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Lung Cancer — Stats and Harsh Facts

» Estimated New Cases in 2016 — Incidence: 224,390

= 13.3% of All New Cancer Cases

» Estimated (Lung Cancer) Deaths in 2016 — Lung Cancer-
Specific Mortality: 158,080

= 68% Death rate in women with lung cancer!! 75% in men
with lung cancer!!!!

= 9% of All Cancer Deaths — 26.5%

= Prevalence: In 2013, an estimated 415,707 living with lung
cancer in the U.S.

New Lung Cancer

> Percent Surviving 5 Years: 17.7% (2006-2012) Cases in 2016

» Lifetime Risk of Developing Cancer:
~ 6.6 percent of men and women will be diagnosed with lung and
cancer at some point during their lifetime, based on 2010-2012 data.
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New Cases by Age Group: Lung Cancer
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Age

» Lung cancer is most frequently
diagnosed among people aged 65-74.

»Median Age At Diagnosis: 70
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2010 Estimated US Cancer Deaths®

Men Women

Prostate 1% 15% Breast
Colon & rectum 9% 9% Colon & rectum
Pancreas 6% 7% Pancreas
Liver & intrahepatic 4% 5% Ovary
bile duct 4%  Non-Hodgkin
Leukemia 4% lymphoma
Esophagus 4%, 3% Leukemia
Non-Hodgkin 4% 3%  Uterine corpus
lymphoma 2% Liver & intrahepatic
Urinary bladder 3% bile duct
Kidney & renal pelvis 3% 2% E;g:gir’g)ther HEfVRLS
All other sites 23%

24% All other sites

b b S b T Source: American Cancer Society, 2010.
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Five-Year Survival Rates in Lung Cancer
(2006 — 2012)
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Percent Surviving
S years:

17.7%

Based on data from SEER 18 2006-2012.
figures represent those who have died from lung and bronchus cancer.
Green figures represent those who have survived 5 years or more.
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U.S. Cancer Death Rates Historic Trends

Cancer Death Rates® Among Women, US,1930-2008 Cancer Death Rates* Among Men, US,1930-2006
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*Age-adjusted to the 2000 US standard population.
Source: US Mortality Data 1960-2008, US Mortality Volumes 1930-1959,
National Center for Health Statistics, Centers for Disease Control and Prevention, 2009,

*Age-adjusted to the 2000 US standard population.
Source: US Mortality Data 1960-2008, US Mortality Volumes 1930-1959,
National Center for Health Statistics, Centers for Disease Control and Prevention.
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Appalachian Lung Cancer Disparity: West Virginia

' Lung and Bronchus, All Races, Male |
and Female, Appalachia, 2004-2011

Incidence Rates, Appalachia vs Non-Appalachia Statistical Significance, Regions vs US Non-Appalachia
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CDC Nov. 2014: National Program of Cancer Registries



Appalachian Lung Cancer Disparity: WV

Mantock

e Lung cancer has the highest
cancer-mortality nationally,
with 45.0 deaths/100,000 Q =/
(2012);

llllll

uuuuu

Compared with WV prevalence

« West Virginia has a mortality
. . . Bl Significantly Higher
dISparlty Wlth [ Not Significantly Different
I Significantly Lower

59.6 deaths/100,000.

West Virginia Lung Cancer Mortality (2009-2013):
61.8/100,000
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NSCLC: U.S. Survival by Stage at Diagnosis
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Greene et al, eds.
AJCC Cancer Staging Manual. 6th ed. 2002.
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Percent of Cases and 5-Year Survival by Stage at Diagnosis

5-Year Survival by Stage
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NSCLC Treatment by Stage

o Stage I: Resection (Lobectomy); SBRT
o Stage Il: Resection (Lobectomy/Segmentectomy/Pneumonectomy); SBRT

e Stage lll: most heterogeneous group
(Resectable: IlIA vs ?Unresectable: IlIB).
Neoadjuvant Chemo-(Radiation) - Surgery
Definitive Chemoradiation.

— Stage Il — lll: Adjuvant Chemotherapy !!! (Survival Benefits)

o Stage IV: <5% 5-year survival.
Chemotherapy, Targeted therapy, Biologics therapy, Immunotherapy.
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Historical Survival Outcome in Lung Cancer
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http://www.ncbi.nlm.nih.gov/pubmed/18639390

Meta-Analysis of Adjuvant Chemotherapy 1995: Early indication
suggesting benefits with Cisplatin-based chemotherapy

Ma of avants’
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Trial Sul Surgary Observed wWariance
;ﬁ;ry . = gupocrod
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Prospective Validation of the Meta-analysis
Subset

IALT (International Lung Adjuvant Trial) Study
Allowed:

» Various stages (I, II, 1)

= Cisplatin-based regimen

» Various partner drugs (Etoposide or a Vinca)

= Various cycles (3-4)

= Some received seguential chest radiation
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Adjuvant Chemotherapy Trials

. IALT (International Lung Adjuvant Trial): NEJM Jan 22, 2004; 350:351-60.
Stage | — Il (1867 patients: Chemo N=932 vs Control N=935): Cisplatin-based adjuvant chemotherapy after curative
surgery.
Chemo: Cisplatin + Vindesine / Vinblastine / Vinorelbine / Etoposide. x4
Adjuvant XRT: planned for 30.6% patients (1.9% in pNO, 33.7% in pN1, and 64.3% in pN2 disease)
5 year-survival increased by 4.1%.

. NCIC — JBR.10 Study: Cisplatin + Vinorelbine for resected stage IB/Il patients
Overall Survival improved by 15%.

. ANITA Trial (Adjuvant Navelbine International Trialist Association):
Cisplatin + Vinorelbine (x4) for resected stage IB+II+IIIA patients
Overall survival benefit 9% (5-yrs) and 8% (7-yrs).

. CALGB 9633: Stage IB — specific phase 3 RCT; uses Carboplatin-backbone chemotherapy (PC)x4
Initial results, reported in 2004, showed a significant survival advantage (12% at 4-yrs);
....... But the 2006 updated results are no longer statistically significant.

. Role of adjuvant chemotherapy for Stage IB remains controversial (negative).
. No convincing evidence from RCT that adjuvant chemotherapy is effective in Stage IA.
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Lung Adjuvant Cisplatin Evaluation: Pooled Analysis by the

1 U~
Table 1. Trial Description
Chemotherapy (No. of cycles, dose of
cisplatin by cycle, daily dose x No. of Inclusion  No. of Patients
Trial Mame Inclusion Critenia dosas for other drugs) Radiotherapy Penod Included
JBR10 pT2pNO” or pT1-2pN1 4 cycles, cisplatin (50 x 2) mg/m? No radiotherapy 1994-2001 42
Vinorelbine 25 ma/m? x 16
Adjuvant Lung Cancer Stage | I, 1IA 3 cycles, cisplatin 100 ma/m? Cptional 1994-1999 1,082
Frojact Italy Mitomycin 8 ma/m? x 3, vindesina Aftar chemotherapy
Imam? x 8
Adjuvant Navelbine Stage |, 11, 1A 4 cycles, cisplatin 100 ma/m? Optional for pN+ 1994-2000 240
Intarnational Trialist Vinorelbine 20 ma/m® x 16 After chamotherapy
Association 01
Intemational Adjuvant Lung  Stage | [, 1l 3 cycles, cisplatin 100 or 120 ma/im? or Optional according to pN 1995-2001 1,967
Trial 4 cyclas, cisplatin 80 or 100 ma/m? After chamotherapy
Vindesine 3 ma/m? x 68, ar
Vinblastine 4 ma/m* x 6-8, or
Vinorelbine 20 ma/m?® weskly x 13, or
Etoposide 100 mg/m? x 912
Big Lung Trial Stage | 11, 11 3 cycles, cisplatin 80 ma/m? (biotherapies)  Optional 1995-2001 307t
or 50 ma/m? (tritherapies) After chamotherapy
Vindasine 3 ma/m? x 8, or
Vinorelbine 20 ma/m? x 6, or
Mitomycin & ma/m® x 3 and ifosfamide
3g/m? x 3, or
Mitomycin 8 ma/m? x 3 and vinblastine
6 ma/m? x 3
Abbreviation: JBR10, National Cancer Institute of Canada Clinical Trial Group trial JBR10. N=4,584
“Pathalogic tumor (pT) and nodal (pMN) stage.
tPatients with incomplete resection (n = 61} or neoadjuvant chemotherapy (n = 13) were excuded.
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Lung Adjuvant Cisplatin Evaluation: Pooled Analysis by the
LACS Collaborative Group

Ovirall Survival Dizpase-Frae Survival
Trial Ne. of Events / Mo, of Patients  Hazard Ratio HR (86% CIJ Mo, of Events / Mo, of Patients  Hazard Ratio HR 19625 CI)
T
i
ALA B 1.08% —.— 0,86 (081 to 1121 B4 1,082 - H 0,89 (076 10 1.04)
|
|
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ANITA 258 240 —- 0,82 (0,68 to .98 528 240 —- 0.78 (0,66 o 0,531
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E E
! !
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i i
i i
JERTD 187 gz —l— i .71 0.6 1o 0.84) 234 a2 —l— i .66 (0.51 10 0.65)
|
]
!
‘ Tatal 2380 a584 ' 009 (0EZto 096 2G9S 4,584 , 0.8 (0.7 to 0.81)
1 1
! !
06 1.0 20 0.5 1.0 20
Chemaotherapy Battar | Control Better Chamatherapy Batter | Control Bettar
Chemotherapy effeat: Logrank statistio = 86, P= 006 Chematherapy sffect: Logrank statistio =21.1, P < &M
Test for heterogenalty: x°, = 4.26, F = 37, F= &% Test for heterogeaneity: 3, = 6.16, F= 27, F = 23%
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Lung Adjuvant Cisplatin Evaluation: Pooled Analysis by the
LACS Collaborative Group

Median F/U time: 5.2 years.

Overall Hazard Ratio of Death: 0.89 (95% CI, 0.82 — 0.96, P=0.005).
=P  5-year Absolute Benefit of 5.4% from chemotherapy.

No heterogeneity of chemotherapy effect among trials.

The Benefit varied with Stage (test for trend P=0.04): Hazard Ratio (<1 favors chemo)

Stage |A: 95% CI 0.95 — 2.06;

IB: 0.93 0.78-1.10;
- Stage Il: 0.83 0.73 —0.95;
- Stage IIl: 0.83 0.72-0.94

No interaction between chemotherapy effect and :
Gender, Age, Histology, Type of Surgery,
Planned Radiotherapy, or Planned Total Dose of Cisplatin.

Y WVUCancerlnstitute JCO 26: 3552-3559, 2008



Adjuvant chemotherapy, with or without postoperative
radiotherapy, in operable non-small-cell lung cancer: two

meta-analyses of individual patient data

Lanecet 2010: 375: 1267-77
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Figure 1: Effect of surgery (5) and chematherapy (CT) versus surgery on survival, by type of chematherapy



Adjuvant Chemotherapy in Stage IB Resected
Lung Cancer?

Studies IB
ALPI NO NO NO NO
IALT NO NO NO YES
BLT NO NO NO NO
JBR.10 NO YES
ANITA NO YES YES
CALGB9633 NO
LACE (meta) NO NO YES YES
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Adjuvant Chemotherapy in Resected Lung
Cancer — IB: Does Size matter?

Stage IB survival by tumor size

Hazard Ratio (HR)

=24 cm HR=0.78, p=0.087
>7cm HR=0.52, p=0.048




Adjuvant Chemotherapy in Resected Lung
Cancer — How about the Elderly

BMJ 2011;343:d4013 doi: 10.1138bm|.d4013 Page 10f 10

e Results Overall, 21% (n=684) of patients received platinum based

chemotherapy. Analyses adjusted, stratified, or matched by propensity

RESEARCH scores showed that chemotherapy was associated with improved survival
(hazard ratio range 0.78-0.81). The beneficial effect of chemotherapy
was also observed among patients treated with radiation therapy

receiving postoperative adjuvant chemotherapy for chemotherapy was not beneficial for patients aged 80 or more
resected stages lI-llIA lung cancer: observational (1.32-1.46). Adjuvant chemotherapy was associated with an increased
cohort study odds of serious adverse events (odds ratio 2.0, 95% confidence interval

1.510 2.6).

Juan P Wisnivesky associate professor of medicine'?, Cardinale B Smith assistant professor of
medicine®®, Stuart Packer assistant professor of medicine®, Gary M Strauss professor of medicine®,

Linda Lurslurchachai project manager', Alex Federman associate professor of medicine', Ethan A
Halm professor of medicine® Conclusions Platinum based adjuvant chemotherapy is associated with

reduced mortality and increased risk of serious adverse events in older
patients with stages II-1llA lung cancer. The magnitude of the benefit is

similar to that observed in randomised controlled trials carried out among
selected patients.
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Adjuvant Chemotherapy Regimens

 Nausea, vomiting
» Hair loss (alopecia)
» Infusion reactions

* Kidney insufficiency (Cisplatin/Carboplatin,
Pemetrexed)

» Peripheral neuropathy (Taxanes)
« Skin rashes

 Time and Emotional burden (anxiety) — 4 cycles,
usually Q3 weeks x4 (but Gemcitabine: weekly)

Y WVUCancerlnstitute



Challenges for Patients — Adjuvant
Chemotherapy: Adverse Effects

 Nausea, vomiting
» Hair loss (alopecia)
» Infusion reactions

* Kidney insufficiency (Cisplatin/Carboplatin,
Pemetrexed)

» Peripheral neuropathy (Taxanes)
e Skin rashes

 Time and Emotional burden (anxiety) — 4 cycles,
usually Q3 weeks x4 (but Gemcitabine: weekly)

Y WVUCancerlnstitute



Challenges for Medical Oncologist —
Adjuvant Chemotherapy

Seeing patients AFTER the curative surgery
High expectation of Cure

Navigation of risks and benefits before and during the
chemotherapy

Surveillance follow-up (surgeons and medical
oncologists and radiation oncologists)

Recurrence during or soon after chemotherapy (it
does happen : (
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Management of Unresect

Chemo-radiation is the SOC

able Stage IIIA/B

— Weigh risks/benefits of Concurrent vs. Sequential

Review: Concurrent chemoradiotherapy in non-small cell lung cancer
Comparisen: 2 Concurrentvs Sequential chemoradiotherapy
Dutcome; 2 Overall survival 2-years
Study or subgroup Concurrent Sequential Risk Difference Weight Risk Difference
n/N niN M-H,Random,35% CI M-H,Random,95% CI
Curran 2003 127/201 138/201 B 301% -0.06[-015,003]
Faurnel 2001 62/102 76/103 L 22.2% -0.13(-0.26,0.00]
Rao 2007 1526 4129 i 95% -0.25[-048,-0.02]
Reinfuss 2005 6364 66/89 & HEE 0.001-0.12, 0.14]
Zitloukal 2003 H/52 43150 : & 166% -0.211-0.37, -0.05]
Total (95% Cl) 465 472 » L] 100.0 % -0.10 [ -0.18, -0.02 ]
Total events: 301 (Concurrant, 348 (Sequential
Heterogeneity: Tau? = 0.00; Chi* = 6.80, df =4 (P = 0.15); P =41%
Testfor overall effect: 2 = 2.51 (P=0.012)
1 1 1 L 1
-2 -1 0 1 2
favours concurrent favours sequential

Y WVUCancerlnstitute
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Management of Unresectable Stage IIIA/B

« Chemo-radiation is the SOC
— Weigh risks/benefits of Concurrent vs. Sequential
— EP-XRT or Carboplatin/Paclitaxel-XRT are reasonable options
— Cisplatin/Pemetrexed-XRT is reasonable in Adenocarcinoma
— Radiation (XRT) beyond 60 Gy is unproven

— No survival benefit in poor PS patients or those with significant weight
loss

« Consolidation chemotherapy in NOT SOC

— and evidence-based medicine weighs against Routine Use, BUT .....
Still PERMISSIBLE in various guidelines.
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30 Years Progress of Immuno-Oncology

CTLA-4 Demonsiration that Teaatment of First demonstration of
B¥-1 and E7-2 an MOUSe bemrs climical actnaty ol
CTLA-4 ligands wilh anti-CTLA-4 ani-CTLA-4 in melanama
Demonstration of Antl-CTLA-4
potant Emimung- confers surival
regulatory role of Ant-CTLA-4 benafil in
CTLA=4 in mica imo palients malanoma

1585 18950 18 SO0

' [First demaonstration

ol clinkcal activity ol
anti-F0-1

al

: PD-L1 and PD-L2 ~ Anti-PD-1 Anti-PD-1 and anti-PD-L
Era of Gene Cloning R o patients ics corstl ity
 kidnay and lung cancer
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T-Cell Receptor and Co-stimulatory
Activation or Inhibition of T ce

Antigen-presenting cell or tumour cell

Antigen-presenting cell
or Tumor cell

T cell

Antigen
presentation

by MHC

Cell
membrane | &\
-

Co-stimulatory ligands

IS

4-1BB 1COS OX40
ligand ligand CD70 ligand CDS80

FEEEL

|
PDL1
CD86 orPDL2

s

WFFWT

8

4-1BB  ICOS CD27 OX40 CD28} JCTLA4
\
Activating co-stimulatory receptors Inhibitory
co-stimulatory
Endogenous TCR TECEPDIOS
[ | \ |
Signal 1 Co-stimulatory signals (signal 2)
T cell
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Targeting Immune PD-L1/PD-1 Checkpoint Pathway:
Systemic Therapy

PD-L1/PD-1 binding inhibits T cell Blocking PD-L1 or PD-1 allows
killing of tumor cell T cell killing of tumor cell
Tumor cell
Tum Il Seuth
PD-L1

YW WVUCancerInstitute



FDA - Immune PD-L1/PD-1 Checkpoint Pathway

LUNG CANCER:

o w _. . \'I ‘ Nivolumab — 2 Line: 3/4/2015 (Squamous)
o8 . 10/9/2015 (Non-Squamous)

,I Breakthrough of the Yo!
Cancer

“Immunotherapy

' T cells on the attack .

Pembrolizumab — 2" Line: 10/2/2015 (NSCLC, PD-L1+)

15t Line: 10/24/2016: PD-L1 Tumor Proportion Score
(TPS) 250%

5/10/2017: 15t Line Rx for Non-Sq NSCLC combined w/

chemo (Cabroplatin-Pemetrexed)

Atezolimumab — 10/18/2016 (NSCLC, 2"d Line Rx)

YWWVUCancerInstitute




FDA Approval of Immunotherapy Drugs
(Jan 2015 — May 2017)

Head and Neck:
Pembrolizumab (PD-1 mAb): Recurrent/mets SCCHN, Oct 2016 proe-pinsty
Nivolumab (PD-1 mAb): Recurrent/mets SCCHN, Nov 2016

salivary glands

{parctid gland, Lung:

hintsong ™ s | Nivolumab (PD-1 mAb): 2L Sq NSCLC, March 2015;
: NSCLC, Oct 2015

pnd “Ebrolizumab (PD-1 mAb): 2L NSCLC, Oct 2015;

diaghragm 1L NSCLC, Oct 2016; May 2017 (chemo/Pembro)
Atezolizumab (PD-L1 mAb): 2L NSCLC, Oct 2016

disghragm

heart
1) spleen

Heme Malignancy: stomach [

Ofatumumab (CD20-mAb): Relapsed CLL, Aug 2016 Stomach:

Blinatumomab (CD19-directed CD3-T cell engager Ab): ¥ | Pembrolizumab (PD-1 mAb): Gastric Ca, Oct 12, 2017
Ph(-) pre-B ALL, Jan 2015 i <’

Daratumumab (CD38-Ab): Myeloma, Nov 2016/2016

Elotuzumab (SLAM F7-mAb): Myeloma, Nov 2015 T

Obinutuzumab (mAb): Relapsed/refractory Follicular NHL, Feb 2Q&6e.s & i Renal:

Nivolumab (PD-1 mAb): Classic Hodgkin's Lymphoma, May 2016 / 7 Nivolumab (PD-1 mAb): Renal Cell Ca, Nov 2015

Pembrolizumab (PD-1 mAb): Classic Hodgkin's Lymphoma, March 2017
Lenalidomide (Immunomodulatory): Myeloma, Feb 2015, 2017%

"1 Bladder:

Atezolizumab (PD-L1 mAb): Bladder Ca, May 2016, April 2017
Nivolumab (PD-1 mAb): Bladder Ca, Feb 2017
{3:‘;::7:::‘“ Avelumab (PD-L1-mAb): Merkel cell; Bladder Ca; March/May 2017

kneeanklel, | Pembrolizumab (PD-1 mAb): Bladder Ca, May 2017
Ll Durvalumab (PD-L1 mAb): Bladder Ca, May 2017

Skin:

Ipilimumab (CTLA-4 mAb): Melanoma, 2011, Oct 2015 (+Nivo) *
Talimogene laherparapvec (Viral Rx): Melanoma, Oct 2015
Nivolumab (PD-1 mAb): Oc 2015, Jan 2016

e

11

Pembrolizumab (PD-1 mAb): Melanoma, Dec 2015 b.l [

Pembrolizumab (PD-1 mAb): Biomarker indication solid tumors,
MSI-H / MMR-def, May 2017
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Future Technology on the Horizon — Paradigm Shift

| MEDICAL RESEARCH |
Personalized test
===="  tracks cancer relapse

Genomic analysis of lung- tumour evolution has been used to create personalized
blood tests that enable successful clinical monitoring for early signs of cancer
relapse — a promising step on the road to precision medicine. SEE ARTICLE 446

Screening and early
detection of cancer
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Figure 1 | Monitoring lung-cancer evolution to detect early relapse after mutations occur in only some cells (subclonal alterations). The authors
surgery. In the TRACERX clinical study'?, non-small-cell lung tumours created a phylogenetic tree showing how an individual’s tumour evolved.
were surgically removed from individuals, and samples were isolated from Abbosh et al.' used the genetic profiles obtained by Jamal-Hanjani et al.
various regions of the tumour (indicated by the numbers 1-4). Using these to design a liquid-biopsy blood test for circulating tumour DNA (ctDNA)
samples, Jamal-Hanjani ef al.” sequenced protein-coding genomic regions, that could be used to spot the specific genetic hallmarks of cancer relapse
and identified DNA changes (shown as X symbols) that arose in these areas appearing in an individual. This personalized testing approach identified
of the tumour. By analysing the patterns of DNA changes, the authors could signs of tumour recurrence a median of 70 days before relapse was identified
determine the relationship between mutations. For example, early mutations through imaging scans. Such recurrence is often seen at different locations
are likely to be present in all tumour cells (clonal alterations), whereas later from the primary site of tumour formation.
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Elucidating Molecular Mechanisms of Tumor
Reprogramming and Drug Resistance

WVUO011117 - Serial ProspECtive blopsy for Appalachian
Lung Cancer Molecular Profiling (SPECIAL) Study

Serial tumor “biopsies-rebiopsies” and “blood” collection on treatments
Genomics next-gen sequencing and profiling
Proteomics-Metabolomics profiling

Predictive biomarkers discovery for treatment response-resistance
Novel diagnhostics development

Novel evolutionary treatment strategies and drug discovery
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