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Leading Cancer Sites, Worldwide
GLOBOCAN 2008

Estimated New Cases Estimated Deaths

Lung & bronchus
095,200

Prostate
903,500

Colon & rectum
663,600
Stomach
640,600

Liver
522,400
Esophagus
326,600

Urinary bladder

297,300
Non-Hodgkin lymphoma
199,600
Leukemia
195,900
Oral cavity
170,900
All sites but skin
6,629,100

Female
Breast
1,383,500
Colon & rectum
570,100
Cervix Uteri
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Lung & bronchus
513,600
Stomac
349,000
Corpus uteri
287,100
Liver
225,900
Ovary
225,500
Thyroid
163,000
Non-Hodgkin lymphoma
156,300
All sites but skin
6,038,400

Lung & bronchus
951,000

Liver
478,300
Stomach
464,400

Colon & rectum
320,600
Esophagus
276,100
Prostate
258,400
Leukemia
143,700
Pancreas
138,100
Urinary bladder
112,300
Non-Hodgkin lymphoma
109,500
All sites but skin
4,225,700

Female
Breast

Lung & bronchus
427,400

Colom&Te
288,100
Cervix uteri
275,100
Stomach
273,600
Liver
217,600
Ovary
140,200
Esophagus
130,700
Pancreas
127,900
Leukemia
113,800
All sites but skin
3,345,800




A 10-Year Prediction of Lung Cancer Incidence and Mortality Rates in 22 Arab
Countries After Ten Years (2020

Year Estimated number of new  Male Female Both sexes

lung cancers (all ages)
13826 2806 16632
ages < 05 7985 1588 9537
ages >= 65 5841 1218 7059
mem) 21573 4237 25810
ages < 65 12393 2395 14788
ages >= 65 0180 1842 11022
Demographic change 747 1431 9178
ages < 05 4408 807 5215
ages >= 65 3339 024 3963

Year Estimated number of cancer Male Female Both sexes
deaths (all ages)
2008 ) 12815 2615 15430
ages < 05 0002 1400 8302
ages >= 65 5913 1215 7128
2020 ) 20005 3950 23955
ages < 65 10745 2118 12863
ages >= 65 9260 1822 11092
Demographic change 7190 1335 8525
ages < 65 3843  T18 45061
ages >= 035 3347 617 3964
GLOBOCAN 2008 (TARC)

Elsayed I. Salim et alAsian Pacific Journal of Cancer Preventioii2/aD11



Histopathological
Classification of
Lung Cancer




Lung Cancer Subtypes
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Small Cell Carcinoma (20%)

Nont Small Cell Carcinoma (80%)



Avallability of New Molecular Biomarkers

Therapeutic Implications

Lung Adenocarcinoma
Pemetrexed
EGFR3 * ( z U
Met inhibitors (Crizotinib)

Squamous cell carcinoma

Bevac@mb



Lung Cancer Diagnosis

A multidisciplinary process requiring pathological
diagnosis correlated with:

Clinical
Radiologic
Molecular
Surgical

The need for standardized criteria



International Association for the Study of Lung
Cancer/American Thoracic Society/European
Respiratory Society
International Multidisciplinary Classification of
Lung Adenocarcinoma

Travis et al , J Thorac Oncok(Q11; 6: 244 285



WHO 2004Classification

"ADENOCARCINOMA " AMOUS CELL CARCINOMA
Mixed subtype Papillary
Acinar Clear cells
Papillary Small cell
Solid Basaloid

Bronchioloalzaotaroma 'SMALL CELL CARCINOMA

(nonmucinous)
LARGE CELL CARCINOMA

Large cell neuroendocrine carcinoma

Bronchioloaleaotaroma (LCNEC)

(mucinous) Large cell carcinoma with NE

Fetal morphology (LCNEM)

Mucinous (colloid)

Signet ring ADENOSQUAMOUS CARCINOMA

Sarcomataidinoma




Bronchioloalveolar Carcinoma

Revisiting Histomorphological Features and
Integration of Immunohistochemistry and Molecular Biology



WHO Classification (2004)

1. Preinvasive lesions
Atypical adenomatous hyperplasia

Bronchioloalveolar carcinoma

2.

3. Adenocarcinoma

Mixed subtype (usually BAC + other subtype)

Acinar
Papillary

Solid
4, Variants of adenocarcinoma

Mucinous cystadenocarcinoma
Mucinous (colloid)

Fetal

Signet ring

Clear cell

5. Other lung cancer
Squamous cell carcinoma
Adenosgquamous carcinoma
Large-cell carcinoma
Large-cell neurcendocrine carcinoma
Sarcomatoid carcinoma

|JASLC/ATS/ERS Classification (2011)

1. Preinvasive lesions

Atypical adenomatous hyperplasia
memip Adenocarcinom in situ (solitary, <3 cm)

=2 2. Minimally invasive adenocarcinoma (solitary, <3 cm with < 5 mm invasion)

3. Invasive adenocarcinoma
=2 | epidic predominant (> 3 cm)

Acinar predominant
Papillary predominant

=3 Micropapillary predominant

Solid predominant

4, Variants of adenocarcinoma
mm Mucinous adenocarcinoma (> 3 cm)

Mucinous cystadenocarcinoma

Colloid
Fetal (low and high grade)
Enteric

5. Other lung cancer
Squamous cell carcinoma

Adenosquamous carcinoma

Large-cell carcinoma

Large-cell neuroendocrine carcinoma

Sarcomatoid carcinoma

Other (specify)

Journal of Clinical Oncology, Vol 30, No 13,2012 pp 14013
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Grading

Architecture is the basis of the grading system:

Poor (solid and micropapillary)
Favorable (nonmucinous lepidic [formerly BAC])
Intermediate  (papillary and acinar)



Useful Diagnostic material

H & E Stain: The Gold Standard

Effusion
Aspirate
Washl_ng Cell Block
Brushing

Review the cytology and biopsy together



Classical morphology

Lepidic, papillary, acinar Adenocarcinoma

Keratinization, peatrls,

Intercellular bridges Squamous Cell
Carcinoma
Large cell NSEE
NE morpholog J ?LCNEC

Small cell SCLC

10% - 40% of NSCLC cannot be subtyped by morphology alone



Morphological Approach to Classify Lung Cancer

How to use IHC for classification

CK5/6| Biopsy diagnosis

-- Adenocarcinoma

-- Adenocarcinoma
focal+ - Adenocarcinoma

diff+ Squamous
focal+ NSCLC, NOS
NSCLC, NOS

Mukhopadhyay, USCAP, March011

Table 1. Staining of Non-Small Cell Lung Carcinoma
on Tissue Microarray?®

ACA Markers SCC Markers
TTF-1 Napsin A p40 DG3 + CK5

ACA (n = 93)
SCC (p40, n = 89;

DG3 + CK5, n = 90)
Sensitivity, % 77.4
Specificity, % 100
PPV, % 100
NPV, % 80.9

Brown, et al Arch Pathol Lab MgdVol 137, Septembe?013

Lid o [ floed
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ACA, adenocarcinoma ;

DG3, desmoglein 3 and CK5 cytokeratin
5; NPV, negative predictive value;

PPV, positive predictive value;

SCC, squamous cell carcinoma,;

TTF-1, thyroid transcription factor 1



Neuroendocrine Tumors of the Lung

The current WHO 2004classification system

recognizes4 major types of lung NETs| TC,
AC, LCNEC, and SCLC

Morphologic features with criteria for mitotic
rate and necrosis.

Ki-67 can serve as a useful ancillary tool in
the diagnosis of lung NETs, small biopsy and
cytology specimens



Neuroendocrine (NE) immunohistochemical markers should only be
performed in cases where there is suspected NE morphology:

Typical and Atypical Pulmonary Carcinoid Tumor

Overdiagnosed as Small-Cell Carcinoma on
Biopsy Specimens
A Major Pitfall in the Management of Lung Cancer Patients

Giuseppe Pelosi, MD,* Jaime Rodriguez, MD, ¥ Giuseppe Viale, MD,* and Juan Rosai, MD7

=sCareful evaluation of H&E sections &
Ki-67 index

NE markers: R :
CD56 =Carcinoid tumors <20% Ki-67
i =*SCLC >50% Ki-67
Chromogranin
SynaptophySI : Pelosi G, et al: AJSP 29:179, 2005
CKAE1/3

TTF1



In biopsy diagnosis of small

What are the pitfalls

cell carcinoma?

Artifacts

Not correlating biopsy and cytology

Difficult cases in differential diagnosis of SCLC versus

NSCLC
Combined SCLC




Required Tissue Conditions

Fixatives: formalin and alcohol
Fixation time: 6- 48 hours
Cell blocks cut at 2- 4 micra

Prepare extra slides to avoid loss during trimming






NSCLC is a multifaceted disease complex requiring
personalized approach for its treatment.



Driver Mutations in Lung Adenocarcinoma

MAP2K1 NRAS

EGFR: Epidermal Growth AKT1 ROS1 fusions
Factor Receptor PIK3CA KIF5B-RET

KRAS: V-Ki-ras2 Kirsten
rat sarcoma viral
oncogene homolog

EML4-ALK : Echinoderm
microtubule associated
protein -like 4 (EML4) and
anaplastic lymphoma kinase
(ALK) gene fusions.

ROSL1: V-Ros Avian UR2
Sarcoma Virus Oncogene
Homolog.

Nature medicine volum&8 | number 3 | March 2012



Mutually Exclusive

EGFR t Confers response to TKI

KRAS { Confers resistance to TKI

EMLZALK ¢ Confers sensitivity to Crizotinib



~—
KRAS EML4-ALK

900,000, _ Young Female Asian, never/light smokers
800 000
600,000 Extracellular
S domain

400,000 | d—Ligand-bindmg
EGFR variant Il del pocket
300,000 (del exons 2-7)
Squamous-cell

carcinoma

=

Transmembrane
.. domain

Intracellular
domain

Europe (n = 22,742)
i Exon 19 del

JS (n=15,181) Adenocarcinoma

East Asia (n = 20.206) ATF-Hrcing pese
B South Asia (n = 1166) T790M
Adenocarcinoma

L858R (exon 21 del)
Adenocarcinoma

Kl&i—Phosphowlation

40 60 80

Proportion of lung cancer cases (%) Sun S. et.al, nature reviews can@807, 7 oct.: 778790

Sun S., Lung cancer in never smokeesdifferent disease Nature Reviews Car€€7, 7: 778790



Lung Adenocarcinoma Morphology with EGFR Mutations

Well differentiated invasive adenocarcinomas with lepidic growth,
showing low grade features (acini, papillae) without necrosis and
with minimal host immune response.



Method to Test for EGFR mutations

Mutations Amp||?|cat|on Protein

EXxpression

Preferred method
Increasing Complexity of EGFR Mutations

PCR-based EGFR
mutation testing for
exonsl19and 21 (90% of
cases)

L858R
Exon 21

YasudaH, et al. Lancet Oncol. 2012;13:e23-31.

Arch Pathol Lab Med; \V/e] 137, June2013 Zhangy, et al. Clin Cancer Res. 2012;18:1947-1953. | Medscape

ParkK,etal. A5€02002. Absiract IP57614. Image courtesy of Robert C. Doebele, MD, PhD FRREATIoN




Method to Test for EGFR mutations

Mu|t|p|ex PCR

19 deletions in exon 19 without distinguishing between them
T790M In exon 20

L858R In exon?21

L861Q in exon 21

G719 ( detects G715, G719A, G719C, but does not
distinguish between them) in exon 18

S7681in exon 20

3 insertions in exon 20 but does not differentiate between them



Method to Test for EGFR mutations

‘Mutations "Amplification ~ Protein

EXxpression

Not Preferred

Detection by FISH

, UUEUDPOOUwwi EYIT wl PT5%)wU I
regardless of amplification.



Method to Test for EGFR mutations
"Mutations "Amplification ~Protein

EXxpression
Detection by IHC

-Pan-EGFR AB is not recommended for detection of mutations

-Abs to ID* exons 19 (15 bp deletions) and 21 L858R
-has high sensitivity and specificity
-for screening,
-biopsies insufficient for molecular analysis

-Non-15bp deletion of Exon 19, IHC is limited

* In frame deletion Hasanovic et al, Lung Cancer2012 77: 299-305



Randomized phase |l First-Line Erbitux in
Lung Cancer (FLEX)



EGFR IHC Score

Dako (Glostrup, Denmark) pharmDx Kit.
Staining intensity and proportion

19 EGFR high-
of positive tumor cells expressing tumor
! | SIeXCle,
0 0% @@ EE

Thershold 200 e ©OO®
Validated by the Round Robin Test

Arch Pathol Lab Med Vol 137, Septembe2013

EGFRIHC scoreranges from0 - 300

IHC = immunohistochemistry

Hirsch FR, et al. J Clin Oncol. 2003; 21:3798-807. Cappuzzo F, et al. J Natl Cancer Inst. 2005;
97:643-655. Hirsch FR, et al. Cancer. 2008;112:1114-1121.Felip E, et al. Clin Cancer Res.
2008;14:3867-3874. Gori S, et al. Ann Oncol. 2009;20:648-654. Lee HJ, et al. Lung Cancer.
2010:;68:375-382.




FLEX Study Design

Cisplatin (80 mg/m?2) with

Vinorelbine (25 mg/m?) u
Eligibility: e
« Wet stage IlIB
or IV
« EGFR positivity
by IHC ~ Cisplatin (80 mg/m?) with
» No brain Vinorelbine
metastases (25 mg/m?) up to
\ (N =1125) 6 cycles +

Cetuximab (400 mg/m?
loading dose followed by
weekly 250 mg/m?)

Primary endpoint: Overall survival

PD = progressive disease
Pirker R, et al. Lancet. 2009;373:1525-1531.




EGFR expression as a predictor of survival for first-line > "
chemotherapy plus cetuximab in patients with advanced

non-small-cell lung cancer: analysis of data from the phase 3
FLEX study

Overall survival for patients according to treatment group and EGFR expression group

A Low EGFR expression B High EGFR expression

100 — —— Chemotherapy 100

—— Chemotherapy+cetuximab
90 ™ 90
80 S 80+

70 70

60 60

Overall survival (%)
Overall sureival(%)

H d ratio O % Cl 0-58-0-93); p=0-011
Hazard ratio 0-99 (95% Cl 0-84-116); p=0-88 Fargrane ?3|(95 s QB}I' P |
f T 6 12 18
3 1z

B Time (months)
Number at risk MNumber at risk

Chemotherapy 399 167 Chemotherapy =] 26
Chemotherapy+ 377 164 Chemothetap)w 26 61
cetuximab cetuximab

www.thelancet.com/oncology Vol 13January 2012
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