
computed tomography (CT), endobronchial ultrasound (EBUS), endoscopic ultra-
sound (EUS), and electromagnetic navigational bronchoscopy, with each offering
its advantages.

Based on this paradigm shift in the treatment of lung cancer, it is appropriate that
standardized criteria have been proposed that apply to pathological diagnosis in
small biopsies and cytology specimens in the new International Association for the
Study of Lung Cancer/American Thoracic Society/European Respiratory Society
(IASLC/ATS/ERS) classification of lung cancer [2], molecular testing guidelines
have been outlined [11], and diagnostic tests have been developed.

There is a practice gap with limited data on acquisition, triage, processing, and
management of small specimens, however [12, 13] (Fig. 3.1). In today’s era of person-
alized medicine, pathologists find themselves not only shifting away from the diagno-
sis of NSCLC-not otherwise specified (NOS), but also challenged by decreasing
sample size and increasing information required for patient care. Adequacy requires
material to subclassify NSCLC via routine stains [hematoxylin and eosin (H&E),

Minimally-invasive
procedures

Classification of
Targeted therapies small biopsy &
cytology

Algorithm for
optimal procurement
& triage of small
specimens

Diagnostic tests

Fig. 3.1 Practice gap. Currently, there is no standardized algorithm for optimal procurement,
processing, and triaging of small specimens
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Diff-Quik, and/or Papanicolaou], immunohistochemical (IHC) stains, and/or muci-
carmine stain and for patients presenting with advanced stage lung adenocarcinomas,
sufficient tissue for the identification of underlying driver mutations, which is the cur-
rent standard of care for assigning treatment.

Since diagnoses are based more frequently on small biopsy and/or cytology
specimens, which sometimes represent the only sample, it is of utmost importance
to obtain and manage specimens in a manner that provides all of the pertinent infor-
mation necessary for appropriate therapy. This chapter outlines methods to optimize
small biopsy and cytology acquisition and preservation.

Cytology Specimens and Core Biopsies

There is ongoing debate centering on which specimen type, an aspirate or a core
biopsy, is the better method for providing sufficient tissue. The method, FNA or
needle core biopsy, chosen is influenced by several issues, including the preference
and comfort of the radiologist and/or pathologist [14], the procedure being performed
(e.g., only FNAs are performed with EBUS), availability of on-site evaluation by a
cytologist, risk to the patient (e.g., underlying lung pathology, such as emphysema/
bullous disease), and nature of the lesion (e.g., size, location, consistency).

There are various types of cytology specimens available for diagnosis, including
FNAs and exfoliative specimens such as pleural effusions, bronchoalveolar lavages,
and bronchial brushings. Of these, FNAs offer the highest sensitivity (80-95 %) and
specificity (98—-100 %) in diagnosing malignancies [15—17]. Data strongly support
that subtyping of NSCLC on cytological specimens is possible and accurate [18]
particularly when cytomorphology is combined with IHC stains [19]. When com-
pared, FNAs are equivalent to core biopsies at definitively and specifically classify-
ing NSCLC [20] and have similar rates of yielding sufficient material for molecular
testing [19, 21, 22]. Recent studies have reported that not only are cytology speci-
mens, including FNAs, effusions, and exfoliative specimens, suitable for EGFR and
Kirsten rat sarcoma (KRAS) testing [19, 21], but there is also complete concordance
of molecular testing results between FNA specimens and their histological counter-
parts, including resections and cores [23]. For heterogeneous lesions, FNAs may
outperform cores because of their strength to sample different aspects of the lesion
with a single pass [24].

Core biopsies are an alternative source of diagnostic tissue. Recently, the perfor-
mance of cores has been advocated by pathologists who are unavailable for rapid
on-site assessment of FNAs and/or who sign-out mostly surgical pathology [14].
Some have reported that optimal results are obtained when the two modalities are
performed concurrently [20]. Others follow a FNA with a core, if necessary [24], or
commonly irrespective of a diagnostic result at the time of ROSE due to clinicians’
requests [25]. In scenarios where both FNA and core biopsies are performed, com-
parison of the two is recommended because the two modalities may provide com-
plementary information to render a specific and concordant diagnosis [26].
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Overall, there is no consensus on the method of choice—FNA and/or core
biopsy—and ultimate determination may rest upon institutional establishment of
adequacy protocols and rates of success with each modality.

Rapid On-Site Evaluation: Fine-Needle Aspirations

Advantages

Rapid on-site evaluation (ROSE) involves a cytology staff member, either a (cyto)-
pathologist or cytotechnologist, providing real-time evaluation of the specimen
during the procedure and communicating the findings to the clinician (e.g., pulmo-
nologist, interventional radiologist, surgeon, or endosonographer). Correlation with
the history and imaging provides an integrated approach to the diagnosis (Table 3.1).

Traditionally, providing a preliminary assessment was sufficient. Now, in light of
the added importance and responsibility for the cytologist to properly triage the
specimen, it is intuitive that the individual performing ROSE has experience in
cytomorphology interpretation, be knowledgeable about ancillary tests necessary
for various diagnoses, ensures that sufficient tissue is allocated for potential ancil-
lary tests (e.g., immunohistochemistry and/or molecular testing for carcinomas,
microbiological cultures in cases of inflammation or granulomas, or flow cytometry
for lymphoma assessment), and be informed about methods of specimen fixation/
preservation required for each test. Proper decision-making and specimen submis-
sion at the time of the procedure can directly affect patient care. Recent data strongly
support that aspirates performed with ROSE optimize the use of the aspiration pro-
cedure [27, 28] by improving diagnostic yield [29] and aiding in the procurement of
additional material for potential necessary special studies [29—40].

Table 3.1 Advantages Proper triage

of ROSE Ensures sufficient tissue for diagnosis

Specimen procured for ancillary studies
Expedites clinical decisions
Enables scheduling of additional imaging/appointment(s)
during single visit
Improves diagnostic accuracy
Sensitivity
Specificity
Positive predictive value
Enhances efficiency and cost-effectiveness of patient care
Reduces repeat procedures
Minimizes complication rate of procedure
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Fig. 3.2 Role of specimen
preparation in diagnostic
interpretation. Technical
quality, which includes smear
preparation and staining,
plays a significant role in the
final interpretation. When
performed appropriately, the
morphology is well
preserved, and interpretations
at time of ROSE and final
diagnosis are not
compromised

B Morphology [ Technical quality

There is also value added to a well-prepared specimen—one without poor
preservation or preparation—which expedites final examination. When the techni-
cal quality of a specimen is maximized, final interpretation is not compromised
(Fig. 3.2). High-quality preparations limit intradepartmental consults and time con-
sumed interpreting slides with limited cellularity, poor preparation, or artifacts and
shift focus on diagnostic dilemmas. In cases where the same pathologist performs
ROSE and issues the final report, time may not be “wasted” [13] as on-site assess-
ment provides an opportunity to obtain the clinical history and preview of a fraction
of the slides.

ROSE of lung nodule aspirates is effective at discriminating malignant versus
nonmalignant lesions, such as sarcoidosis [41], and having a cytopathologist pres-
ent is associated with a significantly greater accuracy in diagnosis of malignancy
[32-34, 37, 39]. ROSE increases sensitivity and specificity [42] and the predictive
value of a negative test. Moreover, it increases the likelihood of attaining a higher
rate of positive diagnoses [34], when present, and decreases unsatisfactory results
[37]. While the average reported non-diagnostic rate of FNAs is 20 % when on-site
evaluation is not utilized [27], a diagnostic rate of 98 % has been achieved in a study
of over 5,600 FNAs with ROSE [27]. Diagnoses rendered at time of ROSE are
highly accurate and usually concordant with the final interpretation [43, 44]. In the
same study with >5,600 FNAs, the on-site interpretation was in agreement with the
final diagnosis in 85 % of cases; there was disagreement in 2.7 % of cases and defer-
ment to the final diagnosis in 12 %.

The high concordance of on-site immediate interpretation and final diagnosis
allows for reliable decision-making that can enhance efficiency and cost-
effectiveness of patient care [27]. With a preliminary diagnosis, clinical decisions
can be expedited [27, 45—49] and scheduling for additional imaging, appointment
with a specialist, or surgical procedure can be initiated. The procedure can be termi-
nated as soon as diagnostic material is obtained. By doing so, fewer needle passes
[34, 50, 51] than those predetermined in the absence of ROSE [51] are performed at
fewer sites, thereby decreasing the time a patient is under sedation, reducing the
complication rate [52], and increasing the safety of the procedure. Next, ROSE
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results in a decrease in the number of repeat [37] or additional procedures necessary
for a diagnosis [50], which has downstream effects. Assuming non-diagnostic FNAs
are repeated, direct institutional charges can be significant. The diagnostic value and
cost-effectiveness of ROSE was evaluated in 5,688 FNAs [27]. In the absence of
ROSE, the estimated calculated cost of performing repeat FNAs of non-diagnostic
specimens resulted in additional direct institutional charges of $2,022,626 over 5
years. These savings are significant despite the professional service fee of on-site
interpretation [27]. Also, this does not take into account indirect costs to the patient,
such as time off work and prolonged hospital stays. ROSE has downstream effects
on the facility as well. Specifically, with shorter procedures times and fewer re-
biopsies, utilization of procedure rooms and imaging facilities [53] is optimized.

Disadvantages

ROSE is not always feasible, either by a pathologist or cytotechnologist, due to
limited resources of the facility. For a pathologist, ROSE results in time consump-
tion, workflow disruption, and little reimbursement, i.e., high cost for time spent at
the procedure [29, 53, 54] (Table 3.2). From a pathologist’s economic standpoint,
time is spent better signing out cases in the office than performing immediate, on-
site evaluation of FNA specimens [53]. Compared with routine surgical pathology,
compensation schedules for intraprocedural FNA consultations by pathologists are
insufficient [40, 53]. Moreover, relative value units for signing out cases in the
office outweigh those generated during a single ROSE. The time and overall benefit
are not calculated in the measurement of productivity. In light of this suboptimal
compensation and often prolonged procedure times [54], some institutions defer
ROSE to cytotechnologists or forego ROSE and place the entire specimen in a
liquid-based cytological container [55]. Despite the extra expense for the on-site
cytology service [56], reports document that on-site analysis, specifically for trans-
bronchial FNA, is cost-effective [56, 57].

Table 3.2 Disadvantages Time consumption

of ROSE Prolonged procedure time

Travel time
Workflow disruption
Low reimbursement

Relative value units disproportionate to time and effort
Possibility of diagnostic misinterpretation

Sampling error

Scant cellularity

Need for consultation or ancillary studies

Challenging diagnosis
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Though infrequent [49], another drawback of ROSE includes diagnostic misinter-
pretation, both false positive and false negative [58, 59]. In the majority of cases with
differing on-site immediate diagnosis and final diagnosis, the reason is sampling
error, i.e., only normal-appearing tissue evident on Diff-Quik stained smears and
diagnostic cells present in the remaining specimen. In one report, the diagnostic yield
(determining tissue adequacy) of ROSE in cases with high suspicion for lung cancer
was 77.1 % (101 of 131) but increased to 93.9 % upon final cytological analysis fol-
lowing review of the remaining material processed in the laboratory [60]. This sug-
gests that the lesional tissue was sampled but not identified during ROSE; training in
procurement and triage can improve the on-site yield in such instances. Additional
reasons for discrepancy include scant cellularity, need for intradepartmental consulta-
tion or ancillary studies, intraobserver variability, and challenging diagnosis [49].

ROSE: Lymph Node Assessment with Endobronchial
Ultrasound

When sampling a lymph node for staging, it is important to determine if the sample
is adequate or not, especially when it lacks metastatic tumor or granulomatous
inflammation [29, 31]. In the absence of lesional cells, the presence or absence of
lymphocytes and/or pigmented (anthracotic) macrophages to confirm localization
of the needle within the target and assessment of the quantity of lymphocytes
impacts the negative predictive value, which is reportedly variable [13].

Currently, there are no strict guidelines to determine adequacy of a negative
lymph node sample [58], and evaluation of the amount of lymphocytes can be sub-
jective [13]. For instance, a focally dense collection may be deemed adequate, but a
similar number of lymphocytes scattered throughout the slide and diluted by blood
and bronchial cells may be considered scant [13].

Criteria for objective evaluation have been proposed (Table 3.3) [29, 61, 62].
While some have suggested that a certain number of lymphocytes per high-power
field and/or the presence of clusters of pigmented macrophages are good predictors
of final adequacy assessment of a benign lymph node [29, 62], others report that the
occurrence of moderate to abundant numbers of lymphocytes and/or pigmented
macrophages is indicative of adequate lymph node sampling in most cases [31, 59].
One proposed system uses a scale (unsatisfactory=0 lymphocytes; less than opti-
mal=<40 lymphocytes/high power field (HPF); satisfactory=>40 lymphocytes/
HPF in most cellular areas) [61], and a high false-negative rate was associated with
unsatisfactory and less than optimal lymphocytes, demonstrating that adequacy
impacts the false-negative rate. Another semiquantitative scoring system for evalu-
ating lymphocytes (0=<40 lymphocytes; 1=41-200 lymphocytes; 2 = >200 non-
confluent lymphocytes; 3 =confluent sheets of lymphocytes or germinal centers;
[29] true negatives had scores of 2 or 3) also confirmed that true negatives were
associated with greater numbers of lymphocytes. These criteria require time to
count lymphocytes, which can be cumbersome, can delay the procedure, and can
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thus be a drawback. Also, presence of pigmented macrophages has to be interpreted
with caution, as they can be derived inadvertently from non-lesional adjacent lung.
The presence of bronchial cells in transbronchial aspirations of lymph nodes has
no bearing on adequacy. However, excess incidental ciliated bronchial cells, reactive
bronchial cells lacking cilia, or dysplastic bronchial cells may pose difficult differ-
ential diagnostic problems; they may obscure the presence of scant malignant cells
and/or mimic carcinoma [29, 58, 62]. Air-drying artifact and poor fixation/preserva-
tion may also cause difficulty with interpretation since atypical bronchial epithe-
lium and reserve cell hyperplasia may be present as tight cohesive clusters with
apparent nuclear molding and without apparent cilia, thus mimicking small cell
carcinoma [29]. Performing IHC on cell block material may be helpful in such cases
[29]. Additionally, presence of granulomas in a sampled lymph node does not nec-
essarily exclude malignancy since they may coexist with metastatic carcinoma.

ROSE: Touch Preparations of Core Biopsies

While ROSE is typically utilized for FNAs, touch preparations of core biopsies for
on-site assessment of adequacy and preliminary diagnoses are also frequently
employed. As with ROSE of FNAs, radiologists prefer ROSE on touch prepara-
tions of core biopsies to ensure adequate sampling of the lesion and triage of the
specimen [14].

Performing on-site touch preparations of CT-guided core biopsies has been asso-
ciated with greater diagnostic accuracy [63] and is comparable to that of frozen
section diagnosis [64—66]. Touch preparations are sensitive (96 %) in detecting
malignant thoracic lesions and predicting malignancy (98 % of cases) [67].
Diagnostic accuracies of touch preparations and core biopsies are both high (92.3—
94 % and 93-94 %, respectively), but the combination of touch preparation with
core biopsy improves the diagnostic accuracy to 96.4-98 % [67, 68]. Similarly, it
has been observed in a study of touch preparations of thoracic lesions that the com-
bined evaluation of touch preparations and core biopsies has a higher NPV (90 %)
than that of touch preparations (83 %) or core biopsies (79 %) alone [67]. This
stresses the value in a collective interpretation of both preparations.

The number of biopsies procured has been reported to be higher in patients with
negative or inadequate touch preparation diagnoses compared to those with positive
or suspicious touch preparation diagnoses (2.9 versus 3.7, respectively) [67]. These
data suggest that positive touch preparations indicate a true positive, and no further
biopsy attempts are necessary, but further biopsy or diagnostic evaluation should be
considered if the touch preparation is negative. Negative results may represent true
negatives, as is evident in cases of organizing pneumonia in which the fibroblastic
tissue is not readily evident on touch preparations [69], or false negatives, stemming
from suboptimal on-site specimen processing [70], sampling of adjacent normal
tissue [67], scant cellularity, suboptimal needle position, surrounding or superim-
posed inflammation, severe necrosis, mucinous nature of the tumor, or coexisting
tuberculosis [68].
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There is debate about the role of touch preparations. There is concern of lesional
cell transfer onto the touch preparation, leaving behind non-lesional tissue on the
core biopsy [63]. This may deem a specimen adequate on-site but inadequate for
ancillary studies. Assessment of a touch preparation differs from that of a FNA. The
transfer (touch) onto a slide is unlike that of a smear of a FNA [14]. This may result
in examination of fewer cells, cellular distortion, and air-drying artifact [14]. Clues
to diagnosis, such as dyscohesion of cells associated with lymphocytes, may be
muted on a touch preparation, and excessive manipulation of the core may cause
crush artifact raising concern for possible small cell carcinoma. Care in processing
can minimize these artifacts.

Alternatives to ROSE

Telepathology/Telecytology

Laboratories may find it challenging to provide ROSE due to high volume, insuffi-
cient staffing, time constraints, and distance issues. Telecytology (TC), a relatively
recent means to view slides remotely in real time, addresses these issues while
allowing the pathologist to be involved in the evaluation process. Telepathology
(TP) has been shown to be a valuable tool for frozen section diagnosis with high
diagnostic accuracy [71-74]. While TC still lags behind TP in validation and use
[75], it has value in off-site assessment of multiple organs [36, 76—83] and lymph
nodes sampled under EUS, EBUS, and CT guidance [36, 78, 82] without significant
difference in agreement between TC and ROSE [83]. Concordance between TC and
conventional ROSE has also been reported in adequacy assessment, assignment of
preliminary diagnostic categories (non-diagnostic, benign, atypical, suspicious,
malignant), correlation with final diagnoses [36, 77-81], and average number of
passes performed [78]. Although sample size was small, one study showed an 89 %
sensitivity of both ROSE and TC; however, ROSE showed a higher specificity com-
pared to TC (93 % versus 87 %, respectively) [83].

There are three main available methods of image transmission for TC and TP
including (1) static image capture, (2) dynamic live video (real time), and (3) whole
slide image (WSI) [75, 84]. For both the static and dynamic systems, a team
approach that involves a skilled on-site operator experienced in cytology is essen-
tial. Briefly, static image capture, consisting of a microscope with an attached digi-
tal camera and internet access for file transmission, offers low cost, wide applicability,
and access. Limitations include selective and narrow scope of image review and
inability to view on multifocal planes [75, 84]. With the dynamic system, compris-
ing a microscope with an attached camera capable of generating video, the operator
at the originating site controls the microscope, and the pathologist situated remotely
views the slide passively [84]. Robotic systems are also available with capability of
complete and unbiased slide review as well changes in magnification and focusing
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by the interpreting pathologist. WSI captures the entire slide content and permits
slide review in a manner similar to that of a glass slide under a microscope [75, 84].
Disadvantages include increased time for entire slide scan and suboptimal depth of
field views [75, 84].

TC has been shown to be a more effective use of a pathologist’s time on the clini-
cal service, with a reported average time of 30 min saved per procedure [78].
Although the actual time spent reviewing a case via TC versus conventional on-site
assessment may be similar and not statistically significant [36, 78], the potential
time saved in a given day for a pathologist working on a busy FNA service can be
significantly reduced by eliminating time spent traveling to and from the procedure
site and downtime either during prepping or in between passes. In a high-volume
FNA service, the time saved for cytopathologists could potentially be measured
in hours.

Loss of personal contact and communication between the cytopathologist and
clinician/radiologist performing the FNA is a noteworthy concern. Although this
issue is not addressed in much of the TC literature, one study noted that clinician
satisfaction has not been negatively impacted by using TC over in-person assess-
ment and that no issues related to TC have been identified by them [78]. Others
specifically report that even with TC, interaction with the endoscopist is not sacri-
ficed and that TC allows for mass communication/teaching beyond any distance and
advances communication so that pathologists can reach out to more clinicians,
thereby improving patient care [81].

TC also allows the cytopathologist to actively participate in making decisions
about proper triage for ancillary studies [78], including IHC, flow cytometry, molec-
ular testing, and cultures; however, successful triaging requires that the on-site oper-
ator, whether a cytotechnologist, cytology fellow, or pathology resident, be
knowledgeable of various preservation media and technically skilled in the prepara-
tion of slides that allows for necessary material to be saved for such ancillary tests.
Comparison of rates of adequate material for ancillary tests, specifically IHC and
molecular testing for lung cancer, in FNAs with in-person ROSE versus TC ROSE
has not yet been addressed and is an issue that is worth investigating.

Tissue Preservation

Several fixatives and transport media are available for cytology specimens. For
EGFR molecular testing, guidelines provided by the College of American
Pathologists, the International Association for the Study of Lung Cancer, and the
Association for Molecular Pathology recommend using formalin-fixed (10 % neutral
buffered), alcohol-fixed (70 % ethanol), fresh, or frozen specimens following valida-
tion [11]. Cytology specimens initially placed in other solutions (i.e., saline, RPMI)
can be transferred to formalin or CytoLyt subsequently. Fixation for 6 to 12 hours is
recommended for small specimens [11].
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Formalin

As stated above and discussed in the following section on cell blocks, formalin-
fixed paraffin-embedded (FFPE) tissue is currently recommended for ancillary tests
such as IHC stains and molecular assays [2, 11, 85, 86]. Typically, formalin is the
fixative in which IHC stains and most molecular assays are optimized and validated,
and FFPE material has potential to yield multiple tissue sections that are suitable for
these ancillary studies [38, 87-90].

Liquid-Based Preparations

Liquid-based preparations (LBPs) offer a standardized alternative to conventional
smear preparation and fixation for FNAs and exfoliative specimens, including respi-
ratory specimens and effusions. The current FDA-approved liquid-based prepara-
tions (LBPs) in use are ThinPrep®/CytoLyt (Cytyc Corp, Marlborough, MA) and
SurePath™ (Becton Dickinson) [91]. The specimen is placed in an alcohol-based
solution (e.g., CytoLyt), which serves as a fixative and transport medium. An auto-
mated system in the laboratory creates slides, which are stained with Papanicolaou
stain, with an even distribution of cells and without loss of cells. Additionally, the
process and solution minimize contamination by blood, inflammation, and debris.

There are several additional advantages of LBPs (Table 3.4). They preserve cells
at room temperature in the fixative solution for extended periods of time (3 weeks
in CytoRich and 3 months in PreservCyt) [91]. CytoLyt solution appears to be supe-
rior to CytoRich Red in terms of the yield of suitable DNA [92]. Cell blocks for
ancillary tests [55] can be prepared from the unused cells in solution. Even without
cell blocks, ancillary tests, such as IHC [93-95] and molecular analysis [92, 96—
100], can be performed on LBPs. In fact, the percentage of malignant cells on FNA
specimens assessed on ThinPrep® has been found to be significantly high [101].
EGFR and KRAS mutation analyses have been successfully carried on lung carci-
nomas preserved in CytoLyt [96-98] and have shown comparable results between
FNA samples and histological tissues [98]. Potential advantages of utilizing LBP
for molecular techniques include (1) homogeneous cell distribution, which is help-
ful in determining percentage of malignant cells in a specimen dominated by benign
or normal cells, and (2) preparation of multiple slides, which spares the original
routinely stained slides/smears [92].

Table 3.4 Utility of Standardizes slide preparation
liquid-based preparation Simplifies fixation
Offers material for cell block ancillary tests

Preserves cells for extended periods
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The disadvantages to liquid-based preparations include additional costs of
equipment and supplies. Since these specimens are fixed in alcohol rather than for-
malin, the typical preservative used for biopsies, a laboratory may need to conduct
tests to validate the results of ancillary studies. Also, it precludes analysis by flow
cytometry [91]. Due to automation, ROSE cannot be performed.

As this slide preparation technique is different from conventional smears, there
is a learning curve for interpretation of liquid-based cytology. Features evident on
LBP include disruption of architectural pattern, shrunken cell and nuclear size, loss
of background material such as necrosis, and loss/reduction of extracellular ele-
ments such as mucus [91]. For the most part, LBPs allow for accurate diagnosis of
lung cancer with most cytological features that are typically observed in direct
smears being preserved, thus allowing accurate cell typing, especially when used in
conjunction with CBs [91]. Two entities frequently encountered in pulmonary and
mediastinal cytology specimens that pose diagnostic challenges are small cell car-
cinoma, which appears as dyshesive cells with subtle nuclear molding, and granulo-
mas, which may also have disassociated cells.

Alternative Tissue Preservation Methods

While formalin- and alcohol-based fixatives are recommended for procuring nucleic
acid from tissue for molecular testing of NSCLC [11], other fixatives such as heavy
metal fixatives (e.g., BS, acid zinc formalin, Zenker, B plus) and acidic solutions
(e.g., decalcifying solution, Bouin) should be avoided [11] because they have an
adverse effect on the quality of DNA obtained and interfere with subsequent molec-
ular test results [102—-104].

Recently, the use of Whatman FTA cards for storing cytological samples and for
molecular testing was investigated [105]. These FTA cards are comprised of paper
that is infused with reagents that lyse cells, thus liberating DNA that attaches to the
matrix of the card and is left stable at room temperature [105]. Results of EGFR and
KRAS mutational analyses conducted on NSCLC using this method are similar to
those from cell blocks.

Using fresh cells obtained at the time of diagnosis ensures quality material for
molecular analyses and may provide better than formalin-fixed tissue for such tests
[106]; however, studies that have utilized fresh cells rely mainly on cryopreserva-
tion for storage of the material, which may be expensive and necessitate extra stor-
age space [106].

Cell Blocks

Cell blocks serve as an adjunct to smears and liquid-based preparations. They can
be used for cytological diagnoses and ancillary testing, including in the evaluation
of lung carcinoma, and be prepared from FNAs, bronchial washings, bronchial
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Table 3.5 Value of cell Provide formalin-fixed paraffin-
blocks embedded tissue for ancillary studies
Highlight architecture

Concentrate specimen
Allow long-term specimen preservation

brushings received in liquid media, bronchoalveolar lavages, or effusions. They are
advantageous for numerous reasons (Table 3.5). Most importantly they provide (1)
increased diagnostic yield [35, 88, 89, 107-109]; (2) architectural detail on cell
clusters and tissue fragments [38, 87-89] similar to histological specimens; (3)
H&E stained slides, which are familiar to all pathologists [87]; (4) a concentration
of diagnostic cells in a limited field for easier microscopic evaluation [88, 89]; (5)
material in FFPE tissue that can yield multiple tissue sections suitable for these
ancillary studies [38, 87-90]; (6) easy assimilation into existing validated methods
for IHC stains and molecular testing [11, 110] that provide results similar to those
obtained on paraffin-embedded histological sections [111]; and (7) a source of long-
term specimen preservation for supply of archival DNA for future diagnostics/
research [112] and retrospective studies [11, 12, 88].

Although alcohol and alcohol-based fixatives are comparable, if not better, than
formalin for molecular assays requiring nucleic acid extraction, 10 % neutral buff-
ered formalin is the fixative in which most molecular assays have been optimized
[11], and use of other preparations deviates from standard protocols of histological
tissue [113]. Ancillary studies can be performed on direct smears and liquid-based
preparations, but cell blocks are preferred for several reasons. First, current expert
consensus opinion communicated by the College of American Pathologists, the
International Association for the Study of Lung Cancer, the Association for
Molecular for Molecular Pathology, the American Thoracic Society, and the
European Respiratory Society advocates using cell blocks for ancillary testing [2,
11, 85, 86]. Although IHC stains performed on direct smears or liquid-based speci-
mens show results concordant with those obtained on histological sections [114]
and using these preparations avoids having a patient undergo a second procedure,
cell blocks are more suitable due to minimal background/aberrant staining [86],
consistency in classic staining patterns [115], no need for additional validation
studies, and lack of large sheets or clusters sometimes seen in smears, which may
not provide material feasible for IHC stains [38]. Especially in instances of limited
or scantily cellular slides, the use of smears and liquid-based preparations may
result in the use of diagnostic material, which can have subsequent medicolegal
implications [113]. Cell block sections also allow for correlation between morpho-
logical features and immunostaining expression, a valuable feature particularly
in cases of scant isolated cells and well-differentiated lung adenocarcinoma,
which may show overlapping cytomorphological features with adjacent reactive
pneumocytes [38].



3 Adequacy and Tissue Preservation of Small Biopsy and Cytology Specimens 53

Moreover, cell blocks play a valuable role in molecular diagnostics. The results
of EGFR and KRAS molecular testing performed on cell blocks of FNAs are
reported to be 100 % concordant with their histological counterparts [23]. Cell
blocks allow for assessment of the tumor volume and percentage to determine if the
sample is adequate for molecular testing [11, 110]. Determining the ratio of tumor
to total cellularity may be difficult with a liquid-based preparation, such as
ThinPrep®, and has the potential to lead to interpretive errors when the ratio is low.
For cytological samples of lung carcinoma, cell blocks are preferred over smears for
EGFR and ALK testing [11].

A cell block consists of a cohesive tissue pellet formed from dyshesive cells,
small tissue fragments, and intermixed blood or fixative/preservative comprising a
cytology specimen. The pellet is formed by centrifuging the specimen, removing
the liquid supernatant, and collecting the concentrated pellet. If the pellet is not well
formed, one of several agents (agar, plasma thrombin, gelatin) [13] or methods is
used to congeal and/or collect the specimen [116]. Following this step, the tissue is
embedded in paraffin and processed like a biopsy. This process requires technical
expertise and can be challenging.

Currently, there is no standardized means to process cell blocks, and there are
greater than 10 different methods in use [117]. A survey demonstrated that approxi-
mately 40 % of respondents are either unsatisfied or only sometimes satisfied with
the quality of their cell blocks with scant cellularity being the leading underlying
reason [117]. Valid comparison of the efficacy of various methods is difficult due to
the lack of uniform methodology and vast differences in technical detail [§7] even
within a single method.

Two of the most common methods use plasma thrombin and HistoGel to collate
the specimen. Greater cellularity is reported with plasma thrombin blocks, but cel-
lular preservation and architecture scored higher with HistoGel-prepared blocks
[116, 118, 119]. For scant specimens, the collodion bag technique has been sug-
gested as a high cellular yield method for preparation of cell blocks [87, 118]. Also,
an automated cell block preparing system, Cellient (Hologic), is available. Cellient
demonstrates 50 [120]-80 % [121] concordance with immunostains performed on
paraffin-embedded and formalin-fixed tissue and yields high-quality DNA [121].
Drawbacks include purchase of the system and consumables.

Another method for cell block preparation from FNAs involves placing excess
material onto a glass slide, allowing it to clot for a few minutes, and placing it
directly into 10 % formalin for processing in order to preserve and process the mate-
rial in a manner similar to histological specimens. With this method, suction to
create a bloody aspirate may be helpful since blood serves as a clotting agent to
form a cell block without addition of other substances. This should follow after a
diagnosis has been established on a non-bloody pass. An alternative method, the
so-called tissue coagulum clot method [90], is similar but involves placing the mate-
rial onto filter paper and once the coagulum is completely congealed, wrapping the
filter paper and submitting in a formalin container for further processing. This
method is reported to show higher diagnostic rates compared to rinsing the aspirate
needle in saline for subsequent centrifugation and cell block preparation [90].
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Chapter 4
Optimization and Triage of Small Specimens

Anjali Saqi and John P. Crapanzano

Introduction

Lung cancer is the leading cause of cancer-related deaths worldwide [1]. Significant
advances in identifying the underlying mechanisms, detecting mutations, and devel-
oping treatments have been made, however. Previously, distinguishing small cell
carcinomas from non-small cell lung cancers (NSCLCs) was sufficient, and the lat-
ter were managed based on stage. More recently, it has been recognized that the
histologic subtype of NSCLC is important in the selection of therapy, which affects
both efficacy and safety [2]. Also, a subset of patients with key driver mutations
benefit from targeted treatments. Following these observations, there has been a shift
to subclassify NSCLCs and test for driver mutations in lung adenocarcinomas.
Significant focus has centered on small specimens—biopsies and cytology [3].
This is largely because greater numbers of small specimens are being procured with
minimally invasive procedures with image guidance, including with computed tomog-
raphy (CT), endobronchial ultrasound (EBUS), endoscopic ultrasound (EUS), and
electromagnetic navigational bronchoscopy. Especially for patients who present at
advanced stages, are poor surgical candidates, have nonsurgical diseases (lymphoma,
granuloma) [4], are undergoing restaging, and/or develop fibrosis following prior
surgery [4], small specimens often represent the only tissue amenable or attainable.
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Therefore, it is of utmost importance to triage the tissue appropriately. A poorly
managed specimen may deter an accurate diagnosis and lack sufficient material for
ancillary studies to determine treatment.

Currently, there is a gap in practice, as there are limited data available for the
management of small specimens [5, 6]. In the past, not much significance was
placed on triaging small biopsy or cytology. With a shift in treatment based upon the
histology and molecular profile of NSCLCs, triaging small biopsy and cytology,
which comprise the vast majority or only diagnostic tissue, has become critical.
Sufficient tissue for ancillary studies, including immunohistochemical (IHC) stains
and/or molecular tests, is necessary. This is challenging because the size of the tis-
sue obtained by minimally invasive procedures is much smaller than that attained by
traditional methods, such as mediastinoscopy, video-assisted thoracoscopic surgery,
and thoracotomy, yet the information required has increased substantially.

Surgical biopsies are typically placed in formalin at the time of acquisition and
processed in the laboratory; there is little variability, and formalin fixation and
hematoxylin and eosin (H&E) stain are standard. The same does not hold true for
cytology specimens, especially fine needle aspirations (FNAs), however. FNAs are
prepared and fixed in one or more of several ways—both following the procedure
and in the laboratory. There are various stains [Diff-Quik, Papanicolaou, H&E, and
ultrafast Papanicolaou], slide preparations [smear, cytospin, ThinPrep® (Cytyc
Corp, Boxborough, MA), and SurePath™ (Becton Dickinson)], cell block process-
ing methods (>10 homebrew and automated) [7], and fixatives/preservatives [saline,
alcohol-based, formalin, Roswell Park Memorial Institute (RPMI) culture media,
Hanks, and CytoRich (Becton Dickinson)]. In addition, there is no uniform protocol
for triaging specimens. All of these factors result in inconsistent results across
laboratories.

To obtain optimal results, a standardized protocol needs to be implemented in the
laboratory. For FNAs, it is important to triage at the time of the procedure. Ideally,
this involves immediate assessment to confirm specimen adequacy, which entails
not only establishing the presence of diagnostic material but also ensuring that it is
sufficient for ancillary studies when necessary.

This chapter outlines techniques to optimally triage and prepare small speci-
mens, including biopsies and FNAs, for diagnosis and ancillary studies.

Algorithm: FNA with Rapid On-Site Evaluation (ROSE)

There is no standardized algorithm for processing FNA specimens, and few meth-
ods have been outlined [5, 8]. With a combination of the following algorithm and
ROSE [5], sufficient cytological material for molecular testing was successfully
attained in >90 % of cases reflexively tested lung adenocarcinomas [9].



4 Optimization and Triage of Small Specimens 63

Expet
Procure weg"n;;m

- Allocate
e rem.unlr‘lm

Prepare Slides

Rir 1r,-s. stain
smear

EVa [ uate Perform ROSE
E
|

Fig. 4.1 Algorithm for procuring fine needle aspirations with rapid on-site evaluation (ROSE):
The algorithm for optimizing FNAs with ROSE is divided into 3 main categories: (1) specimen
procurement and triage, (2) slide preparation, and (3) tissue evaluation for diagnoses and assess-
ment of adequacy for ancillary studies (AS), if necessary. First, select diagnostic tissue for slide
preparation. This is best accomplished by expelling the material in the needle and hub onto a slide
and identifying tissue particles. These are usually tan white but may vary depending on the nature
of the lesion (e.g., mucoid material in cases of a mucinous carcinoma). The sample may be scant
and allow for preparation of only smear(s). Alternatively, the sample may be bloody and contain
clots. In samples with clots, gently pressing the clot between two slides distinguishes lesional tis-
sue from blood. Second, prepare two slides from the tissue particles selected. Perform ROSE to
determine if there is diagnostic tissue and if additional material is needed for ancillary studies.
Repeat these steps in cases of insufficient tissue. Meanwhile, to capture all possible cells, rinse the
needle within a liquid media (e.g., alcohol, saline, RPMI). In cases of smaller length needles, like
the ones used for CT-guided FNAs, the media/preservative in the transport vial can be drawn into
the syringe and then flushed back and rinsed into the vial multiple times. For longer needles, like
the ones used for EBUS-FNAs, pass approximately 0.5 to 1 ml of sterile saline through the proxi-
mal end of the needle and into the vial containing the media/preservative. In instances where only
blood is seen under microscopic examination, an additional smear can be prepared from the unused
material. Otherwise, the remainder of expelled and unused specimen is placed in the appropriate
fixative for ancillary studies, if necessary and indicated

1. For each FNA pass, expel the specimen onto a single slide with a syringe
(Fig. 4.1).

a. In case the material cannot be expelled due to clotting, use a stylet to dislodge
the specimen.
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Fig. 4.2 Smear preparation:
With the corner of a slide,
select a tissue particle(s).
Place the tissue on a clean
slide and smear holding the

second slide perpendicularly s

2. Identify diagnostic tissue particles, often tan or white specs, and select [10-12]
with the corner of a second slide.

a. In case of significant clot formation, tissue particles can be identified by
gently pressing the specimen in between two slides.

3. Prepare two smears from the selected tissue particles for each pass [10] (Fig. 4.2).

a. Air-dry one smear and stain with Diff-Quik, or similar method, for ROSE.
b. Fix one smear in alcohol for Papanicolaou staining in the laboratory.

4. Flush the needle and/or syringe to remove any remaining cells.

a. Incases of CT-guided aspirations, the needle and syringe are rinsed in CytoLyt
(or other preservatives used by the laboratory).

b. In cases of EBUS and/or EUS FNAs, approximately 0.5 to 1 ml of saline is
passed through the needle into CytoLyt (or other preservatives used by the
laboratory).

5. Place the remaining specimen in media appropriate for ancillary studies and/or
cell block preparation.

a. One technique for making cell blocks involves allowing the specimen to clot
on the expelled slide for a few minutes and then placing it into formalin.
(Partial) Clotting simplifies cell block processing.

b. Separating diagnostic material/more cellular passes from non-diagnostic ones
(e.g., containing mostly blood) prevents specimen dilution and improves
cellular yield of cell blocks.



4 Optimization and Triage of Small Specimens 65

6. Perform ROSE.
a. Is there sufficient material for diagnosis?
i. If not, repeat steps 1-5.

b. If so, and there is a need for ancillary studies, determine whether there is suf-
ficient material.

i. If no, perform dedicated passes for ancillary studies.
ii. If yes, the procedure is terminated.

Maximizing Efficiency of ROSE

Some of the time challenges of ROSE can be overcome by implementing the fol-
lowing steps that increase efficiency: (1) arrangement with the interventionist to
notify pathology staff with the appropriate lead time (i.e., after the patient has been
consented and prepped and the lesion has been identified/localized) necessary to
travel to the procedure site and set up in advance of when the specimen will be
procured—a mutual coordination effort increases efficiency and minimizes perpetu-
ation of late arrivals of the cytologist and unnecessary advance requests for ROSE
by the interventionists, (2) completed requisition with pertinent clinical history and
labels prepared for identifying the specimen vial(s), (3) microscopes deployed in all
procedure rooms and clinics that routinely request ROSE, (4) fully stocked FNA
baskets and cart that are restocked following each FNA to ensure all necessary
items, such as needles, syringes, CytoLyt, 95 % alcohol, Diff-Quik stain, RPMI,
sterile saline syringes, etc., are readily available, and (5) ROSE forms in all FNA
baskets and FNA cart.

FNA Without ROSE

An experienced cytotechnologist or pathologist is qualified to render an accurate,
immediate interpretation [13]. Yet, due to workload, time and cost constraints, as
well as limited diagnostic accuracy [14, 15], yield [14, 16—18], or adequacy [17, 19]
at a facility, some forgo ROSE.

There are several steps that can be undertaken in the absence of ROSE to ensure
that diagnostic material is sampled and optimally processed. First, even the best
preparations cannot overcome inadequate sampling. In some instances, as described
for EUS FNAs, utilizing the fanning technique, which involves sampling different
areas with multiple back and forth motions [20], increases cellular yield and sam-
ples from different areas. This is advantageous in cases of heterogeneity of lesional
tissue. Second, performing three aspirates per site [21] and a dedicated pass(es) for
cell block preparation [20] and/or ancillary studies can enhance the cellular yield.
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Even in the presence of adequate tissue, slides of suboptimal technical quality can
compromise diagnosis. Though an experienced cytologist makes smear preparation
appear effortless, smearing requires skill. Liquid-based preparations, like ThinPrep®
and SurePath™, offer a standardized alternative for slide preparation. For the inter-
ventionist, the process involves placing the aspirate in an alcohol-based solution
(e.g., CytoLyt or SurePath™ vial), which serves as a fixative and transport medium.
Slides are prepared in the laboratory with an automated processor. This eliminates
the need for non-experienced personnel to prepare smears, possibly poorly, and
reduces the number of slides for diagnosis. These factors in turn decrease the amount
of time spent examining slide(s) for each case and result in fewer issues with fixation/
preservation [22]. Also, a combination of a liquid-based slide and cell block prepara-
tion from the fixative standardizes processing. Similar adequacy rates between
conventionally processed aspirates [22] and those placed directly into CytoLyt—
especially with an experienced aspirator—and high-quality specimens without on-site
support at the time of the procedure [23] have been reported. For hemorrhagic
thyroid aspirates, preparing only cell blocks correlates with slide reduction [24].
These methods neither ensure nor are substitutes for sample adequacy, however.

Optimization and Triage

Optimizing a specimen requires appropriate handling and triaging. Even in the pres-
ence of abundant tissue, poor preparation and allocation can preclude a definitive
diagnosis and ancillary studies. When performing ROSE, particularly for aspira-
tions or core biopsies of lung and difficult-to-access lesions, it is of utmost impor-
tance to approach the triage of each pass as though that is the only specimen that
will be procured. Complications, such as pneumothorax and obscuring hemorrhage,
may preclude the opportunity to obtain additional material necessary for ancillary
tests, resulting in the need for a repeat procedure.

Optimizing Slide Preparation: Fine Needle Aspirations

There are several explanations for not having sufficient tissue for ancillary studies.
One of the more common reasons is “wasting” tissue by making excessive smears—
those beyond what is required to make a diagnosis [9] (Fig. 4.3). At the time of
ROSE, whenever possible, only two smears should be prepared—one air-dried for
Diff-Quik staining and the second fixed in alcohol for Papanicolaou staining—with
the remaining material, if any, allocated for cell block or other ancillary studies.
Also, avoiding thick smears serves two purposes: first, it allows for easier visualiza-
tion of diagnostic cells, and second, an even and thin preparation minimizes the
tissue expended on smears. Placing excessive material and clots in solution reduces
the likelihood of additional passes for ancillary studies. Lastly, smearing by placing
slides perpendicular, rather than parallel, to each other creates smears with
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Fig. 4.3 Optimal and suboptimal utilization of tissue: Optimal utilization involves preparation of
smears (stained with Diff-Quik and Papanicolaou stains) from selected tissue particles with excess
placed in media for potential ancillary studies. Suboptimally prepared specimens consist of numer-
ous slides that are thick and bloody, contain clots, and encompass almost the entire surface of the
slides. This obscures cellular detail, hinders accurate interpretation of slides, and risks having
inadequate material for ancillary studies

concentration of specimen at the top and thin distribution below for easy visualiza-
tion. Application of excessive pressure, which can create artifacts, may hinder inter-
pretation and/or lead to misdiagnosis.

Optimizing Slide Preparation: Touch Preparations

There is debate about performing touch preparations of core biopsies. If performed,
touch preparations require handling with care [25]. Provided that core biopsies are
typically thin and delicate, they dry rapidly, and significant manipulation can cause
them to fragment. Touching the core once or twice to a slide by lifting it with a
needle from the sheath or while it is still in the needle sheath and then placing it into
formalin (or the appropriate media) minimizes excessive handling and yields opti-
mal results (Fig. 4.4). If the touch preparation has abundant material, it can be
smeared with a second slide to yield a thin and even distribution of cells.

Preparing a Papanicolaou-stained touch preparation can be challenging. Even if
touched rapidly and placed in alcohol immediately, the slide may have air-drying
artifact. One approach to minimizing this is to hydrate the slide with a few drops of
normal saline, which is available in syringes, for a few minutes. Subsequently, placing
a slide hydrated in this manner in alcohol salvages the nuclear features. This tech-
nique can also be applied to FNA smears when there is a delay in alcohol fixation.

At times, core biopsies consist of minute and thin fragments. If the laboratory is
proficient at making cell blocks, the possibility of processing the cores using the
same methodology as that employed for FNAs may prevent inadvertent loss of tissue
during multiple transfer steps involved in routine core biopsy handling in histology.
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Optimal Touch Preparation Suboptimal Touch Preparation

Fig. 4.4 Optimal and suboptimal touch preparations: Optimal touch preparations involve gently
touching the core to the slide once or twice. If it adheres to the slide, lift the core with a needle and
place it in the appropriate media for fixation or transport. A smear can be prepared from a touch
preparation when there is excessive tissue or liquid component. Suboptimal touch preparations:
smearing or rubbing the core onto a slide can result in crush artifact and transfer of a significant
portion of lesional cells onto the slide that can hinder final interpretation and compromise the core

Triage: Carcinomas

For carcinomas, smears should have material to render a diagnosis of small cell
carcinoma or NSCLC; the remainder of the specimen, if any, should be allocated for
cell block preparation for subtyping (Fig. 4.5). It has been noted, especially in
instances of poorly differentiated NSCLCs, that IHC and/or special stains (e.g.,
mucicarmine) are necessary to establish the histologic subtype [26, 27]. For
NSCLCs, notably those presenting at advanced stages, an effort should be made to
preserve as much tissue as possible for molecular analysis [28] when any proportion
of adenocarcinoma is present or cannot entirely be excluded.

Optimizing: Processing Core Biopsies and Cell Blocks
for Carcinomas

There are several measures that can be undertaken to ensure that there is sufficient
material in core biopsies and cell blocks and that the tissue is not exhausted
(Table 4.1). The clinician obtaining the biopsy can play a significant role by perform-
ing a gross examination of the biopsy. It is important to determine if the core repre-
sents a solid piece of tan white tissue, which is typical of carcinomas, or not.
Sometimes the “cores” consist of mostly red blood cell clot, mucus, liquefied necrotic
inflammatory tissue, or bronchial cell contamination [9]. Similar findings can be
observed in FNA samples. Both situations necessitate additional tissue, and typically,
the greater the number of cores obtained, the greater the likelihood of having suffi-
cient tissue for ancillary testing. Currently, there are no guidelines dictating the mini-
mum number. However, if feasible and accessible without significant risk to the
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Maolecular Testing®*

Fig. 4.5 Algorithm for triage of small specimens. NSCLC, non-small cell lung carcinoma; IHC,
immunohistochemistry; (asterisk) Perform immunohistochemistry to confirm diagnosis, if neces-
sary; (double asterisk) Perform molecular testing on carcinomas with adenocarcinoma or when a
component of adenocarcinoma cannot entirely be excluded

Table 4.1 Core biopsy and cell block management in the laboratory

Create >1 block when possible

Core biopsies Cell blocks (Fine Needle Aspirates and Exfoliatives)

Divide cores/fragments into multiple blocks Separate passes with scant diagnostic tissue from those non-diagnostic passes
(e.g. mostly blood)

Minimize tissue loss

ROSE No ROSE

Avoid excessive trimming of paraffin block * Order blank slides for ancillary studies upfront * Cut blanks and/or save intervening levels upfront
* Following H&E evaluation and at time of IHC order,
request blanks

Limit single section per slide

More slides are available for ancillary testing

patient, 1 to 6 cores (from 18- to 20-gauge core needles) have yielded sufficient tissue
for mutational analysis [7, 29-31] By placing fewer fragments and/or cores [32] (1 to
3) in a single histology cassette, inadvertent trimming of one block leaves the other(s)
available for ancillary testing, if necessary. The consequences of excessive facing of
the block should also be communicated to the histotechnologists cutting the blocks.
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Optimizing: Immunohistochemistry for Carcinomas

When using immunohistochemistry in the distinction between adenocarcinoma and
squamous cell carcinoma, a limited panel should be performed in a stepwise fashion
to ensure that tissue remains for molecular diagnosis in case of lung adenocarci-
noma. If sufficient tumor tissue/cells are available, then a minimal set of two IHC
stains, i.e., TTF-1 and p63, can be utilized; however, if the amount of tumor is lim-
ited, then the initial work-up can begin with a TTF-1 stain alone [33] (Fig. 4.6).

Optimizing: Molecular Testing for Carcinomas

For patients presenting with advanced stage (IV) lung adenocarcinomas who are
suitable for therapy, testing for epidermal growth factor receptor (EGFR) and ana-
plastic lymphoma kinase (ALK) is standard of care and should be ordered at the
time of diagnosis [34]. Even in the presence of an EGFR mutation or ALK rear-
rangement, patients have relatively short life expectancies [34], so obtaining suffi-
cient tissue and appropriately triaging it without delay or having to perform a repeat
procedure is important. Similarly, when EBUS is being performed for simultaneous
staging and diagnosis of NSCLC, the sample has to be managed especially care-
fully. Dedicated passes improve the yield of the specimen [35]. For various reasons,
including the inability of the patient to tolerate the procedure, risk of a pneumotho-
rax, difficulty reaching the target, or lack of time or willingness, obtaining an addi-
tional pass may be difficult [35].

W Morphology [ Immunostains  m Molecular diagnosis

Fig. 4.6 Triage of NSCLC: The most important step in optimizing a specimen involves appropri-
ate triage. Especially in a case of an advanced, poorly differentiated NSCLC, selecting tissue
particles for smear preparation permits allocation of the majority of specimen for ancillary studies.
A limited panel of immunohistochemical stains leaves adequate tissue for molecular testing,
when indicated
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The minimum number of cells necessary for molecular testing is variable. The
threshold depends on the absolute number of tumor cells, ratio of tumor cells to
adjacent nucleated nonneoplastic cells, the molecular technique utilized, and
resources available to enrich the sample with microdissection (i.e., manual or laser
capture). EGFR mutation has been detected in as few as 50 cells [6]. Per recently
published guidelines, it is recommended that for EGFR mutation testing performed
using a polymerase chain reaction (PCR)-based method, laboratories use a test that
detects mutations in specimens with at least 50 % tumor; however, a test capable of
identifying as little as 10 % tumor in a sample is ideal [34]. With the use of next-
generation sequencing, the minimum cell number threshold will likely fall.

Recently published guidelines suggest that results of molecular testing should be
available within 10 days of receiving the specimen in the molecular pathology labo-
ratory. Reflex testing is an option. By instituting such a protocol in collaboration
with clinical colleagues, molecular testing results can be expedited. Its drawbacks
include performing additional FNAs or core biopsies, testing patients that present
with earlier stage localized cancers or those who may not be candidates for tyrosine
kinase inhibitors (e.g., presentation at advanced stages and seeking palliative care
only) [34], and conducting molecular testing when a larger resection is expected.

In staging procedures for previously diagnosed adenocarcinomas with IHC and
molecular testing, the presence of tumor cells may be sufficient [6], especially if a
patient cannot tolerate additional biopsies/aspirates.

Triage: Lymphoproliferative Disorders

There is controversy about diagnosing lymphoma based on FNAs [6], as they do not
allow for assessment of architecture [36] and obtaining tissue in cases of nodular
sclerosing Hodgkin lymphoma [36] can be difficult. However, FNAs confirm recur-
rence in patients with a history of lymphoma and provide tissue to determine the
cause of the underlying lymphadenopathy without having the patient undergo an
invasive procedure in the absence of a neoplastic process.

The key to diagnosing lymphoproliferative disorders by FNA is through a multi-
parameter approach [37]. When used in conjunction with ancillary studies, FNA
shows a relatively high sensitivity and specificity in the diagnosis of lymphoma
[37-39], including both primary and recurrent Hodgkin lymphoma [40—42]. In par-
ticular, EBUS-TBNA is useful in the diagnosis of lymphoma in patients with medi-
astinal lymphadenopathy [39, 43, 44] with sensitivity, specificity, positive predictive
value, and negative predictive values of 90.9 %, 100 %, 100 %, and 92.9 %, respec-
tively, being reported [39].

If there is a clinical and/or morphological suspicion for non-Hodgkin lymphoma
(NHL), additional aspirates and/or cores should be obtained for flow cytometry [41,
42, 50-53] and placed directly into RMPI, which appears to be the best storage
media for maintaining viability [38] and preserving cells for flow cytometry [38,
45]. Other transport/storage media, including saline, Hanks’ Balanced Salt Solution,
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and Dulbecco’s Modified Eagle’s Medium storage media, are also available, and
some institutions routinely collect samples in these media, especially in the absence
of ROSE, so flow cytometry can be performed, if necessary. (Flow cytometry can-
not be performed on alcohol- or formalin-fixed tissues.) Two to three dedicated
passes for flow cytometry [46] have been recommended in cases suspicious for
lymphoma or in the absence of ROSE. Adequacy can also be ascertained by exam-
ining the fluid (RPMI or saline) for clarity or cloudiness. In the absence of a signifi-
cantly bloody specimen, the latter is an indicator of cellularity. A similar method of
assessment and dedicated passes can be applied to core biopsies, which can be
divided between RPMI and saline.

If sufficient material is available, cell block preparation allows for numerous
IHC stains. When Hodgkin lymphoma is suspected and material is limited, then
making a cell block as opposed to submitting for flow cytometry studies should be
considered, since immunohistochemistry is more helpful in such cases. FISH and
PCR analyses, which are routinely performed on formalin-fixed paraffin-embedded
tissue from surgical biopsies [47], can be performed on cell block sections, smears,
CytoLyt- or alcohol-fixed slides, and cytospins [37, 44, 48, 49].

Triage: Infectious Processes and Granulomas

Small biopsies and FNAs play an important role in the diagnosis of nonneoplastic
processes, including granulomas and infections. In fact, EBUS is used frequently
for diagnosing sarcoidosis [50]. In cases with suspected infectious etiology or gran-
ulomas, a sample should be sent for microbiological cultures to exclude the pres-
ence of organisms. Also, material should be reserved to perform special stains in the
laboratory.

Optimizing: Navigational Bronchoscopy FNAs and Cores

With navigational bronchoscopy, a sample can be acquired either with aspiration or
forceps/core biopsy. There are limited published data on which method has greater
cellular yield. One study reported that catheter aspiration correlated with greater
success relative to biopsy [51], possibly because its back and forth motion accesses
target cells that may not be amenable to forceps biopsy. In practice, when both
modalities are performed, preference is given to aspiration first, as it results in a less
bloody sample that does not dilute the cells of interest, followed by biopsy.
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Cytological Preparations

Familiarity with the various cytological preparations is important because each is
unique and offers different yet complementary information valuable in rendering a
diagnosis.

Diff-Quik Stain

The Diff-Quik (or similar) stain is ideal for ROSE, because it can be performed rap-
idly on smears and utilizes only three solutions. It is useful for the assessment of
diagnostic tissue, including the origin of cells—lymphoid (mostly single cells) or
epithelial (mostly cohesive clusters)—and subtyping epithelial cells as either squa-
mous or glandular based on the cytoplasmic characteristics. Keratinizing squamous
cells typically have dense, blue, and homogeneous cytoplasm, whereas the cytoplasm
of glandular cells is often vacuolated or foamy. In addition, Diff-Quik stain highlights
mucus and metachromatic stroma, which are key features associated with certain
neoplasms, such as mucinous/colloid carcinomas and hamartomas [52], respectively.

Allowing the tissue to dry completely is a key factor in preparing a Diff-Quik
smear. Staining a partially dried slide masks cellular detail, limits evaluation of
adequacy, and possibly leads to misinterpretation.

Papanicolaou Stain

A Papanicolaou stain is typically performed in the laboratory on alcohol-fixed
slides. It offers nuclear detail—membrane irregularities, chromatin pattern, intra-
nuclear invaginations—important for establishing a diagnosis of malignancy, espe-
cially well-differentiated neoplasms that lack significant pleomorphism. It also
demonstrates the speckled or “salt and pepper” chromatin pattern associated with
neuroendocrine differentiation. Most importantly, the Papanicolaou stain highlights
keratinizing squamous cells, which have orange/pink cytoplasm. This is a specific
finding and precludes the need for immunostain(s) to make the distinction between
squamous and glandular origin [53].

Unlike a Diff-Quik slide that has to be dried completely prior to staining, a slide
for Papanicolaou staining has to be placed in alcohol immediately. Any delay in fixa-
tion results in air-drying artifacts (e.g., cellular enlargement and loss of nuclear detail)
that challenge interpretation and possibly prevent a definitive diagnosis. Also, air-
drying artifact can lead to misdiagnosis because the cells can undertake an orange
hue, mimicking squamous differentiation. Spray fixation is an alternative to placing
the slide in a jar of alcohol. Though this provides fixation, at times, the spray has a
tendency to aggregate cells in distinct colonies rather than form an even distribution.
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Liquid-Based Preparations

Traditionally, acombination of well-prepared and fixed Diff-Quik- and Papanicolaou-
stained smears has been the most commonly used method for evaluating cytological
specimens. Smearing requires technical skill, which is not always available and/
or optimal, however. For these reasons and to limit obscuring blood, inflammation,
and debris, liquid-based preparations offer a standardized alternative for slide
preparation.

The two most commonly used methods include ThinPrep® and SurePath™.
At the time of collection, the specimen is placed in an alcohol-based solution (e.g.,
CytoLyt), which serves as a fixative and transport medium. This fixative can be used
for FNAs and other exfoliative specimens, including fluids, brushings, and lavages.
In the laboratory, an automated processor homogenizes the specimen and prepares
a slide with uniform distribution of cells and without loss of cells while minimizing
obscuring background blood, inflammation, and debris. The slides are then stained
with Papanicolaou stain. Provided that there is sufficient sample, additional slides
with similar content can be prepared for ancillary studies. Because of automation,
liquid-based preparations cannot be used for ROSE.
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Chapter 5

Ancillary Immunohistochemical Techniques
for the Subclassification of Non-small Cell
Lung Cancer

Daisuke Nonaka

Approximately 70 % of NSCLC are unresectable at first presentation due to
advanced stage of disease, and molecular testing and therapeutic decision are often
based on diagnoses rendered from small biopsy and/or cytologic samples. The sub-
classification of NSCLC was, until recently, only morphology based in conjunction
with mucin stains if necessary; however, the morphological features may be subtle
or absent in small specimens, particularly in poorly differentiated tumors.
Consequently NSCLC-not otherwise specified (NOS) became one of the most com-
mon diagnoses in small specimens [1], which accounts for approximately 20-30 %
of lung cancers [1, 2].

In the past, the specific subclassification of NSCLC was regarded as being irrel-
evant since all subtypes were considered to have the same prognosis and were
treated in a similar fashion. However, the subtyping of NSCLC has assumed increas-
ing importance due to recent advances in targeted, molecular-based therapy.
Although gene expression profiling and micro-RNA have been studied to assist dis-
tinguishing between adenocarcinoma and squamous cell carcinoma, immunohisto-
chemistry is the most practical and cost-effective method [3]. Indeed,
immunohistochemistry is an integral part of diagnosing and subclassifying a tumor,
and it is particularly useful when dealing with poorly differentiated tumors and
metastatic tumors. The appropriate use of immunohistochemistry lowers the rate of
NSCLC-NOS and interobserver variability in small samples [4-6]. A variety of
markers have been investigated for efficacy in distinguishing between adenocarci-
noma and squamous cell carcinoma of the lung. Details of each marker are described
under a subsection of each NSCLC subtype. Tables 5.1 and 5.2 list data on the
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Table 5.1 Adenomarkers (in the context of adeno vs. squamous)

TTF-1 Napsin A CK7 Surfactant A protein

Overall® Sensitivity 76 77.8 97 61.8
Specificity 95.9 98.1 68.8 97

Biopsy and cytology® | Sensitivity 76.1 69.1 100 80.6
Specificity 94.2 96.1 52 100

a0verall indicates data extracted from studies based on TMA, whole sections from resection,
biopsies, and cytology
"Biopsy and cytology refers to data originated from biopsy- and cytology-based studies [2, 5-64]

Table 5.2 Squamous markers (in the context of adeno vs. squamous)

p40 p63 CK5/6 Desmocollin 3 34BE12

Overall® Sensitivity  |93.3 | 945 | 86.4 82.3 87.2
Specificity 98 78.1 95 99.3 56.5
Biopsy and cytology® Sensitivity 90.9 94.2 87.6 89.5 94.6
Specificity |96.6 |78.8 91.2 100 72.3

30verall indicates data extracted from studies based on TMA, whole sections from resection, biopsies,
and cytology
"Biopsy and cytology refers to data originated from biopsy- and cytology-based studies [2, 5-64]

sensitivity and specificity of each marker, extracted from published series. Since
none of the markers is completely specific for a particular tumor histotype and each
marker has different sensitivity and specificity, a panel of stains needs to be used to
overcome and compensate for their deficits. Knowledge on the tissue distribution
pattern of each marker and its sensitivity and specificity would be helpful when
selecting markers for a particular case. Indiscriminate use of immunohistochemistry
should be avoided since this may deplete the tissue for further molecular analysis of
the tumor [65]. In order to preserve tissue for this purpose, a minimalistic approach
is discussed at the end of the chapter.

Squamous Cell Carcinoma

A majority of squamous cell carcinomas do not pose a diagnostic problem, but
poorly differentiated tumors can be challenging since intercellular bridges and kera-
tinization, hallmark features of these tumors, may not be identifiable. Pulmonary
squamous cell carcinoma frequently expresses high molecular weight cytokeratins
(HMW-CKs) and p63, both of which are generally regarded as markers for stratified
epithelium. There are a variety of commercially available HMW-CKs. In lung tumor
pathology, the most frequently investigated and commonly used markers are 34BE12
and CK5/6, and less frequently CK14.
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34BE12 is a monoclonal antibody that reacts with HMW-CKs 1, 5, 10, and 14.
It is a sensitive marker for squamous cell carcinoma (88—100 %), with homoge-
neously strong and diffuse staining expected in the vast majority of tumors, but its
specificity is variable (33-94 %) [2, 4-6, 31, 50, 52, 55]. In adenocarcinomas, dif-
fuse 34BE12 staining is also common (up to 82 %); therefore, it is not recommended
as the first line of immunohistochemistry to distinguish between squamous cell car-
cinoma and adenocarcinoma [5].

34BE12 may be useful to distinguish squamous cell carcinoma from small cell
carcinoma since the latter is negative for this marker, while p63 expression is not
uncommonly seen in small cell carcinoma (reported incidence as high as 76.9 %)
[8] though generally weak and focal staining [66]. It should be noted that p40 is
negative in small cell carcinoma [66].

CKS and CK14 are expressed in the basal layer of the stratified squamous epithe-
lia; therefore, they are often used as markers for squamous cell carcinoma [67].

Anti-CK5/6 antibody reacts with CK5 and CK6 and, hence, recognizes basal
cells of squamous epithelia and mesothelium, but is not reactive with simple epithe-
lium or their tumors such as adenocarcinoma. As a marker for squamous cell carci-
noma, CK5/6 is slightly less sensitive than or comparable to 34BE12, with reported
sensitivity ranging from 53 to 100 % (Fig. 5.1) [2, 4-6, 26, 28, 31, 39, 40, 43, 46, 55,
59, 68], and the extent of its expression can be focal or weak in approximately 10 %
of squamous cell carcinomas [55]. An inverse association is generally found between
tumor grade and CK5/6 expression; hence, higher-grade tumors show decreased
CKS5/6 expression [69]. It has been reported that 20 % of poorly differentiated tumors

Fig. 5.1 CKS5/6 cytoplasm staining in poorly differentiated squamous cell carcinoma
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had less than 10 % of CK5/6 reactivity [5]. Approximately 20 % of adenocarcinomas
express CK5/6 (reported frequency from 0 to 27 %), but its expression is usually
focal and weak [2, 5, 6, 22, 26, 28, 31, 46, 55, 59].

Of note, CK5/6 is expressed by approximately 80 % of malignant mesotheliomas
and useful to distinguish between adenocarcinoma and mesothelioma when used in
a panel of immunohistochemistry markers [68, 70].

The utility of CK14 for the diagnosis of pulmonary squamous cell carcinoma has
not been fully explored. The majority of squamous cell carcinoma is positive for
CK14, with reported sensitivity from 77 to 92 % [14, 17, 44, 61]. However, a subset
of adenocarcinoma (0-25 %) also expresses CK14 [14, 44, 61, 71]. One study
reported that reactivity was similar regardless of tumor grade [14].

Desmosomes, which are intercellular junctions whose primary function is cell
adhesion, contain three major component protein groups, including the desmosomal
cadherins which comprise desmogleins (DSG1-4) and desmocollins (DSC1-3).

Desmocollin 3 (DSC3) is a component of the transmembrane core of desmo-
somes, and it is present in the lower portion of squamous epithelium [72]. It shows
membranous staining. DSC3 has been described as a squamous marker with high
sensitivity and specificity [35, 58]. DSC3 is expressed in 72—-84 % of squamous cell
carcinoma, while its expression is rarely seen in adenocarcinoma with reported inci-
dence being 0-0.75 %; hence, it provides high specificity [35, 55, 71]. However, its
sensitivity to poorly differentiated tumors drops to 52 % [55]. Overall, p63 and
CKS5/6 provide better sensitivity, and DSC3 is not likely to have an additional effect
on sensitivity over CK5/6 or p63 in the vast majority of cases.

Desmoglein 3 (DSG3) is a calcium-binding transmembrane glycoprotein com-
ponent of desmosomes, similar to DSC3, and positive immunoreaction occurs as a
membranous staining.

Using gene expression profiling, DSG3 was found to be highly expressed in
squamous cell carcinomas compared with adenocarcinomas [73]. The study also
reported that DSG3 was more frequently expressed by immunohistochemistry in
squamous cell carcinoma (79.5 %) than adenocarcinoma (54.8 %), but DSG3 was
also expressed in typical carcinoid (93 %), atypical carcinoid (82.8 %), large cell
neuroendocrine carcinoma (56 %), and small cell carcinoma (32.3 %). However,
other studies demonstrated higher sensitivity with fairly high specificity. DSG3 is
expressed in the majority of squamous cell carcinomas (92.8-98.5 %) [74, 75]. It is
rarely expressed in adenocarcinomas (2—7 %) of the lung or other types including
carcinoid tumors, large cell neuroendocrine carcinoma, or small cell carcinoma [71,
74,75]. Hence, it seems to have high sensitivity and specificity comparable to DSC3
although further studies are needed.

p63: The human p63 gene, a homolog of the p53 tumor suppressor gene, con-
tains two promoters that generate two classes of proteins: the full-length protein
TAp63, which contains the N-terminal transactivation (TA) domain, and N-terminal
truncated protein isoform ANp63, which lacks this transactivation domain [76].
The ANp63 is thought to function as a transcription factor for the stratified epithe-
lium. The commonly used clone 4A4 recognizes both TAp63 and ANp63, while p40
only recognizes ANp63 [41, 77]. p63 expression using clone 4A4 is seen in basal
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cells and myoepithelial cells of glands of various organs as well as cells of stratified
epithelium such as squamous, transitional, and thymic epithelium, and in the squa-
mous and transitional epithelium, more intense expression is observed in the lower
portion of the epithelium, particularly basal and parabasal cells [78]. Likewise p63
is expressed in squamous cell carcinomas, urothelial carcinomas, and thymomas as
well as basal cell components of a number of benign and malignant tumors includ-
ing basal cell carcinoma of the skin, various skin adnexal tumors [79], and salivary
gland-type tumors such as adenoid cystic carcinoma, mucoepidermoid carcinoma,
and myoepithelioma [78, 79]. In addition to the tumors with squamous, urothelial,
and basal cell elements, p63 expression, by using 4A4, has been reported in a num-
ber of other tumors, including adenocarcinomas of the lung, colon, breast, and
ovary, epithelioid trophoblastic tumor, choriocarcinoma, rhabdomyosarcoma, and B
cell lymphomas [78]. It is believed that p63 expression in these tumors using clone
4A4 is most likely attributed to TA isoform expression [41].

p63 expression is seen in the vast majority of squamous cell carcinomas, with
reported sensitivity ranging from 82 to 100 % (Fig. 5.2) [2, 4-6, 8, 9, 12, 26, 28, 31,
39-41, 46, 49, 55, 59-61], and it is a highly stable marker regardless of the grade of
differentiation [5]. p63 expression can be seen in a subset of lung adenocarcinoma
with reported frequency ranging from 0 to 48.4 % (Fig. 5.3) [2, 5, 8, 9, 12, 41, 46, 49,
55, 59]. p63 reaction has also been reported in small cell carcinoma, large cell neu-
roendocrine carcinoma, atypical carcinoid tumor, and typical carcinoid tumor [8]. Its
expression in adenocarcinoma is generally focal (usually 25-30 % of the tumor) and

Fig. 5.2 p63 nuclear staining in poorly differentiated squamous cell carcinoma
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Fig. 5.3 p63 nuclear staining in well-differentiated adenocarcinoma

weak in resected tumors, and diffuse and strong p63 expression at the level typical
for squamous cell carcinoma is an exceptional occurrence in adenocarcinoma. One
study showed that the positive predictive value of p63 staining alone for diagnosing
squamous cell carcinoma was only 53 % when no quantitative thresholds were
placed, but it went to up to 100 % when positive staining was defined as labeling of
at least 40 % of tumor cells in the context of negative expression of TTF-1 and
Napsin A [9]. However, when dealing with small tumor volume in biopsy or cytology
samples, focality of p63 expression may not be appreciated, and any positive reaction
can be potentially interpreted as evidence of squamous differentiation. In this sce-
nario, any TTF-1 or Napsin A reaction allows poorly differentiated tumors to be
diagnosed as adenocarcinoma or adenosquamous carcinoma [4].

According to a recent study, ALK mutated adenocarcinoma often shows p63
expression [64]. In the study, nine out of ten ALK mutated adenocarcinomas co-
expressed p63 and TTF-1.

p40: Recent studies have demonstrated p40 provides very high sensitivity and speci-
ficity for squamous differentiation [41, 77, 80]. It is available as both monoclonal and
polyclonal antibodies. All the published studies utilized polyclonal antibodies since
the monoclonal antibody has become available only recently, which offers less tech-
nical problems. Reported sensitivity of p40 for the diagnosis of squamous cell carci-
noma is 100 % and specificity ranges from 83 to 100 % (Fig. 5.4) [41, 49, 77, 80].

p40 expression is generally absent in adenocarcinoma. Rare cases of adenocarci-
noma (up to 3 %) may contain scattered p40 positive tumor cells [77]. One study
demonstrated that if reactivity of <5 % was disregarded, the specificity became
100 % for p40.
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Fig. 5.4 p40 nuclear staining in poorly differentiated squamous cell carcinoma

A recent study using TMAs showed p40 expression in 36/317 adenocarcinomas
[71], which is markedly skewed from data from the majority of studies published in
the literature.

As mentioned in the p63 section, ALK mutated adenocarcinoma often shows
p63 expression, but in tumors with features of morphologically unequivocal adeno-
carcinoma, p40 expression was negative [71].

Adenocarcinoma

Well-differentiated adenocarcinoma generally does not require immunohistochemistry
and special stains to confirm the diagnosis. Immunohistochemistry is often required in
poorly differentiated tumors, particularly those with solid growth, so-called squamoid
morphology. Additionally immunohistochemistry may be needed for confirmation of
lung origin. A number of studies have confirmed the efficacy of TTF-1 and Napsin A
in the diagnosis of pulmonary adenocarcinoma over other antibodies [81, 82].
TTF-1, thyroid transcription factor-1, also known as Nkx2.1 or thyroid-specific
enhancer binding protein, is a homeobox transcription factor of the NK-2 gene fam-
ily, and its locus is found on chromosome 14q13. TTF-1 is expressed in the lungs,
thyroid gland, and ventral forebrain [83]. In the lungs, TTF-1 regulates surfactant
apoproteins A, B, and C and Clara cell secretory protein in type II pneumocytes and
Clara cells; therefore, these cells are positive for TTF-1 [84]. The majority of adeno-
carcinomas show differentiation toward these cells, and approximately 75-80 % of
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Fig. 5.5 TTF-1 nuclear staining in poorly differentiated adenocarcinoma

pulmonary adenocarcinomas express TTF-1 (Fig. 5.5). 8G7G3/1 and SPT24 mono-
clonal antibodies are commonly used. Both antibodies show similar sensitivity;
however, the specificity of SPT24 is reportedly lower. The majority of pulmonary
adenocarcinomas are positive for TTF-1 by using both clones. One study compared
both clones and reported sensitivity being 72.4 % for SPT24 and 65.4 % for 8G7G3/1
[34]. The SPT24 clone, however, detects more primary lung tumors of various his-
tologic subtypes, including squamous cell carcinomas, large cell carcinoma, and
carcinoid tumors, than clone 8G7G3/1 [34]. A recent study using SPT24 has shown
statistical differences between tumor differentiation and positivity: 98 % in well dif-
ferentiated, 94.2 % in moderately differentiated, and 72.4 % in poorly differentiated
[55]. A small proportion of carcinomas from prostate, stomach, salivary gland, and
colon are positive for both antibodies, with similar intensity and distribution [34]. It
should be noted that the majority of pulmonary and extrapulmonary small cell car-
cinoma expresses TTF-1. Likewise TTF-1 expression is not uncommonly seen in
pulmonary or extrapulmonary large cell neuroendocrine carcinoma [82].

Napsin A, also known as aspartyl protease 4, is predominantly expressed in alve-
olar type II pneumocytes where it is involved in the processing of the prosurfactant
B protein [85]. Napsin A expression is also commonly seen in intra-alveolar macro-
phages, which is believed to be a result of phagocytosis [81]. Localization of the
positive reaction is cytoplasm with granular staining quality.

For Napsin A, both polyclonal and monoclonal (TMU-Ad02, 1P64, KCGI.1,
MRQ60) antibodies are available. It has been reported that the monoclonal antibody
shows greater specificity for lung adenocarcinoma. Napsin A expression is seen in
58-91 % of lung adenocarcinoma by monoclonal antibody (Fig. 5.6) and 81 % by
polyclonal antibody [36, 81]. In a combined review of 11 studies, 627 (75 %) of 836
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Fig. 5.6 Napsin A granular cytoplasmic staining in adenocarcinoma of the lung

lung adenocarcinomas were reported to be Napsin A positive, whereas 623 (74.4 %)
of 837 exhibited TTF-1 positivity [81]. These results indicate that the sensitivity of
Napsin A for lung adenocarcinomas is comparable with that of TTF-1. This marker
is negative in small cell carcinoma and carcinoid tumor contrary to TTF-1. There
are rare adenocarcinomas where TTF-1 is positive but Napsin A negative or vice
versa, which may indicate the importance of including the two markers for the diag-
nosis of pulmonary adenocarcinoma in difficult cases [51, 62].

Napsin A expression is also commonly seen in carcinomas of the kidney (45 and
67 % each by monoclonal and polyclonal) and thyroid gland (50 % each by mono-
clonal and polyclonal). While its expression is only rarely seen in carcinomas of
other organs such as liver and endometrium by monoclonal antibody, Napsin A posi-
tive reaction using the polyclonal antibody is seen in a variety of adenocarcinomas,
such as those from the colon, pancreas, esophagus, and stomach, as well as urothelial
carcinomas [36, 81]. Napsin A is not expressed in pulmonary squamous cell carci-
noma. Alleged Napsin A expression in squamous cell carcinoma is believed to rep-
resentexpression in hyperplastic type Il pneumocytes and intra-alveolar macrophages,
both of which are sometimes seen entrapped within the tumor (Fig. 5.7) [81].

CKT7 is an intermediate-sized and basic keratin and expressed in bronchial and
alveolar epithelium, while CK20 is not expressed in respiratory epithelium. Lung
adenocarcinoma typical shows CK7+/CK20- pattern. This may be helpful for sup-
porting a diagnosis of primary lung malignancies, especially in cases with negative
TTF-1. However, a subset of the tumors show an aberrant expression pattern. CK7
status has been thought to be useful to distinguish between lung adenocarcinoma
and squamous cell carcinoma since CK7 is more frequently expressed in adenocar-
cinomas than in squamous cell carcinomas. In a typical scenario, CK7 is positive in
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Fig. 5.7 Napsin A expression seen in type II pneumocytes/intra-alveolar pneumocytes entrapped
in poorly differentiated squamous cell carcinoma

adenocarcinoma and negative in squamous cell carcinoma. This finding might be
helpful when dealing with TTF-1 negative poorly differentiated carcinoma since
CK7 reaction tends to be retained in poorly differentiated adenocarcinoma, which is
occasionally TTF-1 negative. However, this marker solely is not specific enough to
stand as an adenocarcinoma marker. Indeed, 95 % of adenocarcinoma is positive for
CK7, and 20 % of lung squamous cell carcinoma is also positive for CK7 [58].
These findings lead to the conclusion that CK7 should not be used to differentiate
between adenocarcinoma and squamous cell carcinoma [4].

There are several antibodies specific for Clara cells and type II pneumocytes,
which have been tested in pulmonary adenocarcinomas. As expected, they are
expressed predominantly in well-differentiated adenocarcinoma but not in poorly
differentiated carcinoma; therefore, they are not particularly useful in the setting of
poorly differentiated tumors.

Surfactant protein-A (Sp-A) is expressed in Clara cells and type II pneumo-
cytes of the lung parenchyma, and its gene expression is regulated by TTF-1 [86]. It
is a marker for tumors differentiating into cells of such lineage and has high speci-
ficity, but sensitivity is low, and as expected it is usually negative in poorly differen-
tiated adenocarcinomas. The monoclonal antibody PE10 detected Sp-A in 24-74 %
of lung adenocarcinomas by using clone PE10, which is now out of production [62,
87-89]. No expression was seen in squamous cell carcinoma by using clone PE10
[62] or clone 32E12 [71].

Surfactant protein-B (Sp-B) is also detected in type II pneumocytes and Clara
cells. Likewise, Sp-B is generally expressed by well-differentiated tumors but much
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more infrequently by poorly differentiated tumors. The reported specificity ranges
from 80 to100%, but its sensitivity is 38-61 % [27, 29, 56].

DC-LAMP (CD208) and CC-10 (Clara cell protein 10) also stain differenti-
ated pulmonary adenocarcinomas with Clara cell differentiation, but they are usu-
ally negative in poorly differentiated adenocarcinomas where immunohistochemistry
is usually needed for histotyping; therefore, the usage of these markers is limited to
more academic purposes [89].

Large Cell Carcinoma

The entity represents poorly differentiated carcinoma where the tumor lacks morpho-
logical features of squamous cell carcinoma, adenocarcinoma, or small cell carci-
noma. As such, the diagnosis requires thorough sampling of the resected tumor, and
its definitive diagnosis is not made based on a small biopsy or cytologic material. It is
a morphologically defined entity; however, it is known that a proportion of large cell
carcinoma, not otherwise specified, expresses lineage markers for either squamous
cell or adenocarcinoma [35]. A recent study showed that approximately 80 % of this
group of tumor can be classified as variants of adenocarcinoma (60 %) or squamous
cell carcinoma (20 %), when defined by TTF-1+/p40— for adenocarcinoma variant,
TTF-1-/p40+ for squamous cell carcinoma variant, TTF-1+/p40+ for adenosqua-
mous carcinoma variant, and TTF-1-/p40— for null type [90]. Interestingly, molecular
alterations characteristic of adenocarcinoma occurred in tumors with immunoprofiles
of adenocarcinoma or marker null but not in tumors with squamous immunoprofiles.
Whether such tumors should be classified to adenocarcinoma or squamous cell carci-
noma solely by immunohistochemistry is arguable from the point of histology-based
classification [91], but the abovementioned molecular findings support some thera-
peutic relevance for immunohistochemistry-based classifications.

Basaloid carcinoma expresses squamous-lineage markers such as HMW-CKs
and p63 [44, 52]. Basaloid carcinoma shares morphological features with small cell
carcinoma and large cell neuroendocrine carcinoma, and this may cause great diag-
nostic difficulties, particularly when dealing with a small biopsy or fine-needle
biopsy specimens. Focal expression of neuroendocrine markers further complicates
the diagnostic dilemma [92]. Basaloid carcinoma is negative for TTF-1 and almost
invariably positive for 34BE12, while high-grade neuroendocrine carcinoma often
expresses TTF-1 but it is negative for 34BE12.

Lymphoepithelioma-like carcinoma is a distinct clinicopathologic entity with
characteristic morphological features, and similar to the more familiar nasopharyn-
geal counter, most of the cases reported in Asians are associated with Epstein-Barr
virus (EBV) [93]. Evidence of EBV can be demonstrated by both immunohisto-
chemistry and in situ hybridization. Detection of EBER-1 RNA by in situ hybridiza-
tion method is very sensitive. Immunohistochemistry with antibodies to latent
membrane protein 1 (LMP1) is less sensitive and often results in heterogeneous
staining reaction. The tumors in Caucasians are less frequently associated with
EBV [93].
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Sarcomatoid Carcinoma

Multiple keratin antibodies can demonstrate the epithelial lineage of spindle and
pleomorphic cell components in many of the cases. AE1/3, CAM 5.2, CK18, and
CK7 are positive more frequently than epithelial membrane antigen (EMA), carci-
noembryonic antigen (CEA), CD15, and Ber-EP4. Keratin antibodies may also
highlight the epithelial component of carcinosarcoma. Positive epithelial markers
are not required for diagnosis if components of differentiated carcinoma such as
adenocarcinoma or squamous cell carcinoma are present. Sarcomatoid carcinoma
that is negative for any of the epithelial markers is difficult to separate from sar-
coma. Alternatively, expression of epithelial markers, particularly, low molecular
weight cytokeratins in the sarcoma, has a weak and focal staining quality [94].
Conversely, a true strong CK expression is also seen in certain sarcomas with epi-
thelioid morphology, such as synovial sarcoma, epithelioid hemangioendothelioma,
and epithelioid sarcoma.

Vimentin is usually diffusely positive in sarcomatoid carcinoma, and it may sup-
port the morphological interpretation of sarcomatoid carcinoma since it is infre-
quently expressed in squamous cell carcinoma and adenocarcinoma, with usually
focal staining extent [46].

Muscle markers and S100 protein stain rhabdomyosarcoma and chondrosar-
coma, respectively, when present in either carcinosarcoma or pulmonary blastoma.

CK7 is positive in approximately 60—70 % of spindle or giant cell component of
sarcomatoid carcinoma. The frequency is higher in sarcomatoid carcinoma associ-
ated with adenocarcinoma than tumors associated with squamous cell carcinoma
(80 % vs. 16 %) [95]. Only a subset of sarcomatoid carcinoma expresses TTF-1
(55 %), which is useful in supporting the pulmonary origin of these tumors, and its
expression is usually focal [95]. Approximately 80 % of sarcomatoid carcinoma is
accompanied by better differentiated carcinoma component, such as squamous cell
carcinoma or adenocarcinoma [95]. If a tumor presents as a solitary lung tumor with
no history of tumors in other anatomic location, and a tumor expresses epithelial
markers such as cytokeratins, or a tumor is associated with better differentiated
component, the diagnosis of sarcomatoid carcinoma can be rendered with confi-
dence, but in the absence of these features, the diagnosis can be challenging, with
differential diagnosis lying between sarcomatoid carcinoma and sarcoma, either
primary or metastatic, or when pleura is diffusely involved, sarcomatoid mesothe-
lioma. Synovial sarcoma, which is the most common primary lung sarcoma, can be
ruled out by examining the characteristic translocation t(X;18)(p11;q11) by FISH or
RT-PCR. However, for the majority of cases, solid diagnosis cannot be rendered by
histology and immunohistochemistry alone, and clinical and radiographical
correlations are necessary for disease management.

Differentiation from sarcomatoid mesothelioma is challenging since both share
morphological and immunohistochemical similarities, and requires a panel of
immunohistochemical stains. Mesothelial markers, such as calretinin, CK5/6, and
WT1, are less frequently expressed in sarcomatoid mesothelioma, and sarcomatoid
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component of biphasic mesothelioma and their reactions are generally weaker than
epithelioid component, while these markers are commonly expressed in spindle cell
component of sarcomatoid carcinoma and sarcoma [96]. Approximately 85 % of
sarcomatoid mesothelioma expresses D2-40 to variable extent, while only 25 % of
sarcomatoid carcinoma shows weak D2-40 expression [96]; therefore, D2-40 may
be useful in this differential context. However, identification of epithelial compo-
nent may be the only clue for the correct diagnosis of sarcomatoid carcinoma.

Salivary Gland-Type Carcinoma

In general, the diagnosis of salivary gland-type tumor is based on conventional mor-
phological features, and immunohistochemistry plays only a small role in subtyping
this group of tumor. Immunohistochemistry may be useful to confirm ductal (lumi-
nal) differentiation by CEA and EMA and abluminal (myoepithelial) differentiation
by SMA, calponin, p63, CK14, S100, GFAP, and vimentin as it is routinely per-
formed in salivary gland [97].

Minimalistic Approach to Subclassify a Poorly Differentiated
Non-small Cell Carcinoma in Small Specimens

Due to the increasing demand for molecular analysis, pathologists are expected to
subtype the tumor and simultaneously preserve diagnostic tissue for further testing.
In order to achieve this goal, a minimal panel of immunohistochemistry should be
applied. Unrestrained use of immunohistochemistry should be avoided [65].

Among the readily available and well-investigated markers, a number of recent
studies in the literature found efficacy in TTF-1 and Napsin A as adenomarker and
p63, p40, and CK5/6 as squamous marker, based on high sensitivity in those squa-
mous markers (particularly p63 and p40, though less so for CK5/6) and high speci-
ficity in adenomarkers [2, 4, 5, 11, 12, 26, 31, 39, 40, 46, 58, 59, 61]. The following
approach may be useful to interpret the results from these immunohistochemistry
stains [4, 9, 46] (Fig. 5.8):

1. Expression of TTF-1 and/or Napsin A favors adenocarcinoma differentiation,
even though the expression is weak or focal.

2. Diffuse p63, p40, and/or CK5/6 expression favors squamous cell carcinoma if
TTF-1 or Napsin A is negative. p63 and p40 expressions are usually uniform in
squamous cell carcinoma regardless of tumor grade, while CK5/6 can be focal in
poorly differentiated tumor.

3. Negative expression of p63 and CK5/6 excludes squamous cell carcinoma. Even
when TTF-1 and Napsin A are negative, adenocarcinoma is favored. Tumors
with this immunoprofile are often diffusely positive for CK7.
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Fig. 5.8 Minimalistic
approach to subclassify a
poorly differentiated
non-small cell carcinoma in
small specimens. (*)
Positivity for both markers
seen in different cell
population. If the same cells
express TTF-1 and p63, this
is compatible with an
adenocarcinoma. (*¥)
Correlate with the clinical
history to ensure that the
tumor does not represent
metastasis from other organs.
(***) Strong and diffuse
positivity for p63 or p40 is
consistent with squamous cell
carcinoma; focal and weak
positivity for p63 and p40 is
compatible with
adenocarcinoma and
NSCLC-NOS, respectively

D. Nonaka

aTrE:r p63, p40,
Napsin A and/or CK5/6

Adenocarcinoma

*Adenosquamous
carcinoma

adenocarcinoma

4. Focal p63 expression does not necessarily exclude adenocarcinoma. When the
tumor is focally p63 positive and TTF-1 (or Napsin A) negative, p40 and/or
CK5/6 may correctly stratify the tumor into squamous cell carcinoma (p40/
CK5/6 positive) or adenocarcinoma (p40/CK5/6 negative). If TTF-1 (or
Napsin A) is also positive, the possibility of adenosquamous carcinoma should
also be considered if the tumor cells staining for TTF-1 and p63 are segregated
into different areas of the tissue. Expression of both markers in the same cells
does not constitute evidence of adenosquamous carcinoma.

The most economical panel is a combination of TTF-1 and p40, or alternatively
TTF-1 and p63, with the addition of CK5/6 in the scenario described in (4). Napsin A
can be added since there are rare cases where TTF-1 is positive and Napsin A is
negative, or vice versa [4, 62]. By using a panel of immunohistochemistry, discrep-
ancies between biopsies and resections are rare [4, 5].
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Chapter 6
Adequacy and Utilization of Small Biopsy
Material for Molecular Diagnosis

Gilda da Cunha Santos

Clinical Application

Recent increase in the number of companion diagnostic assays for identification of
individuals eligible for target therapies has expanded the use of small biopsies and
cytological samples for molecular analysis.

The use of small samples, especially cytology material, for molecular tests for
the diagnostic of several genomic abnormalities at the chromosomal and gene level
such as specific translocations, gene rearrangements, and mutations in solid tumors
has been well documented and reviewed recently in a number of publications [1-4].
Although the technical considerations and the pre-analytical variables for diagnos-
tic and predictive assays do not differ between each other, this chapter will concen-
trate in assays currently in clinical practice in oncology that predict the response to
approved targeted therapy to some specific biomarkers such as EGFR and ALK.

Type of Samples and Pre-analytical Variables

The majority of non-small cell lung carcinomas (NSCLC) present with locally
advanced or metastatic disease at the time of diagnosis and are not eligible for surgi-
cal resection; thus, interventional procedures required to acquire tumor tissue
for diagnosis are difficult due to tumor location and patient comorbidities and
most diagnostic material consists of small tissue samples, more specifically core
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needle biopsies and cytology material with minimal tumor content. Since biomarker
studies have been usually structured using formalin-fixed paraffin-embedded
(FFPE) tissue blocks from large surgical specimens, FFPE tissue blocks of core
needle biopsies and FFPE cell blocks of fine needle aspiration (FNA) have been
used more frequently in routine clinical practice for molecular assays.

More recently, studies have demonstrated optimal results using a multitude of dif-
ferent cytological samples for molecular tests. Good-quality DNA can be harvested
from archival stained smears [5, 6]. Archival unstained cytospin preparations can also
be used for molecular studies [7] as well as liquid-based preparations [3, 8]. The use
of fresh cells obtained from FNA and body fluids warrants a better preservation of
nucleic acids. Cryopreservation of fine-needle aspirates has been described to pre-
serve morphology and nucleic acid integrity [9]. When using archived specimens
(small biopsies or cytological samples), however, before the material can be scraped
for subsequent DNA extraction, the coverslip must be removed. Recently, the “freezer
method” has been described as a quick, safe, and efficient alternative to bathing slides
in xylene, minimizing delays in this relatively easy, but time-consuming step [10].

One vital step, however, is the pre-analytical handling of the specimens, with atten-
tion drawn to variables affecting the collection of the sample and laboratory process-
ing. The irreproducibility of many reported biomarkers is due at least in part to the
fact that the biospecimens utilized are often procured using different collection, pro-
cessing, and storage techniques. Such variability can lead to significant differences in
biospecimen molecular integrity [11]. For standardized reliable assays, it has been
recommended that at the time of tissue procurement, in the case of excisional/core
biopsies and surgically resected specimens, the time spent between collection to fixa-
tion (cold ischemia time) should be minimized and ideally should be less than 30 min
to avoid artifacts caused by degradation of nucleic acids and protein expression [12].
Overfixation should also be avoided before processing with recommended small tis-
sue sections and fixation time of 8 h in formalin [13, 14]. Fixation times that are too
short may render the tissue insufficiently protected against continuous enzymatic deg-
radation and lead to suboptimal morphology, whereas prolonged fixation may lead to
severe degradation of nucleic acids [15]. Since fixation and processing of cytological
samples are steps almost always performed immediately after sample collection, it
might be expected that cell blocks have better preserved material and consequently
nucleic acids for obtaining consistent reliable results. In fact, FNA minimizes isch-
emia and produces biospecimens comprising live cells that can be quick-frozen and
may provide more accurate assessments of biochemical pathway function and tumor
drug sensitivity than is possible using standard FFPE tissue sections [16]. Although
10 % neutral buffered formalin has been widely used in pathology laboratories and
the recommended fixative for histological and cytological samples [17, 18], its adverse
effect of cross-linking of proteins and nucleic acids resulting in fragmented nucleic
acids and high frequency of sequence alterations has been well documented [19, 20].
Different fixatives are routinely used for cytological specimens, especially ethanol
based, and they are usually adequate for different molecular assays; however, proto-
cols might differ from formalin-fixed material and should be adapted/validated
[21, 22]. Samples fixed with acid fixatives, especially those submitted to decalcifying
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agents, are not recommended for molecular analysis due to degraded DNA [14].
Ethylenediaminetetraacetic acid (EDTA) is an effective decalcifying agent, has no
effect on DNA quality, and should be used in samples where decalcification is required
and molecular studies are anticipated [17]. For bone metastasis FNA is the procedure
of choice and highly indicated since decalcification is rarely required. Cytological
materials, specifically FNA samples, have some advantages over needle biopsies for
molecular tests such as a naturally enriched tumor cell population with low stromal
content, the possibility of sampling multiple wide areas being more representative of
the target lesion, the rapid on-site evaluation (ROSE) for assessing tumor content and
sample adequacy with immediate triage of material for ancillary tests including mul-
tiple molecular studies, and better DNA preservation due to immediate fixation and
the use of air-dried and/or alcohol-fixed smears for long storage and future analysis.

Recent papers have highlighted that more important than the quantity of cells is
the quality of the material obtained from cytological samples [23, 24]. In a large
series comparing cytological and histological samples, a lack of any association
between the DNA concentration and the likelihood of unsatisfactory results was
identified [23]. The authors hypothesize that the lack of formalin fixation may have
accounted for the complete absence of unsatisfactory test outcomes in FNA or effu-
sions direct smears or slide preparations tested for EGFR mutations. The need for
well-preserved tissues and cells has led to the investigation of alternative methods
of preservation of specimens and standardization of protocols [21]. Novel strategies
for storing fresh cells suspension have been described such as FTA cards for bio-
banking cytological material for future molecular analysis [25]. Residual material
from the needle rinse of fine-needle aspirates stored on FTA cards yielded sufficient
quantities of DNA for successful MassARRAY spectrometry [26].

Molecular Assays

Molecular assays commonly used to detect genomic alterations are based on nucleic
acid extraction and probes that target DNA or RNA. The detection technique to be
employed will depend on the alteration to be detected and the type of preparation.
Similarly to other laboratory tests, the pre-analytical variables such as sample col-
lection, transportation, processing, and storage should be adequate and never over-
emphasized. Those variables can affect the results and standardized handling of the
samples will lead to more accurate and reliable results.

The decision of which assay to use depends on the type of proposed analysis and
type of specimen used.

Alterations at chromosomal and gene levels can be revealed by different tech-
niques. An overview about the technical details and the requirements for using cyto-
logical specimens for FISH- and PCR-based analysis, as those techniques are the
basis for assays used for the detection of EGFR mutations and ALK rearrangements
in lung cancer, is described below.
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Fluorescence In Situ Hybridization

The technique is based on the use of nucleic acid probes labeled with fluorochromes
to localize a specific target sequence in the sample tested. Probe is a sequence of
nucleic acids that will hybridize to another sequence on the basis of base comple-
mentarity and allows identification and/or quantification of the target. The most
commonly used probes in oncologic applications with cytological specimens are
chromosome enumeration probes (CEP), locus-specific indicator (LSI) probes,
break-apart probes, and fusion probes.

A wide variety of cytological preparations have been used for FISH assays such
as smears, cytospins, and FFPE cell blocks. For FFPE samples dewaxing will be the
first step required. Stringent conditions might prevent nonspecific hybridization.

Factors such as reagent (including probe) concentrations and the temperature
and timing of denaturation, hybridization, and slide washing contribute to the inten-
sity of the probe signal and to the intensity of nonspecific fluorescence [27].

For FFPE samples (small biopsies and cell blocks), FISH may be performed
either on 3—-6 pm sections or in nuclei extracted from thick sections or cores from
paraffin blocks. FISH performed on paraffin sections has the advantage of preserv-
ing specimen architecture, thus allowing the analysis to be focused on neoplastic
tissue. However, sectioning causes nuclear truncation resulting in possible loss of
signals in some nuclei. The technique of extraction of nuclei from thick sections
yields whole nuclei, but tumor nuclei are admixed with normal nuclei from stromal
and hematopoietic cells and cannot be distinguished from each other. Therefore,
nuclear extraction should not be used for specimens in which tissue architecture is
critical for interpretation such as ALK rearrangements in NSCLC. The interaction
between the individuals scoring the FISH slide and a pathologist is strongly encour-
aged if there are any questionable findings [27].

The limitations of FISH are related to its high cost, especially at the time of the
implementation of the technique, the use of specialized equipment (fluorescence
microscope), and the limited number of alterations that can be detected at the same
time. Alternative techniques that use bright-field microscopes are chromogenic in
situ hybridization (CISH) and silver-enhanced in situ hybridization (SISH).

The application of this technique to cytological specimens has been growing and
it will continue to increase due to the description of new abnormalities in solid
tumors, such as the ALK rearrangement in lung adenocarcinomas.

Polymerase Chain Reaction-Based Assays

Improvements and variations of the originally described protocol of polymerase
chain reaction (PCR) and PCR-based assays have made this a popular, affordable,
and high efficient technique. Currently, its main application is for mutation analysis
in several malignant neoplasms.
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The objective is to detect a specific DNA sequence (target DNA). The sequence
of the target DNA should be known for designing the primers. In general, all proto-
cols will have some adjustments for annealing temperature, cycle times, concentra-
tion of the reagents, and primer sequences in order to obtain optimal conditions for
high yield and high specificity. Several strategies can confirm that the target
sequence was present in the specimen by analysis of the PCR product. Subsequently,
the amplicon produced by the polymerase reaction can be used for DNA sequencing
and other techniques to check for the presence of any mutations.

Classic PCR followed by direct sequencing (Sanger sequencing) of areas of
interest is a relatively cheap, well-established methodology, with various easily
reproducible protocols published in the literature, and has been considered the “gold
standard.” It carries the advantage of being able to find not only the most commonly
mutations present but also any additional mutation, being an exploratory technique.
However, it is less sensitive and more time consuming than modern technologies,
which may hamper its use in routine clinical application. Those limitations led to
the investigation and development of alternative options of faster, less expensive,
and high-sensitive techniques such as PCR restriction fragment length polymor-
phism (PCR-RFLP or fragment length analysis), locked nucleic acid PCR clamp
(LNA-PCR clamp), COLD-TagMan PCR, denaturing high-performance liquid
chromatography (dHPLC), and Scorpion amplification refractory mutation system
(Scorpion ARMS) that can detect common known mutations in samples with as
little as 5 % of tumor cells. A list of those techniques that have been used for EGFR
mutation testing of tumor tissue and cytological sample has been reported in detail
in a recent review [28].

Pathological specimens consist of mutant and wild-type DNA from tumor cells
admixed with wild-type DNA from nonneoplastic cells (normal epithelium, stromal,
and hematopoietic cells). A major challenge for any molecular test is its ability to
reliably detect mutations in samples consisting of a mixture of tumor cells and normal
cells, especially when the tumor content is very low, such as the case for small biop-
sies and cytological samples [29]. The analytic sensitivity of mutation assays is
defined as the allelic percentage and is a critical performance characteristic parameter
to understand those assays and the minimal percentage of tumor cells necessary to
accurately detect the mutation [2]. An analytic sensitivity of 5 % means that the assay
can detect a mutation if it is present in at least 5 % of all alleles (normal and mutant
combined). Therefore, 10 % of tumor cells would be required to be present in a sam-
ple for the detection of 5 % mutant alleles of a given gene, in case of a heterozygous
mutation without amplification. In summary, for determining the minimal percentage
of tumor cells required for reliable results, the analytic sensitivity of the mutation
assay used should be known. However, it should be stressed that genomic abnormali-
ties such as amplification and loss of heterozygosity might affect the percentage of the
mutated allele which make impossible to calculate the percentage with certainty in all
cases. The percentage of tumor cells present in biopsy specimens is usually estimated
based on the fraction of surface area of the tumor tissue present in the slide. A recent
article has concluded that the estimates of tumor cell percentages on H&E-stained
slides are not accurate, which could result in misinterpretation of test results [29].
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The authors have suggested that the estimates should be based on the number of
nuclei present, which has been the method used for FFPE cell blocks by the author of
this chapter, since for those cases the fraction of surface area of tumor tissue cannot
be estimated. The overall cellularity (total number of normal and neoplastic nucleated
cells), the tumor cellularity (total number of neoplastic cells), and the percentage of
tumor present should be documented in the report. In addition, the type of fixation,
the type of specimen, the type of cytological preparation, and the percentage of necro-
sis should also be reported. It has been also highlighted that pathologists should be
cautious with the presence of lymphocytes and stromal cells (normal cells) that can
dilute the tumor DNA, when selecting areas of tumor for manual or laser microdis-
section for DNA extraction [29]. Studies reporting EGFR mutation analysis using
cytology have reported successful results in finding mutations in samples with as little
as 1 % of tumor cells. Studies comparing the frequency of EGFR mutations among
different types of specimens have not detected differences between biopsies and cyto-
logical samples [30, 31]. No difference was detected between FNA cell blocks and
histological specimens from the same patient [32]. In the largest series consisting of
histological and cytological samples, no significant differences in the failure rate,
mutation rate, or mutation type were found between the two types of specimens.
While tumor cellularity was significantly associated with test success or mutation
rates in histology and cytology specimens, respectively, mutations could be detected
in all specimen types [31]. FFPE cell blocks are as good a source of tumor cells for
mutation testing as histology samples, regardless of fixative (alcohol or formalin),
necrosis, or specimen type [31]. Interestingly in two large studies, pleural effusions
had higher mutation rate when compared to histological specimens [30, 31]. In addi-
tion, the difference between patients with high and low abundance of EGFR muta-
tions has been reported not significant regarding overall response rate and overall
survival [33]. Therefore, it has been proposed that EGFR mutation testing should be
attempted in any specimen. However, suboptimal samples (percentage of tumor cells
below or at the same level of the test analytical sensitivity) with a negative EGFR
mutation result should be considered for repeat testing with an alternate sample [31].

Fresh cell suspensions, smears (stained and unstained), cytospins, and FFPE cell
blocks can be used to extract DNA for PCR-based assays.

EGFR Mutations in Lung Cancer

In lung cancer, PCR-based assays are the methods of choice for procurement of
mutations in EGFR. Mutations in the EGFR gene, such as single-nucleotide poly-
morphisms in exon 21 (L858R) and deletions in exon 19, constitute important bio-
markers to dictate therapy against the ATP-binding site of the EGFR kinase domain,
with the use of small-molecule tyrosine kinase inhibitors (TKIs), such as erlotinib
and gefitinib, or monoclonal antibodies such as cetuximab. Of interest, mutations
that confer resistance to these therapies, such as the T790M mutation in exon 20 of
EGFR and mutations in KRAS, can also be readily recognizable by a multitude of
PCR-based assays [34].
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According to the recent CAP and IASLC molecular testing guideline for selection
of lung cancer patients for therapy with EGFR and ALK inhibitors, laboratories may
use any validated EGFR testing method, with the minimal number or percentage of
tumor cells present in the sample being established at the discretion of each labora-
tory at the time of validation [18]. However, methods able to detect mutations in
samples with at least 50 % of tumor cells have been recommended, with strong
encouragement to use more sensitive tests, with accuracy of detecting mutations in
samples with as little as 10 % of tumor cells. An example of an EGFR-mutated case
is illustrated in Fig. 6.1. A list of recent series with more than 100 cases tested for
EGFR mutations using cytological samples is shown in Table 6.1.

DNA can also be extracted from samples with low cellularity by the use of tech-
niques for tumor cell enrichment such as manual microdissection and laser capture
microdissection.
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Fig. 6.1 (a) Scanned cell block preparation slide of a lung fine-needle aspiration (FNA). (b)
Formalin-fixed paraffin-embedded cell block preparation slide with high cellularity. (¢) The inset
shows EGFR exon 19 deletion detected by fragment analysis [(a) and (b) H&E staining. (b)
Original magnification x 400]
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Table 6.1 Studies of EGFR somatic mutations using cytological specimens (publications with
more than 100 cases)

Patients, n Type of EGFR
First (cytological cytological Type of mutations
author Year |samples) Methods samples preparations | (%)
Lozano 2006 | 150 Direct seq FNA, PLE, AS, LBC, 17.3 %
PCE, BAL CB, FC
Takano 2007 | 117 (212 HRMA TBNA, BB/W, | AS/CB 41°
PLE, PCE,
FNA, Sputum
Molina- 2008 | 76 (268") Direct seq/Taq | FNA, BAL, CB, FC/ 17.05°
Vila man assay/ PLE, PCE LCM
length analysis
Santis 2011 | 126 COLD-PCR EBUS-TBNA |CB 10
Ma 2012 | 269 PCR Sputum CB 34.9
Direct seq BAL, BW,
FNA, PLE
Pang 2012 | 140 PCR FNA AS N/A
Direct seq
Malapelle | 2013 | 364 Direct seq/Taq | FNA N/A 8.8
man assay/
fragment
analysis

*Considering the number of patients using cytological specimens with available material for analysis
®Data shown for cytology and surgical specimens together. Study did not show separate data just
for the cytological samples analyzed

PLE pleural effusion, HRMA high-resolution melting analysis, BB/W bronchial brushing/washing,
PCE pericardial effusion, CB cell blocks, PCR polymerase chain reaction, FNA fine-needle aspirates,
LCM laser capture microdissection, BAL bronchoalveolar lavage

ALK Rearrangements in Lung Cancer

A clinicopathologic subset of non-small cell lung carcinomas is characterized by an
inversion on the short arm of chromosome 2 that juxtaposes the 5’ end of the echi-
noderm microtubule-associated protein-like 4 (EML4) gene with the 3’ end of the
anaplastic lymphoma kinase (ALK) gene, resulting in a fusion oncogene EML4-
ALK. Approximately 5 % of patients with NSCLC have tumors that harbor an ALK
rearrangement [35]. Patients with lung carcinomas harboring EML4-ALK fusion
oncogene or its variants are eligible to treatment by small-molecule inhibitors that
target the ALK tyrosine kinase, specifically crizotinib. Acquired resistance has
emerged as the major hurdle in the treatment of ALK-positive NSCLC, because
patients typically relapse within 1 to 2 years of starting therapy [36]. More than
90 % of ALK rearrangements involve only three variants; however, up to 20 ALK
rearrangements have been described. FISH testing using fluorescently labeled DNA
probes to localize the specific genomic regions in the tumor nuclei has been
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developed and the ALK break-apart FISH set (Abbott Molecular) has received FDA
approval. The commercial break-apart probe set binds to areas upstream and down-
stream of the common rearrangement breakpoint in exon 20 of the ALK gene and
includes two differently colored probes: the 5’ probe labeled with green and the 3’
probe labeled in orange fluorochromes, respectively. The 3’ probe is observed as red
under the microscope. In non-rearranged cells, the red and green signals are closely
located or overlying resulting in a composite yellow (fused) signal. In the setting of
the rearrangement, the signals (red and green) separate and splitting of the signals
occur. A nucleus is considered positive when displays isolated red and green signals
separated by at least 2 signal diameters. An isolated red signal without a concurrent
green signal is also considered positive. A single green signal is considered nega-
tive. A sample is considered positive if >15 % of scored nuclei displays a positive
pattern and requires counting a minimum of 50 tumor cell nuclei by a first reader.
Additional 50 nuclei scored by a second reader are necessary in cases with >10 %
but <50 % positive tumor cell nuclei. An example of a case with ALK rearrangement
is illustrated in Fig. 6.2.
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Fig. 6.2 (a) Section of a formalin-fixed paraffin-embedded cell block preparation of a pleural
effusion. (b) Immunohistochemistry for TTF-1 showing positive nuclei. (¢) Immunohistochemistry
slide positive for ALK. (D) Interphase fluorescence in situ hybridization (FISH) slide showing
cells positive for EML4-ALK rearrangement using break-apart probe [(a) H&E staining. (b)
Original magnification x 630. (¢) Original magnification x 630. (d) Original magnification x 1,000
original magnification x 1,000]
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Other methodologies can be used for the detection of ALK rearrangements but
currently the gold standard assay for diagnosing ALK-positive tumors is
FISH. Immunohistochemistry for ALK has been proposed and used in Canada and
European countries as a screening test before the FISH assay or combined with
FISH [37]. An extensive review about the different diagnostic tests as well as the
limitations of each test has been recently published [38].

Other Molecular Alterations

A number of other genomic alterations have been detected in NSCLC, including
Kirsten rat sarcoma viral oncogene homolog (KRAS) mutation, ROSI rearrange-
ment, and c-MET amplifications. Clinical trials have been developed for new agents
targeting some of those alterations, but currently there is no need for routine clinical
testing of those alterations. Although in some centers KRAS mutations have been
routinely analyzed, a recent review about the role of KRAS mutation as prognostic
and predictive markers in NSCLC has concluded that targeting KRAS remains
experimental, and this oncogene cannot, at this time, be recommended routinely for
the selection (or exclusion) of patients for therapy [39]. As targeted therapies
become available the recommendations for testing will evolve and change over
time. New technologies for high-throughput and multiplex platforms for mutational
profiling of tumors including MassArray spectrometry, SNaPshot Multiplex PCR,
and next generation sequencing might address the issue of the minimal volume of
tissue/cells present in small biopsies and cytological samples, and the need for test-
ing for panels of genes as markers for new-targeted therapies becomes available.
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Chapter 7
Role of Immunohistochemistry
in the Detection of Targetable Mutations

Andre Luis Moreira

Introduction

The discovery of targetable driver mutations in pulmonary adenocarcinomas has
revolutionized the field of thoracic oncology by the introduction of oral small mol-
ecule tyrosine kinase inhibitors that target specific EGFR mutations and rearrange-
ments in ALK gene. Testing for these is therefore now recommended for all
pulmonary carcinomas diagnosed as adenocarcinoma and large cell carcinoma
with adenocarcinoma immunophenotype [1] but not for squamous cell carcinoma
or neuroendocrine tumors, including small cell carcinoma.

Since the majority of lung cancer patients present at an advanced stage [2], small
biopsies and cytology specimens are often the only available material for diagnostic
work-up and molecular characterization for predictive markers, which are essential
for the selection of appropriate therapy. There has been a renewed interest in the
diagnostic criteria for the subclassification of non-small cell carcinoma in biopsy
specimens [3-7]. For the first time, the histological classification of lung cancer
includes a diagnostic approach to small biopsy specimens [3, 8]. More importantly,
small biopsy material, including cytology specimens, is now employed for molecu-
lar tests and predictive markers. Nonetheless, technical complexities during tissue
acquisition and processing and relative high cost of tests have challenged the wide-
spread use of molecular techniques in routine clinical practice. Recently, antibodies
to specific molecular alterations have become available and have the potential to
become instrumental in the molecular characterization of limited tumor specimens.
The practical issues involving the use of immunostains for detecting mutant EGFR
and ALK fusion proteins amongst others as alternatives or adjuncts to molecular
testing are detailed below.
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Detection of EGFR Mutation in Small Biopsy Specimens

The discovery of activating mutations in tyrosine kinase domain of the EGFR gene
and a strong association with clinical response to tyrosine kinase inhibitors gefitinib
[9, 10] and erlotinib [11-14] revolutionized the field of thoracic oncology. The
College of American Pathologists (CAP) in association with the International
Association for the Study of Lung Cancer (IASLC) and the Association of Molecular
Pathology (AMP) established guidelines for molecular testing of pulmonary carci-
nomas and recommended that EGFR mutation testing be performed in all adenocar-
cinomas and large cell carcinomas with an adenocarcinoma phenotype. In addition,
they recommended that the molecular testing be able to detect all clinically relevant
mutations in the EGFR gene [1]. Molecular testing can be performed in excised
tumors and small biopsy specimens, including cytology. Though molecular profiling
of adenocarcinomas has been reported in cellblock preparations [15-20] and other
cytologic preparations, such as direct smears, and liquid-based cytology [21-27],
the guidelines advocate the use of formalin-fixed cellblock preparations.

While molecular testing is the gold standard for mutation detection, the relatively
high cost and technical complexity limit its availability outside large academic cen-
ters and referral laboratories [27]. Second, the failure rate for EGFR molecular test-
ing on cytology and small biopsy samples ranges from low 2-8 % [18-29] to
approximately a quarter of all cases in some studies [19, 30]. The failure rates are
multifactorial and at least partly dependent upon the molecular testing technique,
which may require larger amounts of tumor DNA. Currently available advanced
techniques use smaller quantities of DNA for analysis with improved detection rates
[21, 30-33]. In spite of efforts to obtain adequate material, it is not uncommon to
have inadequate quantity or quality DNA for testing of small biopsy specimens.
Therefore, many patients that could benefit from specific molecular-based therapy
remain untested or undergo re-biopsy to acquire additional tissue for testing.

Immunohistochemical stains are inexpensive compared to molecular tests,
widely used and available in most pathology laboratories, and most importantly,
interpretable and reportable by general pathologists, who are familiar with these
tests. Therefore, immunohistochemistry for mutation-specific antibodies offers an
alternative and/or adjunct test to direct molecular methods. In addition, in cases
with limited tumor insufficient for standard molecular tests, immunohistochemical
stains for specific mutations provide a valuable tool for molecular characterization
of neoplastic cells.

EGFR Mutation-Specific Antibodies

Although there are several activating mutations in the EGFR gene, the two most
common ones representing greater than 90 % of EGFR mutations are L858R point
mutation in exon 21 and short 15-bp (E746-A750) in-frame deletion in exon 19
[12]. Non-15-bp deletions comprise up to 35 % of exon 19 deletions [34].
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Monoclonal antibodies specific to exon 19 E746-A750 (15-bp) deletion
(clone 6B6) and exon 21 L858R mutation (clone 43B2, both from Cell Signaling
Technology) have been developed and are now commercially available. In the initial
report describing these antibodies, the authors evaluated the performance of the pair
in 340 paraffin-embedded sections of resected non-small cell lung cancer (NSCLC)
specimens and showed that the antibodies had 92 % and 99 % sensitivity and speci-
ficity, respectively, when compared to direct sequencing and mass spectrometry-
based DNA analysis [35]. Brevet et al., using the same pair of antibodies on surgical
specimens [34], reported sensitivities of 76 % and 67 % for detecting L858R and
exon 19 15-bp deletions, respectively, and positive predictive values of 100 %. The
lower sensitivity for exon 19 deletions resulted from inclusion in the study of non-
15-bp deletions, which the antibody Clone 6B6 does not recognize. When measur-
ing the detection rate of only 15-bp deletions, an improved sensitivity of 80 % for
the antibody has been reported [36].

Several other studies confirmed the utility of the pair of EGFR mutation-specific
antibodies on tissue microarrays and whole sections of resected surgical material
[37-42]. These results demonstrated the potential of these antibodies to serve as a
screening tool for patients harboring EGFR mutations.

Different clones of mutation-specific antibodies directed against L858R (clone
SP125) and exon 19 E746-A750 (15-bp) deletion (clone SP111) have been devel-
oped by Ventana Medical System also and recently reported to have sensitivities and
specificities similar to the original clones [43, 44].

Scoring of Mutation-Specific Antibodies

One of the most challenging aspects of immunohistochemistry for predictive mark-
ers is the determination of what constitutes a positive reaction. The most applied
and accepted scoring method for the mutation-specific EGFR antibodies comes
from Brevet et al. [34], who use a system analogous to that used for Her2/neu scor-
ing of breast carcinomas.

The scoring is based on the evaluation of the intensity of membranous and cyto-
plasmic staining patterns and varies from O (zero) to 3+. Briefly, absence of staining
of tumor cells corresponds to 0; faint cytoplasmic or incomplete membranous stain-
ing in more than 10 % tumor cells corresponds to 1+; moderate and incomplete
membranous staining is 2+; and strong and complete membranous staining is
regarded as 3+ (Fig. 7.1).

Jiang et al. reported that mutation detection by molecular techniques correlates
with the intensity of immunohistochemical stain [45]. Accordingly, a reaction with
a 1+ score is associated with false-positive results [4, 36, 45] with mutations detected
by molecular techniques in only 23 % of cases [45]. Therefore, a greater number of
false positives will result when a score of 1+ is interpreted as a positive reaction.
Application of stringent criteria for the interpretation of a test as positive is thus
important and has significant clinical implications. In fact, a large study showed that
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Fig. 7.1 Scoring system for immunostaining of small biopsy specimens with mutation-specific
EGFR antibodies—L858R mutation in exon 21 and 15-bp deletion in exon 19. (a and b) Negative
scores. (a) Absence of staining, zero intensity. (b) Faint staining in >10 % of tumor cells, score of
1+: this pattern of immunoreactivity is associated with false-positive results. (¢, d) Positive scores:
a positive score corresponds to the presence of specific mutation. (¢) Moderate but incomplete
membranous staining pattern in the majority of tumor cells, scored as 2+. (d) Strong membranous
staining pattern in the majority of tumor cells scored as 3+

administration of TKI, instead of chemotherapy, to patients without EGFR-mutated
lung adenocarcinomas resulted in more harm than benefit [46].

On the contrary, scores of 2+ and 3+ with both mutation-specific EGFR antibod-
ies [34, 36] are not associated with false-positive results, correlate with the tumor
mutation profile, demonstrate high sensitivity, and have reported specificity and
positive predictive values of 100 % [34, 36]. Therefore, a binary system with 2+ and
3+ regarded as positive reactions and 0 and 1+ as negative or inconclusive should be
implemented.

The issue remains, however, in cases with negative or inconclusive results for
EGFR mutation using this pair of antibodies (scores of 0 and 1+). Jiang et al.
observed that EGFR mutations are detected in 7 % of tumors with a score of 0 by
immunohistochemistry [45]. The combined sensitivity of these antibodies is approx-
imately 70 % for the specific EGFR mutation that they are designed to detect, which
means that there is at least a 30 % chance of missing an activating mutation with a
negative reaction by IHC. Therefore, a negative reaction (score of 0 or 1+) should
not be assumed to correspond to wild-type EGFR. Cases that are scored as negative



7 Role of Immunohistochemistry in the Detection of Targetable Mutations 113

EGFR-IHC

Positive

Adequate material Inadequate material

Molecular Test Repeat biopsy

Fig. 7.2 Algorithm for the interpretation of immunostaining with EGFR mutation-specific anti-
body. The pair of antibodies is designed for the detection of L858R and 15-bp deletion only. Other
potential sensitizing EGFR mutations are not detected by this pair; therefore, negative or inconclu-
sive results (score 1+) do not exclude the possibility of another mutation in the EGFR gene or
another class of mutation such as ALK, KRAS, and others. Samples scored as negative or 1+
should be submitted to molecular tests if adequate material exists; otherwise, re-biopsy is recom-
mended for predictive markers

for mutation-specific antibodies should still be submitted for molecular diagnostic
testing that can detect other mutations in the EGFR gene that are unrecognized by
the pair of antibodies but still confer sensitivity to tyrosine kinase inhibitors. A work
flow for the use of EGFR mutation-specific antibodies is illustrated in Fig. 7.2.

Use of Mutation-Specific Antibodies in Small Biopsy Specimen

There is a great interest in the application of these antibodies in cytology specimens,
since cytologic material is the main source of tissue for patients who present with
advanced stages of disease and because a small but significant proportion of cytology
specimens fail molecular testing. Cytology also offers an array of specimens from
aspirations of primary or metastatic sites, ultrasound-guided endobronchial biopsies
(EBUS) of the lymph nodes evaluated for staging information, pleural effusions, and
other exfoliative samples like bronchial lavages, brushes, washes, and sputum.

A study evaluating the application of EGFR mutant-specific antibodies to clini-
cal specimens, including cytology samples (FNA and effusion fluid), small core
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Fig. 7.3 Microphotograph of a positive reaction with EGFR mutation-specific antibody on a
liquid-based preparation (ThinPrep® slide). This positive result correlated with the detection of
15 bp deletion in exon 19 in another sample of the same tumor

biopsies, and bone biopsies showed that the pair of antibodies performs well in
cytology (cellblock and ThinPrep) and small biopsy material with comparable sen-
sitivity and specificity as that reported to excisional material [33] (Fig. 7.3). In
another report, Kawahara et al. tested the performance of these two specific EGFR
mutation antibodies in a relatively small sample of cytology specimens from effu-
sions and cerebrospinal fluids and reported a sensitivity of 100 % and specificity of
92 % for both mutant-specific antibodies [47].

Moreover, Hasanovic et al. [36] showed that the mutation-specific EGFR
antibodies are also useful in the assessment of mutation status in bone biopsies for
stage IV patients. The decalcification process for histological evaluation of bone
metastasis renders the material unsuitable for molecular testing since it affects the
quality of DNA. Application of the pair of mutation-specific EGFR antibodies can
provide useful information if a positive reaction is observed.

To summarize, IHC for EGFR mutations is useful in cytology and small biopsy
specimens with scant cellularity for molecular analysis. A positive reaction by IHC
in a decalcified material or small biopsy with scant cellularity can prevent the need
to re-biopsy patients. Also, using a stringent cutoff of >2+ as an indicator of positiv-
ity allows for initiation of therapy with TKI in patients with advanced disease. An
algorithm for the utilization of EGFR mutation-specific antibodies in small speci-
mens that are unsuitable for molecular tests is illustrated in Fig. 7.4.
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Fig. 7.4 Algorithm for tissue
utilization of small biopsy
material. Samples with
inadequate tumor content
(scant cellularity) or
processed for decalcification
can be processed for EGFR Adenocarcinoma
mutation-specific antibody.
All other biopsies that have
adequate material for
molecular studies should be
processed as such. :
The CAP/IASLC/AMP AdeqL ate Material Inadequate Material
recommendations suggest Scant cellularity/decalcified
that priority for molecular
diagnostics should be a test
that can detect all mutations
in the EGFR gene

Small biopsy/Cytology

NSCLC-adenocarcinoma immunophenotype

Molecular test IHC for mutation specific EGFR

Response to TKI Therapy in EGFR Mutant Tumors Detected
by Immunohistochemistry

Most reports that indicate a response to TKI in patients with EGFR mutation origi-
nate from studies that applied standard molecular techniques for the detecting muta-
tions. As mutation-specific antibodies became available for the characterization of
pulmonary adenocarcinomas, questions emerged among treating physicians as to
whether mutation detection by immunohistochemistry was predictive of response to
therapy with TKI.

Initial studies showed that although there was good correlation between response
to therapy and mutation identified by immunohistochemistry, the best responses
were noted in patients with molecular confirmation and not with mutation-specific
antibody detection [40]. This discrepancy was a consequence of two factors. First
discussed was the relatively low sensitivity of the antibodies; the authors compared
in their analysis all EGFR mutations detectable by molecular techniques with the
pair of antibodies designed to identify only two mutations (15-bp deletion in exon
19 and L858R point mutation in exon 21). Second, the criteria indicative of a posi-
tive reaction were different from those currently accepted. Inclusion of cases with
weak positivity (1+) in less than 10 % of tumor cells resulted in poor correlation
with mutation status and response to therapy. These conclusions do not come as a
surprise given what is now known about these antibodies, including false positivity
stemming from overinterpretation of faint or incomplete membranous staining in
<10 % tumor cells.
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In a more recent study, Kawahara A et al. [48], using the established cutoff of 2+
and 3+ as positive, demonstrated that all patients with a positive reaction for
mutation-specific antibody had a significant progression-free survival compared to
those with a negative reaction (0 and 1+). The authors concluded that patients with
EGFR mutation detected by immunohistochemistry are good candidates for EGFR-
targeted therapy.

These studies are important because they validate the correlation of immunohisto-
chemistry detection of EGFR mutation with response to specific therapy. Considering
that the results of immunohistochemistry can be available and reported within a few
days, clinicians can initiate treatment of patients in need, safely, while awaiting
molecular confirmation of standard molecular techniques, which may take weeks.
In cases with only scant available tissue or a decalcified bone biopsy, a positive anti-
body reaction reduces the need to re-biopsy for further testing (Fig. 7.4).

Specificity of EGFR Mutation-Specific Antibodies
as a Marker for Lung Cancer

In the setting of disseminated metastatic disease of unknown primary, it is not
uncommon to find tumors that lack expression of tissue specific markers, which
makes it very difficult to pin-point the site of origin and therefore selection of appro-
priate therapy. Mutations in the EGFR gene seem to be specific to pulmonary
adenocarcinomas. However, until recently, the specificity of the pair of EGFR muta-
tion-specific antibodies in other carcinomas was unknown.

Wen et al. [49], with the working hypothesis that mutation-specific antibodies
would not cross-react with overexpressed EGFR wild-type on tumors cells, evalu-
ated the specificity of the pair of antibodies in a large series of carcinomas from
non-pulmonary sites such as the breast, pancreas, colorectum, and endometrium.
The authors showed that of 300 breast carcinomas, including estrogen-positive,
Her2/neu-positive, and triple-negative cases, less than 1 % had a positive reaction
(2+ intensity) with the anti-L858R antibody. Molecular analysis of the 2+ L858R
breast carcinomas showed no mutation, indicating a false-positive result. When
present, false-positive results in breast adenocarcinoma were seen only in estrogen-
positive tumors and not in triple-negative carcinomas. All breast carcinomas scored
0 with the E746-A750 antibody, and all the colorectal, pancreatic carcinomas and
malignant Mullerian tumors of the endometrium were negative (0 intensity) for both
antibodies. These results indicate that EGFR mutation-specific antibodies can be
incorporated in the diagnostic work-up of patients with disseminated metastatic dis-
eases when pulmonary adenocarcinoma is in the differential diagnosis with a posi-
tive result to an EGFR mutation-specific antibody most likely indicating a pulmonary
origin in the setting of a tumor of unknown origin. Therefore, in addition to
predictive indicators for therapy with EGFR inhibitors, these antibodies are also
helpful in providing a site of origin.
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ALK Rearrangement

In 2007, Soda et al. described that a subset of pulmonary adenocarcinomas showed
an inversion within chromosome 2 that resulted in a transforming fusion kinase
between echinoderm microtubule-associated protein-like 4 (EML4) in 2p21 and
anaplastic lymphoma kinase (ALK) in 2p23.2 [50]. This fusion results in constitu-
tive activation of ALK kinase, and transfection of this molecular alteration into cell
lines was also tumorigenic [50]. ALK rearrangement is the second driver oncogene
in pulmonary carcinoma that can be targeted by specific therapy.

Rearrangement of the ALK gene is present in approximately 5 % of the patients
with pulmonary adenocarcinoma [50-55] and is more common in younger patients
who are light or never smokers. In general, these patients present with advanced
disease and are often poorly differentiated with solid or cribriform predominant
histology with signet ring cell features [52—55] and psammoma bodies [56]. ALK
rearrangement is mutually exclusive of EGFR or KRAS mutations [57] although
tumors expressing double mutation with EGFR have been reported [58].

In 2009, crizotinib (XALKORI, Pfizer, Inc) was approved by the US Food and
Drug Administration for the treatment of patients with lung adenocarcinoma har-
boring ALK rearrangement. The drug, an inhibitor of the tyrosine kinase activity of
both ALK and the MET proto-oncogene, is efficacious in treating mutant ALK lung
adenocarcinoma [59, 60].

Identification of ALK rearrangement in tumors is standard in the evaluation of
patients with pulmonary adenocarcinoma.

Diagnosis of ALK Rearrangement

The area encompassing the EML4-ALK fusion in chromosome 2 is relatively large
and therefore suitable for detection by fluorescence in situ hybridization (FISH). In
fact, FISH for ALK rearrangement has been licensed by the US Food and Drug
Administration as a companion diagnosis for the detection of this mutation.

The Vysis ALK Dual Color, Break Apart Rearrangement Probe FISH Kit (Abbott
Molecular) is the gold standard for detection of ALK rearrangement [59, 61, 62].
This test, however, is marred by relative high cost, limited availability, and technical
complexity that require trained technicians and pathologists for its interpretation.
With the added infrequency of ALK rearrangement in 5 % adenocarcinomas, per-
forming FISH on all specimens is impractical and there is a great interest in devel-
oping a robust screening method for detecting this alteration. The CAP/IASLC/
AMP recommendations indicate that screening of ALK rearrangement can be
conducted with immunohistochemistry, following strict validation of the antibody
in the user laboratory [1].
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Diagnosis of ALK Rearrangement by Immunohistochemistry

Initial analysis using the ALK-1 clone, the same antibody used to detect ALK in
T-cell lymphomas, showed variable results [49, 63]. Recently, two commercially
available antibodies show higher specificity and sensitivity to ALK-rearranged lung
adenocarcinoma when compared to the ALK-1 clone. Mino-Kenudson et al. [64],
using a novel antibody (clone D5F3, Cell Signaling Technology) for the detection
of ALK-rearranged lung adenocarcinomas, showed 100 % sensitivity and 99 %
specificity with excellent interobserver agreement between pathologists.

In a study by Minca EC et al. [65], DSF3 clone showed 100 % sensitivity and
100 % specificity for the detection on ALK fusion protein in paraffin-embedded
tissue and cytology material, and in instances of inconclusive FISH results, negative
IHC was helpful in preventing false-positive FISH. The authors concluded that the
high concordance rate between FISH and IHC for ALK supports the use of IHC as
a screening method for ALK status determination.

Another clone, 5A4 (Novocastra, Leica Biosystems), is commercially available
for the detection of ALK-rearranged adenocarcinoma. Sakairi et al. correlated the
results of IHC using this clone with standard FISH in 109 adenocarcinoma speci-
mens obtained by endobronchial ultrasound-guided transbronchial needle aspira-
tion biopsy [66]. A good correlation between the two tests was observed without
any reported false-positive or false-negative cases by IHC. Savic S et al. showed that
immunohistochemistry for the detection of ALK rearrangement using clone 5A4 is
feasible in cytologic material with a reported sensitivity and specificity of 93.3 and
96 %, respectively [67]. The authors used cellblock material, direct smears, and
liquid-based cytology in their study and reported that ALK testing with IHC is fea-
sible on all cytology preparations.

Both antibody clones, DSF3 and 5A4, have been compared. Selinger CI [68]
showed that both identified ALK rearrangement detected by FISH. IHC with D5SF3
clone and 5A4 clone has been reported by several investigators as having sensitivity
of 93 to 100 % and specificity of 96 to 100 %, when compared to FISH [64, 65, 67,
68].

A recent publication by the IASLC, dedicated exclusively to ALK testing in lung
carcinomas, emphasized the need to validate IHC tests for ALK, since there are
several available antibodies with different detection systems [69]. The report sug-
gested the need to standardize the procedure, if results are to be comparable from
different laboratories.

Scoring of ALK Immunohistochemistry

The ALK staining pattern is predominantly cytoplasmic with a granular quality and
has membranous accentuation in cases with high-intensity stain. This is in contrast
to the pattern seen with EGFR mutation-specific antibodies that show predomi-
nantly membranous staining.
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Fig. 7.5 Scoring system for immunostaining of small biopsy specimens with antibodies that rec-
ognized rearranged ALK clone D5F3. (a) Absence of staining with the antibody. This has been
shown to correlate lack of ALK rearrangement. (b) Score 1+, weak cytoplasmic staining in all
tumor cells. This pattern is considered equivocal. Some authors reporting the presence of rear-
rangement confirmed by FISH but not others. (c¢) 2+ intensity score: this is considered a positive
reaction and correlates with a positive ALK-FISH test. (d) 3+ intensity score: this is considered
positive and correlates with a positive ALK-FISH test

In most studies, ALK staining pattern is scored from O (zero) to 3+: zero (no
stain), 1+ (weak cytoplasmic stain, best visualized by 40x objective), 2+ (moderate
cytoplasmic stain best visualized using 10x to 20x objectives), and 3+ (strong stain,
seen at 2x to 4x objective) (Fig. 7.5). The definition of positivity among studies is
variable, though [64—68]. Most consider 2+ and 3+ positive demonstrating good
correlation with FISH tests.

As the staining intensity plays a major factor in the decision for screening algo-
rithms, there is still considerable amount of variability when a staining pattern of 1+
is encountered, with some regarding it positive [64, 65, 68] and others considering
it inconclusive with FISH follow-up [62, 69]. Some authors suggest that a diffuse
reactivity in all tumor cells with an intensity of 1+ is indicative of ALK rearrange-
ment [64, 65, 68], whereas others have reported that heterogeneous staining patterns
is common in ALK-rearranged tumors [70]. The issue of a weak reactivity is more
likely the result of pre-analytical problems such as fixation and antigen retrieval, as
well as the clone and detection system used, rather than different levels of the fusion
protein expression. Therefore, before a screening algorithm for ALK rearrangement
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Fig. 7.6 Algorithm for ALK screening using ALK antibody either clone DSF3 or 5A4. Since ALK
FISH is the companion diagnostic test for ALK rearrangement, all positive cases should be sent for
FISH test for confirmation of the arrangement. This is also true to cases scored as 1+ (equivocal).
Most studies using IHC for ALK rearrangement screening suggest that a negative reaction (no
staining) is indicative of native ALK. The CAP/IASLC/AMP guidelines suggest that an ALK
screening algorithm using IHC should be strongly validated in each laboratory before implementa-
tion of the test. There is no agreed-upon screening algorithm for ALK rearrangement

detection can be established, a standardized procedure including pre- and post-
analytical parameters needs to be outlined by competent regulatory bodies. At the
time of writing this chapter, the recommendation of the CAP/IASLC/AMP is that
before a screening algorithm for ALK is established, each laboratory should vali-
date its own test with strong internal positive and negative controls.

More importantly, what appears clear from most reports on the subject is that a
negative stain by IHC with either clone (D5F3 or 5A4) is indicative of negative
FISH rearrangement (negative predictive value of 100 %). Therefore, in most
screening algorithms that have been established outside of the United States, a nega-
tive (zero intensity) stain by IHC indicates absence of ALK rearrangement and no
further testing is required. An example of a possible screening algorithm is illus-
trated in Fig. 7.6.

At least in the United States, all cases considered positive for ALK by IHC need
to have confirmation of ALK rearrangement by FISH (companion diagnostic) test.
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Other Mutation-Specific Antibodies

ROS1 is a proto-oncogene translocation identified in approximately 1-2 % of pul-
monary adenocarcinomas [71] and is responsive to treatment with crizotinib, an
ALK/MET inhibitor. Similar to ALK-rearranged tumors, most adenocarcinomas
with this translocation are poorly differentiated and have a predominant solid,
micropapillary, or cribriform growth patterns with signet ring cells and microcalci-
fications [72—74]. The translocation can be detected by a specific FISH probe. Due
to the rarity of this mutation, most testing is conducted in tumors that are triple
negative for EGFR, ALK, and KRAS mutations.

Recently, an antibody that detects ROS1 has become commercially available.
The D4D6 clone [73, 74] has a sensitivity of 100 % and specificity of 97 % in two
studies [73, 74] for the detection of ROS1 when compared to standard FISH test.

A study from Mescam-Mancini L. et al. reports good correlation between IHC
and FISH test when 2 +and 3+ are considered positive reaction by IHC. ROS1 anti-
body shows cytoplasmic staining, similar to ALK antibodies. Interestingly, the same
authors reported that the antibody cross-reacts with HER/2neu mutant lung adeno-
carcinomas [73].

BRAF mutations are detected in approximately 1 to 2 % of pulmonary adenocarci-
nomas; the most common mutation is V60OE [75]. BRAF mutations can also be
targeted by specific therapy [76]. An antibody that recognizes V60OE mutation is
commercially available, with clone VE1 having good sensitivity and specificity for
detecting mutations in pulmonary carcinomas, thyroid carcinomas, and melanoma
[77-79].

Other Uses of Mutation-Specific Antibodies

Synchronous and metachronous adenocarcinomas of the lung pose a significant
challenge for diagnosis and staging of patients with lung cancer, since prognosis
and clinical management are highly dependent of pathological staging.

Although pulmonary adenocarcinomas are histologically heterogeneous and
therefore morphological comparison of two tumors may be sufficient for determin-
ing whether they represent metastases or separate primary tumors [80], there are
still cases in which this differentiation cannot be achieved with certainty by mor-
phology alone. At the same time, it is not uncommon to encounter a clinical situa-
tion of metachronous tumors with different histological patterns that are favored to
represent separate primaries, but the clinical presentation is suggestive of metastatic
disease. In these situations, most pathologists rely upon the molecular characteris-
tics of the tumors for further differentiation.

D’Angelo SP et al. [81] evaluated 1831 resected lung adenocarcinomas from
clinical stages I-III and suggested that information generated by mutational profil-
ing following tumor excision permitted distinction between multiple primary tumors
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and metastases and assignment to expected directed therapy and specific clinical
trials. In their evaluation of 82 multifocal adenocarcinomas of the lung, Takamochi
et al. [82] showed that EGFR and KRAS mutations occurred randomly, thus sug-
gesting that in synchronous or metachronous carcinomas, the identification of the
same mutation in more than one tumor supported the concept of clonality therefore
determining metastatic disease. Different mutational profiles are consistent with
separate clones, therefore separate primary tumors.

Immunohistochemical stains for specific mutations can be very useful for tumor
characterization in the same setting.

Knowledge of prior mutation status such as EGFR, ALK, BRAF, or ROS1 can be
confirmed in most tumors if there is doubt about whether a new carcinoma is clonally
related to a prior tumor. If the tumors have similar molecular profile using mutation-
specific antibodies, a clonal relationship can be established. Figure 7.7 illustrates a case
of a patient that presented with disease progression following tyrosine kinase inhibitor
therapy. The initial diagnosis was adenocarcinoma with EGFR 15-bp deletion, and a
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Fig. 7.7 Example of the use of mutation-specific antibodies for the determination of clonality in
metachronous tumors. In this example, the original tumor was diagnosed in a small biopsy as an
adenocarcinoma (a) (H&E stain, x100 original magnification). Molecular studies indicated the
presence of EGFR mutation (15-bp deletion). This mutation was also detected by the EGFR
mutation-specific antibody (b). The patient recurred under Tyrosine kinase inhibitor therapy. The
new tumor had a different histology, squamous cell carcinoma (¢) (H&E stain, original magnifica-
tion x100). The recurrent tumor was also positive for the same specific EGFR mutation antibody
(d) thus establishing a clonal relationship. The tumor is now classified as an adenosquamous
carcinoma
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biopsy of the recurrent tumor showed squamous cell carcinoma histology.
Immunohistochemical stain using a mutation-specific antibody confirmed that the
squamous cell carcinoma carried the same mutation as the prior adenocarcinoma, thus
confirming the clonality of the two tumors and establishing the diagnosis of adeno-
squamous carcinoma.

Conclusion

Although there are no established IHC screening tests, it is encouraging to see that
immunohistochemical stains can be used to detect predictive markers and may have
a future in the diagnostic and molecular characterization of malignant tumors. Many
other predictive markers are becoming available for the characterization of specific
molecular signatures in tumors. Further studies correlating their use and response to
specific therapies will be determinant of their viability in the ever growing arsenal
of against cancer.
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Chapter 8
New Discoveries for the Treatment of Lung
Cancer and the Role of Small Biopsy Material
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Adenocarcinoma of the Lung

EGFR-Mutant Lung Cancers

The discovery of EGFR mutations in lung cancers marked the first step toward a
dramatic shift in the approach to the management of patients whose tumors harbor
a targetable oncogene. It was well known in the 1990s and the early 2000s that
EGFR is overexpressed in a significant proportion of NSCLCs and that overexpres-
sion correlates with a poor prognosis. In the mid-1990s, the synthesis of EGFR
tyrosine kinase inhibitors was first reported. Subsequent testing of these compounds
(gefitinib and erlotinib) was thus undertaken in patients with advanced NSCLCs,
with erlotinib receiving FDA approval after the randomized trial BR.21 revealed an
overall survival advantage over placebo as a second-line therapy [1].

While the activity of these drugs was marginal across multiple studies with
response rates below 10 %, a subset of patients (young, Asian, never smokers) dis-
played rapid, dramatic, and durable responses to therapy. Several independent
groups set out to uncover a biologic substrate for these responses by sequencing
tumors from responders. In 2004, three separate publications reported the landmark
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detection of EGFR mutations in lung cancers [2—4]. It is now well recognized that
the presence of an activating EGFR mutation serves as a strong predictive factor for
response to EGFR tyrosine kinase inhibitor (TKI) therapy. The prevalence of EGFR
mutations varies between populations. In Asians, approximately 35 % of NSCLC
patients have tumors that harbor an activating mutation. In contrast, these mutations
are found in about 10-15 % of Caucasians [5]. Regardless of race, this incidence
rises significantly in patients with a never or former light smoking history [6].

Activating EGFR mutations are heterozygous, somatic, and cluster around the
catalytic tyrosine kinase domain. The most common of these are exon 19 deletions
and exon 21 L858R point mutations which account for 85 % of all mutations. Other
sensitizing mutations detected at lower frequencies include G719X, L861X, and
exon 19 insertions [7]. Exon 20 insertions, on the other hand, are known to confer
resistance to EGFR TKIs with rare exceptions [8]. Activating EGFR mutations are
oncogenic and capable of transforming lung epithelial and fibroblast cells. The
mutant EGFR protein remains constitutively activated and is responsible for persis-
tent signaling through downstream growth pathways including RAF-MEK-ERK
and PI3K-AKT-mTOR leading to increased cell proliferation and survival. EGFR
TKIs result in the displacement of ATP in the tyrosine kinase pocket, inhibition of
tyrosine kinase phosphorylation, and abrogation of downstream signaling [9].

IPASS was the first large randomized trial to demonstrate the efficacy of EGFR
TKI in EGFR-mutant lung cancers. A clinically enriched population of East Asian
never smokers with advanced lung cancers was randomized to gefitinib vs. carbo-
platin and paclitaxel. The use of gefitinib in patients whose tumors harbored an
EGFR mutation resulted in dramatic and statistically significant improvements in
response, quality of life, and progression-free survival over chemotherapy [10].
Multiple randomized trials have since confirmed the superiority of EGFR tyrosine
kinase inhibition over chemotherapy in EGFR-mutant patients regardless of race or
smoking history, with objective response rates (ORR) between 60 and 80 % and
progression-free survival (PES) of 8-10 months (in comparison to an ORR of 30 %
and PFS of 6 months with first-line cytotoxic chemotherapy). While no difference in
overall survival was noted across these trials, a finding likely secondary to crossover
to EGFR TKI therapy after chemotherapy, the median OS in EGFR-mutant patients
was 2-3 years (compared to a 1-year median OS in unselected NSCLCs) [5, 11, 12].

Unfortunately, despite the dramatic benefits offered by EGFR TKIs in EGFR-
mutant lung cancers, the development of acquired resistance to therapy is universal.
A variety of resistance mechanisms have been detected via comprehensive molecu-
lar and pathologic analysis of rebiopsy specimens at the onset of acquired resis-
tance. Broadly, these involve the persistent reliance on EGFR signaling and
abrogation of EGFR TKI activity (acquisition of an EGFR T790M mutation), onco-
genic shift and reliance on bypass signaling pathways (MET amplification and
HER?2 upregulation), impairment of EGFR TKI-mediated apoptosis (BIM deletion),
and histologic transformation (epithelial-mesenchymal transition or small cell
transformation) [13]. Of these, the secondary T790M mutation represents the domi-
nant mechanism of acquired resistance and is detected in more than half of all cases
[14]. The acquisition of a T790M mutation results in increased affinity of the EGFR
tyrosine kinase for ATP and restored downstream signaling.
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A number of strategies to target tumors with acquired resistance are currently in
clinical development. While second-generation EGFR TKIs such as afatinib and
dacomitinib bind irreversibly to the EGFR kinase and have activity against T790M
models in silico, the clinical activity of these agents in the acquired resistance space
has been minimal. However, after preclinical experiments performed by Pao and
colleagues revealed the synergistic activity of afatinib and cetuximab in promoting
tumor regressions in acquired resistance models, a phase II trial of the combination
was launched in patients with acquired resistance to EGFR TKI therapy. The trial
demonstrated an overall response rate of 30 % across patients whose tumors har-
bored both T790M and non-T790M-mediated resistance mechanisms [15].
Furthermore, third-generation EGFR TKIs with increased specificity for T790M
and decreased activity against the wild-type EGFR kinase have resulted in response
rates in the order of 60 % in T790M-mutant tumors in early reports [16]. Should
these results be confirmed in larger trials, these agents are likely to be approved with
an indication in EGFR TKI acquired resistance.

KRAS-Mutant Lung Cancers

KRAS mutations were the first oncogenes to be discovered in NSCLCs and to this
day remain the most prevalent driver mutations in lung adenocarcinomas. In its
wild-type state, the KRAS protein serves to integrate signals from extracellular
growth factors (i.e., EGF binding to EGFR resulting in receptor dimerization and
activation) with downstream signaling cascades such as the RAF-MEK-ERK and
PI3K-AKT-mTOR pathways. Point mutations in KRAS result in mutant KRAS pro-
teins that require transforming potential secondary to impaired GTPase activity and
constitutive activation. These missense mutations commonly result in the replace-
ment of amino acids at positions 12, 13, and 61 of the protein [17].

KRAS mutations account for the majority of RAS mutations in human malignan-
cies and were first described in lung cancers in 1984 by Santos and colleagues.
Examination of both tumor and normal tissue from a patient with non-small cell
lung cancer revealed a KRAS mutation only in the former, demonstrating that the
aberration was somatically acquired [18]. Several investigators subsequently
showed that these mutations are acquired early in oncogenesis and are important
drivers of tumor growth both in vitro and in vivo.

Mutations in KRAS are found in approximately 25-30 % of unselected NSCLCs
and tend to be mutually exclusive with other major lung cancer drivers. These are
found largely in lung adenocarcinomas or adenosquamous lung carcinomas and are
rarely detected in squamous cell lung carcinomas that have undergone rigorous
pathologic review. Rekhtman and colleagues compared KRAS-mutant lung adeno-
carcinomas with EGFR-mutant and KRAS and EGFR wild-type tumors and found
an overrepresentation of solid growth patterns, mucinous histology, and tumor-
infiltrating lymphocytes in the former [19].

While KRAS mutations have been classically associated with a history of smok-
ing, Riely and colleagues demonstrated that up to 15 % of never or light smokers
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harbor these driver mutations. Structurally, the type of KRAS mutation varies based
on smoking history, with transversions (e.g., KRAS G12C) more commonly detected
in smokers and transitions (e.g., KRAS G12D) in never or former light smokers [20].
As KRAS mutations are found in tumors from patients regardless of smoking history,
testing should not discriminate based on clinical features. In general, this approach
is applicable to the various other driver aberrations identified in lung cancers.

Earlier investigations into patient outcomes and a subsequent meta-analysis
uncovered data supporting the role of KRAS mutations as negative prognostic fac-
tors for overall survival [21]; however, data across a number of subsequent studies
has proved to be conflicting. One thing that is clear is that KRAS mutations represent
a negative predictive factor for response to EGFR tyrosine kinase inhibition [22,
23]. The role of KRAS mutations as predictive markers of response to adjuvant cyto-
toxic chemotherapy remains unclear, although a recent analysis suggests that the
type of mutation (i.e., those involving G12 vs. G13) may affect response [24].

Similar to EGFR mutations, KRAS mutations can be diagnosed using a variety of
assays including Sanger sequencing, mass spectrometry mutational hot spot testing,
and massively parallel high-throughput sequencing. The latter affords the advantage
of detecting concurrent tumor suppressor gene alterations such as mutations in
TP53 and LKBI that are likely to play important roles in tumor biology.

Despite three decades worth of research into KRAS-mutant lung cancers and a
variety of targeted therapeutic strategies, no approach has proven active in this pop-
ulation as a single agent. Recently, this landscape has begun to change with data on
the combination of MEK inhibition and cytotoxic chemotherapy. Based on preclini-
cal work establishing the activity of MEK inhibitors (i.e., selumetinib and tra-
metinib) against KRAS-mutant lung cancers in vivo and in vitro and their synergy
with taxanes, Janne and colleagues launched a phase II randomized study of
docetaxel with or without selumetinib in patients with advanced, KRAS-mutant
NSCLCs [25]. Statistically significant improvements in both response rate (0 % vs.
32 %, p<0.01) and progression-free survival (HR 0.58, CI 0.42-0.79, p=0.01) were
noted with the addition of selumetinib. A phase III trial with a similar design is cur-
rently ongoing. In addition, Engelman and colleagues demonstrated the synergism
of the combination of selumetinib and PI3K/mTOR inhibition in promoting tumor
regression in a KRAS G12D-mutant transgenic mouse model [26]. A number of tri-
als looking at the combination of MEK inhibition and PI3K- or mTOR-directed
therapy are currently being investigated.

BRAF-Mutant Lung Cancers

BRAF is an established proto-oncogene. The gene encodes a serine-threonine protein
kinase that serves as a central mediator of MAPK signaling. Activation of upstream
effectors such as KRAS results in the phosphorylation and activation of BRAF fol-
lowing homodimerization of BRAF monomers or heterodimerization with other RAF
proteins. Activated BRAF in turn phosphorylates its primary effector MEK that
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activates ERK signaling and increased cell proliferation. The BRAF V60OE activating
mutation is observed in 50-70 % of cases of cutaneous melanomas and confers
increased sensitivity to BRAF inhibition (vemurafenib, dabrafenib) and MEK target-
ing (selumetinib, trametinib). Vemurafenib, dabrafenib, and trametinib are currently
FDA approved for the treatment of patients with advanced melanomas harboring
these mutations based on significant improvements in survival in comparison to cyto-
toxic chemotherapy. Furthermore, the combination of trametinib and dabrafenib is
FDA approved for the same indication after a large randomized study demonstrated
improved response rates and decreased adverse effects (incidence of cutaneous squa-
mous cell carcinomas) with the combination vs. single-agent dabrafenib [27].

Interestingly, the first report of somatic activating BRAF mutations in lung can-
cers predates the discovery of EGFR mutations and ALK rearrangements. In 2002,
Davies et al. screened a panel of solid tumor cancer cell lines using direct sequenc-
ing and identified BRAF mutations in 3 % of lung cancer samples [28]. Various
independent investigators have since confirmed the presence of these fusions in
1-4 % of unselected NSCLCs [29]. Activating missense mutations in BRAF are
oncogenic in vitro and in vivo, confer increased kinase activity, and result in consti-
tutive activation of BRAF-MEK-ERK signaling. BRAF mutations have also been
confirmed to be sufficient for the initiation and maintenance of lung adenocarcino-
mas in transgenic mouse models [30].

Unlike in melanomas where V60OE mutations comprise the majority of BRAF
mutations (80-90 %), BRAF V600E is only found in about half of all lung cancer
samples. The profile of the non-V600E mutants differs as well, with a higher pro-
portion of G469A and D594G mutants in lung cancers (in contrast to V600K,
V600R, or V600D mutations in melanomas). In the vast majority of cases, BRAF
mutations do not overlap with other oncogenic mutations and are detected largely in
lung adenocarcinomas. Paik and colleagues examined a series of lung adenocarci-
noma patients who underwent testing for EGFR, KRAS, and BRAF mutations and
ALK fusions and found a higher incidence of BRAF mutations in patients with a
current or former smoking history [31].

A number of BRAF and MEK inhibitors are currently being investigated in
BRAF-mutant lung cancers. A preliminary report from an ongoing phase II trial of
dabrafenib for patients with advanced lung cancers with BRAF mutations noted a
40 % ORR and durable responses [32]. Results from an ongoing phase II study of
vemurafenib in BRAF-mutant solid tumors including lung adenocarcinomas is
likely to yield comparable results. The combination of dabrafenib and trametinib is
likewise currently undergoing investigation.

It is worth pointing out that inactivating BRAF mutations (G466V, Y472C) have
been described in a small subset of lung adenocarcinomas. As an example, the
Y472C kinase domain mutation results in the development of a kinase-impaired
BRAF protein that paradoxically continues to activate MEK and ERK via trans-
activation of CRAF. Sen and colleagues demonstrated that cell lines containing
inactivating BRAF mutations underwent senescence and apoptosis after exposure
to dasatinib. Dasatinib was found to mediate these effects via CRAF inhibition.
In the same report, a patient whose tumor harbored a BRAF Y472C mutation
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developed a durable partial response to dasatinib on a phase II trial for advanced,
unselected NSCLCs [33]. A phase II trial of dasatinib for patients with advanced
lung cancers harboring inactivating BRAF mutations (and DDR2 mutations,
discussed later in this chapter) is currently ongoing.

The mechanisms of acquired resistance to BRAF inhibition in BRAF-mutant
lung cancers are undergoing active investigation. Rudin et al. reported the develop-
ment of a KRAS mutation in a patient with BRAF V600E-mutant lung cancer who
developed resistance to dabrafenib after an initial durable partial response [34].
In melanomas, the acquisition of an NRAS mutation has been reported as a mecha-
nism of resistance to BRAF TKIs.

HER2-Mutant Lung Cancers

The ERBB2 (HER?2) gene encodes the membrane-bound HER2 receptor tyrosine
kinase that belongs to the ERBB family. In contrast to EGFR, HER?2 has no known
ligand but functions to heterodimerize with other members of the ERBB family. In
breast and gastric/GE junction cancers, HER2 is an established proto-oncogene
with overexpression and amplification detected in approximately 30 % and 20 % of
cases, respectively. A number of HER2-directed therapies are FDA approved for the
treatment of breast and/or gastric/GE junction cancers including trastuzumab, lapa-
tinib, pertuzumab, and trastuzumab emtansine/T-DM1. These drugs are approved
for use either as a single agent (T-DM1) or in combination with chemotherapy or
other agents [35].

HER? mutations were first described in lung cancers almost concurrent with the
description of EGFR mutations in 2004. Stephens et al. performed direct sequenc-
ing on primary lung tumors and detected intragenic HER2 mutations [36]. Multiple
investigators have since confirmed that HER2 mutations are present in about 2—4 %
of NSCLC:s. Structurally, these mutations are in-frame insertions of 3—12 base pairs
in exon 20 (with less common missense mutations detected in exons 19-21). Unlike
in EGFR exon 20 mutations where significant variability exists, the majority of
HER?2 exon 20 mutations involve a 12 base pair insertion causing duplication of the
amino acids YVMA at codon 775. HER2 mutations lead to increased HER2 kinase
activity, enhanced downstream signaling, and increased cell survival and prolifera-
tion. These mutations are oncogenic and result in the development of non-small cell
lung cancers in transgenic HER2-mutant mouse models. Clinically, HER2 muta-
tions are more frequently detected in lung adenocarcinomas from never smokers
with no predilection for sex or race [37].

Irreversible tyrosine kinase inhibitors with activity against HER?2 such as afatinib,
dacomitinib, and neratinib have been shown to inhibit the growth of transformed
HER?2-mutant cell lines and transgenic mouse models. Responses to all three drugs
have been noted in HER2-mutant patients on ongoing phase II trials for patients with
advanced lung cancers. The combination of neratinib and temsirolimus is also
currently being investigated [38] based on preclinical work performed by Perera and
colleagues. This study revealed that the combination of afatinib and rapamycin was
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most effective (compared to single-agent afatinib, rapamycin, or trastuzumab) in
causing tumor regressions in a transgenic HER2-mutant mouse model [39].

Unlike in breast and gastric/GE junction cancers, the value of HER2 overexpres-
sion and/or HER?2 amplification remains controversial. The prevalence of both aber-
rations in NSCLCs varies between series but approaches 20 % and 10 %, respectively.
While responses to HER2-directed therapy (i.e., trastuzumab) have been noted in
HER2-amplified or HER2-overexpressing lung cancers, the majority of these patients
were treated with an anti-HER?2 agent in combination with chemotherapy [40].

Lung Cancers with PI3K Pathway Activation

Aberrations of the PI3K-AKT-mTOR pathway play important role in cancer cell
cycling, metabolism, and survival. In the wild-type state, the PI3K protein serves to
integrate upstream signals from growth factor receptors with downstream signaling.
PI3K activation results in AKT phosphorylation and subsequent activation of mMTOR
(part of the mTORCI1 complex), S6K1, and el4FE. Negative regulators of this sig-
naling cascade include PTEN and TSC [41]. While PIK3CA, AKT, and PTEN muta-
tions and PTEN loss have been described in a substantial proportion of lung
adenocarcinomas, the roles that these aberrations play as strong drivers of tumor
growth remain in question.

The PI3K protein is a membrane-bound enzyme that is composed of a regulatory
and catalytic subunit. The PIK3CA gene encodes a class I, catalytic isoform p110a.
These somatic mutations occur with a frequency of 1-3 % in unselected NSCLCS
and commonly occur within the helical (exon 9) and kinase domains (exon 20) of
the gene. In a series of PIK3CA-mutant lung adenocarcinomas, Chaft et al. reported
that 70 % of patients had tumors that harbored a second driver event including
EGFR, KRAS, BRAF, and MEK mutations and ALK rearrangements [42]. PIK3CA
mutations are also found in both smokers and never smokers, with a higher inci-
dence in squamous cell lung carcinomas, as will be discussed later [43]. PIK3CA
mutations are oncogenic in vitro and in vivo. Transgenic mice harboring the p110a
H1047R transgene developed lung adenocarcinomas. Dual PI3K/mTOR inhibition
(NVP-BEZ235) resulted in tumor shrinkage in this model [26]. PI3K, mTOR, and
dual PI3K/mTOR inhibitors are currently in development; however, the single-
agent activity of these drugs has been minimal, and development pipelines have
moved toward a combinatorial therapy approach with other agents.

PTEN mutations are known to play important roles in a hereditary predisposition
to cancer (germline mutations in Cowden syndrome). While these mutations are
detected in 4 % of NSCLCs, they are largely found in squamous cell cancers [43].
PTEN mutations occur along the length of the gene without a predilection for specific
hot spots. Inactivating and truncating mutations (e.g., R233%) are thought to result in
the loss of protein function, the release of negative regulation on the PI3K-AKT axis,
and the increased downstream signaling of the pathway [44]. PTEN loss can likewise
be detected via IHC. Similar to PIK3CA mutations, PTEN mutations and PTEN loss
are thought to potentially confer sensitivity to PI3K or mTOR inhibitors [45].
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AKT mutations occur in approximately 1 % of unselected NSCLCs [46]. AKT]
E17K is well described, with the mutation occurring within the pleckstrin homology
domain of AKT1 [47]. AKT inhibitors are available and in clinical development.

ALK-Rearranged Lung Cancers

The ALK gene lies on chromosome 2 and encodes the anaplastic lymphoma kinase.
ALK belongs to the insulin receptor superfamily of receptor tyrosine kinases and is
thought to play an important role in nervous system development. A rearrangement
involving ALK (NPM-ALK) was reported in anaplastic large cell lymphomas in
1984 and has since been confirmed to be present in a substantial proportion of
tumors. Missense ALK mutations have been identified in neuroblastomas [48].

ALK fusions were first reported in lung cancers in 2007. Soda et al. generated a
retroviral cDNA expression library from a patient-derived lung adenocarcinoma
specimen. Mouse 3T3 fibroblasts were subsequently infected with recombinant ret-
roviruses carrying plasmid clones, and the EML4-ALK fusion detected in amplified
cDNA recovered via PCR from transformed foci. The same group demonstrated
that EML4-ALK was transforming in 3T3 cells and formed subcutaneous tumors in
nude mice. In contrast, kinase-dead EMIL4-ALK did not lead to tumor foci or subcu-
taneous tumors [49]. Transgenic mice expressing EML4-ALK via a lung-specific
promoter developed numerous lung adenocarcinomas [50].

Rearrangements involving ALK are structurally characterized by the presence of
an intact ALK tyrosine kinase domain fused to several upstream partners. The latter
include EML4 (the most common, with a variety of breakpoints), KIF5B, TFG,
KLCI, PTPN3, and HIP]. These rearrangements are formed via small chromosome
2p inversions (e.g., EML4-ALK) or translocations (e.g., HIPI-ALK). The subcellular
localization of the resultant fusion proteins is thought to be dependent on the
upstream partner. Rearrangements lead to constitutive activation of the ALK tyrosine
kinase and signaling through the RAS-RAF-MEK and PI3K-AKT pathways [51].

ALK fusions are found in 3-5 % of NSCLCs [52]. They are more common in
never or former light smokers from younger individuals. These rearrangements are
found predominantly in lung adenocarcinomas with acinar histology or signet-ring
cells [53]. ALK fusions can be diagnosed via a variety of tests including RT-PCR,
FISH, and next-generation sequencing. The Vysis ALK Break Apart FISH Probe
Kit is currently FDA approved for diagnosis. Different-colored probes flank the 5’
and 3’ regions of the highly conserved ALK breakpoint. In cells that do not harbor a
rearrangement, fused signals represent the normal pattern. In cells with an ALK
fusion, however, gene rearrangement results in the detection of split signals in at
least 15 % of tumor cells [54].

At the time ALK fusions were reported in lung cancers, a phase I study of
crizotinib (then positioned primarily as a MET inhibitor) was ongoing. The activity
of the drug against various other kinases was subsequently evaluated using a kinase
selectivity screen, with ALK and ROS1 emerging as viable targets. Shortly thereaf-
ter, patients with ALK-rearranged lung cancers were enrolled in a dose-escalation
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and a dose-expansion cohort of the trial. Responses to crizotinib in these patients
were both dramatic and durable, prompting a phase II study of the drug in advanced
ALK fusion-positive lung cancers [55]. Most recently, a positive phase III trial of
crizotinib vs. chemotherapy was reported. Similar to what was previously seen in
EGFR-mutant lung cancers treated with EGFR TKIs, crizotinib was superior to
chemotherapy in ALK-rearranged lung cancers in terms of response rate, quality of
life, and progression-free survival. Across these various studies, the use of crizotinib
resulted in a 60 % ORR and 8-month PFS in ALK fusion-positive lung cancers [56].

Unfortunately, as with EGFR TKI therapy in EGFR-mutant lung cancers, the
development of acquired resistance to crizotinib is universal. Mechanisms of acquired
resistance include continued reliance on ALK signaling (gatekeeper and non-gate-
keeper mutations, ALK copy number gains) and activation of bypass pathways (muta-
tions in alternate driver oncogenes) [57]. Fortunately, the recently reported experience
with second-generation ALK inhibitors (e.g., alectinib and ceritinib) has demon-
strated substantial efficacy in the acquired resistance setting. Preliminary reports of
the activity of these drugs note a 60-90 % response rate in patients whose tumors
harbor a variety of acquired resistance mechanisms to crizotinib [56]. In addition, the
use of Hsp90 inhibition is currently being investigated in this space.

ROSI1-Rearranged Lung Cancers

The ROS1 gene encodes a receptor tyrosine kinase that is phylogenetically similar
to ALK. While the function ROS1 in its native state is not well defined, ROS/ rear-
rangements have been described in other solid tumors including glioblastomas and
cholangiocarcinomas. ROS! fusions were first described in lung cancers in 2007 by
Rikova and colleagues. A phosphoproteomic screen of NSCLC cell lines and tumors
uncovered a SLC34A2-ROS|1 fusion in one cell line (HCC78) and CD74-ROS]1 in a
patient-derived sample [58].

Structurally, ROS1 fusions are characterized by the presence of an intact tyrosine
kinase domain. Several upstream partners including CD74, SLC34A2, EZR, CCDC6,
TPM3, LRIG3, SDC4, and FIG have been identified. Most of these fusions are formed
via translocation events (with the exception of EZR-ROSI and FIG-ROSI). These
rearrangement events result in ligand-independent constitutive activation of the ROS1
kinase and downstream growth factor signaling [59]. While dimerization mediated
by upstream partners is responsible for ligand-independent activation in ALK and
RET fusions, the exact mechanism by which this occurs in ROS1 fusions is unclear.
ROS]I rearrangements are oncogenic in vitro and in vivo. ROSI fusion-expressing
NIH3TS3 cells form transformed foci in culture and subcutaneous tumors in nude
mice [60].

ROST1 inhibition results in decreased cell proliferation and survival in a number
of lung cancer models. Crizotinib resulted in dose-dependent decreases in pROS1
and cell viability in both ROSI fusion-transfected 3T3 and Ba/F3 cells, and a
patient-derived cell line (HCC78 harboring SLC34A2-ROS1) [61].
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Given the preclinical activity of crizotinib against ROS! fusion-containing lung
cancer models, the same phase I trial of the drug that spurred on its eventual approval
in ALK-rearranged lung cancers opened a dose-expansion cohort for ROSI-
rearranged lung cancers. In a preliminary report, the overall response rate with
crizotinib for advanced ROS1-rearranged lung cancers was approximately 60 % and
comparable to the efficacy seen in ALK fusion-positive lung cancers. Similarly,
these results were early, dramatic, and durable. Several other ROS1 inhibitors are in
clinical development [62].

Investigations into the mechanisms for acquired resistance to crizotinib in ROSI-
rearranged lung cancers are ongoing. Shaw et al. reported the acquisition of a non-
gatekeeper ROS1 G2032R in a patient with CD74-ROS-rearranged lung cancer who
developed resistance to crizotinib after an initial dramatic response to therapy [63].

RET-Rearranged Lung Cancers

The RET gene is found on chromosome 10 and encodes a receptor tyrosine kinase
that is involved in neural crest development. RET is an established proto-oncogene.
Mutations and rearrangements involving RET are known to be integral to the patho-
genesis of both benign and malignant diseases. RET rearrangements have been
described in papillary thyroid cancers, especially those developed in the wake of
previous radiation exposure [59].

In lung cancers, RET rearrangements were first reported by Ju and colleagues in
late 2011. Whole-genome and transcriptome sequencing of tumor tissue from a
young, Asian never smoker with metastatic lung adenocarcinoma revealed a KIF5B-
RET fusion [64]. This finding was subsequently confirmed by several independent
investigators using a variety of other methods including FISH and next-generation
sequencing.

Similar to ALK and ROS] fusions, RET rearrangements are structurally charac-
terized by the presence of an intact tyrosine kinase domain fused to a variety of
upstream partners including KIF5B, CCDC6, NCOA4, and TRIM33. RET fusions
are largely formed via paracentric inversion with the exception of TRIM33-RET
which is formed via translocation. Upstream partners contribute coiled-coil domains
that lead to ligand-independent dimerization and activation of downstream signal-
ing including the PI3K and MAPK pathways. These fusions are oncogenic in vivo
and in vitro. RET fusion-expressing NIH3T3 models form multiple transformed
foci in culture, display anchorage-independent growth, and form subcutaneous
tumors in nude mice [60, 65, 66].

While RET fusions are found in approximately 1-2 % of unselected lung
cancers, this incidence increases to 15 % in patients with a never or former light
smoking history whose tumors test negative for other known lung cancer drivers
[67]. In a series of surgically resected lung cancers, Wang and colleagues demon-
strated that RET fusion-positive lung adenocarcinomas were likely to be more poorly
differentiated and found in young never smokers. Pathologic features include the
presence of the solid adenocarcinoma subtype in two-thirds of patients and signet
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ring cells in about a third of patients. Diagnostic assays include RT-PCR, FISH, and
next-generation sequencing. Unlike for ALK and ROS1 fusions, IHC has not proven
to be useful for the detection of RET rearrangements [68].

A variety of multityrosine kinase RET inhibitors have shown activity in RET
fusion-positive lung cancer models. The proliferation of RET fusion-expressing Ba/
F3 cells is inhibited by vandetanib, sorafenib, and sunitinib. Vandetanib treatment
results in growth inhibition of a patient-derived cell line and xenograft containing
CCDC6-RET (LC-2/ad) [69]. Clinically, durable partial responses have been
reported in patients with RET fusion-positive lung cancers who were treated on a
phase 2 trial of cabozantinib, a RET inhibitor with concomitant activity against
VEGFR2 and MET [70]. Other RET inhibitors that are currently in clinical develop-
ment include vandetanib, lenvatinib, ponatinib, regorafenib, and sunitinib.

Adenosquamous Carcinomas of the Lung

Adenosquamous carcinomas of the lung are histologically mixed tumors composed
of both squamous and adenocarcinoma components. These tumors represent
0.4—4 % of NSCLCs and harbor EGFR mutations and ALK rearrangements at a
frequency similar to adenocarcinomas of the lung [71]. Although patients with ade-
nosquamous carcinomas share similar clinical features as EGFR-mutant adenocar-
cinomas [72, 73] and respond to TKI therapy [74, 75], some studies suggest these
mixed tumors portend a poor prognosis [76].

Squamous Cell Carcinomas of the Lung

Historically, squamous cell carcinomas of the lung (SQCLCs) were the most com-
mon subtype of NSCLCs. Beginning in the 1960s and 1970s, the proportion of
SQCLC:s relative to lung adenocarcinomas began to decline for reasons not entirely
related to smoking cessation efforts, and SQCLCs now account for 20-30 % of
NSCLCs [77]. While there has been success in identifying molecularly defined
subsets of patients with lung adenocarcinomas who now derive benefit from tar-
geted therapies, the molecular landscape in SQCLC:s is less defined, and research
studies have only recently begun to discover potentially targetable oncogenic driv-
ers in this disease. Below is a summary of targeted therapies currently in clinical
development.

VEGFR

Vascular endothelial growth factor (VEGF) is a member of the VEGF platelet-
derived growth factor (PDGF) family of structurally related glycoproteins and is the
key mediator of angiogenesis [78]. High tumor VEGF and VEGF receptor
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expression in patients with SQCLC is associated with a favorable prognosis.
However, bevacizumab, a monoclonal antibody against VEGF, is not approved for
the treatment of patients with SQCLCs due to safety concerns. An initial phase 2
study of chemotherapy with or without bevacizumab showed an unacceptable rate
of pulmonary hemorrhage in patients with SQCLC [79]. In a subsequent small
phase 2 BRIDGE study in SQCLC, bevacizumab was introduced after two cycles of
cytotoxic chemotherapy and the rate of grade 3 or higher pulmonary hemorrhage
was decreased at 3.2 % [80]. In a small cohort of patients with early-stage lung
cancers at a high risk of bleeding (SQCLC histology, history of gross hemoptysis,
or large central tumors), bevacizumab given in the adjuvant setting did not lead to
hemoptysis [81]. Further exploration of the optimal use and efficacy of antiangio-
genic agents in patients with SQCLC should proceed with appropriate biomarker
analyses.

EGFR

SQCLCs have high expression of EGFR both in frequency and intensity of staining
by IHC when compared with adenocarcinomas of the lung [82]. The efficacy of
cetuximab, a monoclonal antibody against EGFR, was evaluated in the FLEX trial
[83], a large multinational trial that randomized patients with treatment-naive
locally advanced or metastatic NSCLCs to six cycles of cisplatin and vinorelbine
with or without cetuximab. Although the group with cetuximab reached its primary
endpoint of an increased OS of 1.2 months (HR 0.871, 95 % CI 0.762-0.996,
p=0.044), this difference was considered small, and the drug was not approved. In
a prespecified secondary analysis of the FLEX data, about a third of the patients had
high EGFR expression, scored by the intensity and percentage of cells positively,
that was associated with an improved response rate and increased OS of 2.6 months
when treated with cetuximab (HR 0.73, 95 % CI 0.58-0.93, p=0.011). Importantly,
a higher percentage of SQCLCs was seen in the high EGFR expression groups com-
pared to the low EGFR expression groups. In further subset analyses comparing
histologies in the high EGFR expression group, the OS benefit was seen only in
patients with SQCLC (HR 0.62, 95 % CI 0.43-0.88) compared to other histologies
[84]. As with the antiangiogenic agents, further biomarker studies are warranted to
maximize the efficacy of cetuximab in carefully selected patients.

Emerging Oncogenic Targets

As a part of The Cancer Genome Atlas project, 178 resected early-stage SQCLCs
were profiled to characterize the genomic landscape and identify potential targeta-
ble aberrations (Fig. 8.1) [85]. The frequency of somatic alterations was among the
highest found, with a mean of 360 exon mutations, 323 altered copy number
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Fig. 8.1 Frequency of oncogenic drivers in lung adenocarcinoma as part of the Lung Cancer
Mutation Consortium

segments, and 165 genomic rearrangements per tumor. Statistically recurrent muta-
tions were found in 11 genes (TP53, CDKN2A, PTEN, PIK3CA, KEAPI, MLL2,
NFE2L2, NOTCHI, RBI, and HLA-A) with a mutation in 7P53 found in a large
majority of the samples. Alterations impairing squamous cell differentiation were
observed in 44 % of tumor samples, including overexpression and amplification of
SOX2 and TP63; loss-of-function mutations in NOTCHI, NOTCH?2, and ASCLA4;
and focal deletions in FOXPI. Alterations in oxidative stress response pathway
genes were present in 34 % of cases, including mutation and copy number altera-
tions of NFE2L2 and KEAPI and/or deletions of CUL3. While no EGFR exon 19
deletions or L858R substitutions were identified, two EGFR L861Q substitutions
were identified, and EGFR amplification was demonstrated in 7 % of cases. Only
one sample harbored a KRAS codon 61 mutation.

The opportunities for potential therapeutic targets in SQCLC were supported by
the observation that 96 % of tumors contained one or more mutations in tyrosine
kinases, serine/threonine kinases, phosphatidylinositol-3-OH kinase (PI3K) cata-
Iytic and regulatory subunits, nuclear hormone receptors, G-protein-coupled recep-
tors, proteases, and tyrosine phosphatases (Fig. 8.2). Targetable genetic alterations
were considered present in 64 % of TCGA samples based on the availability of an
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Fig. 8.2 Alterations in targetable oncogenic pathways in SQCLCs. Sixty-nine percent of 178
SQCLCs revealed alteration in at least one of the three pathways: PI3K-AKT, RTK, and RAS.
Alterations are defined by somatic mutations, homozygous deletions, and high-level, focal ampli-
fications and, in some cases, by significant up- or downregulation of gene expression (AKT3,
FGFR1, PTEN)

FDA-approved targeted therapy or one under study in clinical trials, the confirmation
of the altered allele in RNA sequencing, and the mutation assessor score. Of these,
mutations or amplifications were reported in three families of tyrosine kinases: the
erythroblastic leukemia viral oncogene homologues (ERBBs), fibroblast growth fac-
tor receptors (FGFRs), and Janus kinases (JAKs). An alteration in at least one of the
core cellular pathways known to represent potential therapeutic opportunities (PI3K-
AKT, receptor tyrosine kinase (RTK), and RAS) was identified in 69 % of samples.
Specifically, one of the components of the PI3K-AKT pathway was altered in 47 %
of tumors, and RTK signaling was probably affected by events such as EGFR ampli-
fication, BRAF mutation, or FGFR amplification or mutation in 26 % of tumors.
While this analysis suggests new areas for potential therapeutic development, the
dependence of SQCLC on many of these alterations needs to be defined clinically.

FGFR

FGFR is a transmembrane receptor tyrosine kinase that participates in the regula-
tion of embryonal development, cell proliferation, differentiation, and angiogenesis.
The FGFR family has four members, including FGFR1, FGFR2, FGFR3, and
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FGFR4, and binds up to 22 FGF ligands. After binding with their FGF ligands,
FGFRs undergo dimerization followed by activation of downstream signaling via
PI3K-AKT and RAS-RAF-MAPK pathways central to survival in tumorigenesis.

Alterations in FGFR 1-4 were seen in 27 % of tumor samples reported by TCGA,
with FGFRI mutations or amplification in 18 % of samples [85]. In a set of 153
SQCLC tumors, Weiss and colleagues found FGFRI amplification in 22 % of the
samples by FISH [86]. A separate study by Dutt and colleagues identified an ampli-
fication frequency of 21 % by SNP array analysis of 57 SQCLC samples [87]. In an
Asian population with surgically resected SQCLC, FGFR1 amplification was found
in 13 % of 262 specimens and correlated with cigarette smoking and a shorter over-
all survival (51.2 vs. 115 months) [88]. A study conducted by Heist and colleagues
found that FGFRI amplification status did not correlate with smoking history or
survival in a Caucasian population [89].

In Weiss and colleagues’ study, treatment with an FGFR inhibitor PD173074
resulted in tumor regression in a mouse xenograft model [87]. Malchers and col-
leagues found that FGFRI-amplified tumor cells that co-expressed MYC were
more sensitive to FGFR inhibition. The authors reported two SQCLC patients with
amplified FGFRI and high MYC expression who responded to FGFR inhibition:
one responded to BGJ398, a highly specific FGFR inhibitor, and the other responded
to pazopanib, a multikinase inhibitor with weak activity against FGFR [90]. FGFR
inhibitors have also been found to have activity in other solid tumors such as breast
cancer and gastric cancer. Several trials evaluating selective FGFR1 inhibitors are
currently in early phase clinical testing [91].

PI3K Pathway

The PI3K pathway is a signal transduction pathway central to cell survival, metabo-
lism, motility, and angiogenesis. Abnormalities in this pathway including in PI3K/
PTEN/AKT/mTOR are more common in SQCLC than in lung adenocarcinoma,
suggesting an increased dependence on this pathway [92-94]. The TCGA analysis
found 47 % of tumors to have an alteration in one of the components of the PI3K-
AKT pathway [85]. The mutation rate for PIK3CA in SQCLC ranges from 3.6 to
6.5 % [93, 95], and PIK3CA amplification occurs in 42-43 % in an Asian popula-
tion by FISH [94] and PCR [96], respectively. Soria and colleagues reported a loss
of PTEN expression by IHC and PTEN methylation in 24 % and 35 % of NSCLC,
respectively [97]. Jin and colleagues showed a PTEN mutation rate of 10 in SQCLC
compared to 1.7 % in lung adenocarcinoma samples [44].

Spoerke and colleagues found that cell lines harboring alterations in this path-
way, including PI3K mutation or amplification, PTEN loss, or receptor tyrosine
kinase activation, predict for sensitivity to PI3K inhibitors [98]. There are a number
of ongoing evaluations of PI3K and mTOR inhibitors in various solid tumors includ-
ing in lung cancer, although no efficacy data are available to date.
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DDR?2 Mutations

The discoidin domain receptor (DDR) is a plasma membrane receptor tyrosine
kinase that regulates cell adhesion, proliferation, and extracellular remodeling upon
binding to its endogenous ligand, type 1 collagen [99, 100]. Upregulation of
DDRI1 in NSCLC, particularly squamous tumors, has been associated with improved
disease-free and overall survival [101]. Hammerman and colleagues sequenced 290
SQCLC tumors and cell lines and found 3.8 % tumors to harbor a DDR2 mutation.
These tumors showed a gain-of-function phenotype that was abrogated by treatment
with dasatinib, a multikinase inhibitor with activity against both DDR1 and DDR2
[102]. Two phase II studies showed no advantage of dasatinib in unselected patients
with advanced NSCLC [103, 104]. A recent case report describes a patient with
chronic myelogenous leukemia (CML) and SQCLC harboring a DDR2 mutation
who was treated with dasatinib, resulting in normalization of blood counts and a
near complete reduction in size of the primary lung mass [105]. A phase 1II trial is
currently underway to investigate the efficacy of dasatinib selected in SQCLC with
DDR?2 mutations.

IGFIR

Insulin-like growth factor-1 receptor (IGF1R) is a cell surface receptor with tyro-
sine kinase activity that binds to the ligands IGF-1 or IGF-2 and activates the PI3K
and RAS signaling pathways [106-108]. IGF1R protein expression is seen more
commonly in SQCLC compared to other subtypes [109, 110], but thus far has not
been found to be of prognostic value [111]. A phase II study with figitumumab, a
monoclonal antibody against IGF1R, with paclitaxel and carboplatin showed a
response rate of 78 % in patients with advanced SQCLC [112]. However, a subse-
quent randomized phase III trial of figitumumab with paclitaxel/carboplatin in
unselected NSCLC patients was discontinued due to futility and increased toxicity
[113]. Early clinical trials evaluating small molecular inhibitors of IGFIR are ongo-
ing [114], and the utility of free IGF-1 or IGFIR protein expression as a predictive
biomarker remains to be seen.

PDGFRA

Platelet-derived growth factor receptor (PDGFR) tyrosine kinase, classified as
PDGFRA and PDGFRB, plays a crucial role in cell proliferation and angiogenesis
[115]. PDGFRA amplification occurs in 8.7 % SQCLC compared to 3.8 % of lung
adenocarcinomas [116]. A randomized phase III study with the addition of sorafenib,
a multi-targeted TKI that targets PDGFRA, to platinum-based chemotherapy failed
to show an improved survival in patients with advanced NSCLC. A subset of
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SQCLC in the study had increased mortality with the addition of sorafenib [117].
Further clinical trials are now evaluating selective anti-PDGFRA inhibitors as well
as PDGFRA-targeting monoclonal antibodies [118].

EGFRvIII

EGFR vIll is a variant of EGFR with deletion of exons 2—7, which was first described
in human glioma [119]. A study in Japan revealed an EGFR vIII mutation in 8 of 252
patients, among which 7 had SQCLC [120]. Ji and colleagues examined 179 NSCLC
samples and found an EGFR VIII mutation in 5 % SQCLC but none of the lung
adenocarcinomas. The investigators also noted tumor regression in EGFR vIII mutant
murine models treated with an irreversible EGFR inhibitor, HKI-272. Similarly cell
lines that were resistant to gefitinib and erlotinib in vitro proved sensitive to HKI-272
[121]. HKI-272 is currently in the early phase of clinical development [122].

MET

MET is a proto-oncogene located on 7q21-31 and encodes a tyrosine kinase recep-
tor for hepatocyte growth factor. MET activation either by increased gene copy
number or amplification leads to enhanced proliferation, motility, apoptosis resis-
tance, and angiogenesis. MET amplification has been recognized as a mechanism of
resistance to EGFR TKI therapy in lung adenocarcinoma [123]. MET protein
expression occurs in approximately 40 % of SQCLC and associated with a poorer
prognosis [124]. A phase II trial of onartuzumab, a monoclonal antibody against
MET, in combination with erlotinib showed improvements in OS and PFS com-
pared with erlotinib alone in a MET-overexpressed subgroup of advanced NSCLC,
of which 30 % had SQCLC [125]. A randomized phase III study is currently evalu-
ating onartuzumab in combination with a platinum doublet in SQCLC.

Small Cell Lung Cancer

Small cell lung cancer (SCLC) is characterized by frequent inactivating mutations
in the critical tumor suppressor genes TP53 (75-90 %) [126] and RBI (60-90 %)
[127, 128]. A mouse model with conditional inactivation of these two tumor sup-
pressors in the lung generates lung tumors histologically and biologically similar to
human SCLC [129].

Recent reports including exome, transcriptome, and limited whole-genome
sequencing have provided insights into the fuller landscape of genetic alterations
in SCLC [130, 131]. In addition to confirming 7P53 and RBI inactivation, these
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studies define other alterations of interest in SCLC, with potential therapeutic impli-
cations. One consistent finding from both reports was an exceptionally high degree
of genomic alteration in this tumor type, including mutations, insertions, deletions,
large-scale copy number alterations, and gross inter- and intra-chromosomal rear-
rangements. MYC family member alterations, including gene amplification of
MYC, MYCN, and MYCLI, as well as a recurrent gene fusion involving MYCLI, are
frequent in SCLC and may represent important drivers of SCLC oncogenesis. The
tumor suppressor PTEN appears to be inactivated in approximately 10 % of SCLC,
and mutations of other factors in the same signaling pathway were also identified.
Other alterations implicated as potential drivers in subsets of SCLC include ampli-
fication of the tyrosine kinase FGFR1 (in a reported 6 % of cases) and of the devel-
opmental regulator and transcription factor SOX2 (in up to 27 % of cases). The
therapeutic implications of the large majority of the genetic alterations documented
to date in SCLC have not been defined.

Importantly, pure SCLC lacks EGFR mutations and ALK rearrangements, even
in those patients with this malignancy who are never smokers [132, 133]. However,
in the rare cases of SCLC transformation as a mechanism of acquired resistance to
EGFR TKiIs, there is persistence of the original EGFR mutation in the tumors
confirmed on biopsy. In all cases where SCLC has been documented as a
mechanism of acquired resistance to EGFR TKIs, the original tumor was a pure
adenocarcinoma prior to EGFR TKI treatment, and the transformation was vali-
dated by histologic examination and confirmed by expression of neuroendocrine
markers.

The Role of Small Biopsies in the Age of Genotype-Driven
Therapy

The majority of patients with lung cancers present with metastatic disease and are
diagnosed, as a result, from small biopsy or cytology specimens alone. Bronchial
biopsy samples obtained from patients with lung cancer frequently contain only
limited amounts of primary carcinoma, and often one or more of the biopsy frag-
ments will not contain tumor at all [134]. Despite these challenges, cytology can be
used to distinguish histology in NSCLC with accuracy up to 96 %, and in a majority
of cases, cytology is suitable for molecular analysis as well [135].

As evident in the preceding text, oncologists are increasingly faced with the chal-
lenge of obtaining sufficient tumor material to perform standard of care or explor-
atory molecular analyses prior to determining a patient’s treatment plan, all while
minimizing the need for further invasive procedures. In tertiary cancer centers, most
patients present with a pathologic diagnosis, with variable amounts of diagnostic
material leftover. In addition to surgical pathology, immunohistochemistry and fluo-
rescence in situ hybridization typically require at least 46 five micrometer recuts,
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Table 8.1 Targeted agents for patients with genetic alterations®

Genetic alteration Available targeted agents with activity
(i.e., driver event) against driver event in lung cancer

EGFR mutations Erlotinib [138], gefitinib [3], afatinib [139]
ALK rearrangements Crizotinib [140]

HER2 mutations Trastuzumab [141], afatinib [142]

BRAF mutations Vemurafenib [143], dabrafenib [32]

MET amplification Crizotinib [144]

ROS1 rearrangements Crizotinib [145]

RET rearrangements Cabozantinib [70]

*Adapted from NCCN guidelines

PCR-based genotyping requires approximately 10, and next-generation sequencing
requires over 10. Stepwise algorithms that prioritize specific molecular studies are
clearly needed.

Recognizing the need to reassess and formally address the optimal utility of
small biopsy and cytology specimens to meet the modern day clinical needs, a new
lung adenocarcinoma classification has recently been published under the joint
sponsorship of the International Association for the Study of Lung Cancer IASLC),
the American Thoracic Society (ATS), and the European Respiratory Society (ERS)
[136]. The major changes introduced include the greater use of special stains to
classify difficult cases further into adenocarcinoma or SQCLC, the diagnosis using
small samples, and the need to manage tissue strategically for molecular studies. In
particular, for those cases where a small biopsy specimen shows NSCLC lacking
either definite squamous or adenocarcinoma morphology, the immunohistochemis-
try workup should be as limited as possible to preserve tissue for molecular testing.
A multidisciplinary and institutional approach should be implemented to incorpo-
rate clinical information in selecting the appropriate methods for obtaining tissue
samples and prioritizing molecular studies including DNA sequence analysis, fluo-
rescence in situ hybridization, and RNA-based studies. While the list of targets will
continue to evolve, recommendations for testing by the National Comprehensive
Cancer Network working group are driven by the availability of rationally targeted
therapies which can, in practice, be given to patients (Table 8.1).

While next-generation sequencing is ideal for patients with adequate tissue sam-
ples, as it may discover potential targets for therapy and/or generate clinical trial
opportunities for patients, symptomatic patients may not have the luxury of waiting,
untreated, the 4—8-week turnaround time for results. In such cases, other assays that
can be completed in a shorter time period, such as IHC for mutant forms of EGFR
or ALK, can be prioritized to help determine treatment plans. Indeed, immunostain-
ing to detect mutant EGFR correlates well with sequencing-based assays and is
particularly useful for small biopsies when the material is scant or bone biopsies in
which the decalcification processes often results in DNA degradation [137].
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Chapter 9

Evaluation of Small Biopsy Material

in Patients with Multiple and Secondary
Tumors

Sara E. Monaco and Sanja Dacic

Introduction

Small biopsies and cytological samples are frequently utilized to evaluate multiple
lung nodules, particularly in patients with a known history of malignancy, in order
to determine if they represent metastases, primary lung tumor(s), or nonneoplastic
lesions. The ability to make a definitive diagnosis on a small sample has a signifi-
cant impact on clinical management and avoids an unnecessary invasive surgical
procedure, like mediastinoscopy or wedge resection, in the setting of widespread
metastatic disease or a nonneoplastic process, such as granulomatous inflammation
or infection.

Initial sampling of lung lesions is usually done by fine-needle aspiration (FNA)
or small core biopsies utilizing bronchoscopy or radiological image guidance [1]. In
addition to rendering a morphological diagnosis, procurement of sufficient material
is crucial for ancillary studies, including histochemical stains, immunostains, flow
cytometry, and/or particularly molecular studies in this era of personalized medicine
[2, 3]. Thus, appropriate allocation of the material is necessary to provide a defini-
tive diagnosis with complete workup in small specimens and to reduce the need for
additional tissue sampling. Though these steps are critical for managing neoplastic
and nonneoplastic specimens, the focus in this chapter will be on neoplastic causes.
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Clinical Considerations and Staging of Multiple Lung Tumors

In patients with multiple lung tumors, the main clinical considerations are whether
there is a primary lung tumor with intrapulmonary metastases, synchronous primary
pulmonary tumors (e.g., occurring at the same time), metachronous primary pulmo-
nary tumors (e.g., occurring at different times), or metastatic tumors from an extra-
pulmonary origin. Although the reported incidence of synchronous and metachronous
tumors in the lung is between 1 and 10 %, the incidence is increasing with superior
imaging capabilities and greater meticulous screening of smokers and lung cancer
survivors [4-7]. Also, patients with lung cancer are now surviving longer, which
translates into an increasing number of patients with multiple primary malignan-
cies. In one study from Korea, 632 patients with non-small cell lung carcinoma
were reviewed to find those with additional extrapulmonary primary tumors. The
incidence of additional primaries in this group was 12.8 %. The majority (40.8 %)
of patients had an extrapulmonary primary >6 months prior to the diagnosis of lung
cancer, while the remaining had a synchronous primary diagnosed within 6 months
of the lung cancer diagnosis (22.2 %) or a metachronous primary diagnosed more
than 6 months after the diagnosis of lung cancer (37 %) [8]. Of these additional
primary tumors in lung cancer patients, the most common sites were the stomach
(25 %), colorectal (19 %), and thyroid (10.7 %). Colorectal primaries were more
common in patients with lung adenocarcinoma, while gastric cancer was more prev-
alent in patients with lung squamous cell carcinoma [9].

Given these clinical scenarios, determining the source and assigning a classifica-
tion to the tumors is essential for clinical management, because staging, prognosis,
and treatment differ. This is particularly important in patients with non-pulmonary
metastases that may not be surgical candidates in the setting of multiple tumors
involving the lung and widespread disease.

In the current seventh edition of the American Joint Committee on Cancer
(AJCC) staging, primary lung tumors with additional nodules in the same lobe are
considered T3 as opposed to T4 in the sixth edition of the AJCC staging; additional
tumors in the ipsilateral non-primary tumor-bearing lobe are designated T4 rather
than M1; tumor cells involving the pleural fluid or contralateral lung are labeled
M1a; and distant metastases are assigned M1b [10]. This illustrates that determin-
ing the etiology and relationship of multiple tumors in the lung (e.g., metastasis
versus synchronous primaries) impacts lung cancer staging (Table 9.1).

In some cases, morphological comparison of tumors in small biopsies with the
prior primary tumor can be helpful in determining if the two have similar or diver-
gent features (e.g., squamous cell carcinoma and adenocarcinoma). However, a
morphological comparison between two adenocarcinomas can be difficult, given
that the majority of primary lung adenocarcinomas have heterogeneous histology
with a variety of different patterns (e.g., solid, papillary, lepidic, micropapillary,
acinar) [11], and metastasis can have similar overlapping morphological features.

In morphologically ambiguous cases, immunohistochemical stains and/or
molecular studies are helpful. Positivity for site-specific immunohistochemical
markers is useful in establishing a pulmonary or non-pulmonary origin (Fig. 9.1).
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Table 9.1 Staging considerations in patients with multiple lung tumors

Criteria

AJCC staging, 7th edition

Primary lung tumor
with intrapulmonary
metastases

Similar morphology and molecular
characteristics

T3: Additional nodules in
the same lobe are considered
T3

T4: Additional tumors in the
ipsilateral non-primary
tumor-bearing lobe

MIa: Involvement of pleural
fluid or contralateral lung

Synchronous,
independent
pulmonary tumors

Tumors with different morphology,
immunoprofile, or molecular
characteristics occurring at the same time

Stage each separately with
parentheses to indicate
number

Metachronous,
independent
pulmonary tumors

Tumors with different morphology,
immunoprofile, or molecular
characteristics occurring at a different time

Stage each separately with
parentheses to indicate
number

Fig. 9.1 Adenocarcinoma of the lung with double immunostaining for TTF1 and NapsinA [(a)
DQ stain, high power; (b) H&E stain, medium power; (¢) TTF1 and NapsinA double stain]. The
cytology touch preparation (a) shows cohesive clusters of cells with nuclear enlargement, atypia,
and moderate cytoplasm, forming vague gland-like structures. The H&E stain (b) of the core
biopsy shows an adenocarcinoma, which is highlighted in the image by TTF1 (brown, nuclear
positivity) and napsinA (red, cytoplasmic positivity)
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However, for two lung tumors that show similar morphology and immunopheno-
type, a comparison of molecular studies, which includes mutational profiles, loss of
heterozygosity (LOH) profile, and clonality assays [12], is often the preferred
approach to determine if they are synchronous, independent primaries.

The emphasis on mutational status and clonality of tumors has become prevalent
since more than two-thirds of second lung cancers (synchronous or metachronous)
have similar histological features as the prior lung tumor [5, 13]. In studies focusing
on mutational profiles of different lung tumors with similar histology, molecular
differences that are genetically unique and independent from the patient’s prior
tumor have been recognized [7]. However, even at the molecular level, establishing
a relationship between two tumors can be difficult given that metastatic tumors may
have a genetic profile that differs from the primary due to intratumoral heterogene-
ity or tumor progression with acquisition of additional genetic abnormalities [8, 14].
This is an important consideration particularly when molecular testing of the pri-
mary tumor is performed on cytology or small biopsy specimens, which may not be
representative of the larger tumor mass.

In general, multiple tumors should be considered synchronous primaries if they
have different histology or if there are morphological (e.g., associated in situ carci-
noma), immunohistochemical, or molecular differences that support diagnosing
two discrete primaries. In addition, if the tumors are located in different locations
and temporally distinct without systemic metastases, then they may also be consid-
ered independent primary tumors. Thus, if deemed synchronous primaries based on
clinical or pathological assessment, then each primary should be staged separately
(Table 9.1). Intrapulmonary metastases tend to be tumors that have the same
histology and occur in the same lobe without systemic metastases [5]. Given the
importance of this determination for staging, meticulous description of the number
of nodules, size of the nodules, and location of the nodules by the submitting clini-
cian or radiologist that is procuring the small biopsy is crucial.

Pathological Evaluation of Small Specimens in Patients
with Multiple Lung Tumors

Small biopsies and cytology specimens obtained with minimally invasive proce-
dures are effective at providing sufficient tissue for an accurate diagnosis and
ancillary studies with little risk to the patient [15—17]. In some instances, cytologi-
cal specimens have an advantage over small biopsies, given that cytological speci-
mens utilize multiple different preparations (e.g., smears, cell blocks, ThinPrep)
and stains (e.g., Diff-Quik, Papanicolaou, hematoxylin and eosin). Well-prepared
cytological specimens provide better morphology without the artifactual distortion
seen with formalin-fixed small biopsies and are less dependent on immunostain-
ing for the subclassification of non-small cell carcinomas, given that keratiniz-
ing squamous cell carcinomas are easily recognized by their orangeophilia on
Papanicolaou staining, which is not utilized in the analysis of small biopsies [18, 19].



9 Evaluation of Small Biopsy Material in Patients with Multiple and Secondary Tumors 159

In addition, endobronchial biopsies are superficial and may miss a deep tumor,
which is better sampled with a transbronchial FNA or Wang needle biopsy. This is
especially relevant in cases of small cell carcinomas and other tumors causing
large hilar masses that compress but do not involve the superficial bronchial wall.

However, small biopsies have the advantage of potentially providing greater
tumor architecture for more accurate histological subtyping. This is important
because identification of adenocarcinoma subtypes may have prognostic impor-
tance. In a recent study assessing the cytological subtyping of lung adenocarcino-
mas using the International Association for the Study of Lung Cancer/American
Thoracic Society/European Respiratory Society (IASLC/ATS/ERS) classification,
it was shown that when assigning the dominant pattern subtype, there was only
40 % concordance between preoperative cytological samples and resections [20].
However, the low concordance may result from sampling. Also, formal studies
comparing accuracy of dominant pattern classification based on small biopsy is
lacking, and cytological patterns corresponding to known histological patterns have
not been formally defined.

Reported adequacy rates of molecular studies for small specimens are variable as
are preferences for cytology and/or small biopsy. For instance, one study described
that approximately 15 % of tissue blocks had insufficient material for molecular
studies after morphological and immunohistochemical stains are performed and an
additional 15 % had insufficient or poor-quality nucleic acid for molecular studies,
resulting in about 30 % of small biopsy and cytology specimens that are potentially
inadequate for molecular studies [21]. Another study focused on molecular testing
on cytology specimens reported that approximately 30 % of lung carcinomas with
<300 tumor cells fail PCR-based studies for EGFR and KRAS mutations [22]. In
contrast to these, successful molecular testing of EGFR, KRAS, or ALK was
achieved in 93 % of all reflexively tested EBUS FNAs [23], and no statistically
significant difference in results of ancillary studies between FNAs, core biopsies, or
a combination of FNAs and core biopsies was noted on transthoracic CT-guided
samples [24]. The variability among studies may be multifactorial.

The promising news is that molecular testing with whole-genome or targeted
sequencing yields impressive results when detecting mutations on cytology speci-
mens and small biopsies, which have less tissue and lower tumor cellularity than
resections [15, 25]. Next-generation sequencing with targeted sequencing has
enabled greater resolution, improved sensitivity, and lower cost compared to tradi-
tional sequencing methods and will likely have a significant role on small speci-
mens in the future [26]. In addition, the combination of multiple sampling modalities,
such as cytology specimens with small core biopsies, may help maximize the diag-
nostic yield of these procedures, and adequacy assessment during the procedure
may help to ensure sufficient material. This underscores the importance of
radiological-pathological correlation, immediate evaluation during the procedure
(e.g., frozen section or on-site evaluation), and the use of multiple different sam-
pling modalities in difficult or suboptimal cases.

For every case, sample management for ancillary studies is critical and begins with
procuring sufficient material at the time of the procedure. Instituting an algorithm to
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Lung Cancer Biopsy or Cytology Specimen

Formalin Fixed Paraffin Block

L

Level 1: H&E slide to pathologist

Level 6: H&E slide to pathologist EEE' L 3 s CKS/6, SYnaptoPhysm}

Level 19-24: H&E and blank slides for FISH Testing

Level 2-5: Blank slides for immunostains I-\ Lim]ted Immunostaining Panel

[ Level 7-18: H&E and blank slides for Molecular Testing

Level 25: Negative Control

Fig. 9.2 An example of an algorithm illustrating the triage of small biopsy and cytology materials
for ancillary studies

cut blank slides upfront in the laboratory minimizes loss of tissue (Fig. 9.2). Now, to
avoid the need for repeat biopsies for potential molecular studies, the trend is to con-
serve tissue by using focused and limited immunopanels in a staged approach guided
by the clinical and radiological findings [27-29]. If there are atypical findings (e.g.,
TTF1 and p63 or p40 negativity), then additional immunostains are warranted to
exclude a neuroendocrine tumor (e.g., synaptophysin), non-pulmonary adenocarci-
noma (e.g., CDX2, PAXS8, GATA3), or non-epithelial tumor.

Adenocarcinoma

Clinical Presentation

Cytology specimens and small biopsies are useful for diagnosing metastatic non-
pulmonary adenocarcinomas within the lung or mediastinum, particularly when
there are characteristic morphological or immunophenotypic findings. Clinically, an
extrapulmonary primary should be considered in patients with a history of a prior
malignancy, coincident mass lesion outside the lung, or radiological imaging show-
ing multiple peripheral and/or bilateral lung nodules without a dominant lung mass.
Nevertheless, a solitary mass can also represent a metastasis.

Some metastatic carcinomas can also present as endobronchial masses, particu-
larly metastases from the breast, colon/rectum, kidney, and skin (e.g., melanoma)
[30, 31]. By morphology, pulmonary adenocarcinomas can have morphological
overlap with extrapulmonary adenocarcinomas and benign entities. Thus, a thor-
ough clinical history is essential in distinguishing among these entities, in addition
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Table 9.2 Differential diagnosis of pulmonary adenocarcinoma in small biopsies and
cytology specimens
Neoplastic
Poorly differentiated, nonkeratinizing squamous cell carcinoma
Large cell neuroendocrine carcinoma
Adenosquamous carcinoma
Salivary gland-type tumors of the bronchial glands
Non-epithelial tumors (e.g., sclerosing hemangioma, epithelioid sarcoma,
angiosarcoma, melanoma)
Extrapulmonary metastatic adenocarcinomas (e.g., breast, colon)
Nonneoplastic
Benign/reactive epithelial cells (e.g., bronchial cells, squamous cells, pneumocytes)
Treatment-related atypia (e.g., chemotherapy, radiation)
Granulomatous inflammation and epithelioid histiocytes

to performing focused immunostaining, conserving tissue in cases of atypical cyto-
morphological features or unexpected immunohistochemical staining results (e.g.,
TTF1 negative), and conducting potential molecular testing (Table 9.2).

Cytomorphological Features

Primary and secondary lung adenocarcinomas have overlapping cytomorphological
features, and both possibilities have to be entertained, especially in the presence of
signet-ring, mucinous, or papillary features (Fig. 9.3).

Adenocarcinomas with Signet-Ring Cells

Signet-ring morphology is well described in adenocarcinomas arising in the lung,
stomach, and other gastrointestinal sites (Fig. 9.4). These tumors tend to be disco-
hesive in cytological specimens and infiltrate as single cells or small nests on biop-
sies. With abundant cytoplasm, low nuclear-to-cytoplasmic ratios, and lack of
hyperchromasia, signet-ring cells may be overlooked or dismissed as histiocytes on
low magnification. Examination on high power demonstrates their subtle nuclear
atypia and peripheral displacement and indentation of the nucleus by mucin, which
can be highlighted by a mucicarmine stain.

Determining the site of origin in the setting of signet-ring cells requires immuno-
histochemical confirmation. Typically TTF1 and CK?7 staining confirms a primary
lung adenocarcinoma, while CK7 and CDX2 positivities are characteristic of the
upper gastrointestinal tract and CK20 and CDX2 positivities of colorectal primaries
(Table 9.3a). Other signet-ring mimics include plasma cell neoplasms (e.g., CD138)
and malignant melanoma (e.g., S100, MelanA, HMB45).



S.E. Monaco and S. Dacic

162

ugjoed

aesolg

Aeap

pioJAy) dum

siowny Asejjidey

Jayip

[BIjayiosay

Aaupry

BEAIR

Sun| oY) SUIA[OAUT BWIOUIOIEIOUSPE 10J SISOUSRIP [eNUaIeffiq €6 “SId

xipuaddy seanued
Aenag
(FSEFLIT-5) Sum

EWOUDJEIOUAPE
snoupnpy

|ewas0|o]

vesy
|euisaiuiossed
Jaddn

s|[@38uu 1audig

ELWOuUldJEIOUD DY




9 Evaluation of Small Biopsy Material in Patients with Multiple and Secondary Tumors 163

Fig. 9.4 Signet-ring adenocarcinoma [(a) Pap stain, high power; (b) H&E stain, high power; (¢)
TTF1 stain, high power; (d) Pap stain, low power]. The slide (a) shows tumor cells with nuclear
pleomorphism and eccentrically placed cytoplasm containing targetoid mucin droplets. The cell
block (b) shows the same tumor cells with signet-ring type cells. The TTF1 stain (¢) shows nuclear
staining. Extrapulmonary sites (d) also have signet-ring cells [Photographs courtesy of Dr. Anjali
Saqi (a—c) and Dr. John Crapanzano (d)]

Table 9.3a Immunophenotype of primary and secondary adenocarcinomas
with signet-ring cells

Primary CK7 CK20 TTF1 CDX2
Lung + - + -
Upper GI tract + - - +
Colorectal - + - +

GI gastrointestinal

Mucinous (Colloid) Adenocarcinoma

Mucinous tumors arise in the lung, female genital tract, gastrointestinal tract, appen-
dix, and pancreatobiliary region. Akin to signet-ring cell tumors, cells of mucinous
adenocarcinomas may have low nuclear-to-cytoplasmic ratios due to their volumi-
nous mucinous cytoplasm, but they are more cohesive and lack the indention of the
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Fig. 9.5 Mucinous adenocarcinoma of the lung [(a) DQ stain, high power; (b) Pap stain, high
power; (c) cell block H&E stain, low power, (d) core biopsy, low power]. The aspirate (a and b)
shows clusters of tumor cells with moderate amounts of clear, vacuolated cytoplasm and round
nuclei with mild pleomorphism. The cell block (b) and core biopsy (d) show similar tumor cells
with mucinous cytoplasm and basally located nuclei [Photographs courtesy of Dr. Anjali Saqi]

nucleus in signet-ring cells. In cytology specimens, there is typically thick mucinous
material in the background and a “drunken honeycomb” pattern. In adenocarcino-
mas with mild cytological atypia, these changes can be misinterpreted as goblet cell
metaplasia, which often has interspersed ciliated bronchial cells and lacks nuclear
atypia, or an aggregate of histiocytes, which lacks atypia. On surgical biopsies, neo-
plastic cells either line alveolar walls or are suspended within mucin pools. As in
cytology specimens, mucinous adenocarcinoma may go unnoticed on a small biopsy
(Fig. 9.5); however, the identification of large pools of mucin should raise the pos-
sibility of the diagnosis and a search for malignant cells. Metastatic colorectal ade-
nocarcinomas may have columnar cells and mucinous features but more commonly
have oval, palisading nuclei and a background of inflammatory necrosis (Fig. 9.6).
The immunophenotype of mucinous adenocarcinomas can be ambiguous and
staining has to be interpreted with caution in conjunction with the clinical history.
CDX2 is a relatively specific marker generally associated with gastrointestinal
or pancreatobiliary primaries. Nonetheless, primary mucinous adenocarcinomas
arising in extra-gastrointestinal sites, such as the lung, ovary, and pancreas, can
also express CDX2 and CK20 [32, 33]. Positivity for CK20 and negativity
for TTF1 in a mucinous tumor may be seen in primary lung adenocarcinomas.
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Fig. 9.6 Metastatic colonic adenocarcinoma [(a) Pap stain, high power; (b) DQ, low power of
touch imprint; (¢) Cell block H&E stain, high power; (d) Core biopsy H&E stain, low power; (e)
CDX2 immunostain]. The aspirates from adenocarcinomas of the colon typically show cohesive
cells with prominent nucleoli and columnar morphology, with palisading around the edges (a). In
addition, there is usually background necrosis (a) with inflammatory cells (B). The columnar mor-
phology is usually more readily identified on the cell block sections (¢) and core biopsy (d). CDX2
immunostain is useful in establishing the diagnosis (e) [Photographs (b) and (d) courtesy of Dr.
Anjali Saqi]

However, villin and PAXS are typically negative in these cases [34, 35]. Villin and
CDX2 are typically positive in metastatic colorectal carcinomas, and PAXS8 high-
lights ovarian mucinous tumors (Fig. 9.6). Making the distinction between synchro-
nous and metachronous morphologically similar mucinous adenocarcinomas in the
pancreas and lung may be impossible to separate either morphologically or by
molecular tests as similar KRAS mutation have been described (Table 9.3b) [33].
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Table 9.3b Immunophenotype of primary and secondary mucinous

adenocarcinomas
CK20 CDX2 VILLIN PAXS8
Lung + +/- - -
Colorectal + + + -
Ovary - + - +

Fig. 9.7 Papillary adenocarcinoma of the lung [(a) DQ stain, high power; (b) H&E stain, high
power; (¢) TTF1 and NapsinA double stain]. Adenocarcinomas of the lung with a papillary pattern
can have transgressing vessels associated with the tumor cells on the aspirates (a), and show fibro-
vascular cores on the cell block (b). TTF1 and NapsinA double immunostain is helpful to conserve
tissue in small specimens and shows positivity for TTF1 (brown, nuclear positivity) and napsinA
(red, cytoplasmic positivity) in this lung adenocarcinoma

Papillary Tumors

Papillary tumors typically arise from the lung, thyroid, kidney, mesothelium, or
ovary. These tumors have fibrovascular cores and occasional psammomatous calci-
fications. Papillary tumors of the thyroid and lung are also associated with intranu-
clear inclusions, while ovarian serous papillary tumors typically have more nuclear
pleomorphism (Fig. 9.7).
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Table 9.3¢ Immunophenotype of primary and secondary papillary tumors in the lung

Primary site TTF1 NapsinA CK7 Thyroglobulin PAXS WTI
Lung + + + - - —/+
Thyroid + - + + + -
Ovary - - + - + +
Kidney - —/+ +/— — + —
Mesothelium - - + - - +

A limited immunostain panel can resolve the differential of a papillary tumor
(Table 9.3c). TTF1 is typically used to confirm lung origin but is ubiquitously
expressed by papillary thyroid carcinomas. Performing additional markers, such as
NapsinA for lung origin and thyroglobulin or PAXS for thyroid origin, can discrimi-
nate between the two entities [36]. Also, in a peripheral lung mass or in a fluid cytol-
ogy specimen, the possibility of a papillary epithelioid mesothelioma or papillary
mesothelial hyperplasia should be considered. Given that mesothelial cells and lung
adenocarcinomas both commonly express CK7 [37], TTF1 positivity can resolve
the dilemma. In the absence of TTF1 staining, a panel of immunostains (e.g., for
mesothelial origin: calretinin, CK5, WT1, and D2-40 and for adenocarcinoma:
B72.3, BerEP4, and CEA] is recommended when lung adenocarcinoma and meso-
thelial origin are in consideration.

Additional Considerations

Likewise, other carcinomas metastatic to the lung may not have specific features,
which make their identification difficult and underscores the relevance of clinical
history. This is particularly true for metastatic breast carcinomas and prostate carci-
nomas that can present as single or multiple lung masses and have an acinar mor-
phology or eosinophilic granular appearance (e.g., apocrine) similar to that seen in
some lung carcinomas. Clear cells suggestive of conventional (clear) cell renal car-
cinoma are easily identified on biopsies and cell blocks, but the recognition of cells
with abundant foamy cytoplasm and discrete punched-out vacuoles associated with
thin blood vessels on other cytology preparations is more subtle (Fig. 9.8).

In the absence of TTF1 staining on the initial limited panel, additional immu-
nostains, to exclude the possibility of a poorly differentiated squamous cell carci-
noma, with p40, p63, or CK5 should be performed. When reactivity with these
markers is also lacking, immunostains such as CK7 and CK20 [38] and site-
specific markers need to be pursued to ascertain the primary origin (Tables 9.4 and
9.5, Fig. 9.9). Also important to consider is that TTF1 can be expressed rarely by
non-pulmonary and non-thyroid carcinomas, including those arising from the
ovary, endometrium, and endocervix, making interpretation in conjunction with
clinical history essential [41, 42].
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Fig. 9.8 Metastatic renal cell carcinoma [(a) DQ stain, high power; (b) cell block H&E stain, high
power; (¢) PAX8 immunostain]. Renal cell carcinomas have tumor cells with moderate-to-abundant
cytoplasm that contains discrete “punched-out” vacuoles (a) on the air-dried Romanowsky-stained
slides. These are more obvious on cell block sections and biopsies. The morphology and immunos-
taining of the cell block (b) show strong PAXS8 positivity, supporting a diagnosis of conventional
(clear cell) carcinoma of the kidney [Photographs courtesy of Dr. Anjali Saqi]

Molecular Testing of Adenocarcinomas

Although there are some histological associations with particular molecular abnor-
malities, triage based on the histological pattern of lung adenocarcinoma identified
is not recommended. Thus, regardless of histological pattern, it is recommended
that at a minimum all adenocarcinomas of the lung are tested for EGFR mutations
and ALK rearrangements [26, 43]. Allocation of material for potential molecular
studies is important, particularly on small specimens. The recommendation is to
preserve tissue for the testing of EGFR mutations and ALK rearrangements [26,
43-45], after an extrapulmonary adenocarcinoma has been excluded, for the diag-
nosis of lung adenocarcinoma, adenosquamous carcinoma, and non-small cell lung
carcinoma not otherwise specified, or when the possibility of an adenocarcinoma
cannot entirely be excluded. In many instances, clinical management of site-specific
extrapulmonary adenocarcinomas is also dependent upon ancillary testing for clini-
cal management, such as testing for Her2/neu in gastric adenocarcinomas [46] and
BRAF and KRAS mutations in colorectal primaries.
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Table 9.4 Summary of CK7 and CK20 profile of primary and metastatic tumors

CK20
Positive Negative
Positive GI (upper) Lung?
Ovary (mucinous) Breast
Pancreatobiliary GI (upper)
Urothelial Gynecological tract®
Kidney*
Pancreaticobiliary
Salivary gland
Thyroid
CK7 ' Mesothelial
Negative | Colorectal Adrenal
Merkel cell carcinoma | Kidney (clear cell)
Small cell carcinoma Liver (hepatocellular carcinoma)
of salivary gland Prostate

Squamous cell carcinoma*
Thymic carcinoma
Non-epithelial tumors®

GI gastrointestinal

*Small cell carcinoma can be double (CK7 and CK20) negative or CK7 positive and
CK20 negative

*Including squamous cell carcinoma of the cervix

‘Renal cell carcinoma (papillary and chromophobe)

4Squamous cell carcinoma other than that of the cervix

‘Lymphoma, melanoma, and sarcoma

Table 9.5 Summary of commonly used markers for carcinoma of unknown primary?*

Primary tumor site Immunohistochemical stains

Breast Hormone receptors (ER, PR, AR)
GATA3, mammaglobin, GCDFP15

Gastrointestinal CDX2, CK20

Lung TTF1, NapsinA

Ovary PAX8, WT1

Pancreatobiliary CA19-9

Prostate NKX3.1, PSAP, PSA

Renal PAX8, RCC, CD10

Thyroid PAXS, thyroglobulin, TTF1

Urothelial CKS, p63, GATA3

“Most of these stains are not entirely sensitive and specific; thus, the interpretation of
the stains in the context of a panel and other features is important when making a
diagnosis. For example, ER and PR may be expressed by lung adenocarcinomas and
neuroendocrine tumors [39, 40]
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Fig. 9.9 Differential diagnosis based on select site-specific markers. (a): TTF1. (b) CDX2.
(c) GATA3. (d) PAXS

Squamous Cell Carcinomas

Squamous cell carcinomas have different morphological subtypes, including kera-
tinizing, nonkeratinizing, and basaloid, but the variants are not specific to a particu-
lar primary site, such that pulmonary and extrapulmonary squamous cell carcinomas
can appear morphologically similar (Fig. 9.10). In addition, atypical squamous cells
may represent a component of other entities, such as mucoepidermoid carcinoma or
reactive processes, and resemble other neoplasms including urothelial carcinomas.

Well-Differentiated Squamous Cell Carcinoma

Squamous pearls, keratinization, and intercellular bridges are the sine qua non of
squamous differentiation and are readily identifiable in well-differentiated carcino-
mas. When present, all of these features can be seen on core biopsies. Intercellular
bridges, however, are not evident on cytology smears, only on cell blocks. Meanwhile,
keratinization is easily recognized as orangeophilia (i.e., orange-staining cytoplasm)
on Papanicolaou-stained cytology preparations but not on hematoxylin and eosin-
stained core biopsies. Additional cytomorphological features favoring squamous cell
carcinoma over adenocarcinoma include greater nuclear pleomorphism, coarser
chromatin with inconspicuous nucleoli, and denser cytoplasm (Fig. 9.11).
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Fig. 9.11 Squamous cell carcinoma [well-differentiated squamous cell carcinoma: (a) DQ stain,
high power; (b) Pap stain, high power; (c) core biopsy H&E stain, high power; poorly differenti-
ated squamous cell carcinoma: (d) Pap stain, high power; (e) cell block H&E, high power; (f) cell
block p63, immunostain; basaloid squamous cell carcinoma: (g) DQ stain, high power; Pap stain,
high power; (h) Pap stain, high power; (i) core biopsy H&E, high power.]. This example of well-
differentiated keratinizing squamous cell carcinoma shows discohesive single cells (a) with dense
cytoplasm showing cytoplasmic orangeophilia on the Pap-stained slide (b). The accompanying
core biopsy shows tissue fragments with nests of an invasive squamous cell carcinoma (c). Poorly
differentiated squamous cells arranged as a syncytial sheet (d) with the corresponding cell block
(e) and p63 immunostain (f). Basaloid squamous cell carcinomas can mimic small cell carcinomas.
The cells of basaloid squamous cell carcinomas are more cohesive and demonstrate peripheral
palisading and crush artifact (g). The presence of occasional large cells is a clue to the diagnosis

(h). Necrosis and apoptosis are associated with basaloid carcinomas (i) [Photographs courtesy of
Dr. Anjali Saqi (a, d, e, f, g, h and i) and Dr. John Crapanzano (b)]

o
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Fig. 9.11 (continued)

Poorly Differentiated Squamous Cell Carcinoma

Based on the above morphological criteria alone, nonkeratinizing, poorly differenti-
ated squamous cell carcinomas can be difficult to differentiate from other carcino-
mas, including poorly differentiated adenocarcinomas and extrapulmonary metastases
[47]. On FNAs, poorly differentiated adenocarcinomas and squamous cell carcino-
mas yield syncytial sheets or groups [48], whether they are arising from the lung or
other sites, such as the head or neck (Fig. 9.11). Likewise, a core biopsy through an
adenocarcinoma with a solid pattern can mimic squamous cell carcinoma.

Basaloid Squamous Cell Carcinoma

Squamous cell carcinomas with basaloid features are not unique to the lung and also
arise in the head and neck. Squamous cell carcinomas with basaloid features also
coincide morphologically with a subtype of pulmonary large cell carcinoma, basa-
loid carcinoma, which is devoid of morphological squamous differentiation.
Necrosis, brisk mitotic activity, apoptosis, scant cytoplasm, inconspicuous-to-
pinpoint nucleoli, and nuclear molding can be seen in the basaloid variant of
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squamous cell carcinoma [18, 19] and pulmonary large cell basaloid carcinoma.
These features can be misinterpreted as small cell carcinoma on cytology and small
biopsy [49] (Fig. 9.11). Palisading of nuclei at the edge of cell clusters, the lack of
prominent nuclear molding, and tightly cohesive clusters favor basaloid features
over small cell carcinoma [49].

Characteristically squamous cell carcinomas are positive for p63, p40, and/or
CK5/6. The sensitivity and specificity for detecting a squamous cell carcinoma is
higher for p40 than for p63, which make p40 the marker of choice [50, 51]. In con-
trast to lung adenocarcinomas, squamous cell carcinomas do not express a site-
specific marker like TTF1, which makes differentiating a primary from a metastatic
squamous cell carcinomas difficult.

However, it is now well established that HPV-related squamous cell carcinomas
of the head and neck, cervix, and anorectal area are positive for pl6 immunostain
and HPV, which can be detected by chromogenic in situ hybridization (CISH) and
other methods (Fig. 9.12) [52]. Since HPV is not linked to squamous cell carcino-
mas of the lung, its identification supports a HPV-related metastatic squamous cell
carcinoma [53]. However, some squamous cell papillomas, which are typically
endobronchial and can have parenchymal involvement, are HPV(+) [54]. Positivity
for p16 is defined as strong and diffuse staining of the cytoplasm and nucleus in over
70 % of the tumor cells [55]. For HPV CISH performed on formalin-fixed paraffin-
embedded tissue, a dot-like pattern confers positivity but requires meticulous high-
power examination to prevent a false negative interpretation [55]. The reactivity of
these two markers, p16 and HPV, in a new lung squamous cell carcinoma is useful
in establishing metastatic disease in the setting of a known HPV-related carcinoma
or identifying an occult squamous cell carcinoma, such as a tonsillar or base of
tongue primary [56]. Conversely, the absence of p16 staining and HPV identifica-
tion does not exclude the possibility of a metastasis, since many squamous cell
carcinomas arise secondary to non-HPV etiologies.

Adenosquamous Cell Carcinoma

Metastatic squamous cell carcinomas can also be difficult to distinguish from pri-
mary lung adenosquamous carcinomas, which represent <4 % of non-small cell car-
cinomas and have at least 10 % of each component [57]. When two discrete
components, glandular and squamous, are detected, performing TTF1 and p40 to
identify adenocarcinoma and squamous carcinoma, respectively, to confirm the mor-
phological impression is crucial (Fig. 9.13). Patients with an adenocarcinoma compo-
nent may have an actionable mutation (e.g., EGFR mutation or ALK rearrangement)
and benefit from targeted therapy [58]. Testing for EGFR, KRAS, and ALK is not
currently recommended for patients with pure squamous cell carcinoma but should
be considered on cytology and small biopsy specimens of patients with the diagnosis
of squamous cell carcinoma that are never smokers; in these cases, the adenocarci-
noma component as part of an adenosquamous carcinoma cannot entirely be excluded.
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Fig. 9.12 Metastatic HPV-positive squamous cell carcinoma [(a) DQ stain, high power; (b) Pap
stain, high power; (¢) H&E stain, high power; (d) p16 immunostain; (e) p40 immunostain; (f) HPV
chromogenic in situ hybridization (CISH)]. The aspirates and cell block show tumor cells with
nuclear pleomorphism and somewhat dense cytoplasm (a—c). The immunostains performed on the
cell block reveal that the tumor cells are positive for p16 (d) and p40 (e) and positive for HPV by
CISH

FISH or other studies to identify amplification or mutation in the fibroblast
growth factor receptor (FGFR) family, as small molecule FGFR inhibitors, are now
being investigated in patients with squamous cell carcinoma. However, this is an
investigational profile, and there is no recommendation for molecular testing in
these tumors [59]. Thus, accurate histological subtyping of non-small cell carcino-
mas influences molecular testing [12, 26, 43].



Fig. 9.13 Adenosquamous carcinoma (a) DQ stain, medium power; (b) Pap stain, high power; (c)
H&E stain, high power; (d) p40 immunostain; (¢) TTF1 immunostain, (f) Histology H&E, medium
power; (g) p63 immunostain; (h) mucicarmine stain, medium power). The tumor in this case shows
two distinct populations, one group of tumor cells with dense cytoplasm and marked nuclear pleomor-
phism and a sheet of cells with round nuclei and glassy-to-vacuolated cytoplasm (a, b). Image (c)
shows the accompanying core biopsy (c¢). The immunostains show a portion of cells staining for p40
(d) and another portion of tumor cells staining for TTF1 (e), supporting a diagnosis of adenosquamous
carcinoma. Identification of gland formation can be subtle (f), and p63 (g) and mucicarmine stain (h)
can be helpful in confirming both components [Photographs (f, g, and h) courtesy of Dr. Anjali Saqi]
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Urothelial Carcinoma

Metastatic urothelial carcinomas involving the lung can also have squamoid fea-
tures. On core biopsies, the eosinophilic cytoplasm can be mistaken for squamous
differentiation. Cytomorphologically, the identification of cells with blunt-ended
tails, which are not orangeophilic on Papanicolaou staining (i.e., cercariform cells),
and cytoplasmic eosinophilic bodies is helpful in recognizing metastatic urothelial
carcinoma (Fig. 9.14).

p63 or p40 immunostaining is insufficient in differentiating squamous cell carci-
noma from urothelial carcinoma, since both entities are immunoreactive for these
markers [60]. GATA3, a nuclear stain, has emerged recently as helpful in distin-
guishing urothelial carcinoma from squamous cell carcinoma [61].

Other Mimickers of Squamous Cell Carcinoma
Other tumors, such as sarcomas and mucoepidermoid carcinomas can mimic squa-

mous cell carcinoma, which emphasizes the need for special stains, such as muci-
carmine, and immunostains in the setting of unusual morphological findings.

Fig. 9.14 Metastatic urothelial carcinoma [(a) DQ stain, high power; (b) H&E stain, high power;
(c) GATA3 immunostain; (d) H&E stain, high power]. The aspirates show loosely cohesive tumor
cells with moderate amounts of cytoplasm, in addition to rare cells with cytoplasmic extensions
imparting a tadpole-like appearance. The GATA3 immunostain shows strong nuclear positivity (c).
The accompanying core biopsy shows infiltrative solid nests of tumor cells without prominent
nucleoli
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Table 9.6 Differential diagnosis of pulmonary squamous cell carcinoma in small biopsies and cytology

Neoplastic
Adenocarcinoma, solid pattern
Adenosquamous carcinoma
Extrapulmonary squamous cell carcinomas (e.g., head and neck, uterine cervix, esophageal)
Metastatic urothelial carcinoma
Non-epithelial tumors (e.g., sarcoma, melanoma)
Salivary gland-type tumors of the bronchial glands (e.g., mucoepidermoid carcinoma)
Benign
Benign/reactive epithelial cells (e.g., squamous metaplasia, squamous atypia in the setting of
fungal infection)
Treatment-related atypia (e.g., chemotherapy, radiation)

Table 9.7 Immunophenotype of primary and secondary squamous cell carcinomas in the lung

HPV
Primary P40 |CK5/6 |TTF1 |GATA3 P16 |CISH
Lung squamous cell carcinoma + + — _ _ _
Squamous cell carcinoma (HPV associated: |+ + — — + +

anorectal, head and neck, uterine cervix)
Urothelial carcinoma + —/+ — + - —

ISH in situ hybridization, GATA3 GATA binding protein 3

Similarly, especially in small biopsies and cytology specimens of endobronchial
lesions, the possibility of reactive or metaplastic squamous cells has to be enter-
tained, particularly if there is a suspicion of infection, as fungal infections are known
to be associated with squamous atypia. In these scenarios, deeper levels and special
stains for organisms can be helpful to confirm the presence of infection. A summary
of the differential diagnosis for a squamous cell carcinoma in the lung is seen in
Table 9.6, and a list of immunohistochemical findings in the most common tumors
with squamoid features is seen in Table 9.7.

Salivary Gland-Type Tumors

Salivary gland-type tumors in the lung can represent either primaries arising from the
submucosal glands of the tracheobronchial tree or metastases from the salivary glands.
Primary pulmonary salivary gland-like tumors are extremely rare, accounting for
<1 % of lung malignancies, with mucoepidermoid carcinomas and adenoid cystic car-
cinomas representing the two most common subtypes [62, 63]. Like most squamous
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cell carcinomas, primary pulmonary salivary gland-type tumors are morphologically
and immunohistochemically indistinguishable from their metastatic counterparts,
making the integration of clinical and radiological impression extremely relevant in
determining the origin. Multiple pulmonary lesions presenting distant from the tra-
chea, carina, and mainstem bronchus warrant investigation of an extrapulmonary
metastasis. FISH studies are useful in recognizing salivary gland-type tumors, as novel
chromosomal translocations have been identified. For example, MECTI/MAML?2
translocations are present in mucoepidermoid carcinomas, especially those that are
low or intermediate grade [64], and its identification can distinguish between adeno-
squamous and mucoepidermoid carcinoma. In addition, adenoid cystic carcinomas are
associated with MYB-NFIB chimeric fusion proteins from t(6;9) rearrangements [65].

Other helpful FISH tests for salivary gland tumors include EWSR1-ATF1 fusions
in hyalinizing clear cell carcinoma of the salivary gland, ETV6-NTRK3 fusions in
mammary analog secretory carcinoma of the salivary gland and breast, and Her2/
neu overexpression in salivary duct carcinomas [66—68] (Table 9.8). These salivary
gland tumors are exceedingly uncommon in the lung, but rare cases of metastases of
the salivary gland hyalinizing clear cell carcinoma and salivary duct carcinoma to
the lung have been reported [63, 69].

Adenoid Cystic Carcinoma

Adenoid cystic carcinomas have cells with small, round nuclei and scant cytoplasm,
imparting a “basaloid” appearance arranged as tubules or cribriform clusters with
dense stromal globules (Fig. 9.15). The dense globules have well-defined borders
and appear metachromatic on Diff-Quik stained cytology preparations, making
them easily distinguishable from mucin. In small biopsies and cytology, these
tumors can be difficult to differentiate from small cell carcinoma when there is a
lack of the globules and a predominantly solid pattern. Adenoid cystic carcinomas,
in contrast to small cell carcinomas, lack necrosis, apoptosis, positivity for neuroen-
docrine markers, and a high-proliferation index [63].

Mucoepidermoid Carcinomas

Mucoepidermoid carcinomas typically have a combination of cell types, including
squamoid cells, intermediate cells, and mucous cells, in varying proportions. In a
tumor showing both glandular and squamous differentiation, a mucoepidermoid
carcinoma should be considered, in addition to an adenosquamous and squamous
cell carcinomas. When positive in the glandular component, TTF1 staining favors
adenosquamous arising from the lung.
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Fig. 9.15 Primary and metastatic adenoid cystic carcinoma and mucoepidermoid carcinoma
[adenoid cystic carcinoma (primary): (a) DQ stain, high power; (b) cell block H&E, high power;
(c) core biopsy H&E, low power; (d) core biopsy H&E, high power;
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Fig. 9.15 (continued) adenoid cystic carcinoma (metastatic): (e) DQ stain, high power; (f) Pap
stain, high power; (g) Pap stain, medium power; and mucoepidermoid carcinoma: (h) DQ stain,
high power; (i) biopsy H&E, low power; (j) mucicarmine stain, high power; (k) p63 immuno stain,
low power]. The aspirates from this case show globules on the Diff-Quik stain (a), which appear
metachromatic, and cell block (b). The core biopsy shows the endobronchial location (c). More
cellular areas without discernable globules are also evident (d). The metastatic adenoid cystic
carcinoma shows crowded clusters (e, f) of tumor cells with inconspicuous nucleoli and scant
cytoplasm imparting a basaloid appearance. There is a conspicuous absence of background necro-
sis and pleomorphism. Globules can also be seen on a Pap stain (g). Mucoepidermoid carcinoma.
Mostly epithelioid and rare mucous cells are present (h). The mucin-containing cells are difficult
to identify on morphology (i) but are highlighted with mucicarmine (j). The remaining cells stain
with p63 (k) [Photographs (a—d, h—k) courtesy of Dr. Anjali Saqi]

Table 9.8 Chromosomal abnormalities in salivary gland-like tumors that can be detected with
FISH studies in small biopsies and cytology specimens

Salivary gland-type tumor Gene(s) Chromosome(s)
Mammary analog secretory carcinoma® ETV6-NTRK3 t(12;15)
Mucoepidermoid carcinoma MECTI/IMAML? t(11;19)
Adenoid cystic carcinoma MYB-NFIB t(6,9)

Salivary duct carcinoma® Her2/neu 17q
Hyalinizing clear cell carcinoma?® EWSRI-ATF1 t(12;22)

*These salivary gland tumors have only rarely been reported in the lung and are seen primarily as
metastases.
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Metastatic Malignant Melanoma

Malignant melanomas metastasize to many sites in the body, including the lung. On
cytology, the cells tend to be discohesive. Otherwise, malignant melanomas can
assume different patterns and contain cells that are enlarged, pleomorphic, mono-
morphic, and/or plasmacytoid. Similar variability can be seen in the nuclei, which
can have binucleation, prominent nucleoli, and/or intranuclear inclusions (Fig. 9.16).
When present, the identification of fine dusty, nonrefractile pigment granules is spe-
cific for distinguishing melanoma from hemosiderin and carbon [70]. But given that
the vast majority of melanomas lack melanin pigment and have different morpho-
logical patterns, they can mimic large cell lymphomas, neuroendocrine tumors, and
poorly differentiated non-small cell carcinomas [70].

The characteristic immunoprofile of malignant melanomas includes positivity
for S100, HMB45, MelanA, MiTF, and tyrosinase. A panel of stains is typically
helpful given that not all melanomas are immunoreactive for each of these markers
and a subset can be S100 negative and show some cytokeratin staining [71]. Besides
allocating tissue for immunohistochemical confirmation, it should also be procured

Fig. 9.16 Metastatic malignant melanoma [(a) DQ stain, high power; (b) Pap stain, high power;
(c) H&E stain, medium power]. Metastatic melanoma typically shows a discohesive, plasmacytoid
appearance with prominent nucleoli (a—c), and in addition, binucleation is also common. These
features should raise the possibility of a melanoma and prompt immunostaining for melanoma
markers such as S100, HMB45, MiTF, and MelanA
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for potential molecular testing. Oncologists frequently request BRAF and KRAS
testing for melanomas, because there is a dramatic clinical response to targeted
therapies like vemurafenib in BRAF-positive melanoma [72, 73].

Mesenchymal Tumors

Tumors with spindle cells involving the lung are of mesenchymal or non-
mesenchymal origin, present as a solitary nodule or multiple nodules, can be benign/
low-malignant potential or malignant, and represent primary or metastatic disease
(Fig. 9.17). In general, the differential for bland-appearing ovoid or spindle cells
includes spindle cell carcinoid, solitary fibrous tumor, benign metastasizing leio-
myoma, spindle cell melanoma, neurogenic tumor, Type A thymoma, and granu-
loma. On the opposite end of the spectrum, malignant considerations for spindle
cell proliferations comprise, but are not limited to, sarcomatoid carcinoma, sarco-
matoid mesothelioma, metastatic sarcoma, malignant solitary fibrous tumor, and
rarely primary sarcoma arising in the lung or the vessels within the lung.
Malignant tumors with spindle cells are more likely to yield cellular diagnostic
material on aspirates or touch preparations than those that are benign or low grade.
Sarcomas tend to have discohesive spindle or epithelioid cells with marked
nuclear atypia and a metachromatic fibrillary or chondromyxoid background
on Romanowsky-based stains. Other tumors with a predominantly spindle cell
component and low-grade histology are likely to yield pauci-cellular aspirates and

Spindle cell tumors

Primary

Spindle cell Thyrmoma Spindle cell metBaEs?;E?zin
carcinoid Y melanoma 5 g
leiomyoma

Solitary fibrous
tumor

Neurogenic
tumor

Sarcomatoid Metastatic
mesothelioma sarcoma

Sarcomatoid B
Synovialsarcoma

carcinoma

Synovial sarcoma

Other

Fig. 9.17 Difterential diagnosis for spindle cell tumors involving the lung and mediastinum
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Table 9.9 Common immunophenotypes of neoplasms with spindle cells morphology

Keratin(s) | TTF1 |CD34 |BCL2 |Desmin |SMA |ER |PR
Sarcomatoid carcinoma | + +/—
Mesothelioma +
Synovial sarcoma +
Solitary fibrous tumor + +

Benign metastasizing + + + +
leiomyoma

Leiomyosarcoma + +

ER estrogen receptor, PR progesterone receptor

touch preparations, leading to nondiagnostic or equivocal intra-procedural findings
necessitating histological evaluation of the core biopsy for assessment. Even on
core biopsies, a specific diagnosis may be challenging [74]. In general, hypocellu-
larity, lack of necrosis, minimal/absent nuclear pleomorphism, and low/absent
mitotic activity favor benign/low-malignant neoplasms, and those with contrasting
cytomorphological features tend to be malignant.

Most spindle cell tumors are very rare in the lung. With knowledge of the clinical
and imaging findings, a focused immunostain panel to differentiate among the vari-
ous entities can be performed. Sarcomatoid carcinoma of the lung, which has a male
predominance and arises in the lung, encompasses several subtypes (i.e., pleomor-
phic carcinoma, spindle cell carcinoma, giant cell carcinoma, carcinosarcoma, and
pulmonary blastoma) with varying proportions of carcinoma and sarcomatoid (spin-
dle and/or giant cell) components. Cytokeratin, considered the first-line stain in
neoplasms with spindle cells suggestive of a lung primary, is helpful in identifying
the epithelial component in morphologically ambiguous cases, but additional kera-
tins (e.g., CK7, Cam5.2, CKI18) may be necessary in poorly differentiated
cytokeratin-negative cases (Table 9.9) [74]. A subset of sarcomatoid carcinomas
stains with TTF1 and confirms a pulmonary origin [75] (Fig. 9.18). Sarcomatoid
carcinomas can also express mesothelial markers and mesenchymal markers requir-
ing cautious interpretation of the diagnosis [76].

Sarcomatoid mesotheliomas, consisting of >90 % spindle cells, classically have
pleural thickening but can metastasize to the lung and distant locations. They are
immunoreactive for CK and lack the diffuse staining of calretinin staining and other
mesothelial markers associated with epithelioid mesothelioma [74].

Solitary fibrous tumors are associated with the pleura and can be attached to the lung
by a pedicle. They are characterized by a “patternless pattern” and have malignant
potential (Fig. 9.19). They typically stain with CD34, BCL2, CD99 and STATG6; few
tumors are immunoreactive for desmin or actin. Spindle cell carcinoids are positive for
synaptophysin and chromogranin (Fig. 9.20). Neurogenic tumors stain with S100, but
this can be seen in other spindle cell tumors including spindle cell melanomas.

Benign metastasizing leiomyomas are rare tumors that present in women with
a history of leiomyoma treated years earlier by a hysterectomy [77] (Fig. 9.21).
They mark with desmin, smooth muscle actin, estrogen, and progesterone, and their
cytological features (e.g., bland spindle cells, no mitoses or necrosis) distinguish
them from leiomyosarcomas.
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Fig. 9.18 Sarcomatoid carcinoma of the lung [(a) DQ stain, high power; (b) Pap stain, high
power; (¢) H&E stain, medium power; (d) pancytokeratin immunostain, medium power; (e)
vimentin immunostain, medium power; F. H&E, high power]. Pleomorphic spindle cells can also
be seen in sarcomatoid carcinomas of the lung, and thus, cytokeratin immunoreactivity (d) is
important to look for in a spindle cell tumor to confirm a sarcomatoid carcinoma. These tumor cells
will typically be negative for vimentin (e), while a sarcoma would show positivity for vimentin and
negativity for cytokeratin. The spindle cell component may be overlooked as a desmoplastic
response (f) [Photograph (f) courtesy of Dr. Anjali Saqi]

Leiomyosarcomas and myxofibrosarcomas are the most common metastatic
sarcomas in the lung, and given the proclivity for hematogenous spread, sarcomas
typically will involve the lung or bone without involving the lymph nodes [78].
Primary sarcomas in the lung or thoracic cavity are rare, but vascular sarcomas
and synovial sarcomas are among the most common [78]. In general, sarcomas
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Fig. 9.19 Solitary fibrous tumor [(a) DQ stain, medium power; (b) Pap stain, medium power; (c)
H&E stain, high power; (d) H&E, medium power). Solitary fibrous tumors are spindle cell neo-
plasms. Cytology preparations show bland spindle cells (a, b). Similar cells, including some with
atypia, are within collagenized stroma and are noted on the corresponding core biopsy (¢). Solitary
fibrous tumors can have high cellularity (d) as well. Malignant solitary fibrous tumors have greater
cellularity, more nuclear atypia, and a high mitotic index [Photographs courtesy of
Dr. Anjali Saqi (a—c) and Dr. Andre Moreira (d)]

Fig. 9.20 Spindle cell carcinoid [(a) DQ stain, medium power; (b) H&E, medium power]. The
aspirate shows bland-appearing spindle cells that are loosely cohesive and singly placed (a). The
H&E demonstrates similar cells without pleomorphism, necrosis, or mitotic activity (b)
[Photographs courtesy of Dr. Anjali Saqi]
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Fig. 9.21 Benign metastasizing leiomyoma [(a) DQ stain, high power; (b) H&E, medium power].
The touch prep has a cellular spindle cells proliferation (a). On the H&E (b), no pleomorphism,
necrosis, or mitotic activity is seen [Photographs courtesy of Dr. Anjali Saqi]
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Fig. 9.22 Metastatic leiomyosarcoma [(a) DQ stain, high power; (b) Pap stain, high power; (c)
H&E stain, medium power; (d) H&E stain, high power]. Sarcomas, such as leiomyosarcomas, are
typically metastatic to the lung and reveal a cellular spindle cell tumor with nuclear enlargement and
pleomorphism [Photographs courtesy of Dr. Anjali Saqi (a, ¢, and d) and Dr. John Crapanzano (b)]

are vimentin and desmin positive and cytokeratin negative, whereas the opposite
immunoprofile (cytokeratin positive, vimentin negative) is more compatible with a
sarcomatoid carcinoma of the lung, provided that a synovial sarcoma has been
excluded (Fig. 9.22).
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Fig. 9.23 Synovial sarcoma [(a) DQ, medium power; (b) H&E stain, low power; (¢) CK stain,
medium power]. Synovial sarcomas can be monophasic or biphasic. The cytology shows epitheli-
oid and ovoid cells (a). These are better seen on the core biopsy (b), and the epithelial cells are
highlighted by cytokeratin immunostain (¢) [Photographs courtesy of Dr. John Crapanzano]

Given the presence of SYT-SSX fusions in synovial sarcoma, FISH studies can
confirm the diagnosis and should be considered in spindle cell tumors, including
those with some staining for epithelial immunomarkers [79] (Fig. 9.23).

Malignant melanomas can also have spindle cells and mimic a spindle cell tumor.
They have mild to marked nuclear atypia, and in contrast their epithelioid counter-
parts, they have inconspicuous nucleoli, and on cytology, the cells are more cohesive
and may have intranuclear grooves [80]. They are distinguished from sarcomas by
their positivity for melanoma markers, except HMB45, which is typically negative
in spindle cell melanomas (Fig. 9.24).

Malignant Lymphoma

Lymphomas can involve the lung as a primary or as secondary process. The most
common lymphomas arising in the lung are extranodal marginal zone lymphomas
of mucosa-associated lymphoid tissue (MALT) type; however, almost any type of
lymphoma can secondarily involve the lung [81]. Clues to the diagnosis on cytology
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Fig. 9.24 Metastatic spindle cell melanoma [(a) DQ stain, high power; (b) H&E stain, medium
power; (¢) MelanA immunostain, medium power]. Malignant melanoma can present with spindle
cells, which have mild pleomorphism, occasional intranuclear grooves, and less prominent nucle-
oli than in epithelioid melanoma. This diagnosis should be considered in any spindle cell tumor in
the lung

include a discohesive population of cells and lymphoglandular bodies, representing
cytoplasmic fragments, in the background. On a touch preparation, the discohesion
can be difficult to appreciate. Extensive pressure or manipulation on a smear, touch
preparation, or core biopsy results in crush artifact mimicking that seen in small cell
carcinomas, so care must be taken in handling these and other specimens alike.

Small cell lymphomas can be particularly difficult to distinguish from reactive
lymphocytic infiltrates in the absence of flow cytometry or FISH studies to substan-
tiate a clonal population, so a specimen demonstrating discohesive cells should
raise suspicion for a lymphoproliferative process and prompt the appropriate
workup [81] (Fig. 9.25). Some of the primary MALT lymphomas of the lung are
heterogeneous and demonstrate plasma cells and granulomas, which also raise
suspicion for an infection; thus, ancillary studies to resolve the proliferation are
necessary [81].

Large cell lymphomas are more obviously malignant. However, immunostains
are crucial to exclude poorly differentiated carcinoma, sarcoma, and melanoma,
which may be in the differential diagnosis of a discohesive tumor with large,
pleomorphic cells.
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Fig. 9.25 Extranodal marginal zone B-cell lymphoma [(a) DQ stain, high power; (b) H&E stain,
medium power; (¢) CD20 immunostain, medium power; (d) CD3 immunostain, medium power].
The aspirates from this lung lesion reveal a discohesive population of cells with lymphoglandular
bodies and histiocytes (a, b). Occasional cells have a plasmacytoid appearance. Immunostains
performed on the cell block reveal that the cells are positive for CD20 (¢) and negative for CD3 (d).
Flow cytometry confirmed a light-chain restricted B-cell population

In general lymphomas are typically positive for LCA/CD45, a lymphoid marker,
and stain with CD20, given that most lymphomas involving the lung are of B-cell
lineage. Additional immunostains and FISH studies can be performed based on the
phenotype for further subtyping [81].

Conclusions

The evaluation of patients with possible secondary and/or multiple lung tumors
requires a multiparameter approach, incorporating a detailed clinical history, radio-
logical findings, meticulous pathological review, and ancillary studies. The findings
in various tumor types in the lung are summarized in Table 9.10. Given the emphasis
on minimizing unnecessary loss of tissue in small biopsies and cytology specimens
in today’s era of personalized medicine, knowledge of the spectrum of entities to
consider, in addition to the morphological clues, can be crucial in maximizing diag-
nostic accuracy and enhancing the yield from these minimally invasive specimens.
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Table 9.10 Differential diagnosis for tumors of unknown origin in cytopathology specimens and
applicable ancillary studies

Tumor type

Adenocarcinoma

Squamous cell
carcinoma

Lymphoma

Melanoma

Sarcoma

Mesothelioma

Morphology

Cohesive, vacuolated
cytoplasm, prominent
nucleoli, glandular
formation or other
architectural types (signet
ring, papillary, mucinous)
Cohesive, dense
cytoplasm, coarse
chromatin, orangeophilia
on Pap stain

Discohesive,
lymphoglandular bodies

Discohesive,
binucleation, prominent
nucleoli, intranuclear
inclusions, melanin
pigment

Discohesive, marked
nuclear pleomorphism,
scant-to-moderate
amounts of cytoplasm
Cohesive with spaces
between cells, nucleoli,
two-tone cytoplasm

Immunostaining
profile

CK7 & CK20
profile,
site-specific
markers (e.g.,
TTF1, CDX2)

p40/p63, CK5/6,
site-specific
markers (e.g.,
pl6)

CD45, CD20,
CD3, subtype-
specific markers
(e.g., CD30,
ALK, EBV)

S100, MelanA,
HMB45,
tyrosinase, MiTF

Vimentin,
subtype-specific
markers (e.g.,
desmin)

‘WT-1, calretinin,
D2-40, CK5/6,
cytokeratin

Molecular studies
and others

Molecular studies for
theranostic information
(e.g., lung (EGFR, KRAS,
ALK), colon

(BRAF and KRAS))

HPV CISH to exclude an
HPV-related squamous cell
carcinoma

FISH studies for FGFR
amplification in primary
lung squamous cell
carcinomas

FC and FISH studies for
clonality (e.g., IgH
rearrangement or T-cell
gene rearrangement) and
subtyping (e.g., specific
immunophenotype by

FC or specific translocation
by FISH)

Molecular studies for
theranostic information
(e.g., BRAF and KRAS)

FISH studies for subtyping
(e.g., EWS translocations)

FISH for diagnostic and
prognostic information
(e.g., p16 deletion by FISH)

ICC immunocytochemistry, FISH fluorescence in situ hybridization, FC flow cytometry, CISH
chromogenic in situ hybridization
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Chapter 10
Mimickers of Lung Carcinoma in Cytology
and Small Biopsy Specimens

Elena Lucas and Sunati Sahoo

A false-positive diagnosis of malignancy of 1 % has been reported in respiratory
cytology even when the specimens were interpreted by highly experienced cytopa-
thologists [1]. Discussed below are some of the common nonneoplastic and benign
and low grade neoplastic lesions of the lung that mimic lung carcinoma in cytologic
preparations and in small tissue biopsy.

Nonneoplastic Lesions

Mimickers of Adenocarcinoma

Reactive type Il pneumocytes (RPII) are an important diagnostic pitfall of adenocar-
cinoma. In the normal lung, type II pneumocytes are small and account for only 5 %
of alveolar lining cells. These cells undergo hyperplasia and reactive changes in
response to injury resulting from conditions such as adult respiratory distress syn-
drome (ARDS), pulmonary infarction, embolism, infections, abscesses, organizing
pneumonia, oxygen therapy, pulmonary drug toxicity, interstitial lung diseases with
pulmonary fibrosis, alveolar hemorrhage, pulmonary Langerhans cell histiocytosis,
radiation therapy, and chemotherapy, among others [2-9].

In exfoliative cytology specimens, RPII may be distributed singly or in clusters and
show worrisome features that include large nuclei, macronucleoli, nuclear membrane
irregularity, hyperchromasia, and coarse chromatin (Fig. 10.1). Although the nucleus
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Fig. 10.1 Reactive type II
pneumocytes in a
bronchoalveolar lavage
specimen. Markedly enlarged
nuclei, prominent nucleoli,
and abundant vacuolated
cytoplasm (cytospin,
Papanicolaou stain)

to cytoplasm (N/C) ratio is usually low, it can be increased in some cases. The cyto-
plasm quality varies and can be delicately granular to dense squamoid or hyperva-
cuolated. In some instances, if taken in isolation and out of the clinical context, the
striking cytologic atypia can mimic adenocarcinoma to perfection [2—6, 8—13].

Morphologic features that favor RPII over malignant cells include lower cellular-
ity, fewer single cells, smaller clusters without a great depth of focus, less uniformity
among cell groups, tendency for a lower N/C ratio, scalloped borders, and intercel-
lular windows in at least some cell clusters [3, 4, 6, 14] (Fig. 10.2a—f). In reactive
conditions, careful examination usually reveals a spectrum of changes, whereas two
distinct populations of normal and clearly malignant cells, are typically identified in
adenocarcinomas. Unfortunately, no special immunohistochemical or cytochemical
marker exists to reliably distinguish between these two conditions [15].

In small tissue biopsy, RPII usually do not pose the same diagnostic difficulty
due to preservation of the architecture. However, prominent proliferation of type II
pneumocytes can occasionally resemble in situ or invasive adenocarcinoma.
Reactive hyperplasia in an area of atelectasis leading to a misdiagnosis of solid vari-
ant of adenocarcinoma has been reported [16]. Hyperplastic pneumocytes are
cuboidal to columnar with large nuclei, vesicular chromatin, and prominent nucle-
oli, often protruding into the alveolar spaces in a hobnail fashion. Mitotic figures
may be observed. The background parenchyma showing inflammation, diffuse
alveolar damage, necrosis, organizing pneumonia, granulomas, fibrosis, or fibro-
myxoid changes often provides a clue to an underlying injurious process, but it can
also be mistaken for a desmoplastic reaction (Fig. 10.3a—d).

The most important step in avoiding a misdiagnosis is to correlate the morpho-
logic findings with clinical information and imaging studies. For example, in a set-
ting of acute lung injury, a rapid clinical course and an absence of a mass lesion are
strong indicators that the cytologic atypia may be of reactive nature. In such
instances, it is appropriate to recommend a follow-up biopsy upon recovery to
resolve the diagnostic dilemma.
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Fig. 10.2 (a, b) Reactive type II pneumocytes in a liquid-based preparation. Clusters of cells with
enlarged nuclei and macronucleoli arranged in three-dimensional clusters in a patient with acute
respiratory failure (a, b) (ThinPrep, Papanicolaou stain). (¢, d, e, and f) Reactive type II pneumo-
cytes on FNA (¢, d, and e) with corresponding biopsy (f). The pneumocytes on the FNA show flat
sheets of loosely cohesive cells, vacuolated cytoplasm, and occasional intercellular windows. The
core biopsy shows similar cells clinging to the alveolar walls (f) (Diff-Quik stain, Papanicolaou
stain, H&E stain) (Photographs e—f courtesy of Dr. Anjali Saqi)
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Fig. 10.3 Organizing pneumonia. (a, b) Touch imprints of a CT-guided core biopsy showing
enlarged, markedly atypical type II pneumocytes in an inflammatory background, originally inter-
preted as adenocarcinoma (Diff-Quik stain). (¢, d) Core biopsy with reactive type II pneumocytes
surrounded by fibromyxoid stroma (H&E stain)

Reactive bronchial cells are relatively common and occur as a response to a host
of inflammatory and environmental stimuli, including infections, diffuse alveolar
damage, pulmonary infarct, asthma, chronic obstructive airway disease, bronchiec-
tasis, smoking, environmental toxins, chemotherapy, radiation treatment, and
instrumentation [8]. Reactive atypia of bronchial cells can cause diagnostic diffi-
culty. Their nuclei are enlarged, can be up to 6 times the size of a normal bronchial
cell nucleus (Fig. 10.4a) and may contain prominent, sometimes irregular nucleoli
[5, 17, 20]. Mitotic activity may be noted. The nuclear polarity is preserved, the
nuclear contours are usually smooth, and the chromatin is fine. Often in this setting,
there is a spectrum of changes ranging from small unremarkable to markedly reac-
tive cells, without distinctive benign and malignant cell populations. Although mild
nuclear contour irregularity and moderately course chromatin can be seen on occa-
sion (Fig. 10.4b), very coarse and irregularly distributed chromatin with condensa-
tion underneath the nuclear membrane is distinctly uncommon and should raise a
strong suspicion of malignancy.

Multinucleation is relatively common but the individual nuclei are identical to
those of background single cells. The cells can be arranged in clusters and flat sheets
or in a streaming pattern (Fig. 10.5a). Unlike carcinomas, dyscohesion and single
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Fig. 10.4 Reactive bronchial epithelial cells in a bronchial brushing specimen. (a) Nuclear
enlargement can be up to six times the size of normal nucleus (smear, Diff-Quik stain). (b)
Morphologic continuum of reactive changes including marked variation in size, macronucleoli,
mild nuclear contour irregularity, and moderately course chromatin (smear, Papanicolaou stain)

Fig. 10.5 Reactive bronchial epithelial cells in a bronchial brushing and FNA. (a) The cells can
be arranged in a streaming pattern (smear, Diff-Quik stain). (b) Nuclear enlargement, increased
N/C ratio, and course chromatin. Focal retention of cilia or terminal bars helps with a benign diag-
nosis (ThinPrep, Papanicolaou stain)
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Fig. 10.6 Creola body on FNA and in a liquid-based preparation. Three-dimensional cluster of
bronchial epithelial cells. Smooth nuclear contours, light chromatin, cilia, and terminal bars (a, b)
(Diff-Quik, ThinPrep, Papanicolaou stain) (Photographs courtesy of Dr. Anjali Saqi)

cells are uncommon. Reactive cells often retain cilia and terminal bars that aid with
a benign diagnosis. In the absence of visible cilia or partial loss of cytoplasm, a
benign diagnosis can be established by comparing the nuclear shape and chromatin
quality of cells in question with other clusters containing benign ciliated cells
(Fig. 10.5b) or identifying terminal bars (Fig. 10.5¢c).

Bronchial cell hyperplasia in exfoliative respiratory specimens can appear as
tight papillary or spherical clusters called “Creola bodies.” These clusters are
encountered mostly in asthmatic patients; however, they have been described in
other chronic respiratory diseases, viral infections, and instrumentation [20]. These
cell clusters can be large, and the cells may show crowding and even nuclear mold-
ing. In inflammatory conditions, atypical nuclear features may be observed.
Although the individual cells are often difficult to visualize due to multilayering,
focusing at the periphery or sometimes in the center of the cluster usually reveals
cilia, terminal bars, and bland nuclear features (Fig. 10.6).

Peribronchiolar metaplasia, also known as lambertosis, results from the replace-
ment of the normal alveolar lining by bronchiolar epithelium that is connected to
small airways through the canals of Lambert. This phenomenon occurs as a response
to various unrecognized and recognized stimuli including smoking, chronic inflam-
mation, obstructive airway disease, and interstitial lung disease. In surgical tissue
biopsy, it is usually recognized as such due to the preservation of the architecture,
retention of columnar shape by the metaplastic cells or a spectrum of cuboidal and
columnar shapes. Rarely peribronchiolar metaplasia in a small biopsy may resem-
ble atypical adenomatous hyperplasia or well-differentiated adenocarcinoma in situ.
However, the retained architecture, the identification of cilia or terminal bars in
some of the cells and the lack of nuclear atypia to the degree seen in adenocarci-
noma help establish a benign diagnosis [21] (Fig. 10.7).

Goblet cell hyperplasia is another reactive change that can mimic primary or
metastatic mucinous adenocarcinoma. In a quiescent bronchial lining, the ratio of
goblet cells to ciliated cells is approximately 1:5 [22]. In chronic obstructive airway



10 Mimickers of Lung Carcinoma in Cytology and Small Biopsy Specimens 203

Fig. 10.8 Goblet cell hyperplasia in a bronchial brushing. Small nuclei, smooth nuclear contours,
featureless chromatin, and preserved nucleocytoplasmic polarity distinguish goblet cells from
mucinous adenocarcinoma. Close association with ciliated columnar cells facilitates the diagnosis
of benignity (smear, Papanicolaou stain) (Photograph courtesy of Dr. Anjali Saqi)

disease and asthma, goblet cells undergo proliferation as a compensatory response
to airway obstruction. In exfoliative cytology specimens, goblet cells are increased
in number and distributed singly, in sheets or small clusters. The features that dis-
tinguish benign goblet cell hyperplasia from a malignant process are: a clean back-
ground, cell uniformity, small basally located nuclei, smooth nuclear contours, and
featureless chromatin (Fig. 10.8). Occasionally ciliated cells can be found amidst
goblet cells, and their presence greatly facilitates the diagnosis of benignity. In a



204 E. Lucas and S. Sahoo

difficult case, clinical information may provide a clue. However, goblet cell hyper-
plasia in a patient with chronic airway disease presenting with a mass lesion may
pose a diagnostic challenge requiring a tissue biopsy.

Mimickers of Squamous Cell Carcinoma

Reactive squamous changes and atypical squamous metaplasia of respiratory epi-
thelium occur in response to a wide variety of irritants. Some of the common incit-
ing factors include cigarette smoking, chronic inflammation, inhalants, pulmonary
infarction, diffuse alveolar damage, cavitary infections, radiation therapy, chemo-
therapy, instrumentation, and tracheostomy [5, 22-25].

Exaggerated reparative or degenerative changes in metaplastic squamous cells
may raise a suspicion for squamous dysplasia or invasive carcinoma (Fig. 10.9a—e).
Additionally, high-grade squamous dysplasia arising in metaplastic squamous
mucosa may be indistinguishable from invasive carcinoma in superficial biopsy
or cytologic preparations. Atypical metaplastic squamous cells can show enlarged
hyperchromatic nuclei and nuclear pleomorphism. The cytoplasm can be brightly
eosinophilic or orangeophilic. Usually these cells are scant in number and show
poor nuclear detail due to smudgy or degenerative chromatin (Fig. 10.9a,b). In
some cases, a distinction between squamous metaplasia, dysplasia, and inva-
sive squamous carcinoma may not be possible. In the absence of unequivocally
malignant cells, great care should be taken not to label these as squamous cell
carcinoma.

Prolonged tracheostomy or intubation leading to atypical squamous metaplasia
may extend to the mucosa distant from the stoma site and be seen years or even
decades following laryngectomy or tracheostomy. Presence of atypical and degen-
erated squamous cells with dense, highly keratinized cytoplasm with nuclear kary-
orrhexis and karyolysis can potentially mimic squamous cell carcinoma. Clinical
history and the absence of well-preserved cells with unequivocal features of
malignancy are helpful in reaching an accurate interpretation [2, 19, 26].

Cavitary infections due to fungi or mycobacteria can be associated with mark-
edly atypical squamous cells. In cytologic preparations, these cells can be single
or arranged in clusters demonstrating worrisome features described above [2, 19].
In contrast to squamous cell carcinoma, the chromatin tends to be smudgy, the
cytoplasm is more eosinophilic than orangeophilic, and atypical cells are few
in number [11] (Fig. 10.9d). Correlation with the clinical findings, presence of
inflammatory background, or identification of microorganisms (e.g., fungal
hyphae) is helpful in establishing a benign diagnosis. On the contrary, truly dys-
plastic or malignant cells should not be overlooked or dismissed since squamous
cell carcinoma often undergoes cavitation and can be associated with necrosis
and inflammation. Furthermore, squamous cell carcinoma can sometimes arise in
infectious cavities, or, alternatively, a cavitary tumor can be secondarily colonized
by fungus [27-29].
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Fig. 10.9 Atypical squamous metaplasia. (a) Squamous metaplastic cells associated with an air-
way injury show enlarged hyperchromatic nuclei, nuclear pleomorphism, and orangeophilic cyto-
plasm. Usually these cells are scant (smear, Papanicolaou stain). (b) Reactive atypical squamous
metaplasia of bronchial mucosa adjacent to an ulcer may be difficult to differentiate from dysplasia
(H&E stain). (c) Atypical squamous cells associated with inflammation. (d) Atypical squamous
cells in a case of Aspergillus (organisms not shown). (e) Atypical squamous cells in a streaming
pattern; Candida infection (not shown) present [Photographs courtesy of Dr. John Crapanzano (c)
and Dr. Anjali Saqi (d, e)]

Diffuse alveolar damage (DAD), a histologic manifestation of ARDS, can rarely
induce extensive squamous metaplasia of the alveolar lining cells. These metaplastic
cells may display significant cytologic atypia, leading to a misdiagnosis of carcinoma
in cytologic or small biopsy specimens even by experienced pathologists [25].
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Fig. 10.10 Atypical squamous metaplasia in diffuse alveolar damage. (a) In this case the normal
alveolar lining underwent both bronchial and squamous metaplasia (H&E stain). (b) Higher mag-
nification shows reactive changes in metaplastic squamous cells (H&E stain)

Fig. 10.11 Necrotizing sialometaplasia. (a) Squamous nests usually retain lobular architecture
(H&E stain). (b) Under higher magnification, metaplastic squamous cells have benign nuclear
features without evidence of dysplasia (H&E stain)

Clinical history of acute lung injury and histologic features of DAD, if present, should
prompt a pathologist to be extremely cautious in diagnosing malignancy [25]
(Fig. 10.10a, b).

Necrotizing sialometaplasia, a reactive process that occurs as a response to bron-
chial injury, appears as nests of squamous epithelium replacing bronchial submuco-
sal salivary-type glands. These nests usually retain lobular architecture, occasionally
taking irregular shapes with a pseudoinfiltrative appearance and resembling well-
differentiated squamous cell carcinoma. However, under higher magnification,
metaplastic squamous nests display benign morphologic features (Fig. 10.11a, b).
In endobronchial biopsy material, necrotizing sialometaplasia can be confused with
carcinoma only if taken out of clinical context since no mass lesion is usually
present.
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Miscellaneous Conditions Mimicking Adenocarcinoma
or Squamous Cell Carcinoma

Some benign lesions and contaminants can rarely be misdiagnosed as adenocarci-
noma or squamous cell carcinoma.

Therapy-related changes secondary to radiation, chemotherapy, and, less
commonly, other therapeutic agents are a potential source of diagnostic pitfalls.
Pronounced reactive changes can be seen in different types of respiratory epithe-
lium, stromal cells, and pulmonary macrophages after chemotherapy or radiation
therapy. These changes can rarely be mistaken for either adenocarcinoma or squa-
mous cell carcinoma [1, 5, 17-19, 31]. The appearance or disappearance of reactive
changes in relation to the timing of therapy varies. Changes associated with chemo-
therapy may be noted as early as a few weeks after the initiation of therapy and be
resolved by a month after the discontinuation of treatment [17, 31]. Some radiation-
induced changes may persist throughout life [20] and may be seen outside of radia-
tion field [32]. Occasionally radiation changes may resultin pulmonary consolidation,
a potential confounding factor in the diagnosis.

The common cytomorphologic changes of chemotherapy and acute radiation
injury (i.e., within 6 months of treatment) in bronchial cells include large nuclei,
macronucleoli, and irregular distribution of chromatin. These atypical cells are seen
singly or within a group of more normal-appearing cells (Fig. 10.12a,b). On occa-
sion cilia and terminal bars are lost after chemotherapy, further hindering the diag-
nosis [32]. Similar atypia are evident in pneumocytes and macrophages. In
fine-needle aspiration (FNA) specimens, cohesive flat sheets of cells with a “stream-
ing” appearance resembling reparative changes can be seen. The cells are large and
often polygonal with dense cytoplasm and occasionally have perinuclear clearing or
vacuoles. The nuclei are hyperchromatic with macronucleoli and wrinkled nuclear
contours. Multinucleation is common. Despite the nuclear enlargement, the N/C
ratio is usually low, although it may be increased [5, 17, 19, 20, 31].

Fig. 10.12 Glandular cells after radiation. (a) Bronchial epithelial cells with nuclear enlargement,
cytomegaly, and occasional multinucleation (H&E stain). (b) Radiation atypia in bronchial brush-
ing following radiation therapy for lung carcinoma (smear, Diff-Quik stain)
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Fig. 10.13 Metaplastic squamous cells post acute radiation. (a) Cells with nuclear enlargement,
hyperchromasia, two-tone cytoplasm, and low N/C ratio. (b) Nuclear contour and chromatin irreg-
ularity can be seen in radiation changes (smear, Papanicolaou stain)

Changes in metaplastic squamous cells from chemotherapy or acute radiation
injury result in nuclear enlargement, hyperchromasia, amphophilic or two-tone cyto-
plasm, nuclear contour irregularity, and, occasionally, perinuclear clearing or vacuol-
ization (Fig. 10.13a, b). The N/C ratio can be low or high, but smudgy chromatin with
poor nuclear detail is typical. Bizarre cells and mitoses, including atypical forms, can
be seen. In chronic radiation changes, the findings are nonspecific: the cytoplasm
may be brightly eosinophilic, cellular shapes distorted, and nuclei pyknotic. In sum-
mary, awareness of the above morphologic changes as well as clinical presentation
and a history of treatment will help in avoiding a misdiagnosis of malignancy.

Pulmonary infarct deserves a special mention since it can closely mimic malig-
nancy not only clinically but also on cytology. A radiologic finding of a wedge-
shaped, pleural-based infiltrate and symptoms of hemoptysis, chest pain, cough,
dyspnea, and fever are typical of pulmonary infarct. However, it can present with-
out typical symptoms or with a radiologic impression of a neoplasm with occa-
sional cavitation. In these situations, the presence of markedly atypical cells in an
exfoliative or FNA cytology specimen is fraught with a danger of misdiagnosis,
particularly in individuals with a history of smoking [8, 10, 13, 30]. Reactive cells
derived from bronchial or alveolar epithelium can closely resemble adenocarci-
noma [10, 20, 30].

Occasionally single keratinized metaplastic squamous cells with hyperchromatic
degenerative and smudgy nuclei can be seen along with reactive bronchial cells
simulating squamous cell carcinoma [5, 10]. If pulmonary infarct is suspected clini-
cally but the cytology is suspicious for malignancy, careful review of the slides may
reveal subtle features that favor benign diagnosis. In difficult cases, a repeat sample
should be obtained in several weeks.

Viral infections (e.g., Herpes simplex, Cytomegalovirus) of the respiratory tract
can cause nuclear enlargement and hyperchromasia. In exfoliative specimens,
infected cells are usually distributed singly but sometimes can form clusters which
under low magnification may mimic malignancy. Careful examination under higher
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Fig. 10.14 Bronchoalveolar lavage of a case with HSV infection (a, b). A cell cluster with large
hyperchromatic nuclei on close examination reveals intranuclear viral inclusions with ground-
glass appearance and margination of chromatin (ThinPrep and cytospin, Papanicolaou stain).
CMV in bronchoalveolar lavage and core biopsy (c, d). Inclusions of the CMV-infected cells
potentially mimic a malignancy (Papanicolaou stain, H&E stain) [Photographs (¢, d) courtesy of
Dr. Anjali Saqi]

magnification usually allows identification of viral inclusions and cytopathic effect
in some of the cells (Fig. 10.14). Ancillary studies can be used to confirm the diag-
nosis in questionable cases.

Mesothelial cells from pleura are incidentally sampled during transthoracic or a
deep transbronchial biopsy [33, 34]. Reactive mesothelial cells can have large nuclei
and prominent nucleoli. When arranged in flat sheets, they can be confused with
squamous cell carcinoma or a focus of lepidic pattern from a well-differentiated
adenocarcinoma. Uniform honeycomb arrangements, intercellular windows, and
the absence of keratinization favor a mesothelial origin (Fig. 10.15). Occasionally
mesothelial cells can be vacuolated and distributed as single cells, small groups, or,
in cases of mesothelial hyperplasia, papillary clusters closely resembling adeno-
carcinoma. In doubtful cases, immunohistochemical stains can confirm the meso-
thelial origin. Calretinin, WT-1, HBME-1, and D2-40 are positive in mesothelial
cells and usually negative in adenocarcinoma, while MOC-31, Ber-EP4, B72.3
(BRST-3), and CEA are positive in adenocarcinoma and usually negative in meso-
thelial cells. Cytokeratin 5/6, although positive in mesothelial cells, is of little help



210 E. Lucas and S. Sahoo

Fig. 10.15 (a, b) Mesothelial cells with squamoid appearance from FNA. Uniform honeycomb
arrangement and intercellular windows are seen (smears, Diff-Quik stain, Papanicolaou stain)
(Photographs courtesy of Dr. Anjali Saqi)

in differentiating them from squamous cell carcinoma since squamous cells are also
positive for this marker. None of the immunohistochemical markers are entirely
sensitive or specific; therefore, it is prudent to use a combination of two markers
from each group.

Hepatocytes can be sampled inadvertently during FNA and core biopsy targeting
the right lower lobe of the lung. In such instances, benign hepatocytes potentially
can be misinterpreted as cells of adenocarcinoma. A heightened awareness of this
sampling helps to avoid such diagnostic error [30].

Granulomas can mimic epithelioid neoplasms, both adenocarcinoma and squa-
mous cell carcinoma [35], as well as spindle cell neoplasms. In fact, granulomatous
inflammation is one of the most common lesions that result in false-positive diagnosis.
This error occurs largely due to the presence of cohesive three-dimensional clusters.
The presence of epithelioid and spindle-shaped histiocytes and the lack of single
neoplastic cells in the background are clues to the diagnosis (Fig. 10.16).

Mimickers of Neuroendocrine Carcinoma

Reserve cell hyperplasia occurs in response to various noxious stimuli including
inflammation and inhaled irritants. Hyperplastic reserve cells may appear in
bronchial washing and brushing specimens as tight crowded clusters of small cells
with a rim of dense basophilic cytoplasm, high N/C ratio, hyperchromatic nuclei,
and occasional nuclear molding. The distinction is usually straightforward, since
reserve cells have the nuclear size of small lymphocytes and are smaller than the
cells of small cell carcinoma. Their chromatin is dark and featureless unlike granu-
lar, neuroendocrine-type chromatin of small cell carcinoma. Mitotic figures, apop-
totic bodies, and necrosis are absent. The cell clusters are cohesive with tight
appearance and, in contrast to small cell carcinoma, with no cell dissociation.
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Fig. 10.16 FNAs of granulomas with epithelioid and spindle-shaped cells (a, b, ¢). Granulomas
form cohesive clusters with epithelioid cells (a) and/or spindle-shaped cells (b, ¢). The presence of
boomerang- and spindle-shaped cells is a clue to the diagnosis (a, b, ¢) (Diff-Quik stain, H&E
stain) (Photographs courtesy of Dr. Anjali Saqi)

Although there may be nuclear molding, the crush artifact or chromatin streaks
characteristic of small cell carcinoma are not present (Fig. 10.17a, b).

In surgical biopsy material, the hyperplastic reserve cells are located underneath
the normal bronchial cell lining without an invasive growth pattern and are easily
recognized as benign, although at times due to tangential sectioning, they may pose
diagnostic difficulty (Fig. 10.17c).

Lymphocytes in small tissue specimens, particularly when crushed, can be mis-
taken for small cell carcinoma. The distinction must be made on cells that are better
preserved. Lymphocytes are smaller, with darker staining clumped chromatin.
In contrast, cells of small cell carcinoma are larger than lymphocytes and have finely
granular to smooth neuroendocrine-type chromatin. In doubtful cases, immunostains
(CDA4S5 for lymphocytes versus cytokeratin, synaptophysin, chromogranin, and CD56
for small cell carcinoma) will provide a diagnostic solution.

Naked nuclei of degenerating bronchial cells with stripped cytoplasm can be
confused with small cell carcinoma or low-grade neuroendocrine carcinoma (carci-
noid). These nuclei can be seen in the sputum of patients with asthma, chronic
bronchitis, or other benign conditions [5]. The differentiating features are fine chro-
matin without “salt and pepper” granularity of neuroendocrine-type chromatin, the
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Fig. 10.17 Reserve cell hyperplasia (a, b). Tight clusters of small uniform cells with hyperchro-
matic nuclei and a thin rim of basophilic cytoplasm. Some areas appear to have nuclear molding;
however, no crush artifact or necrosis is seen (smears, Diff-Quik and Papanicolaou stain). (c)
Reserve cell hyperplasia with overlying ciliated epithelial cells (H&E stain) [Photograph (b) cour-
tesy of Dr. Anjali Saqi]

absence of molding or necrosis, and the similarity of the naked nuclei to those of
better-preserved benign bronchial cells. A diagnosis of malignancy should not be
made on degenerated cells or naked nuclei regardless of the level of atypia.

Tumorlike Lesions and Low-Grade Neoplasms

Meningothelial-Like Nodules

Meningothelial-like nodules usually are incidental findings in resection specimens.
Rarely they can be found in a lung biopsy performed for nonneoplastic conditions
(e.g., in a transbronchial biopsy of a transplant recipient). These lesions consist of
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Fig. 10.18 Meningothelial-like nodules. (a) Whorled nests of cells with bland nuclei and eosino-
philic cytoplasm. (b) Some cells show nuclear grooves and intranuclear inclusions (H&E stain)

whorls or nests of elongated medium-sized cells with eosinophilic cytoplasm and
oval nuclei with fine chromatin. Architecturally the whorls or nests may resemble
squamous cells or neuroendocrine carcinoma. On close inspection, the absence of
keratinization, poorly defined cytoplasmic borders, bland ovoid nuclei with incon-
spicuous nucleoli, occasional nuclear grooves, and intranuclear inclusions provide
clues to a correct diagnosis. By immunohistochemistry, these cells are positive for
vimentin, EMA, CD56, and progesterone receptor but negative for keratin, S100, or
neuroendocrine markers [20, 36, 37] (Fig. 10.18a, b).

Pulmonary Hamartoma

The question whether pulmonary hamartomas are malformations arising from
embryonic rests or true neoplasms is unresolved. Despite the discovery of chromo-
somal aberrations in some of these lesions [38, 39], they are still considered to be
tumorlike malformations by many.

Pulmonary hamartoma is characterized by an overgrowth of mesenchymal tissue
including cartilage, smooth muscle, and fat, intermixed with epithelial cells arranged
mostly in tubular structures. The epithelial cells, which are typically cuboidal or low
columnar, are not an inherent component of this lesion, but rather represent entrap-
ment of small airways by expanded mesenchymal tissue.

In surgical biopsy material, biphasic sarcomatoid carcinoma with heterologous
elements or primary intrapulmonary chondrosarcoma may enter the differential diag-
nosis. In FNA specimens, occasionally emphasis on epithelial cells showing reactive
features or intranuclear inclusions, while underrecognizing the subtleness of the
mesenchymal component, can lead to a false-positive diagnosis of low-grade neuro-
endocrine carcinoma (carcinoid), adenocarcinoma, or even small cell carcinoma [40,
41] (Fig. 10.19).
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Fig. 10.19 Pulmonary hamartoma. (a) FNA of hamartoma showing fibromyxoid stroma with
spindle-shaped cells (Diff-Quik stain). (b) Touch imprint of the core biopsy showing fibromyxoid
stroma with entrapped benign epithelial cells (Diff-Quik stain). (c, d) Cartilage and fibromyxoid
stroma are intimately attached. No atypical or malignant cellular features are present (H&E stain)
[Photographs (a, ¢, d) courtesy of Dr. Anjali Saqi]

Clear Cell (Sugar) Tumor of the Lung

Clear cell tumor of the lung, also known as “sugar tumor,” is a rare pulmonary neo-
plasm that belongs to the perivascular epithelioid cell tumor (PEComa) family and
potentially can be confused with a clear cell variant of lung adenocarcinoma or
metastatic carcinomas. The tumor cells demonstrate both smooth muscle and pre-
melanocytic differentiation evidenced by immunohistochemical staining pattern
and ultrastructural studies [42]. Large polygonal, elongated, or spindle cells with
abundant clear to lightly eosinophilic cytoplasm grow around small sinusoidal-type
blood vessels that can rarely be sclerotic [43]. The neoplastic cell nuclei are round
to oval and have fine chromatin, small to inconspicuous nucleoli, and occasional
single to multiple intranuclear inclusions. Typically they lack significant cytologic
atypia, high mitotic activity or necrosis (Fig. 10.20a, b). In cytologic smears, the
cells are distributed in cohesive clusters (Fig. 10.20c); however, the cytoplasm is



10 Mimickers of Lung Carcinoma in Cytology and Small Biopsy Specimens 215

Fig. 10.20 Clear cell (sugar) tumor of the lung. (a, b) Core biopsy shows large polygonal cells
with abundant cytoplasm growing around small sinusoidal-type blood vessels (H&E stain). (c)
Touch imprint of the core biopsy shows cohesive groups of cells with abundant foamy cytoplasm
that is easily stripped (Diff-Quik stain)

easily stripped, leaving naked nuclei and a foamy or granular background [44, 45].
Like PEComas of other sites, these tumors are negative for keratin but are positive
for vimentin and melanocytic markers such as HMB-45, MART1/Melan-A, and
microphthalmia transcription factor-1 [42]. Reactivity for smooth muscle and
muscle-specific actin is inconsistent. The tumor cytoplasm contains glycogen that is
highlighted by PAS positivity that disappears following diastase digestion.

Granular Cell Tumor

Primary granular cell tumors of the lung are rare. Usually these lesions are endo-
bronchial but may arise peripherally [46]. The cells are large, with ill-defined bor-
ders, small- to medium-sized nuclei, and abundant eosinophilic to amphophilic
cytoplasm filled with granules that are ultrastructurally proven to be lysosomes.
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Fig. 10.21 Granular cell tumor. (a) FNA shows loosely cohesive clusters and single cells with
abundant granular cytoplasm that is easily stripped and degranulated, giving the background a
granular appearance (smear, Diff-Quik stain). (b) Clusters of cells with abundant granular cyto-
plasm and low-grade nuclei (cell block, H&E stain). (¢, d) Similar cells with low N/C are evident
on the core biopsy (H&E stain) [Photographs (¢, d) courtesy of Dr. Andre Moreira]

The nuclear features are bland, the chromatin is fine, and the nucleoli are small to
inconspicuous. In biopsy specimens, these tumors grow as single cells and irregular
nests. In cytologic smears, they appear as thick syncytial clusters or sheets [47].
The cells often lose their cytoplasm due to degranulation, giving the background a
vacuolated or granular appearance [20]. Granular cell tumors are of Schwann cell
origin and are positive for S-100 as well as CD68. They can be mistaken as onco-
cytic carcinoid, adenocarcinoma, or acinar cell carcinoma of the bronchial submu-
cosal glands. Characteristic cytoplasmic granularity and bland nuclear features
point toward a correct diagnosis that can be confirmed with immunostains [20, 47]
(Fig. 10.21).

Pneumocytoma (Sclerosing Hemangioma)

Pneumocytoma, also known as sclerosing hemangioma, is an unusual benign
pulmonary neoplasm that arises from the primitive uncommitted respiratory
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Fig. 10.22 Pneumocytoma (sclerosing hemangioma). (a) Plump cells resembling type II pneumo-
cytes line fibrovascular cores, some of which contain round to polygonal cuboidal cells (H&E
stain). (b) Papillary structures composed of cells with bland chromatin and occasional nuclear
grooves (cell block, H&E stain). (¢) FNA shows markedly cellular smear with papillary clusters.
The papilla is composed of bland cells (inset) (smear, Diff-Quik stain) [Photographs courtesy of
Dr. Anjali Saqi]

epithelial cells and can very closely resemble well-differentiated adenocarcinoma.
These tumors are histologically heterogeneous with four characteristic architec-
tural patterns (papillary, solid, sclerotic, and vascular), two to three of which are
often present in a majority of tumors [48]. The cellular component is comprised
of two cell types: surface and stromal cells. The surface cells are plump cuboi-
dal, resemble reactive type II pneumocytes and have light eosinophilic or clear
cytoplasm and oval nuclei with fine to coarse chromatin and variably prominent
nucleoli. Intranuclear pseudoinclusions and multinucleation can be encountered.
These cells are positive for cytokeratin, EMA, and TTF-1 by immunohistochem-
istry. The second cell type is round, polygonal, or spindle stromal cells that fea-
ture well-defined borders, oval or round nuclei, fine chromatin, and inconspicuous
nucleoli. The nuclei may have smooth contours or show nuclear grooves. These
cells are also positive for TTF-1 and EMA but negative or only focally positive for
cytokeratin [49]. In the papillary pattern, the cuboidal cells typically line papillae
that have cores filled with the second type of cells (Fig. 10.22a). Alternatively,
two cell types can intermix in a solid pattern with cuboidal cells surrounding
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sheets of round/polygonal cells. Foamy or hemosiderin-laden macrophages may
be observed in the background. Psammoma bodies and lamellar concretions have
been described.

In cytologic smears and cell block preparations, this lesion recapitulates the
classic histologic patterns. The cells are typically bland; however, cuboidal surface
cells may be indistinguishable from well-differentiated adenocarcinoma [50]
(Fig. 10.22b, c¢). Mild cytologic atypia, prominent nucleoli, and mitotic figures can
be seen in both tumors. However, marked atypia, significant pleomorphism, or
necrosis is not characteristic of pneumocytoma.

The diagnosis of pneumocytoma on FNA or small biopsy requires recognition of
two distinctive cell types that can be confirmed by immunostains [51]. Rarely pneu-
mocytoma can be confused with low-grade neuroendocrine carcinoma (carcinoid);
however, pneumocytoma cells lack typical “salt and pepper” chromatin characteris-
tic of neuroendocrine tumors.

Solitary Papillomas and Invasive Papillomatosis

Papillomas are rare endobronchial lesions that in a small biopsy specimen can be
confused with lung carcinoma. Solitary squamous papillomas usually occur in
elderly smokers, while multiple papillomas tend to occur in children (juvenile pap-
illomatosis) [52]. Depending on the predominant epithelial type, papillomas can
be squamous, glandular, or mixed (Fig. 10.23). Squamous papillomas are associ-
ated with both low-risk (HPV 6/11) and high-risk (HPV 18) human papillomavi-
rus. They can exhibit exophytic or endophytic growth pattern and the epithelium
can be dysplastic. In endophytic or inverted growth pattern, nests of squamous
epithelium invaginate and proliferate in the submucosa. When cytologic atypia or
dysplasia is present within such a variant, it can closely simulate well-differenti-
ated squamous cell carcinoma. Unlike squamous cell carcinoma, the nests of a
papilloma are invested with a basement membrane and lack destructive invasive
growth pattern and desmoplastic stromal reaction. Prominent nuclear atypia, pleo-
morphism, and dyskeratosis typical of squamous cell carcinomas are not seen in
squamous papilloma [53].

In invasive papillomatosis, squamous papillary proliferations extend into the
pulmonary parenchyma and spread between alveolar spaces through the pores of
Kohn, leading to the formation of complex endophytic lesions that can simulate
invasive squamous carcinoma [52].

Glandular papillomas can be mistaken for well-differentiated adenocarcinoma.
The distinguishing features are the endobronchial location and arborizing fibrovas-
cular cores lined by benign columnar or cuboidal glandular epithelium. The epithe-
lium can be pseudostratified but does not show cellular atypia or proliferation
unsupported by stromal cores. In contrast to adenocarcinomas, no intraparenchymal
growth is present [53].
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Fig. 10.23 Papillomas. (a, b) Squamous papilloma consisting of a fibrovascular core lined by
squamous epithelium. (¢) Glandular papilloma surfaced by columnar to cuboidal cells. (d) Mixed
squamous and glandular papilloma with mucicarmine stain (e) highlighting the mucin-containing
cells (H&E stain) [Photographs courtesy of Dr. William Travis (a, b), Dr. Andre Moreira (c¢), and
Dr. Anjali Saqi (d, e)]

Primary Pleuropulmonary Thymoma

Primary pleuropulmonary thymomas are rare and can present as mass lesions in
different parts of the lung and pleura [54]. Although the origin of these tumors is
debatable, embryological displacement or development from pluripotent stem cells
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has been proposed [55]. The rarity, clinical presentation, and wide morphologic
spectrum of these lesions pose significant diagnostic difficulty both on cytology
and small biopsy. When faced with the diagnosis of a primary pleuropulmonary
thymoma, a pathologist must exclude the presence of a mediastinal mass or his-
tory of prior thymomas/mediastinal mass. Metastatic thymomas to the pleura are
more common than a primary tumor in this location. In addition, thymomas have
indolent behavior with metastases appearing many years following the initial
diagnosis.

Similar to their thymic counterparts, pleuropulmonary thymomas are biphasic
and composed of a mixture of neoplastic epithelial cells and nonneoplastic lympho-
cytes. The proportion of these two components varies from lesion to lesion:
lymphocyte-predominant lesions, lesions containing exclusively epithelial cells, or
a mixture of both [56]. Architecturally, these tumors can exhibit different growth
patterns including diffuse sheets sometimes separated by fibrous bands, organoid
pattern, pseudorosettes, or even gland formation. The tumors demonstrate variable
vascularity and may have prominent perivascular spaces with serum lakes. The dif-
ferent schemes used for the classification of these tumors are beyond the scope of
this chapter.

The neoplastic epithelial cells can show a wide morphologic variation. They can
range from spindle or oval with indistinct cytoplasmic borders, finely dispersed
chromatin, and indistinct nucleoli to round or polygonal with well-defined cell bor-
ders and enlarged nuclei with smooth to irregular nuclear contours (Fig. 10.24).
The nuclei can be hyperchromatic with conspicuous nucleoli. Mitotic activity is
variable.

In cytologic preparations, a similar morphologic spectrum is evident including
the dual population of cells as seen in biopsy material (i.e., spindle to oval to round
epithelial cells with nuclei ranging from bland to atypical). The smears usually con-
tain small cohesive clusters of cells (Fig. 10.24a), but occasionally it may contain
large cohesive sheets as well as single cells [57, 58]. The epithelial cells can be
mistaken for lung primary or metastatic squamous carcinoma, adenocarcinoma, or
neuroendocrine carcinoma. The number of lymphoid cells is variable as is their
morphology with small lymphocytes containing dark clumped chromatin to larger
lymphoid cells with more immature or reactive-appearing nuclei that potentially
can be confused with lymphoblastic lymphoma.

An accurate diagnosis can be reached with awareness of the entity, identification
of two cell populations, and appropriate use of immunohistochemistry. While the
epithelial cells stain with keratins including high-molecular-weight CK 5/6 and p63
(nuclear staining), the tumor lymphoid component expresses CD1a, CD99, and TdT
(terminal deoxynucleotidyl transferase).
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Fig. 10.24 Type B3 thymoma (a—c). Touch imprint (a) of the core biopsy shows tight clusters of
epithelial cells and a few loosely cohesive cells with variably conspicuous nucleoli. No definite
lymphocytes are seen (Diff-Quik stain). The core biopsy (b, ¢) shows predominantly round epithelial
cells with distinct cell borders, round nuclei, and conspicuous nucleoli. Lymphocytes are scant (H&E
stain). Type A thymoma (d—g). Touch imprint (d) of a core biopsy showing mostly epithelioid cells
and scattered ovoid cells (Diff-Quik). The corresponding core biopsy shows predominantly epitheli-
oid cells in one focus and a combination of epithelioid and spindle-shaped cells in another (e, f). An
immunostain for p63 highlights the epithelial cells [Photographs (d—g) courtesy of Dr. Anjali Saqi]
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