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SCLC metastasis

SCLC is exceptionally metastatic and highly chemo-resistant

6 months

Diagnosis Response Relapse Progression-Death

SAIN,

SCLC is the most metastatic Exceptionally responsive to Rapid relapse Highly chemo-resistant at
human cancer chemotherapy relapse

SCLC affects 250,000 individuals and kills at least 200,000 globally each year
Median SCLC survival is 7 months



SCLC and smoking

SCLC is a smoking related cancer
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Lung cancer develops in only 15%
of smokers

~2-3% of patients with SCLC are

never-smokers
Thomas, Takahashi, et al. Chest 2020

Variations in genetic profiles —
differential susceptibility to
tobacco carcinogens ?



SCLC syndromes
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Whole-exome sequencing reveals germline-mutated
small cell lung cancer subtype with favorable response
to DNA repair-targeted therapies
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38 patients (43.7%) with

pathogenic variants

10.3% patients
ACMG cancer genes
(24 high-penetrance

actionable genes)
Kalia et al. Genet. Med. 2017

19.5% patients
BROCA panel

(77 hereditary cancer

predisposition genes)

Shirts et al. Genet. Med. 2016



Lineage plasticity

SCLC also occurs due to lineage plasticity: transformed small cell
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SCLC origin

SCLC origin is thought to originate from neuroendocrine cells activated by injury
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SCLC carcinogenesis

SCLC carcinogenesis

NE cells (centrally located) serve as the most efficient
cell-of-origin of SCLC (sutherland. Cancer cell 2011)

SPC+ cells (peripherally located) can also give rise to
SCLC at lower frequency and after a longer latency

Clara cells are resistant to transformation

Mouse model for NE lung tumors can be established by
conditional inactivation of Rb1l and Trp53 in mouse lung

epithelial cells (Meuwissen R. Cancer Cell 2003) Does the cell of origin influence tumor

characteristics??



SCLC genomics

SCLC genomics

P53 inactivation (90%)
Rb inactivation (90%)
MYC amplification (30%)

No “targetable driver” genes
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Heterogeneity

Marked transcriptional heterogeneity
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Neuroendocrine tumors

Neuroendocrine tumors of the lung

Low grade
NE tumors

Pan-keratin (100%), TTF1 (89%),
neuron specific enolase (77%),
CD117 (75%:), chromogranin (58%:)
synaptophysin (57%),

Sheets of small cells,

scant cytoplasm, -
defined cell borders

Distinctive nuclear
quality finely granuiar
chromatin lacking
Large cell neuroendocrine carcinoma High proliferation rate,
apoptosis and necrosis



Chemo-resistance

SCLC is exceptionally metastatic and highly chemo-resistant

v’ Origins/molecular characteristics
* Aggressive, smoking-related cancer; germline impact likely
On the high end of the spectrum of NE cancers
Loss of TP53/RB1 important
Heterogeneity driven by gene expression patterns
Cells of origin other than NE cells/ ? Impact on clinical course

W ¢ e e



Cancer staging

Staging and initial work up

Small Cell Lung Cancer: Staging

| Limited disease
Controversial

| Extensive disease

Staging workup:
CT chest, abdomen
CT/MRI brain
PETCT

BM biopsy
Thoracentesis

Modification of the VALG staging 1957
Brain is a frequent site of metastasis



Systemic disease

SCLC is a systemic disease at diagnhosis

Autopsy study of patients (N=19) who underwent surgical
resection with a curative intent within 30 days prior to their
death Distant metastatic disease in 60% cases

Metastasize most frequently to the liver, bone, adrenals,
brain and abdominal lymph nodes.

Matthews MJ, et al,

Frequency of residual and metastatic tumor in patients
undergoing curative surgical resection for lung cancer.
Cancer chemotherapy reports, 1973

Mary J Matthews, d. 1987
pPathologist NCl MOB

MEDICAL RESEARCH COUNCIL
COMPARATIVE TRIAL OF SURGERY AND
RADIOTHERAPY FOR PRIMARY TREATMENT
OF SMALL-CELLED OR OAT-CELLED
CARCINOMA OF BRONCHUS

Ten-ycar Follow-up

WarLrace Fox J. G. ScappinG

Medical Research Council Tuberculosis and Chest
Diseases Unit and Cardiothoracic Institute,
Brompton Hospital, Fulham Road, London SW3 6HP

s This report gives the 10-year results of
s a controlled trial of a policy of surgery

and a policy of radical radiotherapy in the trearment
of patients with small-celled or oat-celled carcinoma
of the bronchus diagnosed preoperatively on bron-
chial biopsy and thought likely to be operable. The
analysis included 144 paticots, 71 allocated at random

to the surgery series and 73 to the radical-radiotherapy

series, ¢ were no l0-year survivors in the sur-
gery scries, but in the radiotherapy series 3 remained
alive and well. The mean survival for the surgery
series was 199 days and for the radical-radiotherapy
serics 300 days—a statustically sigoificant diffcrence

(P=004,. THhis reinforces the conclusion of the 3=
year report that in this wial radical radiotherapy has
given, in rerms of survival, a somewhat better result
than surgery in the treatment of patients with small-
celled or oar-celled carcinoma of the bronchus diag-
nosed preoperatively on bronchial biopsy and judged
to be operable.

Fox. Lancet 1973



Screening

SCLC systemic disease - even when diaghosed by screening

NLST trial 33-74 years

Current/ former smokers 230 PDC"‘,!‘I‘S

High_Risk Su bjects Former smokers must have quit < 13 years

Asymptomatic and no prior Hx lung cancer

N=53’464 No chest CT in prior 18 months
|

Low dose CT arm Chest X-ray arm

3 annual screens: TO, T1, T2; Followed annually
for incident cancers/survival

Thomas, Szabo, Pinsky. Chest 2018



SCLC treatment

Treatment outline

Platinum + etoposide +
atezolizumab « Lurbinectedin

« Platinum + etoposide + « Topotecan
durvalumab

FDA Approved

C . * Platinum + etoposide +

1

BB AL e ol atezolizumab =« Cisplatin + * Relapse = 6 months:

« Platinum + etoposide + etoposide +/- RT topotecan or clinical trial
durvalumab

Preferred regimens




Additional chemotherapy

MORE chemotherapy IS NOT BETTER

* Unusually intensive induction regimens
* High dose vs. std. dose chemotherapy (CAV/ EP)

* Johnson DH.JCO 1987
* |hde SC.JCO 1994

* Increasing dose density
* Klasa RJ JCO 1991

* Chemo with auto-BMT
* Humblet Y JCO 1987

* Sequential non-cross-resistant regimens (CAV vs. EP-CAV)
* Roth BJ. JCO 1992

Daniel C. hde, d. 2005
Deputy Chief, NCI-Navy MOB



Cranial irradiation

Prophylactic Cranial Irradiation

» Approximately two thirds of patients with SCLC develop brain metastases after 2 yr?!

* PCl a mainstay in treatment of LS SCLC following curative chemoradiation
* 5.4% absolute survival benefit at 3 yr?

* PCl now used less often in ES SCLC given conflicting data from EORTC trial (OS benefit)
and Japanese trial data (no OS benefit)3>

* Ongoing research and debate on role of PCI for ES SCLC

* MRI brain surveillance Q3M is reasonable in lieu of PCI for patients with ES SCLC
responding to treatment

1. Arriagada. J Natl Cancer Inst. 1995;87:183. 2. Aupérin. NEJM. 1999;34:476. 3. Slotman. NEJM. 2007;357:664.
4. Takahashi. Lancet Oncol. 2017;18:663. 5. Gjyshi. JAMA Netw Open. 2019;2:e199135.



Chemo + IO

ES-SCLC: good response to chemo+l0O-> PCl £ - What’s next?

Table S4. Subsequent Cancer Therapies.

Atezolizumab Placebo
Group Group
(N=201) (N=202)
Line of therapy
Second 101 (50.2) 116 (57 4)
Thira 29 (14.49) 38 (18.8)
Fourth 3{1.5) j 15(7.4)
Therapy lype
Tolal ng:-nbuv_ of patients with at least 104 (51.7) 116 (57 4)
one treatment
Total number of treatments — no. 138 176
Chemotherapy’non-anthracycline 81 (40.3) 88 (43.6)
Chemotherapyl'anthivacycline 31 (15.4) 46 (22.8)
+
Imemunatherapy 6 (3.0) ‘ 15(7.4)
Other 2(1.0) 2{1.0)
1{0.5)

Targated therapy

Horn Letal. N Eng J Med 2018; 379(23): 2220-2229.

2(1.0)

Aggressive clinical course
Steep decline in patients
getting subsequent
therapies

Maintenance therapies shown no benefit

Options:

Clinical trials
Topotecan
Lurbinectidin
Taxol/CAV etc.

\

No targeted therapies



SCLC metatasis

SCLC is exceptionally metastatic and highly chemo-resistant

v' Aggressive, smoking-related cancer; germline impact likely

v’ Cell of origin, genetics determine disease phenotypes

v" SCLC is a systemic disease = all patients need systemic treatment
v" Aggressive clinical course

v Limited treatment options



Transcriptomic heterogeneity

SCLCs exhibit remarkable transcriptomic heterogeneity

Neuroendocrine,

NE SCLC Non-neuroendocrine,
Non-NE SCLC
: ® ©© o o
g ah & ¢ &
.. ® o O o
sll.. Gos dh & & &
1 BTy ® © © o
SCLC now: Same treatment
for all patients, most

patients die within a year

20
Rudin et al. Nat Rev Cancer 2019



Molecular basis

The challenge: very little is known of the molecular basis of

human SCLC
A major barrier : Limited availability of clinical samples for
research
Metastases
TCGA@
= & %%%\é:é% SCLC is not
The Cancer - included in large-
Chemoresistance Genome Atlas 38 cancers scale sequencing
33 cancers 2600 whole studies
11,000 tumors genomes

Most of our knowledge about the biology and molecular
pathogenesis of SCLC has evolved from continuous cell
cultures and mouse models

Heterogeneity




Translational research

Cancer Cell ¢? CelPress .

Translational research: A patient-centered
approach to bridge the valley of death

Anish Thomas,'-" Parth Desai,’ and Nobuyuki Takahashi'—=
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Replication stress

Replication stress is a SCLC hallmark

Frequent RB1 and TP53 loss; MYC amplification
Sustained high expression of lineage transcription factors
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SCLC vulnerability

Discovery of replication stress as a transformative vulnerability of SCLC;
paving the way for rational patient selection (2015-2022)

Ph I trial of ATR inhibit . SR
SRS sl Targeting replication stress

Berzosertib + TOP1 Ph Il trial of Berzosertib + Randomized clinical trial of

in small cell cancers

; . berzosertib and topotecan
regardless of tissue-of-origin

inhibitor Topotecan in Topotecan in relapsed SCLC
advanced solid tumors

First published clinical First proof-of-principle of First basket trial of extra- Mandatory pre-treatment
trial of an ATR inhibitor effectiveness of targeting pulmonary small cell cancers biopsies
Thomas et al. J Clin Oncol 2019 replication stress in cancer Takahashi...Thomas, ASCO Annual
(highlighted by J Clin Oncol editorial)  Thomas et al. Cancer Cell 2021 e

(highlighted by Cancer Cell editorial)

Determinants of response in SCLC

Molecular basis of SCLC replication stress

Signatures of replication stress

Improving the therapeutic index of replication stress-targeted therapies 2a




ATR/TOP1 inhibitors

Tumors responding to ATR/TOP1 inhibition are under replication stress
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Thomas et al. Cancer Cell 2021



Immunotherapy

Low NE tumors are more likely to respond to immunotherapy

.
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Similar results:

Gay et al. Cancer Cell 2021
Owonikoko et al. JTO 2021

Chen et al. JTO CRR 2021
Mahadevan et al. Can Discov 2021._.



Inter-tumoral heterogeneity

Inter-tumoral heterogeneity in NE defines SCLC subtypes and predicts drug
responses

Tumor
Neuroendocrine
Differentiation

g i Replication stress

Immune-inflamed .

Subtype switch/plasticity?
Intra-tumoral heterogeneity?



SCLC subgroups

Our goal: 1) Identify SCLC subgroups; 2) Define subgroup-specific vulnerabilities

Cancer Cell

Tumor neurcendocrine Therapeutic targeting of ATR yields durable
differentiation regressions in small cell lung cancers with h
replication stress April 12, 2021
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