Advances in Cytology and
Small Biopsies

Pulmonary Cytology:
Workup of NSCLC on
FNA and Small Biopsy

TUESDAY JUNE 13, 2023

Paul VanderLaan MD, PhD

Director of Cytopathology, Surgical Pathology, and Thoracic Pathology
Beth Israel Deaconess Medical Center

Associate Professor of Pathology
Harvard Medical School

PVANDERL@BIDMC.HARVARD.EDU

Disclosure of Relevant Financial Relationships

Paul VanderLaan reports the following relevant financial relationship(s) during the
content development process for this activity, unrelated to the content of this talk:

Consulting fees:
Gala Therapeutics
Galvanize Therapeutics
Intuitive Surgical
Ruby Robotics




Males, by site

100+
i ot 8 Lung cancer Progress!
E 801 «Liver & intrahepatic bile duct
o == Pancreas
g my IRl Prevention
- ==L eukemia .
5 40 v' | Smoking rates
£ USA: ~43% 1965 > ~14% 2019
® |
3
Q -

0 : — — . — Early Detection
1930 1940 1950 1960 1970 1980 1990 2000 2010 2020 ‘/ CT Lung Cancer Screen|ng

g, Females, by site T NLST & NELSON: ¢ 20-25% mortality
H St h 6 . .
é 80 :Eir?lg%zil:tr:ahepaticbiledum i —nga nOStlc Procedures
S i : v EBUS-TBNA
(=] 60 ==Lung ronchus 1 )
'g_; -3::?:; (corpus and cervix combined) Yoo e a0 v" ENB/ Robotic BI’OﬂChOSCOpy
w404
& v" Surgery/SBRT

Q9% e 1e0  1ee0 1970 1m0 190 2000 2010 2020 v Targeted therapies
Yearaf death v" Immunotherapy

Siegel RL, et al. Cancer statistics, 2023. CA Cancer J Clin. 2023;73(1):17-48.

Patient presentation

Symptoms Risk factors > Screening
+ Cough, hemoptysis, wt loss + Smoking

Imaging / Radiologic staging

CXR - Chest CT/ PET-CT

Tissue acquisition

Bronchoscopic Bx, Transthoracic Bx, EBUS-TBNA, Pleural fluid, Metastasis Bx

Pathology Diagnosis / Ancillary Testing

Tumor characterization

(Fraper spocimen handling) > Ancillary/Molecular testing

Treatment




Pulmonary cytology
and small biopsies

>2/3 of lung cancer patients present with advanced
stage disease

Dx: cytology / small biopsy specimen

Minimally invasive sampling techniques have
become the preferred diagnostic modality

Increase in cytology/small biopsy samples

Cytology/small biopsy specimens are used for
diagnosis and ancillary molecular testing

Multiple objectives for the pathologist

With resistance mechanisms following TKI therapy,
new paradigm of repeated biopsies to guide
therapy

Several biopsies from a patient over time

Percent of Cases & 5-Year Relative Survival by Stage at Diagnosis: Lung and Bronchus Cancer

Percent of Cases by Stage

W Localized (21%)
Confined to Primary Site
W Regional (21%)
Spread to Regional Lymph Nodes
# Distant (53%)
Cancer Has Metastasized
Unknown (5%)
Unstaged

5-Year Relative Survival

Percent

15.1%
8.2%

Localized Distant

Regional

Unknown

Stage

SEER 22 (Excluding IL/MA) 2013-2019, All Races, Both Sexes by SEER Combined Summary Stage

Pleural
Effusions

BAL
Bronchial

Many different ways to obtain cytology/small
biopsy specimens from lung lesions

Washings

Pulmonary
Cytology

EBUS-TBNA
TBNA

Bronchial

Brushings

- For the most part, cytomorphologic/histologic features
of lesions similar regardless of acquisition method

Pulmonary

Small Biopsy
Specimens

Cryobiopsy




Diagnostic The cells still look the same...
Pulmonary Cytology
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Question:
Patient with lung mass,
is it cancer or not?
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Cytology/small biopsy specimens
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« Carcinoid NOS
*« SCLC
« LCNEC

Salivary tumor,
Sarcoma, etc...

Advanced stage NSCLC
Three broad options for 1L therapy...

. EGFR
. ALK
Targeted * ROSt
- BRAF V600E
Therapy - MET ex 14 skipping
« RET
« NTRK

[¢]] « If no driver mutation and
monotherapy * PD-L1 IHC TPS 250%
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Diagnostic work-up

Remember: Morphology first = IHC for further characterization

9, 132-345

Available cniine at

ScienceDir

ieurnal hemepage: www.jascyto.org

Lung cancer cytology and small biopsy
specimens: diagnosis, predictive biomarker
testing, acquisition, triage, and management
Simon Sung, MD**-*, Jonas J. Heymann, MD"’,

John P. Crapanzano, MD®, Andre L. Moreira, MD, PhD",
Catherine Shu, MD’, William A. Bulman, MD®, Anjali Saqi, MD, MBA"

REVIEW

Common Differential Diagnostic Issues in Lung
Cytopathology: 3 Case Reports and a Review

Rachel Fanaroff, MD.* Teklu B. Legesse, MD. 7 and Kim R. Geisinger, MD,
AJSP: Reviews & Reports 2021;26: 155-161

Diagnosis of Lung
Carcinoma on Small Biopsy

i

ne E. Konopka, MD%*
Surg Pathol Clin. 2020;13(1):1-15.

KEYWORDS

* Lung nodule * Core needle biopsy ® Fine needle aspiration ® Small biopsies
* Specimen management

Key points

» Early detection of lung cancer significantly reduces mortality, and small biopsies play a key partin al-
lowing for early medical and/or surgical intervention.

» Pathologists are encouraged to build awareness for appropriate tissue triage of small biopsies to pre-
serve material for possible ancillary molecular testing.

» Differentiating benign from malignant epithelial changes on small biopsies may require correlation
with the clinical and radiographic context to avoid an erroneous overcall of malignancy.

Travis WD
Al-Dayel FH
Bubendorf L
Chung JH
Rekhtman N
Scagliotti GV

Small diagnostic samples

Chapter 1

Rationale for classification

in small biopsy and cytology specimens

Pathological diagnosis is key to the management of lung cancer,
in addition to careful consideration of risk factors and signs and
symptoms, assessment of the extent of the disease (locally and
outside the thoracic boundaries), and — in the case of resect-
able disease — evaluation of the cardiopulmonary and metabolic
status of the patient. For the 70% of lung cancer patients who

present with advanced-stage, unresectable disease, diagnosis
must be based primarily on small biopsy and cytology speci-
mens {3074}.

Precise histological classification (and in many cases molecu-
lar and/or biomarker testing) of lung cancer is essential because
of the clinical need for tailoring systemic therapies according
to histological type as well as molecular/biomarker profiles
{3068,3071,2760,1161). However, achieving this goal can be

Box1.01 Guidelines for good practice of small biopsies and cytological preparations {3073,3074}

ik

For small biopsies and cytology, non-small cell carcinoma should be further classified into a more specific type, such as adenocarcinoma or squamous cell carcinoma,
whenever possible.

2. The term “non-small cell lung carcinoma NOS” should be used as little as possible, and only when a more specific diagnosis is not possiole.

3. When a diagnosis is made in a small biopsy or cytology specimen in conjunction with special studies, it should be clarified whether the diagnosis was established on the
basis of light microscopy alone or whether special stains were required.

4. The term *non-squamous cell carcinoma” should not be used by pathologists in diagnostic reports. This categorization is used by clinicians to define groups of patients
whose lumours comprise several histological types and who can be treated in a similar manner: in small biopsies and cytology, pathologists should classify non-small cell
lung carcinoma as adenocarcinoma, squamous cell carcinoma, non-small cell lung carcinoma NOS, or other terms (see Table 1.04, p. 30).

5. The above classification of adenocarcinoma vs other histologies and the terminology in Table 1.04 (p. 30) and Table 1.05 (p. 31) should be used in routine diagnosis.
future research, and clinical trials, to ensure a uniform classification of disease cohorts in relation to tumour subtypes, stratified according to diagnoses made by light
microscopy alone vs diagnoses requiring special stains.

6. When paired cytology and biopsy specimens exist, they should be reviewed together to achieve the most specific and concordant diagnosis.

7. The terms “adenocarcinoma in situ” and “minimally invasive adenocarcinoma® should not be used for diagnosis of small biopsies or cytology specimens. If a non-invasive
pattern is present in a small biopsy, it should be referred to s alepidic growth pattern. Similarly, if 2 cytology specimen has the attributes of adenocarcinomain situ, the
tumour should be diagnosed as an adenocarcinoma, possibly with a comment that this may represent, at least in part, adenocarcinoma in situ.

8. The term “large cell carcinoma’ should not be used for diagnosis in small biopsy or cytology specimens and should be restricted to resection specimens where the tumour
is thoroughly sampled to exclude a differentiated component.

9. In biopsies of tumours that show sarcomatoid features (marked nuclear pleomorphism, malignant giant cells, or spindle cell morphology), these should be initially
classified as above in relation to adenocarcinoma; non-small cell carcinome, favour adenocarcinoma; squamous cell carcinoma; or non-small cell carcinoma, favour
squamous cell carcinoma, because this is apt to influence management, with an additional statement that giant and/or spindle cell features (depending on what feature)
are present. If such features are not present, the term “non-small cell carcinoma NOS” should be used, again with a comment on the sarcomatoid features.

10, Staining for neuroendocrine immunohistochemical markers should be performed only in cases where there is suspected neuroendocrine morphology.
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aAA LA Sclerosing pneumocytoma @]

Definition I .

Clinical features and imaging Definition

Histopathology Sclerosing pneumocytoma, previously termed “sclerosing haemangioma’, is a rare indolent pulmonary tumour originating from primitive pneumocytes, composed of a dual popula-

Key diagnostic cylopathological features tion of cuboidal surface cells and round stromal celis with bland cytomorphology.

Discussion and differential diagnosis

Ancillary testing Clinical features and imaging
Sclerosing pneumocytoma occurs predominantly in middie-aged, non-smoking women of eastern-Asian descent and is often incidentally detected on chest imaging. Most patients

are either asymptomatic or present with cough, haemoptysis, or chest pain { 33357311 }. Tumours range from 10 to 50 mm, averaging 20 mm, and calcification and cystic change
is uncommon. They are typically characterized by a solitary solid, well-circumscribed, round to oval peripheral parenchymal nodule showing strong contrast enhancement on CT,

and they tend to be non-FDG-avid on PET-CT { 25634202 }. Rarely, multiple tumours may occur { 32317291 ; 30891111 }. These tumours almost always act in a benign fashion,
although rare reports of lymph node metastasis have been reported { 10895813 }

Authors o,

- -

Histopathology “.22.383
Sclerosing pneumocytoma is composed of two main cell types: cuboidal/surface cells and round/stromal cells. There are four main histopathological growth patterns — solid,
haemormagic/angiomatous, papilary, and sclerotic — and most tumours show a mixture of architectural pattems { 32317291 ; 33145500 }

Responsible editor(s)

Andrew S. Field Sclerosing pneumocytoma

Co-editor(s) Key diagnostic cytopathological features

Lester Layfield Variably cellular smears with cohesive tissue fragments or dispersed epithelioid cells
Papillary tissue fragments with stromal cores covered by cuboidal epithelial cells with prominent nucleoli; sheets and acini with hyalinized stromal fragments are also seen

Responsible author(s) Dual cell population (1) surface cells: polygonal to cuboidal cells with moderate amounts of vacuolated cytoplasm; (2) stromal cells: round to spindle cells with more dense

PaulA VanderLaan cytoplasm
Nuclei show varying degrees of atypia and usually mild anisonucleosis, and they may contain intranuclear pseudoinclusions, nuclear grooves, and indistinct nucieoli

Co-author(s) Mitotic figures are rare and cholesterol crystals/clefts may be seen, but necrosis and overtly malignant features should be absent

Martha Bishop Pitman Bloody background with foamy macrophages (many of which contain haemosiderin) and multinucleated giant cells

Zubair Wahid Baloch Reference(s): { 32022435 ; 28398699 ; 22645055 ; 27168758 ; 10895813 }

Zahra Maleki
Discussion and differential diagnosis Sclerosing pneumocytoma
Sclerosing pneumocytoma has usually been regarded as a pulmonary adenoma, along with the less common alveolar adenoma, papillary adenoma, mucinous cystadenoma, and - —
mucous gland adenoma, for many of which there is insufficient information in the cytopathology literature. P <.
Establishing a definitive diagnosis of sclerosing pneumocytoma on cytopathology alone can be difficult, if not impossible, in the absence of clinical and imaging findings. V
|dentification of a two-cell population (i.e. the surface and round cells) with a papillary architecture in a bloody with laden in
with the ICC profile described below can establish a diagnosis of sclerosing pneumocytoma in the proper clinical and imaging context. Overall, the bland appearance of the cells
largely pneumocyte and Cell blocks can be helpful in highlighting the distinctive histopathological growth patterns.

The differential diagnosis of sclerosing pneumocytoma includes non-neoplastic entities such as reparative and inflammatory changes, as well as neoplasms such as alveolar ade-
noma, haemangioma, well-differentiated non-mucinous lung adenocarcinoma with or without lepidic or papillary growth pattern, pulmonary hamartoma, and carcinoid tumour {
28398699 ; 22645055 ; 32022435 ; 32317291 }. Carcinoid tumours tend to show a more uniform pattern of bland round or spindle cells with nuclei showing a fine granular chro-
matin. Identification of benign cartilaginous and adipose tissue elements admixed with bland epithelial cells can point towards a pulmonary hamartoma, although care should be
taken to ensure they are not bronchial contaminants

Ancillary testing
ICG can be helpful in highlighting the two-cell populations seen in most sclerosing pneumocytomas. The surface cells are positive for cytokeratins (including CK7 and pancytoker-
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Molecular Genetic Landscape of Sclerosing
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Abstract

Objectives: Sclerosing pneumocytomas are rare pulmonary neoplasms that are typically benign.
However, rare patients experience progressive disease, and therapy targeting specific genetic
underpinnings could be an attractive therapeutic option. Recent studies have found recurrent AKT 1
mutations in sclerosing pneumocytoma, but little is known about whether oncogenic fusion genes
may also be present.

Methods: To better understand the genetic background, 10 sclerosing pneumocytomas were
subjected to next-generation sequencing cancer mutation panel testing (n = 9) and/or RNA
sequencing (n = 3). The patients were all women (average age, 47 years; range, 17-74 years).

Results: Eight patients had solitary sclerosing pneumocytomas, while one had two tumors, and one
had many bilateral tumors. Recurrent mutations were noted in genes involved in the mTOR pathway,
including AKT1, PIK3R1, and PTEN. AKT1 alterations were particularly common, present in 78%. No
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Sclerosing pneumocytoma
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Cellular smear showing cohesive, balled-up papillary tissue fragments and small sheets
'sometimes showing an acinar architecture, along with & small number of dispersed cells
(Giemsa).
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Sclerosing pneumocytoma @]

Definition

Sclerosing pneumocytoma is a tumour of pneumocytic origin composed of a dual population of surface cells resembling type Il pneumocytes and round cells. The tumour demon-
strates varying amounts of solid, papillary, sclerotic, and haemorrhagic patterns.

ICD-O coding
883210 Sclerosing pneumocytoma

ICD-11 coding
2F0Z & XH7436 Benign neoplasms of respiratory and intrathoracic organs, unspecified & Sclerosing pneumocytoma

Related terminology
Not recommended: sclerosing haemangioma (obsolete)

Subtype(s)
None

Localization
Sclerosing pneumocytoma is typically solitary and peripheral. Rarely, tumours are multiple, occur as an endobronchial mass, or are situated in the hilum, visceral pleura, or medi-
astinum { 14704717 ; 30985653 }

Clinical features
Patients are typically asymptomatic, with the tumour often discovered incidentally. Radiographs show a solitary circumscribed mass, which may rarely be calcified or cystic {
12016362 ; 22832056 ; 15176609 ; 21529795 ; 25634202 }

Epidemiology
Sclerosing pneumocytoma occurs in a wide age range (1180 years), with female predominance. The incidence is higher in eastern Asian populations and rare among individuals
of European descent { 23587094 ; 10895813 ; 20123460 ; 12728972 ; 30691016 }.

Etiology
The tumour is thought to derive from primitive respiratory epithelium { 23587094 ; 10895813 ; 20123460 ; 11075855 ; 17873892}

Pathogenesis

Although sclerosing pneumocytoma is presumably derived from primitive pulmonary epithelium, the pathogenesis is unknown. However, molecular data have demonstrated the
same monoclonal pattern in both the round and surface cells, consistent with a true neoplasm { 17873892 }. AKTH alterations are present in nearly all sclerosing pneumocytomas
and may be useful for diagnosis in selected cases

Macroscopic appearance
The tumours are well-circumscribed masses that are solid and show a variegated grey-tan to yellow on cut section, with foci of haemorrhage. Cystic degeneration and calcification
may be evident.

Histopathology
The key feature of sclerosing pneumocytoma is the presence of two cell types: cuboidal surface cells and round stromal cells, both of which are considered neoplastic. The sur-
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Diagnostic category Estimated risk of Clinical management options
malignancy , %

Insufficier Nol 43-53 Correlate with CLIN-IMG-MICRO, ideally discuss at a MDT meeting,
and perform repeat FNAB with or without CNB

Benign/negative for malignancy 19-64 Correlate with CLIN-IMG-MICRO, and if these confirm benign
diagnosis, then routine follow up at 3-6 months. If no correlation,
then perform repeat FNAB with or without CNB

Atypical 46-55 Correlate with CLIN-IMG-MICRO, and ideally discuss at a MDT
meeting. If all show a benign diagnosis, then routine follow up at
3-6 months. If no correlation, then perform repeat FNAB with
ROSE with or without CNB

Suspicious for malignancy 75-88 Correlate with CLIN-IMG-MICRO, and ideally discuss at a MDT
meeting. If all support a diagnosis of malignancy, consider
definitive treatment. If no correlation that lesion is Malignant,
perform repeat FNAB with ROSE with or without CNB

[Malignant 87-100 Correlate with CLIN-IMG-MICRO, and ideally discuss at a MDT

meeting. If all support a diagnosis of malignancy, provide
definitive treatment. If no correlation that lesion is Malignant,
consider repeat FNAB with ROSE with or without CNB
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A brief review of the WHO reporting system for
lung cytopathology
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Cytology _,
Small Biopsy

Thoracic Tumours

Average age

Sex predominance

Diagnostic criteria

Mitoses per
2 mm?

Necrosis

Neuroendocrine
morphology

Ki-67
proliferation
index

TTF1 expression

P40 expression

Combined with
NSCC
component

Typical carcinoid

Sixth decade

Female

<2

Up to 5%

Mostly positive in

peripheral, mostly

negative in central
tumours

Negative

Atypical carcinoid

Sixth decade

Female

Focal, if any

Up to 30%

Mostly positive in

peripheral, mostly

negative in central
tumours

Negative

LCNEC

Seventh decade

Male

> 10 (median: 70)

Yes

30-100%

Positive (70%)

Negative

Up to 25% of
resected LCNEC

SCLC

Seventh decade

Male

> 10 (median: 80)

30-100%

Positive (85%)

Negative

Up to 25% of
resected SCLC

WHO Classification of Tumours of the Lung, Pleura, Thymus, and Heart. 5" ed. 2021.
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High Grade Lung NEC:
Large Cell Neuroendocrine Carcinoma (LCNEC)
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SPECIAL ARTICLE

M) Check for updates

Best Practices Recommendations for Diagnostic
Immunohistochemistry in Lung Cancer
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Table 1. Key

and Recommendaf

Key Questions

Short Answers

1. What is the best combination of markers to use in daily
practice?

2. What extent of TTF1- and p40-positive reactions should
we consider to be positive?

3. Are there any staining differences in lung adenocarcinoma
between among TTF1 clones (SPT24, SP141, and
8G7G3/1)2

4. Should an NSCC that is diffusely positive for CK7 but
negative for TTF1 and p40 be regarded as probably
adenocarcinoma?

5. When should NE markers be applied to an NSCC?

6. What is the best antibody panel to differentiate NE
tumors from other types of NSCC, and which one is the
most reliable?

7. When should a proliferation marker be used in diagnosis?

8. Is IHC useful to render a specific diagnosis of uncommon
lung cancer subtypes (sarcomatoid carcinoma, salivary
gland-type tumors, and NUT carcinoma)?

9. What portion of the cytologic sample is best for
immunostaining: the cell block, the air-dried smears, or
the ethanol-fixed smears? Can destained smears be used
adequately?

10. Which IHC panel is recommended to differentiate lung
mucinous adenocarcinoma from metastatic mimics?

11. Are there any IHC or other markers to differentiate
between primary lung cancers and metastases; between
squamous cell carcinomas of lung primary and metastases
from thymic, head and neck, endocervical, and the other
cancers; and between adenocarcinomas of primary and

from mammary,

When IHC is needed for the subtyping of NSCC, TTF1 and p40 are the
criterion standard, and these two markers are usually sufficient in
clinical practice if there are no morphologic features of NE
differentiation. p40 is preferable to p63 to identify squamous cell
carcinoma

Focal positivity for TTF1 is considered a positive reaction indicating
pulmonary adenocarcinoma in the proper clinical context, whereas for
P40 the cutoff rate should be positivity in more than 50% of tumor
nuclei. Focal or weak positivity for p40 is not diagnostic of squamous
cell carcinoma

The staining performance of TTF1 varies among the clones. Among the
most commonly used antibodies, 8G7G3/1 is the most specific antibody
to identify lung adenocarcinoma

CK7 is not specific for adenocarcinoma; the marker can be seen in
squamous cell carcinoma. The use of CK7 is discouraged for subtyping of
NsCC

NE markers should be applied only in support of NE morphology

A panel of chromogranin A, synaptophysin, and CD56 is the best
combination to identify NE tumors. The staining significance of each
antibody varies among the sample types, histologic subtypes, and
extent and/or intensity of positive reactions

The main established role of Ki-67 in lung carcinomas is to help distinguish
carcinoids from high-grade NE carcinomas (large cell NE carcinoma and
small cell carcinomas), especially in small or crushed biopsy or cytologic
samples. The role of Ki-67 in separating typical from atypical carcinoids
is not established and needs more investigation

Currently, IHC and molecular testing are needed to achieve the definitive
diagnoses of uncommon lung cancers such as sarcomatoid carcinoma,
salivary gland-type tumors, and NUT carcinoma and to distinguish from
the mimics.

All cytologic preparations, including cell blocks and ethanal-fixed and air-
dried slides, can princi be used for ining. Formalin-fixed
cell blocks are most straightforward, whereas rigorous protocol
optimization, validation, and quality control are required in
i ining in cytologic inati

There is no useful marker to differentiate pulmonary mucinous
adenocarcinoma from metastatic mimics. A clinicopathologic tumor
board is crucial for this clinical context

In this clinical context, morphologic comparison with prior tumor is
crucial. There are no absolute IHC markers to make the differential
diagnosis, and pathologists should be aware of the pitfalls of IHC

NE, prostate, and liver cancers?

(D56, an alias for neural cell adhesion molecule 1 (NCAM 1);

7, cytokeratin 7; IHC, v; NE,

5 NSCC, non-small cell

carcinoma; NUT, nuclear protein in testis; TTF1, thyroid transcription factor 1.




PVL - diagnhostic approach to small biopsies
v'Review (PET)CT:

* Lung vs pleural vs thymic vs met

v'Assess histo/cytomorphology
+ Keratinizing squamous cell carcinoma: no stains needed
» Adenocarcinoma: TTF-1 and Napsin-A
» Squamous: p40, TTF-1
« PD NSCLC-NOS: TTF-1, Napsin-A, p40
* Neuroendocrine: TTF-1, Synaptophysin, Mib-1/Ki-67

vInconclusive / poorly differentiated tumor
» Cytokeratins (CK5/6, CK7/20, cocktail)
* Mucicarmine stain
» Metastasis (CDX-2, PAX-8, GATAS3, ER, NKX3.1, etc...)
» Consider salivary gland tumor, etc...

Priorities for cytology/small bx specimens in 2023

Primary diagnosis Re-biopsy
suspected lung cancer disease progression

Establish malignancy dx {
‘ Confirm original histopathology
(? Small cell transformation)

Tumor classification

(limited IHC panel)




Dichotomy for the pathologist...

Importance of accurate tumor characterization
* Historically, tumor subtype:
v Directed choice of therapy
v Dictated which downstream testing to pursue
-VS-
Importance of minimal tumor utilization
« Current therapy choices are driven by ancillary testing results
v Targetable genomic alterations
v PD-L1 (TPS)
v MSI status
v TMB
v Co-mutational profile

- [ Need to preserve material for molecular testing!

Ancillary
Testing




Change from Baseline (%)

Change from Baseline (%)

Change from Baseline (%)

Unselected cytotoxic
chemotherapies

Non-Small Cell
Lung
Carcinoma
(NSCLC)

Adapted from: Shaw AT et al. NEJM 2013;368:2385 and Jordan EJ et al. Cancer Discov. 2017;7:596.

Histology based cytotoxic
chemotherapies

squamous cell
carcinoma

adenocarcinoma

[EGFR sensitizing 19.4%

EGFRT790M 5.5%

EGFRexon20 2.1
EGFRWT amp 1.
ALK fusion 3.8%

ROST fusion

Genomics driven
precision therapies

No mutations 1.2%
L UMD 12.0%

Other drivers 2.9%

8 BRAF non-V600E 1.3%
NF1loss 1.9%

é _PTEN loss 0.7°
_CDKN2A l0ss 1.9%

EGFR28%

KRAS 25.3%

" KRAS 25.3%

—_FGFR1/20.7%
~~~ NRAS 1.2%
" PIK3CA 2.0%
MAP2K10.7%

BRCA1/210ss 1

TSC1/2lo0ss 0. 7%EF1552 ‘mut 2.3%
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Change from Baseline (%)

Chenge rom basslne nsum ofongast diamater of targeteskon, %

Histology based cytotoxic
chemotherapies

squamous cell
carcinoma

adenocarcinoma

\

Genomics driven
precision therapies

No mutations 1.2%
UMD 12.0%

EGFR sensitizing 19.4%

Other drivers 2.9%
_PTEN loss 0.7%
2 _CDKN2A loss 1.9%
-\ BRAF non-V600E 1.3%
NF1loss 1.9%

>

EGFRT790M 5.5%

EGFR28%

EGFR exon20 2.1%
EGFRWT amp 1.0%

ALK fusion 3.8% KAS 25.3%

ROS1 fusion 2.6
RET fusion 1
BRAF V600E 2.

MET splice 3.0%
METamp 1
ERBB2amp 1.
BRCA1/2l0ss

"~ KRAS 25.3%

FGFR1/20.7%

MAP2K1 0.

TSC1/2l0ss 0.7% g MAP2KT 0.7%

Immunotherapy
driven therapies

TPS >50% TPS <1%

TPS 1-49%

Adapted from: Shaw AT et al. NEJM 2013;368:2385-94, Jordan EJ et al. Cancer Discov. 2017;7:596, and Hui R, et al. Ann Oncol. 2017;28:874-881.




Landscape of genomic alterations in NSCLC with corresponding
FDA-approved therapeutic options (May 2023)

non-targetable mutations

PD-L1
IHC > TPS or TC/IC assessment

Tumor Mutation Burden (TMB)
TMB-high: 210 mutations/megabase
pembrolizumab

Microsatellite instability-high or

Mismatch repair deficient /
MSI-high or MLH1, MSH2, MSH6, PMS2
pembrolizumab

Genetic aberrations that modulate
targeted or immune therapies:

Gene co-mutations
STK11, KEAP1, TP53, PIK3CA, RB1

Homology directed repair (HDR) genes
BRCA1/2, PALB2

other potentially targetable
driver oncogenes
Updated from: MET amplification, FGFR, NRAS, NF1, SLFN11
VanderLaan et al. Cancer Cytopathol. RIT1, MAP2K1, BRAF (non V600E), NGR1, LTK

2021;129(3):179-181.

other KRAS mutations

. FDA Approved Therapeutics . Evolving Therapeutics

EGFR mutations
gefitinib, erlotinib, afatinib,
dacomitinib, osimertinib,
amivantamab-vmjw, mobocertinib

S

ALK rearrangements
crizotinib, ceritinib, alectinib,
brigatinib, lorlatinib

ROS1 rearrangements
crizotinib, entrectinib

/ BRAF V600E mutation
/ dabrafenib + trametinib

_— NTRK rearrangements
larotrectinib, entrectinib

/ — MET exon 14 skipping

capmatinib, tepotinib

/ ¢ \
/ RET rearrangements
selpercatinib, pralsetinib

S

KRAS G12C mutation

sotorasib, adagrasib

HER2/ERBB2 mutations

fam-trastuzumab deruxtecan-nxki

[ immunotherapy / Chemotherapy

A 100

80
60
40
20
0
Other
= Large cell carcinoma
Carcinoid

u Small cell carcinoma
Squamous cell carcinoma
m Adenocarcinoma

Squamous cell carcinoma

Adenocarcinoma

i

= KRAS G12C
= EGFR

Rare targets
(BRAF VB00E, METex14, ALK, ROS1, RET, ERBB2/HER2, NTRK)

1 PD-L1 2 50%, no actionable mutation

No current FDA approved targeted therapy

= EGFR
= ALK
= ROS1
= BRAF V600E
5 NTRK
= METex14
=RET
KRAS G12C

ERBB2/HER2
= PD-L1 =z 50%, no actionable mutation
No current FDA approved targeted therapy




Original Study
® o
Genomic Profiling of Advanced Non—Small Cell
Lung Cancer in Community Settings: Gaps and
Opportunities
Martin E. Gutierrez,' Kelly Choi,” Richard B. Lanman,” Edward J. Licitr
Stanley M. Skrzypczak,® Ruth Pe Benito,” Tommy Wu,? Srikesh 1\1'Lmnjad:\i,2

Sukhi Kaur,” Harry Harper,' Andrew L. Pecora, Eric V. Schultz,”
Stuart L. (}()ldhcrgl

Clin Lung Cancer. 2017;18:651-659.

Virchows Arch (2018) 472:
hitps://doi org/ 101007500
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ORIGINAL ARTICLE

Population-level effect of molecular testing and targeted therapy
in patients with advanced pulmonary adenocarcinoma:
a prospective cohort study

Christine Schwegler ' & + Dinu Kaufimann® - David Pleiffer’” - Stefan Aebi* -

Joachim Dicbold "~ « Oliver Gautschi*

Median Overall Survival
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Background

The CAP's Pathology and Laboratory Quality Center for Evidence-based Guidelines has
several guidelines in various stages of the Guideline Development Process. Learn more
about the upcoming evidence-based guidelines that follow the National Academy of
Medicine's Guideline Principles.

Evidence-based Guidelines

Topic Status

Lower Anogenital Squamous Terminology for Research and Review
HPV-associated Lesions

(Updating 2010 publication)

PD-L1 Lung Tumors Complete Recommendations

Principles of Analytic Validation of IHC Assays
(Updating 2014 publication)

Complete Recommendations

Workup of Amyloidosis Determine Scope and Form Panel

HPV Testing in Head & Neck Carcinomas Draft Recommendations

(Updating 2017 publication)

Molecular Testing for the Selection of Lung
Cancer Patients for Treatment with TKI
(Updating 2018 publication)

Research and Review

Interpretive Diagnostic Error Reduction Research and Review

(Updating 2015 publication)

e Scope and Form Panel —
submit an applic:

Gastroenteropancreatic Neuroendocrin Deten

| |_Tumors and Ki-67

n to be

Learn More

Read how we develop evidence-based
guidelines and view current guidelines

Learn about guideline development %

View current guidelines >

Submit Unpublished
Evidence

Let us know about unpublished evidence
pertaining to our guidelines in
development.

Submit materials 3

Special Article

2013

Molecular Testing Guideline for Selection of Lung Cancer
Patients for EGFR and ALK Tyrosine Kinase Inhibitors

Guideline from the College of American Pathologists, International Association
for the Study of Lung Cancer, and Association for Molecular Pathology
Neal 1. Lindeman, MD; Philip T. Cagle, MD; Mary Beth Beasley, MD: Dhananjay Arun Chitale, MD; Sanja Dacic, MD, PhD:

Giuseppe Giaccone, MD, PhD; Robert Brian Jenkins, MD, PhD; David J. Kwiatkowski, MD, PhD; Juan-Sebastian Saldivar, MD;
Jeremy Squire, PhD; Erik Thunnissen, MD, PhD; Marc Ladanyi, MD

CAP Laboratory Programs

2018

Updated Molecular Testing Guideline for the Selection of
Lung Cancer Patients for Treatment With Targeted

Tyrosine Kinase Inhibitors

Guideline From the College of American Pathologists, the International Association

for the Study of Lung Cancer, and the Association for Molecular Pathology

Neal 1. Lindeman, MD; Phillp T. Cagle, MD; Dara L. Aisner, MD, PhD; Maria E. Arcila, MD; Mary Beth Beasley, MD;
fic H. Bernicker, MD; Carol Colasacco, MUIS, SCT(ASCP); Sanja Dacic, MD, PhD:; Fred R. Hirsch, MD, PhD; Keith Kerr, MB, ChB,
David J. Kwiatkowski, MD, PhD; Marc Ladanyi, MD; Jan A. Nowak, MD, PhD; Lynette Sholl, MD; Robyn Temple-Smolkin, PhD;

‘Benjamin Solomon, MBBS, PhD; Lesley H. Souter, PhD; Erik Thunnissen, MD, PhD:; Ming S. Tsao, MD;
Christina B. Ventura, MPH, MT(ASCP); Murry W. Wynes, PhD; Yasushi Yatabe, MD, PhD

31 edition CAP/IASLC/AMP Lung Biomarker Guidelines
~2024 target publication date
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National

Comprehensive NCCN Guidelines Version 3.2023
Non-Small Cell Lung Cancer

NCCN [§eEUlet=]
Network®

NCCN Guidelines Index
Table of Contents
Discussion

CLINICAL PRESENTATION HISTOLOGIC

SUBTYPE?

= Adenocarcinoma

- Large cell
- Establish histologic +NSCLC not
subtype? with otherwise

adequate tissue for
molecular testing
(consider rebiopsy!

specified (NOS)

;:rdvanced or plasma testing if
. appropriate)

z}ggaas,st:tlc + 8Smoking cessation

counseling

« Integrate palliative

care® (NCCN

Guidelines for

Palliative Care Squamous cell____

carcinoma

2 Principles of Pathologic Review (NSCL-A).

¢ Temel JS, et al. N Engl J Med 2010;363:733-742.

Ilf there is insufficient tissue to allow testing for all of EGFR, KRAS, ALK, ROST,
BRAF, NTRK1/2/3, MET, RET, and ERBB2 (HER2) repeat biopsy and/or plasma
testing should be done. If these are not feasible, treatment is guided by available
results and, if unknown, these patients are treated as though they do not have
driver oncogenes.

mm Principles of Molecular and Biomarker Analysis (NSCL-H).

BIOMARKER TESTING™™M

* Molecular testing, including: TESTING RESULTSKK!

» EGFR mutation (category 1), ALK (category 1),

EGFR exon 19 deletion or exon 21 L858R mutation positive NSCL20
KRAS, ROS1, BRAF, NTRK1/2/3, METex14 _ _
skipping, RET, ERBB2 (HER2) EGFR S768, L8610, andlor G719X mutation positive NSCL23
» Testing should be conducted as part of broad EGFR exon 20 insertion mutation positive NSCL-24
i nn
molecular profiling KRAS G12C mutation positive NSCL25
« PD-L1 testing (category 1) _
ALK rearrangement positive NSCL26
ROST rearrangement positive NSCL29
BRAF V600E mutation positive NSCL31
NTRK1/2/3 gene fusion positive NSCL32
- Consider molecular testing, including:°° METex14 skipping mutation positive NSCL33
» EGFR mutation, ALK, KRAS, ROS1, BRAF, RET rearrangement positive NSCL34
NTRK1/2/3, METex14 sKipping, RET, - —
ERBB2 (HER2) ERBB2 (HER2) mutation positive NSCL35
» Testing should be conducted as part of PD-L1 1% and negative for actionable molecular biomarkers above NSCL36
broad molecular profiling™ PD-L1 <1% and negative for actionable molecular biomarkers above NSCL37

« PD-L1 testing (category 1)

NN The NCCN NSCLC Guidelines Panel strongly advises broader molecular
profiling with the goal of identifying rare driver mutations for which effective
drugs may already be available, or to appropriately counsel patients regarding
the availability of clinical trials. Broad melecular profiling is defined as melecular
testing that identifies all biomarkers identified in NSCL-19 in either a single assay
or a combination of a limited number of assays, and optimally also identifies
emerging biomarkers (NSCL-|). Tiered approaches based on low prevalence
of co-occurring biomarkers are acceptable. Broad molecular profiling is a key
component of the improvement of care of patients with NSCLC. Emerging
Biomarkers to Identify Patients for Therapies (NSCL-I).

©° Lam VK, et al. Clin Lung Cancer 2019:20:30-36.e3; Sands JM, et al. Lung
Cancer 2020;140:35-41.

Note: All recommendations are category 2A unless otherwise indicated.

Clinical Trials: NCCN believes that the best management of any patient with cancer is in a clinical trial. Participation in clinical trials is especially encouraged.

10 testing targets!
(12 if MSI/'TMB)

\ersion 3.2023, 04/13(23 © 2023 National Comprehensive Cancer Network® (NCCIY), All rights reserved. NCCN Guidelines® and this ilustration may not be reproduced in any form without the express written permission of NCCN.. NSCL-18
National
NCCN E;”mpwht‘m“'“ NCCN Guidelines Version 3.2012
LAnce
Network® Non-Small Cell Lung Cancer
THERAPY FOR RECURRENCE OR METASTASES FIRST-LINE THERAPY

« EGFR
* Adenocarcinoma mutation
s Large Cell | testing®
+NSCLC NOS (category 1)

= ALK testing?

Establish
histologic
subtype?

Squamous cell

carcinoma
recommended 3

EGFR mutation or ALK
negative or unknown

EGFR mutation

(NSCL-14

See First-Line Therapy

discovered i iy bb,ce,dd
y Erlotinib™™ ¢ —_—
ri:cor tofirst- | ategory 1)
EGFR chemotherapy
mutation i i
positive EGFR mutation Shrltf:hlgaintenance.
discovered grr o
cFurlng first- |+ May add erlotinib®® to
rzimolherapy current chemotherapy!

(category 2B)

ALK positive ——— Crizotinih ——

EGFR mutation and ALK
——=|testing are not routinely

See First-Line Thera
‘ (NSCL-15)

2 testing targets!




= ASCO Living Guidelines: The

and Rachel L. Geisel, BS?

S[BLIOYIPD

Next Frontier

Veda N. Giri, MD'; Thomas K. Oliver, BA?; R. Bryan Rumble, MSc?; Jonathan W. Friedberg, MD?; Kathy D. Miller, MD?%;

Litlatonioliuiog Ongoing evidence review

guideline

ldentiﬁwﬁmi prioritization, ]
and approval of living
guideline topic

l

Formation of expert panel

Protocol development

Guideline initiation
Evidence review
Evidence interpretation

Review and approval

Does the evidence alter the recommendations?
No Yes
. P Revision of
Update with no revisions dation drafted
(o ! and approved by the panel
Revision
- . cycle,
Update submitted to if needed
EBMC for review and A
‘approval
Update submitted to JCO
JCO publication

Therapy for Stage IV Non—-Small-Cell Lung
Cancer With Driver Alterations: ASCO Living
Guideline, Version 2022.2

[Dwight H. Owen, MD, MS'; Navneet Singh, MD, DM?; Nofisat Ismaila, MD, MSc?; Elizabeth Blanchard, MD*; Paul Celano, MD®;

iarushka Naidoo, MD'2; Tanyanika Phillips, MD'; Gregory J. Riely, MD, PhD'; Andrew G. Rebinson, MD'®; Erin Schenk, MD';
Bryan J. Schneider, MDY} Lecia Sequist, MD'®; David R. Spigel, MD'; and Ishmael A. Jaiyesimi, MD, MS®

ASCO Guidelines

First-Line Treatment Options for Patients with Stage IV Non-Small Cell Lung Cancer with Driver Alterations
2022.1 Published: July 11, 2022
2022.2 Published: Dec 19, 2022
2022.3 Published: Feb 21, 2023

[Narjust Florez, MD®; Dharamvir Jain, MD”; Natasha B. Leighl, MD®; Hirva Mamdani, MD®; Gregory Masters, MD'%; Pamela R. Moffitt’*;

Therapy for Stage IV Non-Small-Cell Lung
Cancer With Driver Alterations: ASCO Living
Guideline, Version 2023.1

Navneet Singh, MD, DM*; Ishmael A. Jaiyesimi, DO, MS*; Nofisat Ismaila, MD, MSc®; Natasha B. Leighl, MD*; Hirva Mamdani, MD®;
Tanyanika Phillips, MD, MPH®; and Dwight H. Owen, MD, MS”

Published: April 6, 2023
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Lung Cancer Biomarker Testing Modalities

IHC FISH PCR NGS — DNA NGS - RNA

EGFR

ALK

ROS1
BRAF V600E
MET Ex14
RET

KRAS
NTRK1/2/3
ERBB2
T™B
MSI/MMR
PD-L1

Updated from: VanderLaan et al. J Am Soc Cytopathol. 2022;11(6):403-414.

Most common / Optimal modality Limitations / Only specific uses Not an option

[ No single test will capture every biomarker!

PD-L1: IHC as the selection biomarker

H&E / IHC / Molecular testi

ng

AR
bl

PD-L1 IHC (22C3)

-

Surgical Pathology
Core Biopsy

o

Cytology Cell Block




2021 stats:

NSCLC n=230

*  33% of all solid tumor NGS testing

*  ~93+% success rate (no A across specimen types)
« Testing phase: 10 calendar day TAT

Liquid Biopsy n=50

*  61% of all solid tumor NGS liquid bx

e ~82% success rate

« Testing phase: 10 calendar day TAT 47%

Current BIDMC NSCLC NGS Testing

m Cytology Cell Block

® Surgical resection

Small Biopsy

Specimen Handling

CAP Laboratory Improvement Programs

Collection and Handling of Thoracic Small Biopsy and
Cytology Specimens for Ancillary Studies

Guideline From the College of American Pathologists in Collaboration With the
American College of Chest Physicians, Association for Molecular Pathology,
American Society of Cytopathology, American Thoracic Society, Pulmonary

Pathology Society, Papanicolaou Society of Cytopathology, Society of
Interventional Radiology, and Society of Thoracic Radiology

Sinchita Roy-Chowdhuri, MD, PhD; Sanja Dacic, MD, PhD; Mohiedean Ghofrani, MD, MBA; Peter B. lllei, MD;
Lester |. Layfield, MD; Christopher lee, MD; Claire W. Michael, MD; Ross A. Miller, MD;

Jason W. Mitchell, MD, MPH, MBA; Boris Nikolic, MD, MBA; Jan A. Nowak, MD, PhD; Nicholas ). Pastis Jr, MD;
Carol Ann Rauch, MD, PhD; Amita Sharma, MD; Lesley Souter, PhD; Brooke L. Billman, MLIS, AHIP;
Nicole E. Thomas, MPH, CT(ASCP)*™; Paul A. VanderLaan, MD, PhD; Jesse 5. Voss, CT, MB{ASCP)"™;

Momen M. Wahidi, MD, MBA; Lonny B. Yarmus, DO, MBA; Christopher R. Gilbert, DO, M5

Arch Pathol Lab Med. 2020;144:933-958

v Obtaining adequate
material

» Optimal techniques

* Needle gauges

» Number of samples/needle
passes

v What to collect and how
to process

v Use of Rapid On-Site
Evaluation (ROSE)




CT-guided lung core needle biopsy . = PERCENTAGE OF CTLUNG

BIOPSY CASES REQUIRING
UNSTAINED SLIDES
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Materials

- Cost
- Availability
- Stability
Prep |
ep ab - Equipment
- Scalable
- How labor intensive

- Fit in with workflow/batch
processing

- Reproducible
- Risk of specimen loss/mixup

Cytopathologist
- Morphology
- Distribution on slide area
- Depth of cellularity
- Diagnostic yield

Cell
block
success

- Upfront vs. by request

- Ease of ordering
(SOFT)

Histology

- Fixation time/type
- Tissue processor run
- Cross contamination

- IHC validation
- Special stain background
- Compatible with NGS/molecular testing

- Tissue sectioning
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Cell Block Comparison
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Pathology:

Must ensure ancillary testing is adequate

Essential biomarkers (2023)

Incomplete genotyping

»Negative targeted testing
(e.g., EGFR and ALK only)
«Negative cfDNA analysis
only, without reflex to tumor
genotyping

Effective genotyping

» Tumor NGS

» Negative cfDNA analysis, with
reflex to tumor genotyping

o Targeting testing or cfDNA

genotyping positive for

actionable driver mutation

No genotyping

* No biomarker
testing attempted

#PD-L1IHC only
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Meador and Oxnard. Clin Cancer Res 2019;25:4583-5

Conclusions

* Tremendous progress in diagnosis and treatment of patients with NSCLC

* Cytology/small biopsy specimens are the primary diagnostic and ancillary
testing modality for most patients with lung cancer.
v'Multiple objectives for the (cyto)pathologist.

* Oncologists need ancillary testing results to guide appropriate therapy.
v'"Number of biomarkers continues to expand.

* Coordination and collaboration is key to testing success!
v'Pathology/Cytopathology
v'Oncology
v'Molecular lab
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