REVIEW ARTICLE

The pivotal role of pathology in the management of lung cancer
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ABSTRACT

The last decade has seen significant advances in our understanding of lung cancer biology and management. Identification

of key driver events in lung carcinogenesis has contributed to the development of targeted lung cancer therapies, heralding

the era of personalised medicine for lung cancer. As a result, histological subtyping and molecular testing has become of

paramount importance, placing increasing demands on often small diagnostic specimens. This has triggered the review and

development of the first structured classification of lung cancer in small biopsy/cytology specimens and a new classification

of lung adenocarcinoma from the IASLC/ATS/ERS. These have enhanced the clinical relevance of pathological diagnosis,

and emphasise the role of the modern surgical pathologist as an integral member of the multidisciplinary team, playing a

crucial role in clinical trials and determining appropriate and timely management for patients with lung cancer.
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Introduction

Lung cancer remains one of the leading causes of cancer
mortality worldwide (1). In Australia in 2009, cancer accounted
for 29.8% of all deaths, second only to diseases of the circulatory
system, with malignancies of the trachea, bronchus and lungs
being the leading cause of cancer related deaths in males (20.1%)
and surpassing breast cancer in females (16.5%) (2). Currently,
surgical resection with curative intent is the primary treatment
for lung cancer, however the vast majority of patients present
at an advanced disease stage where medical therapy is the
only therapeutic option available. The prognosis for patients
diagnosed with lung cancer is poor, with overall five year
survival remaining below 15% (3-7). This is partly attributable
to relatively ineffective methods for early detection and lack of
curative treatment for advanced disease.

However, the last decade has seen rapid development of

advanced molecular biology techniques for the study of lung
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and other cancers, and our understanding and appreciation of
the complexity of tumour biology has increased exponentially.
It is well established that lung cancer is the result of multiple
complex combinations of morphological, molecular and genetic
alterations, ultimately leading to a malignant mass of cells
bearing the phenotypic ‘hallmarks’ of cancer (8). Accumulation
of multiple molecular transformations ultimately results in an
imbalance between tumour suppressor genes (TSG) and tumour
promoting oncogenes, providing a cell with the potential to
become malignant (9). In particular, the acquisition of somatic
mutations in critical oncogenes has emerged as potential ‘driver’
events in lung carcinogenesis, and has led to the concept of
‘oncogene addiction” (10,11). Identification and characterization
of such ‘driver’ events has contributed to the development of
targeted therapies specific to particular subtypes of lung cancer.
Improved patient outcomes as a result of these advances requires
multidisciplinary planning of diagnosis and treatment and
has significantly expanded the role of the surgical pathologist
who must not only confirm the diagnosis of malignancy, but
also accurately subtype the tumour based on its histology and
molecular profile. As the majority of lung cancer is diagnosed
on small biopsies or cytology specimens, often obtained by
increasingly sophisticated diagnostic procedures, the pathologist
must obtain maximal diagnostic yield from these small and
valuable tissue samples.

This review will present an overview of recent developments
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Figure 1. Squamous preneoplasia progresses through mild (A); moderate and severe (B) stages to carcinoma in situ (C).

in the histological classification of lung cancer, and address
the challenges facing the surgical pathologist in the era of
personalized treatment for lung cancer.

Classification of lung cancer

The World Health Organisation (WHO) classification applies
to surgically resected malignant tumours of the lung and pleura
(12). Primary carcinomas of the lung are traditionally classified
as either small cell lung cancer (SCLC) or non small cell lung
cancer (NSCLC). NSCLC constitutes approximately 80% of
all primary lung cancers with adenocarcinoma, squamous cell
carcinoma (SCC) and large cell carcinoma constituting the
major histological types (13,14). The recent revision of the lung
adenocarcinoma classification by IASLC/ATS/ERS reflects not
only histology, but also pathogenesis (preneoplasia) and clinical
behaviour, and refines the classification for application to lung

cancer diagnosis in small biopsies and cytology specimens.

Preneoplasia

The development and progression of preneoplastic lesions
of the lung continue to generate research interest not only
to develop methods for early detection but also to increase
our understanding of tumour biology. It is well known that
lung cancer is the result of multiple complex combinations
of morphological, molecular and genetic alterations.
Co-localisation of genetic changes within morphologically
abnormal epithelial regions has been convincingly demonstrated
and there is evidence that a series of key genetic alterations results
in progression through increasingly abnormal morphology,
eventually leading to invasive lung carcinoma (15-20).
Pulmonary SCC, which typically arises from the bronchial
epithelium of the larger, more central airways, progresses
through a series of preinvasive neoplastic lesions, from squamous
metaplasia, to squamous dysplasia (mild, moderate and severe)
and finally carcinoma in situ (CIS) (12,21) (Figure 1A-C).
Multiple molecular alterations contribute to this multistage
progression, including loss of heterozygosity at 3p21 (an early
event), 9p21, 8p22-24, 5922 and 17p, deregulation of telomerase

activity, pS3 mutation and deregulation of cell proliferation
(cyclin D1 and E) and apoptosis (Bcl-2) (reviewed by Wistuba
and Gazdar 2006; Lantuejoul et al. 2009) (22,23).

Conversely, lung adenocarcinomas are predominantly
more peripheral tumours, thought to arise from the alveolar or
bronchiolar epithelium (pneumocytes or Clara cells) (22). The
new IASLC/ATS/ERS classification recognises preinvasive
adenocarcinoma lesions to include atypical adenomatous
hyperplasia (AAH) and adenocarcinoma in situ (AIS) (21)
(Figure 2). The molecular alterations in these lesions are
not as well characterised as their counterparts in squamous
carcinogenesis, but it is thought that non-smokers progress
through alterations in epidermal growth factor receptor (EGFR)
signalling whilst smokers progress through alterations in v-Ki-
ras2 Kirsten Rat Sarcoma viral oncogene (KRAS) signalling
pathways (reviewed by Wistuba and Gazdar 2006) (22).
Reflecting the fact that AIS is a preinvasive lesion, complete
resection results in 100% S-year survival (24-30).

For other tumours of the lung, the preneoplastic processes
leading to the development of an invasive tumour are not well
defined. Diffuse idiopathic pulmonary neuroendocrine cell
hyperplasia (DIPNECH) is thought to be a precursor lesion
for carcinoid tumours (12,21,22,31). This is a rare lesion of
the distal airways characterised histologically by generalised
proliferation of neuroendocrine cells as single cells, small
nodules or linear proliferations, either confined to the luminal
epithelium or forming extraluminal tumorlets and may be
associated with fibrosis (12,22). A definite preneoplastic lesion
has not been identified for other neuroendocrine tumours of
the lung. However, it has been shown that bronchial epithelium
adjacent to SCLC demonstrates genetic alterations, even if
morphologically normal (22,32). Therefore it has been proposed
that SCLC bypasses the traditional multistage preneoplastic
sequence and arises directly from epithelium that demonstrates
none or only minimal atypia (22,32).

Why subtype non-small cell lung cancer?

Specific subtypes of NSCLC display varying responses

to different chemotherapeutic agents. Key oncogenic
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Figure 2. Atypical adenomatous hyperplasia (A) and adenocarcinoma
in situ (B) are similar histologically and are differentiated on the basis of

the overall size of the lesion with a cut-off of S mm.

‘driver’ events in lung adenocarcinomas include mutually
exclusive activating mutations of KRAS and EGFR (33).
The discovery of activating mutations in EGFR (exons 18-
21) led to subsequent development of EGFR tyrosine kinase
inhibitors (EGFR-TKIs), such as gefitinib and erlotinib,
revolutionizing the management of patients whose tumours
harbor these mutations (33-36). Of note, KRAS mutations
occur almost exclusively in smokers with adenocarcinoma
histology, whilst EGFR mutations are associated with never
smoking, adenocarcinoma histology, female gender, and
Asian ethnicity, with smoking status possibly the strongest
clinical predictor of response to EGFR-TKIs (37-40).
This is largely a reflection of the major clinicopathological and
molecular differences in lung tumours arising in never smokers
compared to smokers, supporting the current theory that they
are unique diseases (reviewed by Sun et al., 2007) (40).

A proportion of lung adenocarcinomas show translocations
involving the ALK gene (encoding a tyrosine kinase) and
a number of partners (most often EML4), resulting in
overexpression of the oncogenic ALK protein (41-44). EGFR-
TKIs (gefitinib and erlotinib) and ALK-TKIs (crizotinib) are
now recommended as first line therapy for patients with EGFR
mutations and ALK translocations respectively (45). The IASLC

in conjunction with the College of American Pathologists (CAP)
and Association for Molecular Pathology (AMP) have published
guidelines for EGFR mutation and ALK translocation testing,
recommending that all lung adenocarcinomas, regardless of
clinical characteristics, undergo validation molecular testing for
EGFR mutation and ALK translocation (46). Other potential
driver ‘events’ in NSCLC include mutations in KRAS, BRAF,
HER?2 and FGFRI (33,47-52). Targeted inhibitors of many of
these genes are in various stages of clinical development and may
become available in the future as targeted therapies for which
additional molecular testing will be required in the diagnostic
workup of NSCLC patients.

Not only can molecular biomarkers be used to identify
patients that are most likely to benefit from specific targeted
molecular therapy, but they can also assist in predicting
response to therapeutic agents. Initial studies have shown
that levels of thymidylate synthase (TS), the principal
enzymatic target of pemetrexed, are high in SCLC and SCC
but low in adenocarcinoma (53-55). The observed reduced
efficacy of pemetrexed in SCLC and lung SCC compared to
adenocarcinoma in clinical trials is likely to be the result of the
higher levels of TS (56) and thus it has been suggested that levels
of TS expression may be useful as a predictor of response to
pemetrexed (S55). Similarly, preliminary studies have indicated
that ERCC1 protein expression may be a useful biomarker of
clinical response to platinum-based chemotherapy (57,58).
Despite their potential to assist in personalised targeted therapy
for lung cancer patients, the majority of these biomarkers are still
at an early stage of development.

Tumour histology of itself may predict response to therapy.
Treatment with the vascular endothelial growth factor (VEGF)
inhibitor, bevacizumab, has been reported to precipitate life-
threatening pulmonary haemorrhage in patients with SCC (59).
This has resulted in exclusion of patients whose tumours show
squamous differentiation from being treated with this drug or

with pemetrexed.

Squamous cell carcinoma

In recent decades the proportion of NSCLC represented by SCC
has declined, with current reports estimating that it accounts for
approximately 33% worldwide (13). This change is thought to be
partly attributable to changes in smoking behaviours. Classically,
SCC is a central lung tumour (Figure 3A), however, a significant
proportion is identified in the periphery (30). The characteristic
morphological features of squamous differentiation include
intercellular bridges, individual cell keratinisation and squamous
pearl formation (14) (Figure 3B-D). The current WHO
classification includes papillary, clear cell, small cell and basaloid
subtypes of SCC (12). Apart from basaloid SCC, these subtypes

are descriptive only with no proven clinical or prognostic utility.
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Figure 3. Squamous cell carcinoma typically is a central, often cavitating, malignancy (A); Well-differentiated tumours show keratin pearl formation (B);

Individual cell keratinisation and intercellular bridges are evident at high power (C) but are less obvious in poorly differentiated examples (D).

Several publications have suggested alternate approaches to
the subclassification of SCC. Maeshima et al. [2006] found that
tumours showing single cell infiltration had worse prognosis than
those with large (>6 cells) or small (2-5 cells) invasive tumour
cell nests (60). A recent review by Travis [2011] proposed
abolition of the small cell descriptor because of confusion with
true SCLC, and noted overlap of the small cell variant with
the basaloid variant (61). Future subclassification of SCC will
require meaningful clinicopathological collaboration to establish

relevant predictors of treatment response and prognosis.

Adenocarcinoma

Adenocarcinoma now represents the dominant histological
subtype of all lung cancers, and in particular is the most common
lung tumour in non-smokers, females and Asian patients
(62,63). They predominantly arise peripherally (Figure 4A)
and are histologically characterised by the presence of glandular
differentiation and/or mucin production (12,21). In 2011, the

collaborative efforts of the IASLC/ATS/ERS proposed a new
subclassification for surgically resected lung adenocarcinoma (21).
Of note, the confusing term, bronchioloalveolar carcinoma
(BAC), is discarded. The classification introduces the terms
AIS (previously BAC) and minimally invasive adenocarcinoma
(MIA), both having S-year survival rates approaching 100%
if completely resected (24-30). MIA is defined as a lepidic
predominant tumour of less than 3 cm diameter with S mm or
less of an invasive component (21). Histologically these lesions
can be non-mucinous or rarely mucinous and have characteristic
radiological appearances (21).

For surgically resected invasive adenocarcinoma, the new
IASLC/ATS/ERS classification introduces some important
changes reflecting the heterogeneous nature of these tumours.
Because the great majority displays mixed histological patterns,
it is recommended that the predominant pattern (lepidic, acinar,
papillary, micropapillary or solid—see Figure 4B-F) be recorded,
with all other subpatterns listed in the pathology report with
estimated percentages in 5% increments (21) (Figure 4G). The
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Figure 4. Adenocarcinoma is typically a peripheral lesion (A) showing
histological heterogeneity. Architectural patterns include lepidic
(B); acinar (C); papillary (D); micropapillary (D,E) and solid (F);
the predominant pattern is recorded and lesser patterns are listed as

percentages, e.g., in (G), papillary 70%, solid 20%, acinar 10%.

micropapillary pattern is included for the first time due to multiple
studies reporting an association with poor prognosis in early stage
lung adenocarcinoma (21,61,64-66). Clear cell and signet ring are
no longer included as histological subtypes of adenocarcinoma,
but instead are considered as cytological variants seen in many
subtypes of lung cancer; their presence may still be reported
(21,61). This algorithm for reporting of lung adenocarcinoma
allows for inclusion of small components that may hold
prognostic implications (e.g., micropapillary) and may lead toward
architectural grading of lung adenocarcinoma (21,61,67).

The IASLC/ATS/ERS classification recognises four
adenocarcinoma variants: invasive mucinous (formerly mucinous
BAC), colloid, fetal (low or high grade) and enteric (21).
Invasive mucinous adenocarcinomas have been classified
as an adenocarcinoma variant, distinct from non-mucinous
adenocarcinomas, due to the strong association of these tumours
with KRAS mutations, lack of expression of TI'F-1 and frequent
multicentricity (21,61). Like their non-mucinous counterparts,
mucinous adenocarcinomas can display varying amounts of
lepidic, acinar, papillary or micropapillary architectural patterns

with abundant mucin production (21,61).

Initial findings from a handful of studies employing the new
TIASLC/ATS/ERS classification indicate that the proposed
histological subtypes may assist in the stratification and
identification of patients at risk of poor clinical outcomes. As
discussed previously, AIS and MIA have been associated with
excellent prognosis (24-30,64,68-70). Intermediate prognosis
is associated with the histological subtypes where papillary and
acinar patterns predominate, whilst invasive mucinous or colloid
variants or presence of predominant solid or micropapillary
growth has been associated with poor prognosis (64,68,69).

Large cell carcinoma

LCC represents approximately 3% of all lung cancers (71-73) and is
essentially a diagnosis of exclusion, where the tumour demonstrates
no morphological features diagnostic of adenocarcinoma, SCC
or SCLC (12,61). These tend to be large, partially necrotic
tumours (Figure SA) composed of sheets and nests of large
polygonal cells with vesicular nuclei and prominent nucleoli (12)
(Figure SB). Although the current WHO classification is based
purely on histological appearance, many of these undifferentiated
tumours actually show evidence of glandular, squamous
or NED when their ultrastructural (electron microscopy),
immunophenotypic (IHC) or molecular features are examined (61).
A recent review by Travis [2011] suggests that the diagnostic criteria
for LCC should remain unchanged, but that pathology reports
should comment if the tumour demonstrates evidence of squamous
or adenocarcinomatous differentiation with modalities other routine
histology (61).

Since LCC is a diagnosis of exclusion, it can only be made
on surgical resection specimens as histological assessment of
the entire tumour is required to exclude focal differentiation.
Therefore, a diagnosis of LCC cannot be made on small biopsies
or cytology specimens, and in accordance with the new IASLC/
ATS/ERS recommendations, these cases should be classified
as NSCLC, not otherwise specified (discussed below) (21,61).
Subtypes of LCC recognised by the 2004 WHO classification
include large cell neuroendocrine carcinoma (LCNEC),
basaloid carcinoma, lymphoepithelioma-like carcinoma, clear
cell carcinoma and LCC with rhabdoid phenotype (12).
LCNEC is discussed in further detail below.

Neuroendocrine tumours

Neuroendocrine tumours represent approximately 20-25%
of all lung cancers (74,75) and form a subset of tumours with
common morphological, molecular, immunohistochemical
(IHC) and ultrastructural features that distinguish them from
other lung tumours (12). The 2004 WHO classification separates

neuroendocrine tumours of the lung into four categories:
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Figure S. Large cell carcinoma is often large and partially necrotic (A)
and comprises patternless sheets of large polygonal cells showing no

obvious evidence of histological differentiation (B).

SCLC, LCNEC, typical carcinoid (TC) and atypical carcinoid
(AC) tumours (12). Histologically, these tumours demonstrate
varying degrees of neuroendocrine morphology, including
organoid nesting, pallisading, trabecular growth and rosette-like
structures. The major histological features differentiating the four
types of neuroendocrine tumours are the presence or absence of
necrosis and the mitotic rate (12).

Small cell lung carcinoma

SCLC is a highly aggressive neuroendocrine malignancy that
accounts for approximately 12-14% of all lung cancers (71,76).
The vast majority of patients have metastatic disease at the time
of diagnosis, so surgical resection is rarely an option. Survival
rates remain dismal, with only 5-8% of patients surviving S years
after diagnosis (74,76).

SCLC is an epithelial malignancy comprising small tumour
cells (less than the diameter of 3 resting lymphocytes) with
distinct cytological features including ill-defined cell borders,
scant cytoplasm and finely granular nuclear chromatin without
obvious nucleoli (Figure 6A; see also Table 1) (12). The presence
of crush artefact (smearing of nuclear chromatin) and nuclear

moulding are common but can be seen with other malignancies

(e.g., crush artefact is common in lymphoid infiltrates). The
mitotic rate is high (>11 mitoses per 10 HPF) and there is often
extensive necrosis (12). The distinctive histological appearance of
SCLC allows for reliable diagnosis in small biopsy and cytology
specimens, but for small specimens with significant crush
artefact, use of a panel of IHC markers such as a pancytokeratin,
neuroendocrine markers (chromogranin, synaptophysin and
CDS$6) and/or TTF-1 and Ki-67 will confirm suspected SCLC
(61,77) (Figure 6B-D). In cases where cytokeratin stains are
negative, it is important to consider and exclude other diagnoses
such as lymphoma, chronic inflammation, small round cell tumour
or primitive neuroectodermal tumour (21, 61,78).

The 2004 WHO classification recognises two subtypes
of SCLC: pure and combined (12). Combined small cell
carcinoma is defined as a classical SCLC with a component
showing features of any subtype of NSCLC, most often SCC,
adenocarcinoma or LCC (12,61). A threshold for the proportion
of non-small cell component is not required when this comprises
adenocarcinoma or SCC, but for combined small cell and large
cell tumours (SCLC-LC), at least 10% of the tumour must
comprise a large cell component (12,61).

Large cell neuroendocrine carcinoma

LCNEC is another highly aggressive neuroendocrine malignancy,
where tumour cells demonstrate cytological features of NSCLC
(Table 1) but with neuroendocrine architecture (organoid
nesting, pallisading, trabecular growth and rosette-like structures)
and positive THC stains for at least one neuroendocrine marker
(chromogranin, synaptophysin or CD56) (12). Like SCLC,
these tumours often show necrosis and have a high mitotic rate
(>11 mitoses per 10 HPF) (12). They may be pure LCNEC or
combined with other types of NSCLC (12).

Making the diagnosis of LCNEC is often challenging due
to significant overlap amongst the diagnostic groups (61,77).
The differentiation between SCLC and LCNEC is particularly
problematic, especially in cytology specimens, since there is overlap
in nuclear size and some LCNEC do not contain prominent
nucleoli. Currently there is no IHC stain for discrimination between
SCLC and LCNEC and the distinction is based solely on cytological
features (detailed in Table 1). Differentiating a LCNEC tumour
from other NSCLC is based on the presence of neuroendocrine
morphology and positive IHC for at least one neuroendocrine
marker (12). However, up to 20% of NSCLC (adenocarcinoma,
SCC and LCC) with no obvious neuroendocrine morphology
demonstrate positive IHC staining for neuroendocrine markers
(12,61). Currently, these tumours are classified as their NSCLC
subtype but with neuroendocrine differentiation (NED) (i.e.,
NSCLC-NED) (12). The clinical significance of IHC evidence of
NED without neuroendocrine morphology in NSCLC remains

unclear and further research is required.
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Figure 6. Small cell lung carcinoma in a core biopsy (A,B) showing positive immunoperoxidase staining for synaptophysin (C) and CD56 (D).

Table 1. Summary of histological features differentiating SCLC and LCNEC (12).
Histological feature SCLC LCNEC
Cytological features  Size Small cells (<3 resting lymphocytes)  Large cells with neuroendocrine morphology
N/C ratio High (scant cytoplasm) Low (abundant pink cytoplasm)
Nuclear chromatin Finely granular nuclear chromatin Vesicular, coarse or fine chromatin
Nucleoli Absent or inconspicuous Frequent (not always present)
Nuclear moulding Present Infrequent
Nuclear smearing Often Infrequent
Cell borders Indistinct Distinct
Mitotic rate =11 per 10 HPF =| | per 10 HPF
Necrosis Present (large zones) Present (large zones)
IHC Can be diagnosed without IHC Positive staining for = | neuroendocrine marker
SCLC, Small cell lung cancer; LCNEC, Large cell neuroendocrine carcinoma; N/C ratio, nuclear/cytoplasmic ratio; HPF, high power field;
THC, immunohistochemistry.

Carcinoid tumours carcinoid (TC) and AC (12). Both demonstrate morphological

growth patterns indicative of NED (organoid, trabecular, insular,
Carcinoid tumours comprise 1-2% of all lung tumours (74,75) pallisading, ribbon, rosette-like structures) (12). The diagnostic
and represent the most common lung tumour in children (79). criteria for differentiating TC and AC are mitotic rate and the

Two subtypes of carcinoid tumour are recognised: typical presence or absence of necrosis. TC has <2 mitoses per 10 HPF
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and no necrosis. Conversely, AC show necrosis (usually focal or
punctate) and/or 2-10 mitoses per 10 HPF (12).

Other NSCLC subtypes

Adenosquamous carcinoma

Adenosquamous carcinoma accounts for less than 5% of all
lung cancers (80-82) and is defined as a NSCLC comprising at
least 10% of both squamous and glandular differentiation (12).
Similar to LCC, this diagnosis should be based on histology
and not immunophenotype. However, further guidelines and
definitions for characterisation using immunohistochemistry
are likely in upcoming revisions of lung cancer classification.
Adenosquamous carcinoma can only be diagnosed with certainty
on surgical resections, however the diagnosis can be suspected
in small biopsy or cytology specimens showing features of both

squamous and glandular differentiation (21).
Sarcomatoid carcinoma

Sarcomatoid carcinoma is a poorly differentiated NSCLC that
demonstrates morphological features of sarcoma or sarcoma-
like (spindle and/or giant cells) differentiation, and represents
approximately 1% of all lung cancers (12). The 2004 WHO
classification recognises five subtypes, including pleomorphic
carcinoma, spindle cell carcinoma, giant cell carcinoma,
carcinosarcoma and pulmonary blastoma (12). These highly
aggressive tumours are believed to represent epithelial malignancies
that have undergone divergent differentiation (12,83-87).
Because of the heterogeneity of these tumours, they should not
be diagnosed on small biopsy or cytology. Instead, the IASLC/
ATS/ERS classification recommends using the diagnosis “poorly
differentiated NSCLC with spindle and/or giant cell carcinoma” (21).
Of note, the new IASLC/ATS/ERS classification now recognises
fetal adenocarcinoma as a adenocarcinoma variant and not as an
epithelial pattern of pulmonary blastoma (21,61,88).

Carcinomas of salivary gland type

Salivary gland tumours arising from bronchial glands are rare,
representing less than 1% of all lung cancers (21). The 2004
WHO classification recognises three subtypes, including
mucoepidermoid carcinoma, adenoid cystic carcinoma and

epithelial-myoepithelial carcinoma (12).

Other primary tumours of the lung

As in any organ or tissue, primary tumours of the lung can arise
from any cell type and are not purely derived from epithelial cells.
Amongst the “non-epithelial” lung tumours, the 2004 WHO

classification identifies broad groups including mesenchymal,
lymphoproliferative and miscellaneous tumours (e.g., melanoma,
germ cell tumours) (12). Detailed descriptions of these tumour
types can be found in the 2004 WHO classification (12) and are

beyond the scope of this review.

Diagnostic challenges

Patients with multiple lung tumours can present a diagnostic
challenge for surgical pathologists. Discriminating between
true independent primary lung cancers and a primary tumour
with satellite lesions or intrapulmonary metastases is of critical
importance, as the clinical management and prognosis varies
significantly. Over 30 years ago, multiple primary lung cancers
were defined as either synchronous (detected or diagnosed
simultaneously) or metachronous (when there is a time interval
between detection or diagnosis of two separate primary lesions)
(89-91). To aid in diagnosis of metachronous tumours, the more
common occurrence, the IASLC/ATS/ERS classification for
adenocarcinomas notes the importance of not just reporting
the predominant pattern of adenocarcinoma, but of detailed
reporting of percentages of the various histological patterns
in 5% increments (21). This allows for better comparison of
subsequent adenocarcinomas, particularly if slides from the
original primary tumour are not available for review (21).

Comprehensive histological and cytological examination
of multiple tumours can distinguish primary from metastatic
lung cancers in the majority of cases (92). But despite careful
histological examination and IHC profiling, for a proportion
of cases with multiple lung tumours, definitive distinction
between multiple primary lung cancers and metastatic lung
cancer may be impossible (89,90,93). Detailed clinical history
and multidisciplinary case review is imperative to assist
diagnosis. Genetic studies have demonstrated unique molecular
phenotypes for multiple tumours with similar histology,
suggesting that in the future molecular analysis of these tumours
may provide greater diagnostic accuracy (90,91).

Differentiating metastases to the lung from primary
lung cancers poses another diagnostic challenge for surgical
pathologists, especially in small biopsy and cytology specimens.
When initial histological examination of the specimen does not
clearly indicate a primary lung malignancy, metastatic disease
must be considered (61). Specific subtypes of lung cancer can
be difficult to distinguish from metastatic disease, such as enteric
differentiation in lung adenocarcinoma which shares morphologic
and THC features with colorectal adenocarcinoma (21,94).
However, due to the heterogeneity of lung tumours, areas of more
typical pulmonary differentiation should be evident (21). For
example, lepidic growth favours primary adenocarcinoma (21)
but rare cases of metastatic adenocarcinoma may show this pattern
of spread (personal observation).
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Differentiation of pulmonary SCC from metastatic head and
neck SCC (HNSCC) presents a unique diagnostic challenge,
as they demonstrate similar morphology and can occur in the
same patient (95,96) due to similar aetiologies and risk factors
(97,98). Recently, p16 has been investigated as a potential ITHC
marker for differentiating lung SCC from HNSCC with negative
staining favouring lung SCC and positive staining favouring
extrapulmonary SCC (99). However, a proportion of primary
lung SCC stains positively for p16 (100) and may reflect the
limited association of HPV infection with the development
of lung cancer, with reports of HPV prevalence ranging from
5-22% (101,102). Currently, there is no reliable IHC marker
for differentiating lung SCC from HNSCC (99,103,104). In
cases where a metastatic lesion may be suspected, provision of
detailed clinical history (i.e., history of previous malignancy
and site) cannot be over emphasised, as it will guide detailed
morphological and IHC assessment, and avoid wastage of

valuable tissue on multiple IHC stains.

Small biopsies and cytology—the reality of non-

small cell lung cancer diagnosis

The WHO classification of lung tumours was developed and
designed for histological diagnosis and staging of surgically
resected lung tumours. However, the vast majority of patients
present with either locally advanced or metastatic disease and do
not proceed to surgical resection, so the diagnosis of lung cancer
is confirmed using small biopsies and/or cytology. With the
advent of subtype-specific and targeted molecular therapies for
lung cancer, the need for accurate histological classification and
guided molecular characterisation is placing increasing demands
on the surgical pathologist to do more with less tissue.

The recently published TASLC/ATS/ERS classification
has, for the first time, provided a clinically focused and relevant
classification applicable to small biopsies and cytology specimens.
Of particular clinical importance is the necessity to differentiate
between adenocarcinoma and SCC as this will guide subsequent
molecular testing and therapeutic management. If a tumour
demonstrates distinct histological features of adenocarcinoma or
SCC then the standard diagnostic terms should be used (21,61).
For poorly differentiated carcinomas, the IASLC/ATS/ERS advise
the use of a limited IHC panel (discussed below) to differentiate
adenocarcinoma and SCC, effectively reducing the use of the term
NSCLC-NOS (not otherwise specified) whilst preserving tissue
for molecular testing.

Of course, alternative diagnoses must be considered in the
assessment of small biopsies/cytology specimens and provision
of relevant clinical history from treating clinicians is essential in
this process. Not only potentially benign conditions but other
malignancies of the lung, both primary and metastatic, need to
be considered. Both pathologists and treating clinicians need

to be aware of inherent tumour heterogeneity and recognise
that small biopsies/cytology specimens represent only a small
sampling of the entire tumour; indeed, definitive diagnosis can
only be made on surgical resection specimens for a subset of
NSCLC (MIA, LCC, adenosquamous carcinoma). For small
biopsy/cytology specimens, the IASLC/ATS/ERS suggests
classification as NSCLC, with a description of the morphological
features seen and whether a particular diagnosis is favoured,
e.g., NSCLC with neuroendocrine morphology (positive
neuroendocrine markers) —possible LCNEC (21).

Limiting use of NSCLC-NOS

No longer can tumours of the lung be simply classified as
NSCLC or SCLC. There are now strong clinical indications
driving the need for surgical pathologists to further subtype
NSCLC, in particular to differentiate adenocarcinoma from
SCC even on small biopsies/cytology specimens. In contrast
to previous WHO classifications, the IASLC/ATS/ERS now
recommend limiting use of the term NSCLC-NOS. All available
clinical material must be utilised, and correlation carried out
between cytology and histology specimens (21). Indeed,
Sigel et al. [2011] reported a NSCLC-NOS diagnosis rate of 4%
when cytology and small biopsies were correlated, reduced from
11% for cytology alone and 6% for biopsies alone (105).

For tumours in which differentiation is not evident on
histological or cytological examination, a limited panel of
histochemical and IHC markers is required (Figure 7A-D).
The most widely used adenocarcinoma markers include mucin
(periodic acid Schiff with diastase or mucicarmine), TTF-1
(thyroid transcription factor 1) and napsin-A, and for SCC the
favoured markers are p63 and CKS5/6. Of these, TT'F-1 and p63
demonstrate the greatest sensitivity for their respective NSCLC
subtypes (21,106-111). Alternative IHC markers such as CK7
(adenocarcinoma) and 34BE12 (squamous cell carcinoma) can
be considered for indeterminate cases but have less sensitivity
and specificity and tend not to be included in routine IHC
panels (108,110-113). There has been recent interest in p40
(ANp63), a relatively new IHC marker for SCC. Current IHC
stains for p63 detect all isoforms of the p63 gene, while p40
specifically detects non-transactivating or truncated forms of
p63, resulting in increased specificity for SCC regardless of
organ site (107,114-120).

Numerous diagnostic IHC algorithms for differentiating lung
adenocarcinoma and SCC have been discussed in the literature,
most including TI'F-1 and p63 with or without a third or fourth
stain. For example, Rekhtman and colleagues [2011] recently
reported 100% accuracy in small biopsy specimens (diagnosis
confirmed at surgical resection) with use of TI'F-1 and p63 as a
first line panel and addition of CKS/6 for equivocal cases (106).
The IASLC/ATS/ERS advise the use of a single adenocarcinoma
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Figure 7. Inmunohistochemistry on an undifferentiated non-small cell carcinoma in a bronchial biopsy (A,B) favours a diagnosis of adenocarcinoma.
Staining for p63 (C) is negative (note the positive internal control comprising benign basal bronchial epithelial cells) while there is strong TT'F-1

positivity (D).

Table 2. Summary of immunohistochemical stains for small biopsy/cytology diagnosis (21).

Adenocarcinoma markers Squamous cell carcinoma markers
Small biopsy/cytology diagnosis -
TTF-1 +/— Mucin p63/p40 +/- CK5/6
NSCLC—favour adenocarcinoma + + - -
+ + p63 weakly + -
NSCLC—favour squamous cell carcinoma - - I +/-

NSCLC—NOS - - -
NSCLC, Non small cell lung cancer; NOS, not otherwise specified.
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marker (TTF-1) and SCC marker (p63) with or without mucin
stain, which should allow for differentiation of the majority
of NSCLC (Table 2) (21,61). Where the IHC profile favours
adenocarcinoma (TTF-1 positive and/or mucin positive, p63
negative), the tumour should be classified: “NSCLC, favour
adenocarcinoma” (21,61). When the IHC profile favours SCC
(p63 positive, TTF-1 negative, mucin negative), the tumour
should be classified: “NSCLC, favour squamous cell carcinoma”
(21,61). Only when there is no morphological or IHC evidence
of clear lineage differentiation should the tumour be classified
as NSCLC-NOS. In the hands of experienced pathologists and
cytopathologists and judicial use of IHC stains, the IASLC/
ATS/ERS estimate that less than 5% of NSCLC cases should be
classified as NSCLC-NOS (21,61).

Molecular testing in NSCLC

The development of targeted molecular therapy for pulmonary
adenocarcinoma has not only driven review of the classification
and guidelines for NSCLC diagnosis, but also brought significant
implications with regards to tissue sampling and processing. These
increasingly small diagnostic biopsy and cytology specimens are
no longer required purely for confirmation of malignancy and
tumour subtyping, but there must be sufficient tumour tissue
available for molecular testing to complete the pathological
diagnostic assessment. Factors that need to be considered range
from specimen collection, tissue processing in the laboratory,
requests for molecular testing, provision of sufficient samples to
the molecular laboratory and timely communication of results
to the treating clinicians. Therefore the surgical pathologist must
engage with the multidisciplinary team to develop strategic
guidelines that will ensure that a complete histological and
molecular diagnosis is provided for the patient (61).

In order to maximise diagnostic yield, it is crucial to optimise
not only the amount but also the adequacy of the tissue sampled.
Although the choice of procedure and sampling method will
largely be guided by the lesion itself (i.e., size, location), patient
factors (e.g., comorbidities) and available resources, pathologists
should encourage collection of both cytology and biopsy
specimens (if possible) as this can aid in diagnostic accuracy.
Initially developed for non-ultrasound guided needle aspirates,
rapid on site evaluation (ROSE) of specimen adequacy can be
performed by trained cytopathologists and cytotechnologists,
not only to confirm sampling of the target lesion but to ensure
sufficient sample is collected (121,122). For various reasons,
ROSE is not currently available in every institution (123).
Interestingly, Alsharif ef al. [2010] have shown that telepathology
can be successfully used to assess adequacy of FNA (fine needle
aspiration) specimens (120).

Once the specimen is collected, it is imperative that adequate
clinical history is provided to ensure that the specimen is

processed in a manner which will provide adequate diagnostic
sections as well as preserving tissue for molecular testing. The
IASLC/ATS/ERS guidelines strongly encourage surgical
pathologists to minimise that amount of tissue used for
diagnosis, in particular by limiting the number of first line IHC
stains (discussed above) (21). Another suggested strategy is
“reflex cutting” of paraffin blocks and preservation of unstained
sections in order to avoid unnecessary loss of tissue during
facing, although there is a small risk that DNA or epitope quality
may degrade if not used shortly after sectioning (124,125).

Currently, activating mutations of EGFR are the best established
and most widely used molecular biomarker in NSCLC. Additional
molecular biomarkers are available, but with the exception of ALK
translocations, are not recommended by the IASLC/CAP/AMP
for routine testing (46). Fluorescence in situ hybridisation (FISH)
remains the recommended method for clinical testing of ALK
translocations, however the IASLC/CAP/AMP suggest that ALK
IHC could be considered as a method for screening patients prior
to formal ALK FISH testing (46).

Evolution of rapid and accurate EGFR mutation testing
provides important data for clinical application. Traditionally
the gold standard for EGFR mutation testing required direct
sequencing of extracted tumour DNA, a time consuming
methodology with low sensitivity (high levels of tumour DNA
required). Newer validated methods for EGFR mutation testing
provide increased sensitivity (fewer tumour cells required),
improved turnaround times and allow for testing on a greater
variety of clinical samples. Current techniques for EGFR
mutation testing can be screening (detect all mutations including
novel mutations, i.e., sequencing) or targeted methods (detect
known mutations only). Of course, both approaches have their
unique advantages and disadvantages (reviewed by Ellison
et al, 2013) (126), and the available tests will vary amongst
institutions. Therefore surgical pathologists must be aware of
the available tests and specific tissue requirements for their local
molecular laboratory.

Once a diagnosis of lung adenocarcinoma has been made,
a decision must be made as to who is required to order the
appropriate molecular testing. Implementation of “reflex”
molecular testing initiated by the surgical pathologist
(analogous to HER2 testing of invasive breast carcinoma) is a
topic of debate and varies across institutions and government
jurisdictions. The surgical pathologist may not be aware if the
patient is a surgical candidate and that a more representative
tissue specimen may follow. Conversely, delaying molecular
testing may potentially contribute to delays in initiation
of therapy. For patients diagnosed as NSCLC-NOS on
small biopsy/cytology, the IASLC/ATS/ERS recommend
biomarker testing (EGFR and ALK) (21) with discussion
at multidisciplinary meetings to plan further testing and

management.
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Evolving role of the surgical pathologist

No longer is making a tissue diagnosis of pulmonary
malignancy and the distinction between SCLC and NSCLC
the only role of the surgical pathologist. Their contribution to
lung cancer diagnosis, management and research is dynamic
and continually evolving. The advent of personalised
medicine for lung cancer has brought with it novel challenges
and driven significant change. Of note is the first structured
classification of lung cancer in small biopsy and cytology
specimens developed by the IASLC/ATS/ERS, and a new
classification of lung adenocarcinoma. Both have enhanced
the clinical relevance of pathological diagnosis, allowing
surgical pathologists to interact closely with clinicians to
ensure that new concepts are understood and applied in the
clinical setting.

With personalised medicine has come the development
and clinical application of molecular testing in lung cancer. As
the majority of patients never progress to surgical resection,
the diagnostic small biopsy or cytology specimen has become
a precious resource from which the surgical pathologist must
aim to maximise diagnostic yield. Surgical pathologists have
become the guardian for these limited precious samples,
evaluating specimen adequacy, ensuring that appropriate
processing techniques are applied, selecting suitable slides or
blocks, enriching the tumour proportion by microdissection if
required, and interpreting and providing timely results to the
multidisciplinary team.

Furthermore, it is becoming increasingly important that
surgical pathologists be involved in clinical trials and basic
research to assist in the attainment of pathologically and clinically
meaningful data. Where feasible, the surgical pathologist can also
assist in the collection for research (with patient consent) tissue
that is not required for clinical decision making. In this way, the
modern surgical pathologist becomes an integral member of the
multidisciplinary team, playing a crucial role in clinical trials and
determining appropriate and timely management for patients

with lung cancer.

Conclusions

During the last decade, through significant advances in our
understanding of the complexity of lung tumour biology, we
have finally entered the era of personalised medicine for lung
cancer. No longer is basic tissue diagnosis and cancer staging
alone central to determining treatment options for lung cancer,
but histological subtyping and molecular testing have become
of paramount importance. The surgical pathologist has become
the guardian of the small biopsy/cytology specimen, a limited
and precious resource from which diagnostic yield must be

maximised.
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