
20 Maggio 2022
IRCCS “Sacro Cuore - Don Calabria”

Negrar di Valpolicella
Sala Perez

Coordinatore Scientifico: Dr.ssa Stefania Gori

Con il patrocinio di

CARCINOMA POLMONARE:
QUALI NOVITÀ NEL 2022?

PROGRAMMA

ore 15.00 La terapia nel paziente anziano
 ANTONELLO VECCIA

ore 15.15 La gestione della tossicità da immunoterapia
 ALESSANDRO INNO

ore 15.30 Discussione

 SESSIONE III
 NSCLC in stadio precoce
 Moderatori:
 DIEGO GAVEZZOLI - FRANCESCO GROSSI - CARLO POMARI

ore 15.45 Il ruolo dello screening
 GIOVANNI FOTI

ore 16.00 Immunoterapia neoadiuvante: evidenze disponibili e prospettive future
 ETTORE D’ARGENTO

ore 16.15 Terapie adiuvanti: target therapy e immunoterapia
 LAURA BONANNO

ore 16.30 Il trattamento della malattia localmente avanzata inoperabile
 GABRIELE MINUTI

ore 16.45 Discussione

 SESSIONE IV
 SCLC: dalla pratica clinica attuale alle prospettive future
 Moderatori:
 FILIPPO ALONGI - EMILIO BRIA

ore 17.00 Il ruolo dell’immunoterapia
 ALBERTO PAVAN

ore 17.15 Nuovi target e prospettive future
 FABIANA LETIZIA CECERE

ore 17.30 Il ruolo della radioterapia
 NICCOLÒ GIAJ LEVRA

ore 17.45 Discussione

ore 18.00 Compilazione questionario ECM
 Conclusioni

NUOVI TARGET E PROSPETTIVE FUTURE
Fabiana Letizia Cecere

Oncologia Medica 1 
IRCCS IFO Istituto Nazionale Tumori 

Regina Elena



CONFLITTI DI INTERESSE

• Speaker/adv board
Astra Zeneca/Novartis/Amgen

• PI Studi Clinici
Spectrum/Roche/Pfizer/Merck/Blueprint/BMS/Novartis/Astrazeneca



AGENDA

• GENOMIC AND GENE EXPRESSION SUBTYPES

• POTENTIAL THERAPEUTIC IMPLICATIONS OF MOLECULAR 
CLASSIFICATION

• NOVEL SYSTEMIC THERAPEUTIC APPROACH



SCLC
HISTOLOGIC SUBTYPES

Less frequent
Only in smokers
Frail and comorbid patients
Older age
Lack of surgical tissue
Rapid course

NSCLC
MOLECULAR ALTERATIONS
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Genomic Subtypes of SCLC
Few mutually exclusive oncogenic drivers

George et al., Nature 2015

• ~Universal loss of RB1 and TP53
• NOTCH family
• PTEN, PIK3CA
• CREBBP, EP300
• KMT2D

Rudin et al., Nature Reviews 2021

10-25%
10-15%
20-30%

13%
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Genomic Subtypes of SCLC
Frequent and mutually exclusive amplifications of MYC, MYCN or MYCL1

George et al., Nature 2015

• ~Universal loss of RB1 and TP53
• NOTCH family
• PTEN, PIK3CA
• CREBBP, EP300
• KMT2D
• MYC family amplification

Rudin et al., Nature Reviews 2021

10-25%
10-15%
20-30%

13%
20-30%

FEW MUTUALLY EXCLUSIVE ONCOGENIC DRIVERS



Fig. 2 |. Molecular subtypes of SCLC defined by expression of key transcription regulators.
a | Hierarchical clustering of relative g e ne expression of four key transcription regulators 
defining subtypes in human small cell lung cancer (SCLC), including in primary tumours 
from Rudin et al.11 and George et al.13 (N = 81) and cell lines in the Cancer Cell Line 
Encyclopedia (CCLE) (N = 54)70. Clustering was performed using the R statistical 
computing environment, and the colour bar scale represents relative expression on a log 
scale. A version of these data with individual cell lines and tumours identified is available 
online (Supplementary Fig. 1; Supplementary Table 1). b | Estimates of relative frequencies 
of the four subtypes based on representation in primary human tumour data sets with 95% 
CIs (N = 81). c | Examples of differential expression of genes of interest (MYC, BCL2 and 
DLL3 are shown) among each subtype in primary human tumours (N = 81). NE, 
neuroendocrine.
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ANPY MOLECULAR SUBTYPES

Rudin et al Nat review cancer 2019
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The ANPY Molecular Subtypes

Rudin et al., Nat Rev Cancer 2019

Bain et al., JTO 2020

TF expression is readily identified

• Analysis of 174 patient samples
• Robust IHC protocols for each TF
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The ANPY Molecular Subtypes

Rudin et al., Nat Rev Cancer 2019

Bain et al., JTO 2020

TF expression is readily identified

• Analysis of 174 patient samples
• Robust IHC protocols for each TF

Fig. 4 |. Histopathology of SCLC tumours.
a | A prototypical ‘pure’ small-cell lung cancer (SCLC), as defined by the WHO 
histopathological classification of SCLC. This tumour demonstrates expression of the classic 
neuroendocrine markers CD56 and chromogranin A (CHGA). INSM1 is a neuroendocrine 
marker that is positive in two of the four major molecular subtypes of SCLC, SCLC-A and 
SCLC-N, which are defined by their high expression of the transcription factors ASCL1 and 
NEUROD1, respectively. In this example, additional staining reveals consistent expression 
of ASCL1, with scattered NEUROD1-positive cells. b | Combined SCLC. This example 
demonstrates a predominant area with classic SCLC features, including the expression of 
CD56 and INSM1, along with a discrete subdomain with contrasting squamous (SQ) cell 
carcinoma features, including a more abundant cytoplasm and the expression of cytokeratin 
5 (CK5), CK6 and p40. H&E, haematoxylin and eosin. Images courtesy of Natasha 
Rekhtman (Memorial Sloan Kettering Cancer Center, USA).
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CAN BE IHC ASSESSED



GENE EXPRESSION: CHALLENGES

• Plasticity
• Heterogeneity
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Hallmarks of Cancer: New Dimensions REVIEW

when taken together, constitute a functionally distinct 
hallmark capability.

Dedifferentiation
Colon carcinogenesis exemplifies disrupted differentiation, 

in that there is a teleological necessity for incipient cancer 
cells to escape from the conveyer belt of terminal differen-
tiation and exfoliation, which could in principle occur via 
dedifferentiation of not yet irrevocably terminally differenti-
ated colonic epithelial cells, or via blocked differentiation 
of progenitor/stem cells in the crypts that spawn these dif-
ferentiating cells. Both differentiated cells and stem cells 
have been implicated as cell-of-origin for colon cancer (4–6). 
Two developmental transcription factors (TF), the homeobox 
protein HOXA5 and SMAD4, the latter involved in BMP 
signal transmission, are highly expressed in differentiating 
colonic epithelial cells, and typically lost in advanced colon 
carcinomas, which characteristically express markers of stem 
and progenitor cells. Functional perturbations in mouse 
models have shown that forced expression of HOXA5 in 
colon cancer cells restores differentiation markers, suppresses 
stem cell phenotypes, and impairs invasion and metastasis, 
providing a rationale for its characteristic downregulation 
(7, 8). SMAD4, by contrast, both enforces differentiation and 
thereby suppresses proliferation driven by oncogenic WNT 
signaling, revealed by the engineered loss of SMAD4 expres-
sion, providing an explanation for its loss of expression so as 
to enable dedifferentiation and, subsequently, WNT-driven 
hyperproliferation (5). Notably, the loss of both of these “dif-
ferentiation suppressors” with consequent dedifferentiation 
is associated with acquisition of other hallmark capabilities, 
as are other hallmark-inducing regulators, which complicates 

the strict definition of this provisional hallmark as separable 
and independent.

Another line of evidence involves suppressed expression 
of the MITF master regulator of melanocyte differentiation, 
which is evidently involved in the genesis of aggressive forms 
of malignant melanoma. Loss of this developmental TF is 
associated with the reactivation of neural crest progenitor 
genes and the downregulation of genes that characterize 
fully differentiated melanocytes. The reappearance of the 
neural crest genes indicates that these cells revert to the pro-
genitor state from which melanocytes arise developmentally. 
Moreover, a lineage tracing study of BRAF-induced melano-
mas established mature pigmented melanocytes as the cells 
of origin, which undergo dedifferentiation during the course 
of tumorigenesis (9). Of note, the mutant BRAF oncogene, 
which is found in more than half of cutaneous melanomas, 
induces hyperproliferation that precedes and hence is mecha-
nistically separable from the subsequent dedifferentiation 
arising from downregulation of MITF. Another study func-
tionally implicated upregulation of the developmental TF 
ATF2, whose characteristic expression in mouse and human 
melanomas indirectly suppresses MITF1, concomitant with 
malignant progression of the consequently dedifferentiated 
melanoma cells (10). Conversely, expression in melanomas 
of mutant forms of ATF2 that fail to repress MITF results in 
well-differentiated melanomas (11).

Additionally, a recent study (12) has associated lineage 
dedifferentiation with malignant progression from pancre-
atic islet cell neoplasias into metastasis-prone carcinomas; 
these neuroendocrine cells and derivative tumors arise from 
a developmental lineage that is distinct from the one gen-
erating the far larger number of adjacent cells that form 
the exocrine and pancreas and the ductal adenocarcinomas 

Unlocking
phenotypic
plasticity

Progenitor cell Differentiated cell

Normal differentiation

Dedifferentiation

Blocked
differentiation

Transdifferentiation

Figure 2.  Unlocking phenotypic plasticity. Left, phenotypic plasticity is arguably an acquired hallmark capability that enables various disruptions of 
cellular differentiation, including (i) dedifferentiation from mature to progenitor states, (ii) blocked (terminal) differentiation from progenitor cell states, 
and (iii) transdifferentiation into different cell lineages. Right, depicted are three prominent modes of disrupted differentiation integral to cancer patho-
genesis. By variously corrupting the normal differentiation of progenitor cells into mature cells in developmental lineages, tumorigenesis and malignant 
progression arising from cells of origin in such pathways is facilitated.

Research. 
on February 8, 2022. © 2022 American Association for Cancercancerdiscovery.aacrjournals.org Downloaded from 
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• Plasticity
• Heterogeneity



ASCL1 in NE cells (Sriuranpong et al. 2002). Together,
these studies demonstrate a critical role for ASCL1/Notch
mutual antagonism during lung development. ASCL1
transcriptionally induces expression of Notch-activating
ligand Dll1; DLL1 then acts on neighboring cells to pro-
mote Notch signaling, which represses ASCL1 in those
neighboring cells (Nelson et al. 2009; Shimojo et al.
2016; Kiyokawa and Morimoto 2020)—a pattern-forming
process termed “lateral inhibition.” Lateral inhibition
leads to a “salt and pepper”-like pattern of cell identities,
which are observed during lung development (Morimoto
et al. 2010) and in tumors from mouse models of SCLC
(Lim et al. 2017). In SCLC, Notch directly activates ex-
pression of HES1 and the neuronal transcriptional repres-
sor REST. REST silences NE target genes and promotes a
non-NE switch in tumor cells (Table 1; Lim et al. 2017).
Thus, Notch signaling is highly associated with the non-
NE, ASCL1-low SCLC state. Consistently, SCLC tumors
with NOTCH LOF tend to express ASCL1 and have a
NE-high phenotype (Lim et al. 2017; Ireland et al. 2020).
SCLC tumors with active Notch signaling also express
EMT markers, like VIM and ZEB1/2, YAP1/TAZ, and
MYC—potential drivers of SCLC plasticity, discussed
below.

Recent studies demonstrate that MYC is sufficient to
promote the conversion of classic SCLC to a variant mor-
phology and to drive SCLC sequentially from an ASCL1+

to a NEUROD1+ to a YAP1+ state from a NE cell of origin
(Mollaoglu et al. 2017; Ireland et al. 2020). Single-cell tran-
scriptional profiling of RPM tumors in vitro and in vivo
suggested that MYC promotes subtype evolution (Ireland
et al. 2020), with similar results in human cell lines (Table
1; Patel et al. 2021). Mechanistically, MYC directly acti-

vates pro-Notch factors, induces REST expression, and
converts cells from anNE-high to anNE-low state (Ireland
et al. 2020). Consistently, human NE-low SCLC is more
likely to be NOTCH wild type and express MYC (Ireland
et al. 2020). Functional studies suggest thatMYC depends
onNotch (Ireland et al. 2020) or REST in aNotch-indepen-
dent manner (Patel et al. 2021) for SCLC subtype plastic-
ity; discrepancies in these two studies may imply that
genetic or environmental context may determine how
MYC promotes plasticity.

Mechanisms driving SCLC plasticity may co-opt nor-
mal processes that occur during lung development and in-
jury repair. In normal lungs, a specific subpopulation of
Notch2+NEcells (termed “NE stem cells”) responds to in-
jury with proliferation, outward migration, and subse-
quent differentiation into other lung cell fates—a
process that is restrained by Rb1 and p53 (Ouadah et al.
2019). Loss of Rb1/p53 can promote self-renewal of
Notch2+ NE stem cells, even in the absence of injury. Fol-
lowing injury, Notch signaling is necessary and sufficient
to initiate deprogramming, which is critical for differenti-
ation into other cell fates. Constitutive Notch is not suffi-
cient to induce transit amplification or differentiation of
deprogrammed cells into alternate lung cell fates, like
club or AT2 cells, suggesting a secondary signal is re-
quired. Given the ability of MYC to drive cell cycle entry
and non-NE fate in SCLC, the secondary signal may im-
pinge on MYC during lung injury response, although
this role for MYC remains unexplored.

Notch pathway ligands and receptors are transcription-
al targets of the paralogsYAP1 andTAZ (WWTR1) (Totaro
et al. 2018), transcriptional coactivators and downstream
effectors of the Hippo signaling pathway. YAP1/TAZ are

Figure 2. Intratumoral heterogeneity andmechanisms of plasticity in SCLC. (Left) SCLC cells within individual human tumors are clas-
sified as NE-high (SCLC-A and SCLC-N subtypes) or non-NE SCLC (SCLC-Y and SCLC-P subtypes). Non-NE tumor cells are immuno-
modulatory and have an increased response to immune checkpoint blockade (ICB). (Top right) SCLC cells demonstrate subtype plasticity.
SCLC-A cells can evolve to SCLC-N and SCLC-Y. It remains unknownwhether (1) SCLC-P can evolve to or from the other subtypes or (2)
non-NE cells can convert back to a NE-high phenotype. (Middle right) Molecular mechanisms implicated in driving NE to non-NE SCLC
cell fate transition.

Sutherland et al.
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The ANPY Molecular Subtypes

Mouse model of MYChigh variant SCLC 
evolves throughout tumorigenesis

• In culture premalignant cells change 
dominant TF expression over time

• Same occurs in the mouse, 
transitioning from ASCL1high to mixed 
expression of NEUROD1 and YAP1

• These subtypes may not be stable 
tumor features

Challenge: Temporal Heterogeneity

Ireland et al., Cancer Cell 2020

In vitro: In vivo:

TEMPORAL HETEROGENEITY

Fig. 1 |. Common sites of metastasis in SCLC.
Primary small-cell lung cancer (SCLC) tumours tend to be centrally located and are often 
bulky at presentation. Common sites of metastatic spread include lymphatic spread to hilar 
and mediastinal lymph nodes and haematogenous spread to the contralateral lung, the brain, 
liver, adrenal glands and bone. Circulating tumour cells are common in patients with SCLC 
and are found as both isolated cells and small clusters. RBC, red blood cell.
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Features of relapsed resistant SCLC
Patient-derived xenograft (PDX) models help by recapitulating chemoresistance

Schenk et al., Nature Communications 2021

• Loss of SLFN11 expression
• Gain of EMT markers
• Loss of inflammatory markers
• Gain of MYC activity
• Gain of soluble guanylate cyclase 

(sGC)

6 isogenic pairs of PDX models from CTCs 
derived pre-treatment and post-relapse
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Features of relapsed resistant SCLC
Paired biopsy samples from patients before and after 1st line therapy

Wagner et al., Nature Communications 2018

• Loss of SLFN11 expression
• Gain of EMT markers
• Loss of inflammatory markers
• Gain of MYC activity
• Gain of soluble guanylate cyclase 

(sGC)
• Gain of WNT signaling

CHANGES IN RELAPSED RESISTANT SCLC

Wagner et al Nature Communications, 2018
Schenk et al Nature Communications, 2022



POTENTIAL THERAPEUTIC IMPLICATIONS OF MOLECULAR CLASSIFICATION 

evaluate the rarer non-NE
subgroups SCLC-P and
SCLC-I.

The hypothesis that SCLC-
I tumors are more sensitive to
immune checkpoint inhibi-
tors (ICIs) is particularly
intriguing and highlights the
need for tractable models
that recapitulate the complex
tumor-immune microenvi-
ronment of the human dis-
ease. In the absence of such
models for function testing,
the authors obtained sam-
ples from the IMpower133
randomized phase 3 trial
investigating efficacy of the
ICI atezolizumab in combina-
tion with standard-of-care
chemotherapy doublet plat-
inum/etoposide (EP) (Horn
et al., 2018), which led to reg-
ulatory approval as first-line
treatment. As mentioned
above, the disappointing
overall response rate in this
trial (and others), despite the
characteristically high tumor
mutation burden, underlines
the requirement for bio-
markers to select those who may achieve
durable benefit. Gay et al. aligned
IMpower133 patient data with their four
subgroups and re-analyzed patient sur-
vival. Although this trial was not designed
for this subset analysis, there was a trend
toward SCLC-I tumors preferentially re-
sponding to ICI/EP treatment. Together
with therapeutic vulnerabilities identified
for the other three subgroups, these
data now warrant further investigation,
with an umbrella trial based on SCLC sub-
groups an enticing prospect (Figure 1).

The additional complexity when
considering personalized treatment is
the potential impact of intra-tumoral het-
erogeneity; the authors previously
demonstrated that this is associated
with chemotherapy resistance (Stewart
et al., 2020). Gay et al. used single-cell
(sc)RNA-seq of CDX models to investi-
gate cellular TF expression and showed
that in most tumors most cells expressed
a single subgroup TF but that some tu-
mors contained cells that expressed >1
subgroup TF. Approximately 20% of hu-
man SCLCs contain an amplified MYC
family gene, and in a GEMM, Ireland

et al. showed that Myc drives transition
of ASCL1-positive NE cells to a non-NE
phenotype via an intermediate NEU-
ROD1-positive stage (Ireland et al.,
2020). The ASCL1/NEUROD1 double-
positive cells identified by Gay et al. may
represent such a transition state. Sup-
porting this hypothesis, they showed
NEUROD1 promoter methylation in
ASCL1-positive cells where treatment
with a DNAmethyltransferase inhibitor re-
sulted in upregulated expression of
NEUROD1. To further investigate cellular
plasticity, the authors perform scRNA-
seq on two SCLC-A CDX models before
and after EP treatment, revealing emer-
gence of cells with SCLC-I subgroup fea-
tures, including loss of subgroup TF
expression, elevated HLA levels, and an
increased EMT score. These cells also ex-
hibited indicators of NOTCH activation,
an established driver of NE to non-NE
transition. RNA velocity analysis inferred
that SCLC-I cells may be highly plastic
and retain ability to repopulate the tumor
following therapy. The authors propose
that with monitoring of intra-tumoral het-
erogeneity prior to and serially throughout

treatment it may be possible
to inform therapy switching
for patient benefit. Given the
emerging pre-clinical data
regarding functional plasticity
and phenotypic diversity (Lim
et al., 2017), this concept
surely has merit, and liquid bi-
opsies (e.g., circulating tumor
cells, peripheral immune cell
profiling, and circulating tu-
mor DNA) could support clin-
ical delivery. In summary, this
important study, within the
context of ongoing research
in this field, illustrates prog-
ress in understanding the het-
erogeneous biology of SCLC.
The detailed analysis of Gay
et al. serves as a springboard
for clinical translation to
biomarker-driven clinical trials
and the ultimate goal of sub-
stantially improved patient
outcomes.
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Figure 1. Potential SCLC umbrella trial based on molecular
classifications and vulnerabilities reported by Gay et al.
SCLC patients can be stratified into subtypes based on expression of tran-
scription factors and immune infiltrate (A, ASCL1; N,NEUROD1; P, POU2F3; I,
newly identified ‘‘inflamed’’) andmatched with therapeutic agents predicted to
have efficacy against the different subtypes. Patients that do not fall into a
defined subtype could be treated with platinum/etoposide (EP) chemotherapy.
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express both factors to different extents, and the lineage
relationship among these subsets has not been fully
defined. In contrast, POU2F3-positive SCLC (SCLC-P)
seems to have a distinct transcriptional signature from
other subsets.21 POU2F3 biology and its role in this
subtype of SCLC is discussed in detail in another section
of this review. The YAP1-high subtype (SCLC-Y) has been
the least extensively characterized in terms of de-
terminants of differential gene expression; however, this
subtype is seen to be enriched in human cell lines with
detectable RB1 protein by Western blot. It is unclear if
YAP1 itself is a driver of this phenotype,22 or a marker
thereof. The pathologic distinctions among these tran-
scriptionally defined subtypes, in terms of natural his-
tory of disease and therapeutic outcome, have not been
fully investigated and represent substantial unmet
needs.

Cell of Origin, Tumor Initiation, and
Lineage-Related Pathways

Mouse model studies have suggested that a pre-
dominant cell of origin for SCLC is the neuroendocrine
(NE) cell,23,24 which, according to our current under-
standing, is also the proposed cell of origin of pulmonary
carcinoids and LCNECs. However, interpretation of these

studies is complicated by technical issues related to
inhalation of viruses using cell-type–specific promoters.
To further characterize the function of NE cells in the
normal airway epithelium, lineage tracing approaches
have been employed in animal models, to track the fate
of NE cells after airway injury.25 This work reported that
only a subset of the NE cell population proliferates after
lung injury. Interestingly, this subset of cells seem to be
the same population that proliferates after sequential
injuries, suggesting that these cells possess a unique
capacity for self-renewal. This rare population of NE cells
has been termed NEstem and is characterized by Notch2
expression. Consistent with the loss of RB1 and TP53 in
human tumors, loss of both tumor suppressors in the NE
population in mice led to constitutive activation of the
self-renewing NE cell population. In accordance with
frequent loss of function alterations in the NOTCH
pathway in human SCLC, pharmacologic Notch inhibition
in the mouse blocked NE cell reprogramming and clonal
expansion.25 Loss of function of RB1, TP53, and NOTCH
presumably lock NE progenitors into a self-renewal
program and thereby contribute to transformation.

Although NE cells have been implicated as a major
cell of origin, recent studies from animal models suggest
that they may not be the only cells eligible for trans-
formation to SCLC. A recent study on the molecular

Figure 3. Diagram of the relative abundance, MYC status, and NE character of the four molecular subtypes of SCLC, each
identified by their key transcriptional regulator. These subtypes may exhibit distinct targetable vulnerabilities, which are
represented in the table beneath the pie chart. Proportions of each subtype are as follows: ASCL1 (0.70, 95% CI: 0.60–0.79),
NEUROD1 (0.11, 95% CI: 0.06–0.20), YAP1 (0.02, 95% CI: 0.01–0.09), POU2F3 (0.16, 95% CI: 0.10–0.26). ASCL1, achaete-scute
homolog 1; AURKA/B, Aurora kinase A/B; BCL2, B-cell lymphoma 2; CREBBP, CREB-binding protein; CHK1, checkpoint kinase
1; DLL3, delta-like ligand 3; IMPDH, inosine-5’ monophosphate dehydrogenase; IGF-R1, insulin-like growth factor 1 receptor;
IO, immuno-oncology; LSD1, lysine-specific histone demethylase 1; NE, neuroendocrine; NEUROD1, neurogenic differentia-
tion factor 1; POU2F3, POU class 2 homeobox 3; YAP1, yes-associated protein 1.

524 Poirier et al Journal of Thoracic Oncology Vol. 15 No. 4

reverse cells back to anNE-high state (Lim et al. 2017; Ire-
land et al. 2020; Wu et al. 2021). In fact, little to no
evidence exists to date to support the occurrence of a
non-NE-to-NE transition in SCLC. However, other non-
NE, epithelial cancers can undergo NE transformation in
the context of resistance to targeted therapies. Specifically,
EGFR-driven lung adenocarcinoma is known to convert to
SCLC during resistance to tyrosine kinase inhibition (Nie-
derst et al. 2015; Oser et al. 2015; Quintanal-Villalonga
et al. 2021). Analysis of these samples suggest that adeno-
to-SCLC conversion has the capacity to give rise to all
four subtypes, albeit YAP1 expression was higher in the
lung adenocarcinoma component (Quintanal-Villalonga
et al. 2021). Prostate adenocarcinoma treated with andro-
gen deprivation therapy can also convert to neuroendo-
crine prostate carcinoma (NEPC) that shares many
similarities to SCLC, including expression of ASCL1 and
NEUROD1 (Cejas et al. 2021; Kaarijärvi et al. 2021).
Whether non-NE subtypes of SCLC can use similar mech-
anisms of plasticity to transition to an NE-high state re-
mains an open question. Moreover, whether the SCLC
cell of origin dictates or constrains the directionality of
SCLC plasticity is yet to be investigated. Advanced lineage
tracing approaches could be used to gain a deeper under-
standing of tumor evolution during disease progression
and in response to chemotherapy. Specifically, CRISPR-
or barcode-based lineage tracing paired with single-cell
technologies, such as those recently used in the context
of hematopoietic malignancies (Fennell et al. 2022), could
be used to identify nongenetic mechanisms that govern
SCLCplasticity and drug resistance. Combining epigenetic
drugs with additional therapiesmay hold promise for treat-
ing SCLC and will undoubtedly be an area of increased fo-
cus in the coming years.

Tumor heterogeneity and the immune
microenvironment

SCLC has a high tumor mutational burden (TMB) (Alexan-
drov et al. 2013) and harbors a prevalence of C>A transver-
sions—a result of DNA adducts forming between tobacco
carcinogens and guanine nucleotides (Pleasance et al.
2010; Alexandrov et al. 2013, 2016; George et al. 2015).
While high TMB may correlate with increased neoantigen
production (Schumacher and Schreiber 2015) and favorable
response to immune checkpoint inhibitors anti-PD-L1/
PD1 in NSCLC (Ready et al. 2019), this does not appear
to be the case for SCLC (Hellmann et al. 2018; Horn et al.
2018; Paz-Ares et al. 2019). Indeed, the recent approval of
immunotherapy (anti-PD-L1 and atezolizumab [Atezo]) in
combination with chemotherapy for first-line treatment
of SCLC provides only marginal benefit for ∼10%–20% of
patients (Horn et al. 2018). Multiple studies have therefore
sought touncover themechanisms restricting immune cell
infiltration in SCLC and whether it can be attributed to an
absence of tumor antigens or defects in antigen presenta-
tionmachinery. Indeed, itwas noted in the 1980s that com-
pared with other tumor types, SCLC exhibits remarkably
low expression of class 1 MHC antigens, including human

leukocyte antigens (HLAs) and β-2-microglobulin (B2M)
(Doyle et al. 1985). The identification of additional mecha-
nisms that underpin SCLC’s lack of immunogenicity is an
area of active investigation. Additionally, the search for
therapeutic approaches to warm up the immune landscape
of SCLC is a high priority in the field.
The classification of SCLC as an “immune-cold” dis-

ease lacking infiltration of cytotoxic immune cells (Busch
et al. 2016) has recently been revisited, sparked by the
stratification of SCLC into four transcriptional subtypes
(Rudin et al. 2019). Using bulk transcriptional profiles
from SCLC patient samples, several groups have recently
discovered that the immune landscape differs among
SCLC subtypes (Best et al. 2020; Dora et al. 2020; Cai
et al. 2021; Gay et al. 2021; Roper et al. 2021). Expression
of immune-associated genes such as PD-L1 and MHC-I
were repressed in SCLC-A tumors and in NE tumors of
other tissue origins, consistent with the expression profile
of pulmonary NE cells (Sutherland et al. 2011; Cai et al.
2021). However, a subset of ASCL1+ tumors exhibited
high HLA expression and high T-cell and NK cell scores
(transcriptional signatures used to predict T-cell and NK
cell infiltrate in solid tumors), suggesting that additional
biomarkers may be required to stratify response to im-
mune checkpoint blockade (ICB) (Best et al. 2020).
SCLC-N tumors appear to be the most immune-cold sub-
set of SCLC, lacking expression of HLA- and antigen-pre-
senting genes with the lowest T-cell and NK cell scores of
the four subtypes (Best et al. 2020; Chan et al. 2021; Gay
et al. 2021). Consistent with NEUROD1’s association
with low immune infiltration, permissivity for SVV infec-
tion (which is enriched inNEUROD1+ cells) was shown to
be associated with lower type I interferon (IFN) innate im-
mune gene expression (Fig. 3; Miles et al. 2017).
Interestingly, Gay et al. (2021) recently identified a nov-

el inflamed (I) subtype, denoted SCLC-I, identified based
on its low expression of ASCL1, NEUROD1, and
POU2F3 and their associated transcriptional signatures.
Critically, it was coined “inflamed” due to elevated ex-
pression of immune checkpoint molecules and HLAs, as
well as high immune cell infiltration (Gay et al. 2021).

Figure 3. SCLC transcriptional subtypes display distinct immu-
nogenic profiles that may impact response to immune check-
point blockade (ICB). (NE) Neuroendocrine, (non-NE)
nonneuroendocrine. The yellow arrow reflects potential en-
hanced responsiveness of the SCLC-Y/I subtypes to ICB, while
SCLC-N has been suggested to be the most immune-cold.
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analysis, including data from at least 80% of patients,
was conducted on October 15, 2016. Overall, 151 pa-
tients had died at this time, which was an increase of 23
deaths from the previous analysis. The updated median
OS was 6.86 months with alisertib/paclitaxel versus 5.58
months with placebo/paclitaxel (HR ¼ 0.93, 95% CI:
0.652–1.341, p ¼ 0.714; HR with use of the corrected
definition for relapse type ¼ 0.73, 95% CI: 0.520–1.021,
p ¼ 0.064).

The ORR was 22% with alisertib/paclitaxel versus
18% with placebo/paclitaxel (Table 2). The DCR was
58% versus 46%, respectively. For the subgroup of
resistant or refractory patients when the corrected
definition for relapse type was used, the DCR was
significantly higher with alisertib/paclitaxel than with
placebo/paclitaxel (55% versus 33% [odds ratio ¼ 0.40
(range 0.18–0.87), p ¼ 0.020]). The median DOR among
responders was 3.16 months in the alisertib/paclitaxel
arm and 2.79 months in the placebo/paclitaxel arm (see
Table 2). The median time to progression was 3.58
months with alisertib/paclitaxel versus 2.60 months
with placebo/paclitaxel (HR ¼ 0.67, p ¼ 0.038) (see
Table 2).

Exploratory Correlative Biomarker Studies
In all, 46 tumor tissue samples were evaluable for the

c-Myc expression by immunohistochemistry analysis; 33
(72%) were positive (a modal intensity of 1þ, 2þ, or
3þ) for c-Myc expression and 13 (28%) were negative
(modal intensity ¼ 0). PFS by c-Myc expression is shown
in Fig. 1D and 1E. In c-Myc–positive patients, the median
PFS was 4.64 months with alisertib/paclitaxel (n ¼ 17)
versus 2.27 months with placebo/paclitaxel (n ¼ 16)
(HR ¼ 0.29, 95% CI: 0.12–0.72). In c-Myc–negative pa-
tients, the median PFS was 3.32 months with alisertib/
paclitaxel (n ¼ 6) versus 5.16 months with placebo/
paclitaxel (n ¼ 7) (HR ¼ 11.8, 95% CI: 1.52–91.2). c-Myc
expression was strongly associated with improved PFS
when c-Myc was evaluated as a continuous variable of
percentage of cells staining positive (pcontinuous ¼
0.0045) or a binary (positive versus negative) mode
(pbinary ¼ 0.0006).

Out of 176 patients, 155 (88%) provided plasma
samples that were processed for NGS analysis of ctDNA.
In all, 142 patient samples (81%) were successfully
sequenced and genetic alterations were identified from
140 patients (80%) (Supplementary Fig. 1). The full
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Figure 1. Clinical outcomes for the intent-to-treat population and according to resistant or refractory relapse and c-Myc
expression. (A) Progression-free survival (PFS) in all patients. (B) PFS in patients with resistant or refractory relapse. (C)
Overall survival in all patients. (D) PFS in patients positive for c-Myc expression. (E) PFS in patients negative for c-Myc
expression. (A–C) Hazard ratios (HRs), 95% confidence intervals (CIs), and p values for the comparison of alisertib plus
paclitaxel versus placebo plus paclitaxel are shown per protocol and with use of the corrected definition for the stratification
factor of relapse type.
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analysis, including data from at least 80% of patients,
was conducted on October 15, 2016. Overall, 151 pa-
tients had died at this time, which was an increase of 23
deaths from the previous analysis. The updated median
OS was 6.86 months with alisertib/paclitaxel versus 5.58
months with placebo/paclitaxel (HR ¼ 0.93, 95% CI:
0.652–1.341, p ¼ 0.714; HR with use of the corrected
definition for relapse type ¼ 0.73, 95% CI: 0.520–1.021,
p ¼ 0.064).

The ORR was 22% with alisertib/paclitaxel versus
18% with placebo/paclitaxel (Table 2). The DCR was
58% versus 46%, respectively. For the subgroup of
resistant or refractory patients when the corrected
definition for relapse type was used, the DCR was
significantly higher with alisertib/paclitaxel than with
placebo/paclitaxel (55% versus 33% [odds ratio ¼ 0.40
(range 0.18–0.87), p ¼ 0.020]). The median DOR among
responders was 3.16 months in the alisertib/paclitaxel
arm and 2.79 months in the placebo/paclitaxel arm (see
Table 2). The median time to progression was 3.58
months with alisertib/paclitaxel versus 2.60 months
with placebo/paclitaxel (HR ¼ 0.67, p ¼ 0.038) (see
Table 2).

Exploratory Correlative Biomarker Studies
In all, 46 tumor tissue samples were evaluable for the

c-Myc expression by immunohistochemistry analysis; 33
(72%) were positive (a modal intensity of 1þ, 2þ, or
3þ) for c-Myc expression and 13 (28%) were negative
(modal intensity ¼ 0). PFS by c-Myc expression is shown
in Fig. 1D and 1E. In c-Myc–positive patients, the median
PFS was 4.64 months with alisertib/paclitaxel (n ¼ 17)
versus 2.27 months with placebo/paclitaxel (n ¼ 16)
(HR ¼ 0.29, 95% CI: 0.12–0.72). In c-Myc–negative pa-
tients, the median PFS was 3.32 months with alisertib/
paclitaxel (n ¼ 6) versus 5.16 months with placebo/
paclitaxel (n ¼ 7) (HR ¼ 11.8, 95% CI: 1.52–91.2). c-Myc
expression was strongly associated with improved PFS
when c-Myc was evaluated as a continuous variable of
percentage of cells staining positive (pcontinuous ¼
0.0045) or a binary (positive versus negative) mode
(pbinary ¼ 0.0006).

Out of 176 patients, 155 (88%) provided plasma
samples that were processed for NGS analysis of ctDNA.
In all, 142 patient samples (81%) were successfully
sequenced and genetic alterations were identified from
140 patients (80%) (Supplementary Fig. 1). The full
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Figure 1. Clinical outcomes for the intent-to-treat population and according to resistant or refractory relapse and c-Myc
expression. (A) Progression-free survival (PFS) in all patients. (B) PFS in patients with resistant or refractory relapse. (C)
Overall survival in all patients. (D) PFS in patients positive for c-Myc expression. (E) PFS in patients negative for c-Myc
expression. (A–C) Hazard ratios (HRs), 95% confidence intervals (CIs), and p values for the comparison of alisertib plus
paclitaxel versus placebo plus paclitaxel are shown per protocol and with use of the corrected definition for the stratification
factor of relapse type.
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• Alisertib (AAK inhibitor) 
• 178 patients randomized to paclitaxel + alisertinib/placebo 
• • No difference in PFS (primary endpoint)

• Among patients with mutations in cell cycle regulators, alisertib superior 
• Improved PFS (HR 0.395) 
• Improved OS (HR 0.427) 

evaluate the rarer non-NE
subgroups SCLC-P and
SCLC-I.

The hypothesis that SCLC-
I tumors are more sensitive to
immune checkpoint inhibi-
tors (ICIs) is particularly
intriguing and highlights the
need for tractable models
that recapitulate the complex
tumor-immune microenvi-
ronment of the human dis-
ease. In the absence of such
models for function testing,
the authors obtained sam-
ples from the IMpower133
randomized phase 3 trial
investigating efficacy of the
ICI atezolizumab in combina-
tion with standard-of-care
chemotherapy doublet plat-
inum/etoposide (EP) (Horn
et al., 2018), which led to reg-
ulatory approval as first-line
treatment. As mentioned
above, the disappointing
overall response rate in this
trial (and others), despite the
characteristically high tumor
mutation burden, underlines
the requirement for bio-
markers to select those who may achieve
durable benefit. Gay et al. aligned
IMpower133 patient data with their four
subgroups and re-analyzed patient sur-
vival. Although this trial was not designed
for this subset analysis, there was a trend
toward SCLC-I tumors preferentially re-
sponding to ICI/EP treatment. Together
with therapeutic vulnerabilities identified
for the other three subgroups, these
data now warrant further investigation,
with an umbrella trial based on SCLC sub-
groups an enticing prospect (Figure 1).

The additional complexity when
considering personalized treatment is
the potential impact of intra-tumoral het-
erogeneity; the authors previously
demonstrated that this is associated
with chemotherapy resistance (Stewart
et al., 2020). Gay et al. used single-cell
(sc)RNA-seq of CDX models to investi-
gate cellular TF expression and showed
that in most tumors most cells expressed
a single subgroup TF but that some tu-
mors contained cells that expressed >1
subgroup TF. Approximately 20% of hu-
man SCLCs contain an amplified MYC
family gene, and in a GEMM, Ireland

et al. showed that Myc drives transition
of ASCL1-positive NE cells to a non-NE
phenotype via an intermediate NEU-
ROD1-positive stage (Ireland et al.,
2020). The ASCL1/NEUROD1 double-
positive cells identified by Gay et al. may
represent such a transition state. Sup-
porting this hypothesis, they showed
NEUROD1 promoter methylation in
ASCL1-positive cells where treatment
with a DNAmethyltransferase inhibitor re-
sulted in upregulated expression of
NEUROD1. To further investigate cellular
plasticity, the authors perform scRNA-
seq on two SCLC-A CDX models before
and after EP treatment, revealing emer-
gence of cells with SCLC-I subgroup fea-
tures, including loss of subgroup TF
expression, elevated HLA levels, and an
increased EMT score. These cells also ex-
hibited indicators of NOTCH activation,
an established driver of NE to non-NE
transition. RNA velocity analysis inferred
that SCLC-I cells may be highly plastic
and retain ability to repopulate the tumor
following therapy. The authors propose
that with monitoring of intra-tumoral het-
erogeneity prior to and serially throughout

treatment it may be possible
to inform therapy switching
for patient benefit. Given the
emerging pre-clinical data
regarding functional plasticity
and phenotypic diversity (Lim
et al., 2017), this concept
surely has merit, and liquid bi-
opsies (e.g., circulating tumor
cells, peripheral immune cell
profiling, and circulating tu-
mor DNA) could support clin-
ical delivery. In summary, this
important study, within the
context of ongoing research
in this field, illustrates prog-
ress in understanding the het-
erogeneous biology of SCLC.
The detailed analysis of Gay
et al. serves as a springboard
for clinical translation to
biomarker-driven clinical trials
and the ultimate goal of sub-
stantially improved patient
outcomes.

ACKNOWLEDGMENTS

This work was supported through
Core Funding to Cancer Research
UK (CRUK) Manchester Institute
(A27412), the Manchester CRUK

Centre Award (A23234), and the CRUK Lung Can-
cer Centre of Excellence (A20465). Support was
also received from the Manchester National Insti-
tute of Health Research Biomedical Research
Centre and from CRUK’s Manchester Experi-
mental Cancer Medicine Centre.

DECLARATION OF INTERESTS

Research funding/educational research grants
have been received fromAstraZeneca, Astex Phar-
maceuticals, Bioven, Amgen, Carrick Therapeu-
tics, Merck AG, Taiho Oncology, GSK, Bayer,
Boehringer Ingelheim, Roche, BMS, Novartis,
Celgene, Epigene Therapeutics Inc, Angle PLC,
Menarini, Clearbridge Biomedics, Thermo Fisher
Scientific, and Neomed Therapeutics. C.D. has
received honoraria for consultancy and/or advisory
boards from Biocartis, Merck, and AstraZeneca.

REFERENCES

Baine, M.K., Hsieh, M.S., Lai, W.V., Egger, J.V.,
Jungbluth, A.A., Daneshbod, Y., Beras, A.,
Spencer, R., Lopardo, J., Bodd, F., et al. (2020).
SCLC subtypes defined by ASCL1, NEUROD1,
POU2F3, and YAP1: a comprehensive immunohis-
tochemical and histopathologic characterization.
J. Thorac. Oncol. 15, 1823–1835.

Calbo, J., van Montfort, E., Proost, N., van Drunen,
E., Beverloo, H.B., Meuwissen, R., and Berns, A.
(2011). A functional role for tumor cell heterogene-
ity in a mouse model of small cell lung cancer.
Cancer Cell 19, 244–256.

Figure 1. Potential SCLC umbrella trial based on molecular
classifications and vulnerabilities reported by Gay et al.
SCLC patients can be stratified into subtypes based on expression of tran-
scription factors and immune infiltrate (A, ASCL1; N,NEUROD1; P, POU2F3; I,
newly identified ‘‘inflamed’’) andmatched with therapeutic agents predicted to
have efficacy against the different subtypes. Patients that do not fall into a
defined subtype could be treated with platinum/etoposide (EP) chemotherapy.
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evaluate the rarer non-NE
subgroups SCLC-P and
SCLC-I.

The hypothesis that SCLC-
I tumors are more sensitive to
immune checkpoint inhibi-
tors (ICIs) is particularly
intriguing and highlights the
need for tractable models
that recapitulate the complex
tumor-immune microenvi-
ronment of the human dis-
ease. In the absence of such
models for function testing,
the authors obtained sam-
ples from the IMpower133
randomized phase 3 trial
investigating efficacy of the
ICI atezolizumab in combina-
tion with standard-of-care
chemotherapy doublet plat-
inum/etoposide (EP) (Horn
et al., 2018), which led to reg-
ulatory approval as first-line
treatment. As mentioned
above, the disappointing
overall response rate in this
trial (and others), despite the
characteristically high tumor
mutation burden, underlines
the requirement for bio-
markers to select those who may achieve
durable benefit. Gay et al. aligned
IMpower133 patient data with their four
subgroups and re-analyzed patient sur-
vival. Although this trial was not designed
for this subset analysis, there was a trend
toward SCLC-I tumors preferentially re-
sponding to ICI/EP treatment. Together
with therapeutic vulnerabilities identified
for the other three subgroups, these
data now warrant further investigation,
with an umbrella trial based on SCLC sub-
groups an enticing prospect (Figure 1).

The additional complexity when
considering personalized treatment is
the potential impact of intra-tumoral het-
erogeneity; the authors previously
demonstrated that this is associated
with chemotherapy resistance (Stewart
et al., 2020). Gay et al. used single-cell
(sc)RNA-seq of CDX models to investi-
gate cellular TF expression and showed
that in most tumors most cells expressed
a single subgroup TF but that some tu-
mors contained cells that expressed >1
subgroup TF. Approximately 20% of hu-
man SCLCs contain an amplified MYC
family gene, and in a GEMM, Ireland

et al. showed that Myc drives transition
of ASCL1-positive NE cells to a non-NE
phenotype via an intermediate NEU-
ROD1-positive stage (Ireland et al.,
2020). The ASCL1/NEUROD1 double-
positive cells identified by Gay et al. may
represent such a transition state. Sup-
porting this hypothesis, they showed
NEUROD1 promoter methylation in
ASCL1-positive cells where treatment
with a DNAmethyltransferase inhibitor re-
sulted in upregulated expression of
NEUROD1. To further investigate cellular
plasticity, the authors perform scRNA-
seq on two SCLC-A CDX models before
and after EP treatment, revealing emer-
gence of cells with SCLC-I subgroup fea-
tures, including loss of subgroup TF
expression, elevated HLA levels, and an
increased EMT score. These cells also ex-
hibited indicators of NOTCH activation,
an established driver of NE to non-NE
transition. RNA velocity analysis inferred
that SCLC-I cells may be highly plastic
and retain ability to repopulate the tumor
following therapy. The authors propose
that with monitoring of intra-tumoral het-
erogeneity prior to and serially throughout

treatment it may be possible
to inform therapy switching
for patient benefit. Given the
emerging pre-clinical data
regarding functional plasticity
and phenotypic diversity (Lim
et al., 2017), this concept
surely has merit, and liquid bi-
opsies (e.g., circulating tumor
cells, peripheral immune cell
profiling, and circulating tu-
mor DNA) could support clin-
ical delivery. In summary, this
important study, within the
context of ongoing research
in this field, illustrates prog-
ress in understanding the het-
erogeneous biology of SCLC.
The detailed analysis of Gay
et al. serves as a springboard
for clinical translation to
biomarker-driven clinical trials
and the ultimate goal of sub-
stantially improved patient
outcomes.
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•Modest activity of PARP inhibitors in SCLC 
•Schlafen-11 (SLFN11) 
• Expression can sensitize cells to DNA-damaging agents
• Veliparib added to temozolomide improved outcomes in SLFN11+ 
• Not seen in SLFN-11 negative 

evaluate the rarer non-NE
subgroups SCLC-P and
SCLC-I.

The hypothesis that SCLC-
I tumors are more sensitive to
immune checkpoint inhibi-
tors (ICIs) is particularly
intriguing and highlights the
need for tractable models
that recapitulate the complex
tumor-immune microenvi-
ronment of the human dis-
ease. In the absence of such
models for function testing,
the authors obtained sam-
ples from the IMpower133
randomized phase 3 trial
investigating efficacy of the
ICI atezolizumab in combina-
tion with standard-of-care
chemotherapy doublet plat-
inum/etoposide (EP) (Horn
et al., 2018), which led to reg-
ulatory approval as first-line
treatment. As mentioned
above, the disappointing
overall response rate in this
trial (and others), despite the
characteristically high tumor
mutation burden, underlines
the requirement for bio-
markers to select those who may achieve
durable benefit. Gay et al. aligned
IMpower133 patient data with their four
subgroups and re-analyzed patient sur-
vival. Although this trial was not designed
for this subset analysis, there was a trend
toward SCLC-I tumors preferentially re-
sponding to ICI/EP treatment. Together
with therapeutic vulnerabilities identified
for the other three subgroups, these
data now warrant further investigation,
with an umbrella trial based on SCLC sub-
groups an enticing prospect (Figure 1).

The additional complexity when
considering personalized treatment is
the potential impact of intra-tumoral het-
erogeneity; the authors previously
demonstrated that this is associated
with chemotherapy resistance (Stewart
et al., 2020). Gay et al. used single-cell
(sc)RNA-seq of CDX models to investi-
gate cellular TF expression and showed
that in most tumors most cells expressed
a single subgroup TF but that some tu-
mors contained cells that expressed >1
subgroup TF. Approximately 20% of hu-
man SCLCs contain an amplified MYC
family gene, and in a GEMM, Ireland

et al. showed that Myc drives transition
of ASCL1-positive NE cells to a non-NE
phenotype via an intermediate NEU-
ROD1-positive stage (Ireland et al.,
2020). The ASCL1/NEUROD1 double-
positive cells identified by Gay et al. may
represent such a transition state. Sup-
porting this hypothesis, they showed
NEUROD1 promoter methylation in
ASCL1-positive cells where treatment
with a DNAmethyltransferase inhibitor re-
sulted in upregulated expression of
NEUROD1. To further investigate cellular
plasticity, the authors perform scRNA-
seq on two SCLC-A CDX models before
and after EP treatment, revealing emer-
gence of cells with SCLC-I subgroup fea-
tures, including loss of subgroup TF
expression, elevated HLA levels, and an
increased EMT score. These cells also ex-
hibited indicators of NOTCH activation,
an established driver of NE to non-NE
transition. RNA velocity analysis inferred
that SCLC-I cells may be highly plastic
and retain ability to repopulate the tumor
following therapy. The authors propose
that with monitoring of intra-tumoral het-
erogeneity prior to and serially throughout

treatment it may be possible
to inform therapy switching
for patient benefit. Given the
emerging pre-clinical data
regarding functional plasticity
and phenotypic diversity (Lim
et al., 2017), this concept
surely has merit, and liquid bi-
opsies (e.g., circulating tumor
cells, peripheral immune cell
profiling, and circulating tu-
mor DNA) could support clin-
ical delivery. In summary, this
important study, within the
context of ongoing research
in this field, illustrates prog-
ress in understanding the het-
erogeneous biology of SCLC.
The detailed analysis of Gay
et al. serves as a springboard
for clinical translation to
biomarker-driven clinical trials
and the ultimate goal of sub-
stantially improved patient
outcomes.
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Treatment Exposure
One hundred of 104 patients enrolled and randomly assigned

received at least one cycle of treatment. Twelve of the 54 treated patients
(22%) in the TMZ/veliparib arm receivedfive ormore cycles of therapy
(median, 3; range, 1 to 21), compared with six of the 46 patients who
were treated (13%) in the TMZ/placebo arm (median, 2; range, 1 to
19). Reasons for discontinuation of study treatment were disease
progression (81%), unacceptable toxicity related or unrelated to
treatment (6%), intercurrent illness/symptomatic deterioration (4%),
withdrawal of consent (3%), more than a 3-week delay in treatment
administration due to thrombocytopenia (2%), and death (1%).

Toxicity
Table 2 lists the most common treatment-related toxicities.

Hematologic toxicities were the most common adverse effects in
both study arms. After the first 24 patients were accrued and
evaluated for at least one cycle, it was noted that 14 incurred the
following adverse events: grade 3/4 neutropenia (TMZ/veliparib,
n = 7; TMZ/placebo, n = 2); grade 3/4 thrombocytopenia (TMZ/
veliparib, n = 10; TMZ/placebo, n = 3); and grade 4 febrile
neutropenia (TMZ/veliparib, n = 1; leading to sepsis and death).
Four of these patients had their second cycle of treatment held and
subsequently were found to have disease progression at week 8
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Fig 2. Kaplan Meier curves for outcomes. (A) Progression-free (PFS) and (B) overall survival (OS) for the 104 patients with sensitive or refractory small-cell lung cancer in
need of second- or third line-therapy.
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Fig 3. Tumor response. The best calculated percentage change in tumor size on the basis of measurable lesions for (A) 49 evaluable patients in the temozolomide (TMZ)/
veliparib arm and (B) 44 evaluable patients in the TMZ/placebo arm. In the TMZ/veliparib arm, five patients were removed from the study during the first cycle and were not
evaluable for response: registered ineligible (n = 1), clinical progression of disease (n = 3), and death due to treatment toxicity (n = 1). In the TMZ/placebo arm, two patients
were removed for toxicity during the first cycle and before undergoing imaging; thus, they were not evaluable for response; one other patient’s tumor measurements were
not available, although the patient developed progression of disease on the basis of the appearance of new nontarget lesions. CR, complete response; ORR, .overall
response rate; PR, partial response.
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Fig 4. SLFN11 immunohistochemistry (IHC) predicts improved survival. (A) Example images of tumors with negative (neg) and positive (pos) SLFN11 by IHC (scale
bar = 100 uM, 4003magnification). (B) Overall survival (OS) and progression-free survival (PFS) from date of randomization was improved in patients with SLFN11-positive
disease in the temozolomide (TMZ)/veliparib treatment arm (PFS overall interaction log-rank P= .046; OS overall interaction log-rank P= .095). (C) OS from time of diagnosis
trends toward increased survival in patients with SLFN11 positive (IHC score$ 1) disease. (D) Swim-plot of months on trial in the TMZ/veliparib treatment arm color coded
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Representative therapeutic targets of interest in SCLC

Fig. 6 |. Representative therapeutic targets of interest in SCLC.
a | Antitumour immunity. Antibodies disrupting the PD1–PDL1 interaction have 
demonstrated clinical efficacy in small-cell lung cancer (SCLC). An antibody blocking the T 
cell-inhibitory receptor TIGIT and a bispecific T cell engager (BiTE) cross-targeting DLL3 
on SCLC tumour cells and CD3 on T cells are currently in clinical trials in patients with 
SCLC (phase III NCT04256421 and phase I NCT03319940, respectively). Antibodies 
blocking CD47 , the ‘don’t-eat-me’ signal for macrophages, have shown activity in 
preclinical models128. b | Cell cycle and DNA damage repair pathways. Concomitant loss of 
TP53 and RB1 in SCLC abrogates multiple cell cycle checkpoints, increasing the 
dependence on remaining regulators of proliferation and DNA damage repair. Many key 
targets highlighted are being actively pursued in completed and upcoming clinical trials. The 
effect of EZH2 is indirect via the modulation of SLFN11 (REF.77). c | Growth and survival 
signalling pathways. Dependency screens implicate PKA and mTOR as essential kinases in 
SCLC46,234. BCL-2, a key regulator of apoptosis, is highly expressed in many SCLC 
tumours, and several studies suggest synergy between the inhibition of PI3K–mTOR and 
BCL-2 in SCLC69,70,235. This strategy, targeting mTOR and BCL-2, is currently being 
tested in a phase I/II trial (NCT03366103). d | Epigenetic regulators. The histone 
acetyltransferases CREBBP and EP300 are frequent and mutually exclusive targets of 
inactivating mutations in SCLC24. Preclinical data support the increased sensitivity of these 
CREBBP-inactive or EP300-inactive tumours to histone deacetylase inhibitors41. The 
inhibition of the histone demethylase LSD1 in SCLC cell lines activates NOTCH signalling, 
inhibits ASCL1 expression and may have subtype-selective activity in SCLC40 (not shown). 
The histone methyltransferase EZH2 is highly expressed in SCLC236 and is implicated in 
both SCLC chemoresistance77 and immune escape237. EZH2 inhibition with chemotherapy 
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NOVEL SYSTEMIC THERAPEUTIC APPROACH

• Biomarker-based treatment

• Improve immunotherapy in first line(combinations-
immunomodulation-antiagiogenic drugs)

• Early adoption of immunotherapy in Limited Disease

• New  drug development (salvage therapy)



BIOMARKER-DRIVENCurrent  Strategies  for  Extensive  Stage  Small  Cell  Lung  Cancer  Beyond  

Table  1  Molecular  Pathways  and  Targets  Under  Exploration  as  Potential  SCLC  Therapies.  

Pathway  Target  Functional  description  NCT#  References  

Proliferation  and  survival  AURKA/B  Kinase,  microtubule  formation  and  spindle  stabilization  03898791  81  ,  82  

04525391  

PI3K  Oncogene  Kinase  inhibited  by  PTEN  02194049  83  

mTOR  TORC1  and  TORC2  regulate  growth  01737502  84  ,  85  

PP2A  Serine/threonine  phosphatase,  regulates  Raf,  MET  and  AKT  04560972  76  

BCL-2  Inhibitor  of  apoptosis  00005032  86  

03387332  

03080311  

03366103  

DNA  damage  and  repair  ATR  DNA  damage  checkpoint  kinase  04514497  87  

04768296  

02487095  

CHK1  Cell  cycle  checkpoint  Kinase  02735980  88  

WEE1  Cell  cycle  check  point  kinase  02593019  89  

PARP1  ssDNA  damage  repair  01286987  42  ,  90  

01638546  

01642251  

CDK7  Link  transcription  to  cell  cycle,  DNA  repair,  transcription  91  

Epigenetic  regulator  EZH2  Transcriptional  repression  of  genes  03460977  77  ,  78  

LSD1  (KDM1A)  Gene  silencing  by  demethylation  02034123  92  ,  93  

Immune  Checkpoint  PD-1  Immune  check  point  multiple  

PD-L1  Immune  checkpoint  multiple  

TIGIT  Immune  checkpoint  04256421  

CD47  Leukocyte  surface  antigen,  receptor  for  SIRPa,  inhibits  production  of  cytokine  by  DC  94  

Others  (ADC  or  SMDC)  DLL3  Counteract  NOTCH1  function  04471727  35  

03319940  

TROP-2  01631552  46  

SSTR2  02936323  48  

Abbreviations:  ADC  =  Antibody  Drug  Conjugate;  AKT  =  Ak  strain  Tranforming;  ATR  =  Ataxia  Telangiectasia  and  Rad3-related  protein;  AURKA/B  =  Aurora  kinase  a/B;  BCL2:  B-Cell  Lymphoma  2;  
CD47  =  Cluster  of  Differentiation  47,  Leukocyte  surface  antigen;  CDK7  =  Cell  Division  Cycle  Kinase  7;  CHEK1  =  Checkpoint  Kinase  1;  DLL3  =  Delta  Like  Canonical  Notch  Ligand  3;  EZH2  =  Enhancer  
of  zeste  homolog  2;  LSD1  =  Lysine-specific  demethylase  1;  PARP1  =  Poly(ADP-Ribose)  Polymerase  1;  PD-1  =  Programmed  Death  receptor  1;  PD-L1  =  Programmed  death  receptor  ligand  1;  PI3K  =  
Phosphoinositide-3-kinase;  PP2A  =  Protein  Phosphatase  2A;  SMDC  =  Small  molecule  drug  conjugate;  SSTR  =  Somatostatin  Receptor  2;  TIGIT  =  T  Cell  Immunoreceptor  With  Ig  And  ITIM  Domains;  
mTOR  =  mammalian  Target  of  Rapamycin;  TROP-2  =  Trophoblast  cell  surface  antigen  2;  WEE1  =  Wee1  G2  checkpoint  kinase  1.  

approved  for  SCLC  as  a  strategy  to  ameliorate  myelosuppression  

associated  with  chemotherapy  with  carboplatin  plus  etoposide  or  

with  topotecan  based  on  3  phase  II  trials.  67-70  

MDM2/HDM2  is  an  E3  ubiquitin  ligase  targeting  p53  for  

degradation.  Given  the  central  role  of  TP53,  targeting  the  inter-  

action  between  tumor  suppressor  TP53  and  MDM2  may  repre-  

sent  an  attractive  treatment  approach  for  cancer  with  wild  type  

or  functional  TP53  including  neuroendocrine  cancer.  71-73  In  small  

cell  lung  cancer  however,  wild  type  TP53  tumor  is  the  minority.  

Dose  escalation  study  in  wild  type  solid  tumor  excluding  SCLC  is  

completed.  (NCT01760525)  It  will  be  interesting  to  see  whether  

there  is  a  signal  in  SCLC.  

Inspired  by  the  Understanding  of  Biology  of  SCLC  

Genomic  profiling  of  110  small  cell  lung  cancer  specimens  

confirmed  the  almost  universal  double  mutation  of  TP53  and  RB.  

A  striking  finding  was  that  nearly  25%  of  tumors  had  deacti-  

vation  of  NOTCH  family  genes.  74  It  was  observed  that  lysine  

specific  demethylase  1A  (KDM1A,  also  known  as  LSD1)  inhibitor  

ORY-1001,  through  inhibition  of  KDM1A,  caused  reactivation  

of  NOTCH.  This  in  turn  repressed  the  expression  of  ASCL1  

and  neuroendocrine  cell  lineage  genes.  The  inhibitor  is  active  

against  small  cell  lung  cancer  in  a  PDX  (Patient-Derived  Xenograft)  

model.  75  

Through  a  proteomic  profiling  approach,  protein  kinase  A  (PKA)  

was  found  to  be  activated  in  SCLC.  Genetic  inactivation  or  pharma-  

cological  inactivation  via  PP2A  phosphatase  inhibitor  was  successful  

in  controlling  SCLC  growth  in  culture  and  in  vivo.  PKA  activity  was  

required  for  SCLC  stem  cell  activity.  76  

DNA  methylation  plays  pivotal  role  in  gene  expression.  It  was  

found  that  DNA  methylation  pattern  in  SCLC  defines  SCLC  

subtype  and  support  high  activity  of  E2F  and  histone  methyl-  

transferase  EZH2.  77  Given  the  finding  of  EZH2  mediated  epige-  

netic  silencing  is  linked  to  acquired  resistance  to  chemotherapy  and  
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cological  inactivation  via  PP2A  phosphatase  inhibitor  was  successful  

in  controlling  SCLC  growth  in  culture  and  in  vivo.  PKA  activity  was  

required  for  SCLC  stem  cell  activity.  76  

DNA  methylation  plays  pivotal  role  in  gene  expression.  It  was  

found  that  DNA  methylation  pattern  in  SCLC  defines  SCLC  

subtype  and  support  high  activity  of  E2F  and  histone  methyl-  

transferase  EZH2.  77  Given  the  finding  of  EZH2  mediated  epige-  

netic  silencing  is  linked  to  acquired  resistance  to  chemotherapy  and  
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evaluate the rarer non-NE
subgroups SCLC-P and
SCLC-I.

The hypothesis that SCLC-
I tumors are more sensitive to
immune checkpoint inhibi-
tors (ICIs) is particularly
intriguing and highlights the
need for tractable models
that recapitulate the complex
tumor-immune microenvi-
ronment of the human dis-
ease. In the absence of such
models for function testing,
the authors obtained sam-
ples from the IMpower133
randomized phase 3 trial
investigating efficacy of the
ICI atezolizumab in combina-
tion with standard-of-care
chemotherapy doublet plat-
inum/etoposide (EP) (Horn
et al., 2018), which led to reg-
ulatory approval as first-line
treatment. As mentioned
above, the disappointing
overall response rate in this
trial (and others), despite the
characteristically high tumor
mutation burden, underlines
the requirement for bio-
markers to select those who may achieve
durable benefit. Gay et al. aligned
IMpower133 patient data with their four
subgroups and re-analyzed patient sur-
vival. Although this trial was not designed
for this subset analysis, there was a trend
toward SCLC-I tumors preferentially re-
sponding to ICI/EP treatment. Together
with therapeutic vulnerabilities identified
for the other three subgroups, these
data now warrant further investigation,
with an umbrella trial based on SCLC sub-
groups an enticing prospect (Figure 1).

The additional complexity when
considering personalized treatment is
the potential impact of intra-tumoral het-
erogeneity; the authors previously
demonstrated that this is associated
with chemotherapy resistance (Stewart
et al., 2020). Gay et al. used single-cell
(sc)RNA-seq of CDX models to investi-
gate cellular TF expression and showed
that in most tumors most cells expressed
a single subgroup TF but that some tu-
mors contained cells that expressed >1
subgroup TF. Approximately 20% of hu-
man SCLCs contain an amplified MYC
family gene, and in a GEMM, Ireland

et al. showed that Myc drives transition
of ASCL1-positive NE cells to a non-NE
phenotype via an intermediate NEU-
ROD1-positive stage (Ireland et al.,
2020). The ASCL1/NEUROD1 double-
positive cells identified by Gay et al. may
represent such a transition state. Sup-
porting this hypothesis, they showed
NEUROD1 promoter methylation in
ASCL1-positive cells where treatment
with a DNAmethyltransferase inhibitor re-
sulted in upregulated expression of
NEUROD1. To further investigate cellular
plasticity, the authors perform scRNA-
seq on two SCLC-A CDX models before
and after EP treatment, revealing emer-
gence of cells with SCLC-I subgroup fea-
tures, including loss of subgroup TF
expression, elevated HLA levels, and an
increased EMT score. These cells also ex-
hibited indicators of NOTCH activation,
an established driver of NE to non-NE
transition. RNA velocity analysis inferred
that SCLC-I cells may be highly plastic
and retain ability to repopulate the tumor
following therapy. The authors propose
that with monitoring of intra-tumoral het-
erogeneity prior to and serially throughout

treatment it may be possible
to inform therapy switching
for patient benefit. Given the
emerging pre-clinical data
regarding functional plasticity
and phenotypic diversity (Lim
et al., 2017), this concept
surely has merit, and liquid bi-
opsies (e.g., circulating tumor
cells, peripheral immune cell
profiling, and circulating tu-
mor DNA) could support clin-
ical delivery. In summary, this
important study, within the
context of ongoing research
in this field, illustrates prog-
ress in understanding the het-
erogeneous biology of SCLC.
The detailed analysis of Gay
et al. serves as a springboard
for clinical translation to
biomarker-driven clinical trials
and the ultimate goal of sub-
stantially improved patient
outcomes.
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Figure 1. Potential SCLC umbrella trial based on molecular
classifications and vulnerabilities reported by Gay et al.
SCLC patients can be stratified into subtypes based on expression of tran-
scription factors and immune infiltrate (A, ASCL1; N,NEUROD1; P, POU2F3; I,
newly identified ‘‘inflamed’’) andmatched with therapeutic agents predicted to
have efficacy against the different subtypes. Patients that do not fall into a
defined subtype could be treated with platinum/etoposide (EP) chemotherapy.
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Fig. 6 |. Representative therapeutic targets of interest in SCLC.
a | Antitumour immunity. Antibodies disrupting the PD1–PDL1 interaction have 
demonstrated clinical efficacy in small-cell lung cancer (SCLC). An antibody blocking the T 
cell-inhibitory receptor TIGIT and a bispecific T cell engager (BiTE) cross-targeting DLL3 
on SCLC tumour cells and CD3 on T cells are currently in clinical trials in patients with 
SCLC (phase III NCT04256421 and phase I NCT03319940, respectively). Antibodies 
blocking CD47 , the ‘don’t-eat-me’ signal for macrophages, have shown activity in 
preclinical models128. b | Cell cycle and DNA damage repair pathways. Concomitant loss of 
TP53 and RB1 in SCLC abrogates multiple cell cycle checkpoints, increasing the 
dependence on remaining regulators of proliferation and DNA damage repair. Many key 
targets highlighted are being actively pursued in completed and upcoming clinical trials. The 
effect of EZH2 is indirect via the modulation of SLFN11 (REF.77). c | Growth and survival 
signalling pathways. Dependency screens implicate PKA and mTOR as essential kinases in 
SCLC46,234. BCL-2, a key regulator of apoptosis, is highly expressed in many SCLC 
tumours, and several studies suggest synergy between the inhibition of PI3K–mTOR and 
BCL-2 in SCLC69,70,235. This strategy, targeting mTOR and BCL-2, is currently being 
tested in a phase I/II trial (NCT03366103). d | Epigenetic regulators. The histone 
acetyltransferases CREBBP and EP300 are frequent and mutually exclusive targets of 
inactivating mutations in SCLC24. Preclinical data support the increased sensitivity of these 
CREBBP-inactive or EP300-inactive tumours to histone deacetylase inhibitors41. The 
inhibition of the histone demethylase LSD1 in SCLC cell lines activates NOTCH signalling, 
inhibits ASCL1 expression and may have subtype-selective activity in SCLC40 (not shown). 
The histone methyltransferase EZH2 is highly expressed in SCLC236 and is implicated in 
both SCLC chemoresistance77 and immune escape237. EZH2 inhibition with chemotherapy 
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TIGIT

• CITYSCAPE 
• Addition of tiragolumab to atezolizumab in PD-L1 high NSCLC 

significantly improved RR (66% vs 24%) and PFS (HR 0.30)

Stephen V. Liu, MD 

Rodriguez-Abreu, ASCO 2020

CITYSCAPE NSCLC



Tiseo et al, J Clin Oncol 2017 

A phase II study of CarbopLatin plus Etoposide with 
Bevacizumab and Atezolizumab in patients with exTEnded-disease small-

cell lung cancer (SCLC) CeLEBrATE trial



FUCOSYL-GM1
• Fucosyl-GM1 highly expressed on SCLC

• Inhibition of fucosylation associated with NK binding and ADCC 
• BMS-986012 is an anti-fucosyl-GM1 IgG1 mAb
• Phase I/II of BMS-968012 + Nivolumab: RR in SCLC 38% (11/29), mDOR 26.2m
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Summary
• BMS-986012 previously demonstrated a tolerable safety profi le when 

combined with chemotherapy or nivolumab in patients with previously 
untreated ES-SCLC or R/R SCLC, respectively

• This phase 2 study (NCT04702880) will evaluate the safety and therapeutic 
benefi t of BMS-986012, a fucosyl-GM1 monoclonal antibody, when combined 
with carboplatin, etoposide, and nivolumab to address the unmet need in 
patients with newly diagnosed ES-SCLC

Background
• Small cell lung cancer (SCLC) is an aggressive disease with limited treatment options 

and represents approximately 13%-15% of all lung cancer worldwide1

• Historically, patients with extensive-stage SCLC (ES-SCLC) had a poor prognosis 
with standard-of-care platinum/etoposide chemotherapy2

— Most patients experienced disease relapse within 6 months of treatment, and 
median overall survival (OS) ranged from 9-10 months3,4

• The addition of anti-programmed death-(ligand) 1 (PD-[L]1) regimens to chemotherapy 
in fi rst-line (1L) therapy has demonstrated signifi cant but modest benefi t5-7

— Therefore, combination regimens with the addition of novel compounds are 
needed in order to improve patient outcomes

Study rationale
• Fucosyl-GM1 is a monosialoganglioside with limited expression in normal tissues, but 

it is highly expressed on the surface of SCLC cells in 50%-70% of tumors8-10

• BMS-986012 is a nonfucosylated, fi rst-in-class, fully human IgG1 monoclonal antibody 
that binds to fucosyl-GM1 with high affi nity and specifi city11 (Figure 1)

• Preclinically, binding of BMS-986012 to tumor cells resulted in tumor cell death via 
antibody-dependent cellular cytotoxicity (ADCC), antibody-dependent cellular 
phagocytosis (ADCP), and complement-dependent cytotoxicity activity (CDC)11

(Figure 1)

— Lack of fucosylation was associated with greater binding on natural killer (NK) cells 
and increased ADCC11

• Using SCLC cells and mouse xenograft and syngeneic models, BMS-986012 also 
demonstrated antitumor activity as monotherapy with synergistic effects in 
combination with chemotherapy, anti-CD137 agonist antibodies, or 
immunomodulating agents, including anti–PD-1 antibodies11

Figure 1. BMS-986012 and nivolumab mechanism of action 
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• BMS-986012 was previously evaluated as monotherapy and in combination with 
standard-of-care platinum/etoposide chemotherapy or nivolumab in patients 
with SCLC12-14

• Treatment with BMS-986012 monotherapy was well tolerated in patients with 
relapsed/refractory (R/R) SCLC, with manageable low-grade pruritus observed as 
the most common treatment-related adverse event (TRAE)12

• In previously untreated patients with ES-SCLC, the safety profi le of BMS-986012 plus 
platinum/etoposide chemotherapy was comparable to the profi le observed historically 
with platinum/etoposide chemotherapy alone except for clinically manageable 
pruritus, which self-resolved after the fi rst 2 cycles of therapy and did not recur13

• In an interim analysis, BMS-986012 also demonstrated a manageable safety profi le 
and clinical activity when combined with nivolumab in a small number of patients 
with R/R SCLC not previously treated with checkpoint inhibitors14

— Pruritus was the most common TRAE (n = 27; 93%) and resolved in most cases

— A high objective response rate (ORR; 38%) was observed, with durability and a 
median duration of response (DOR) of 26.4 months

— Median OS was 18.7 months

— Responses were seen in both platinum-sensitive and -refractory patient populations

• Based on these fi ndings, it was hypothesized that checkpoint inhibition in 
combination with BMS-986012 and standard-of-care platinum/etoposide 
chemotherapy might have benefi t in previously untreated patients with SCLC

Study objective
• To evaluate the safety and effi cacy of BMS-986012 combined with carboplatin/etoposide 

and nivolumab as 1L therapy in patients with ES-SCLC 

Study design
• This is a randomized, open-label, phase 2, global study (NCT04702880)

• Approximately 120 patients will be randomized 1:1 to receive nivolumab +
carboplatin + etoposide ± BMS-986012 (Figure 2)

Figure 2. Study design 
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Patients will be randomized to receive carboplatin/etoposide in combination with 
BMS-986012 and nivolumab induction followed by BMS-986012 and nivolumab 
maintenance or carboplatin/etoposide in combination with nivolumab followed by 
nivolumab maintenance.
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BICR, blinded independent central review; PD, progressive disease; ECOG PS, Eastern Cooperative Oncology Group 
performance status; IV, intravenous; PFS, progression-free survival; PFSR, progression-free survival rate; OSR, overall survival 
rate; Q3W, every 3 weeks; Q4W, every 4 weeks; RECIST, Response Evaluation Criteria in Solid Tumors; TTR, time to response. 
a Etoposide was administered on days 1, 2, and 3 of each cycle.

Enrollment criteria
• Key enrollment criteria are shown in Table 1

Table 1. Key inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

Histologically or cytologically documented 
ES-SCLC and extensive-stage disease 
(AJCC, 7th edition, stage IV [T any, N any, 
M1a, or M1b], or T3–4)

Prior chemotherapy, radiation therapy, 
or biologic therapy for SCLC

Mandatory tumor biopsies from primary 
disease site or any metastatic site when 
primary is not available

Symptomatic brain or other 
CNS metastases

ECOG PS of 0 or 1 Paraneoplastic autoimmune syndrome 
requiring systemic treatment

≥ 1 measurable lesion by CT or MRI per 
RECIST v1.1 criteria

Active or history of interstitial 
lung disease

Grade ≥ 2 peripheral sensory neuropathy 
at study entry

Active known or suspected 
autoimmune disease

AJCC, American Joint Committee on Cancer; CNS, central nervous system; CT, computed tomography; MRI, magnetic 
resonance imaging. 

Study sites
• The study is expected to take place at 34 sites in 11 countries (Figure 3)

Figure 3. Study sites 
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Summary
• BMS-986012 previously demonstrated a tolerable safety profi le when 

combined with chemotherapy or nivolumab in patients with previously 
untreated ES-SCLC or R/R SCLC, respectively

• This phase 2 study (NCT04702880) will evaluate the safety and therapeutic 
benefi t of BMS-986012, a fucosyl-GM1 monoclonal antibody, when combined 
with carboplatin, etoposide, and nivolumab to address the unmet need in 
patients with newly diagnosed ES-SCLC

Background
• Small cell lung cancer (SCLC) is an aggressive disease with limited treatment options 

and represents approximately 13%-15% of all lung cancer worldwide1

• Historically, patients with extensive-stage SCLC (ES-SCLC) had a poor prognosis 
with standard-of-care platinum/etoposide chemotherapy2

— Most patients experienced disease relapse within 6 months of treatment, and 
median overall survival (OS) ranged from 9-10 months3,4

• The addition of anti-programmed death-(ligand) 1 (PD-[L]1) regimens to chemotherapy 
in fi rst-line (1L) therapy has demonstrated signifi cant but modest benefi t5-7

— Therefore, combination regimens with the addition of novel compounds are 
needed in order to improve patient outcomes

Study rationale
• Fucosyl-GM1 is a monosialoganglioside with limited expression in normal tissues, but 

it is highly expressed on the surface of SCLC cells in 50%-70% of tumors8-10

• BMS-986012 is a nonfucosylated, fi rst-in-class, fully human IgG1 monoclonal antibody 
that binds to fucosyl-GM1 with high affi nity and specifi city11 (Figure 1)

• Preclinically, binding of BMS-986012 to tumor cells resulted in tumor cell death via 
antibody-dependent cellular cytotoxicity (ADCC), antibody-dependent cellular 
phagocytosis (ADCP), and complement-dependent cytotoxicity activity (CDC)11

(Figure 1)

— Lack of fucosylation was associated with greater binding on natural killer (NK) cells 
and increased ADCC11

• Using SCLC cells and mouse xenograft and syngeneic models, BMS-986012 also 
demonstrated antitumor activity as monotherapy with synergistic effects in 
combination with chemotherapy, anti-CD137 agonist antibodies, or 
immunomodulating agents, including anti–PD-1 antibodies11

Figure 1. BMS-986012 and nivolumab mechanism of action 
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• BMS-986012 was previously evaluated as monotherapy and in combination with 
standard-of-care platinum/etoposide chemotherapy or nivolumab in patients 
with SCLC12-14

• Treatment with BMS-986012 monotherapy was well tolerated in patients with 
relapsed/refractory (R/R) SCLC, with manageable low-grade pruritus observed as 
the most common treatment-related adverse event (TRAE)12

• In previously untreated patients with ES-SCLC, the safety profi le of BMS-986012 plus 
platinum/etoposide chemotherapy was comparable to the profi le observed historically 
with platinum/etoposide chemotherapy alone except for clinically manageable 
pruritus, which self-resolved after the fi rst 2 cycles of therapy and did not recur13

• In an interim analysis, BMS-986012 also demonstrated a manageable safety profi le 
and clinical activity when combined with nivolumab in a small number of patients 
with R/R SCLC not previously treated with checkpoint inhibitors14

— Pruritus was the most common TRAE (n = 27; 93%) and resolved in most cases

— A high objective response rate (ORR; 38%) was observed, with durability and a 
median duration of response (DOR) of 26.4 months

— Median OS was 18.7 months

— Responses were seen in both platinum-sensitive and -refractory patient populations

• Based on these fi ndings, it was hypothesized that checkpoint inhibition in 
combination with BMS-986012 and standard-of-care platinum/etoposide 
chemotherapy might have benefi t in previously untreated patients with SCLC

Study objective
• To evaluate the safety and effi cacy of BMS-986012 combined with carboplatin/etoposide 

and nivolumab as 1L therapy in patients with ES-SCLC 

Study design
• This is a randomized, open-label, phase 2, global study (NCT04702880)

• Approximately 120 patients will be randomized 1:1 to receive nivolumab +
carboplatin + etoposide ± BMS-986012 (Figure 2)

Figure 2. Study design 
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Arm B
nivolumab (480 mg IV) 

Primary endpoints: safety/tolerability and PFS by BICR
Key secondary endpoints: PFSR by BICR; PFS and PFSR by investigator per RECIST 
v1.1; ORR, TTR, and DOR per RECIST v1.1; OS, OSR, fucosyl-GM1 and PD-L1 expression 
and associations with antitumor activity, and immunogenicity of BMS-986012

Patients will be randomized to receive carboplatin/etoposide in combination with 
BMS-986012 and nivolumab induction followed by BMS-986012 and nivolumab 
maintenance or carboplatin/etoposide in combination with nivolumab followed by 
nivolumab maintenance.

Arm A
BMS-986012 (420 mg IV) 
+ nivolumab (360 mg IV) 

+ carboplatin (5 mg/mL/min IV) 
+ etoposidea (100 mg/m2 IV)

Stratification:

• Liver metastasis

• ECOG PS (0/1)

Arm B
nivolumab (360 mg IV) 

+ carboplatin (5 mg/mL/min IV) 
+ etoposidea (100 mg/m2 IV)

Previously untreated 
patients with ES-SCLC 
eligible to receive 
platinum-based therapy
(N § 120)

BICR, blinded independent central review; PD, progressive disease; ECOG PS, Eastern Cooperative Oncology Group 
performance status; IV, intravenous; PFS, progression-free survival; PFSR, progression-free survival rate; OSR, overall survival 
rate; Q3W, every 3 weeks; Q4W, every 4 weeks; RECIST, Response Evaluation Criteria in Solid Tumors; TTR, time to response. 
a Etoposide was administered on days 1, 2, and 3 of each cycle.

Enrollment criteria
• Key enrollment criteria are shown in Table 1

Table 1. Key inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

Histologically or cytologically documented 
ES-SCLC and extensive-stage disease 
(AJCC, 7th edition, stage IV [T any, N any, 
M1a, or M1b], or T3–4)

Prior chemotherapy, radiation therapy, 
or biologic therapy for SCLC

Mandatory tumor biopsies from primary 
disease site or any metastatic site when 
primary is not available

Symptomatic brain or other 
CNS metastases

ECOG PS of 0 or 1 Paraneoplastic autoimmune syndrome 
requiring systemic treatment

≥ 1 measurable lesion by CT or MRI per 
RECIST v1.1 criteria

Active or history of interstitial 
lung disease

Grade ≥ 2 peripheral sensory neuropathy 
at study entry

Active known or suspected 
autoimmune disease

AJCC, American Joint Committee on Cancer; CNS, central nervous system; CT, computed tomography; MRI, magnetic 
resonance imaging. 

Study sites
• The study is expected to take place at 34 sites in 11 countries (Figure 3)

Figure 3. Study sites 

Belgium
Romania

Italy
Spain

Australia

Japan

Canada

United States

Netherlands

Poland

Greece

NCT04702880 



Content of this presentation is copyright and responsibility of the author. Permission is required for re-use.

Trials to Watch in ES SCLC

JARUSHKA NAIDOO, MBBCH MHS

PARPi Trials IO + 
PARPi

R Ph II Maintenance Atezo +/-
Talazoparib in SLFN11+ ES SCLC
NCT04334941

Ph II Niraparib + Dostarlimab in 
SCLC/HGNEC
NCT04701307

RT + 
PARPi

Ph I/II PARPi + RT + IO in ESCLC: 
PRIO trial
NCT04728230

Ph I Talazoparib + Consolidative 
TRT in ES SCLC
NCT04170946

Maintenance TRT+Durva vs. 
Durva/Treme vs Durva/Olaparib in 
ES SCLC after 1st-line
NCT03923270

ONGOING TRIALS IN ADVANCED DISEASE: 
PARPi and anti-PD1



IMMUNOTHERAPY IN LIMITED DISEASE

Welsh et al JTO 2020

Content of this presentation is copyright and responsibility of the author. Permission is required for re-use.

Ph I/II Pembrolizumab + Concurrent ChemoRT in LS SCLC

JARUSHKA NAIDOO, MB BCH MHS

• MTD could not be determined
- 200mg dose selected ph II portion

• ORR 79% (3 CRs; 23 PRs)
• Phase 1 portion: 1 DLT
• 3 grade 4 events
• Incidence of pneumonitis: 15%

Welsh et al, J Thoracic Oncol 2020

mPFS 19.7mos mOS 39.5mos

ORIGINAL ARTICLE

Phase 1/2 Trial of Pembrolizumab and Concurrent
Chemoradiation Therapy for Limited-Stage SCLC
James W. Welsh, MD,a,* John V. Heymach, MD, PhD,b Chunxiao Guo, MD, PhD,c

Hari Menon, MD,a Katherine Klein, BS,a Taylor R. Cushman, MD,a Vivek Verma, MD,a

Kenneth R. Hess, PhD,d,† Girish Shroff, MD,e Chad Tang, MD,a

Ferdinandos Skoulidis, MD, PhD,b Melenda Jeter, MD, MPH,a Nathan Comeaux, RN,a

Roshal R. Patel, BA,a Dawei Chen, MD,a Tugce Ozgen, BS,f Quynh-Nhu Nguyen, MD,a

Joe Y. Chang, MD, PhD,a Mehmet Altan, MD,b Jianjun Zhang, MD, PhD,b

Vassiliki A. Papadimitrakopoulou, MD,b George R. Simon, MD,b Lauren A. Byers, MD,b

Bonnie Glisson, MDb

aDepartment of Radiation Oncology, The University of Texas MD Anderson Cancer Center, Houston, Texas
bDepartment of Thoracic Head & Neck Oncology, The University of Texas MD Anderson Cancer Center, Houston, Texas
cDepartment of Interventional Radiology, The University of Texas MD Anderson Cancer Center, Houston, Texas
dDepartment of Biostatistics, The University of Texas MD Anderson Cancer Center, Houston, Texas
eDepartment of Diagnostic Radiology, The University of Texas MD Anderson Cancer Center, Houston, Texas
fDepartment of Radiation Oncology, Ankara University School of Medicine, Ankara, Turkey

Received 18 June 2020; revised 18 August 2020; accepted 23 August 2020
Available online - 8 September 2020

ABSTRACT

Introduction: Few advancements in treating limited-stage
SCLC (LS-SCLC) have been made in decades. We report
here a phase 1/2 trial of concurrent chemoradiotherapy
(CRT) and pembrolizumab.

Methods: This single-center, open-label phase 1/2 study
recruited adults with LS-SCLC or other neuroendocrine tu-
mors and good performance status (Eastern Cooperative
Oncology Group ! 2). The primary end point was safety, as
assessed by dose-limiting toxicities. Concurrent CRT con-
sisted of etoposide and a platin with 45 Gy radiotherapy (30

*Corresponding author.
†Dr. Hess was deceased.
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Background: Concurrent chemotherapy and thoracic radiotherapy followed by prophylactic cranial irradiation (PCI) is
the standard treatment in limited-disease small-cell lung cancer (LD-SCLC), with 5-year overall survival (OS) of only
25% to 33%.
Patients and methods: STIMULI is a 1:1 randomised phase II trial aiming to demonstrate superiority of consolidation
combination immunotherapy versus observation after chemo-radiotherapy plus PCI (protocol amendment-1).
Consolidation immunotherapy consisted of four cycles of nivolumab [1 mg/kg, every three weeks (Q3W)] plus
ipilimumab (3 mg/kg, Q3W), followed by nivolumab monotherapy (240 mg, Q2W) for up to 12 months. Patient
recruitment closed prematurely due to slow accrual and the statistical analyses plan was updated to address
progression-free survival (PFS) as the only primary endpoint.
Results: Of the 222 patients enrolled, 153 were randomised (78: experimental; 75: observation). Among the
randomised patients, median age was 62 years, 60% males, 34%/65% current/former smokers, 31%/66%
performance status (PS) 0/1. Up to 25 May 2020 (median follow-up 22.4 months), 40 PFS events were observed in
the experimental arm, with median PFS 10.7 months [95% confidence interval (CI) 7.0-not estimable (NE)] versus 42
events and median 14.5 months (8.2-NE) in the observation, hazard ratio (HR) ¼ 1.02 (0.66-1.58), two-sided P ¼
0.93. With updated follow-up (03 June 2021; median: 35 months), median OS was not reached in the experimental
arm, while it was 32.1 months (26.1-NE) in observation, with HR ¼ 0.95 (0.59-1.52), P ¼ 0.82. In the experimental
arm, median time-to-treatment-discontinuation was only 1.7 months. CTCAE v4 grade "3 adverse events were
experienced by 62% of patients in the experimental and 25% in the observation arm, with 4 and 1 fatal, respectively.
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kMember of Australasian Lung Cancer Trial Group (ALT), see Appendix.
#For ETOP/IFCT 4-12 STIMULI Collaborators, see Appendix.
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minimum of the longest observed survival time 0.49 (95%
CI: -6.4 to 7.4)]. In all subgroups, no PFS difference was
found between the two arms, while a significant

differentiation of the treatment effect was observed for PS
and for radiotherapy (RT) schedule, with higher treatment
benefit for patients with PS 1 and patients who received
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Figure 2. Progression-free survival (ITT cohort). (A) Kaplan-Meier plot for PFS by treatment arm. (B) Exploration of treatment effect within levels of clinicopatho-
logical variables of interest. Note: Only HRs (95% CI) for subgroups with n ! 10 and number of events !5 are presented.
CI, confidence interval; CRT, chemotherapy-radiotherapy; ECOG, Eastern Co-operative Oncology Group; HR, hazard ratio; ITT, intention-to-treat; m, months; NE, not
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concept was developed based on the suggestion that the
ipilimumab-nivolumab combination, followed by nivolumab
maintenance might be an active treatment regimen for
SCLC.3,11 The trial enrolled treatment-naive patients inten-
ded for curative treatment consisting of concurrent chemo-

radiotherapy and PCI. Randomisation was conditional on
completion of the standard multimodality treatment and
absence of evidence of PD. We hypothesised this minimal
residual disease setting to be the optimal scenario for
consolidation immunotherapy.
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STIMULI accrual was behind schedule, prompting the
Steering Committee to close recruitment after 222 patients.
The slow accrual was attributed to a lower than expected
prevalence of LD-SCLC, accentuated by more accurate
radiological staging methods, including FDG-PET-CT and
brain MRI. In addition the strict randomisation criteria led
to an unexpectedly high proportion of registered patients
that were not amenable for the intended full curative
treatment strategy, leading to an attrition rate of 35%. The
STIMULI trial did not meet its primary endpoint of
improving PFS with nivolumab-ipilimumab consolidation
after standard chemo-radiotherapy, in LD-SCLC.

The short period on active treatment, with a median time
to nivolumab and ipilimumab discontinuation of 1.7 months
has certainly affected the efficacy. Similar observations
were made in the Checkmate-451 trial, with ipilimumab-
nivolumab maintenance at the same schedule, where only
a median of two treatment cycles could be delivered.6 In
the CASPIAN trial that tested a tremelimumab-durvalumab-
chemotherapy combination, only 60% of patients could
receive the planned five doses of tremelimumab and me-
dian cycle number of durvalumab was also lower than in the
durvalumab-chemotherapy arm. In 21% of patients AEs led
to treatment discontinuation.18

Alternative schedules of nivolumab-ipilimumab combi-
nations, used in non-small-cell lung cancer (NSCLC), led to
better tolerability. The CheckMate-012 phase I trial evalu-
ated nivolumab-ipilimumab combination at different doses
and schedules and established the regimen with 3 mg/kg
nivolumab every 2 weeks plus 1 mg/kg ipilimumab every 6
weeks as most tolerable and suitable for final phase II/III
development in NSCLC, leading to new registered evidence-
based treatment options.19-21

Taking into account the significant limitations in drug
exposure, the updated analysis of the STIMULI trial at longer
follow-up with a median of 35 months, failed to demonstrate
a significant late effect of immunotherapy consolidation on
survival. Median OS was not reached (95% CI: 24.1-NE) in the
experimental arm, while it was 32.1 (95% CI: 26.1-NE)
months in the observation arm. Most probably, even longer
follow-up will not lead to statistical significance in OS.

When we defined the radiotherapy in the STIMULI trial,
neither the CONVERT9 nor the Cancer and Leukaemia Group
B (CALGB) 30 610 (Alliance)/Radiation Therapy Oncology
Group (RTOG) 053822 results were available. In STIMULI we
allowed the 56 Gy dose, once daily, as it was still used in
many centres that were reluctant to deliver the new stan-
dard schedule of 45 Gy twice daily.9 The protocol explicitly
recommended the 45 Gy twice daily, however, over the 56
Gy once daily schedule.

Our finding of a differential OS benefit between the RT
schedules, with statistically significant benefit for the
nivolumab-ipilimumab combination in patients on a twice-
daily RT schedule, underlines the need to further investi-
gate the optimal RT schedule for the combination with
immunotherapy, in order to promote potential synergi-
stic effects.23 Alternatively, the statistically significant
treatment effect on OS found for the twice daily schedule
could be an effect of other confounding factors, such as
treatment strategy of individual institutions or socioeco-
nomic differences. PS was not found to be a confounding
factor, since exploratory analyses did neither show an as-
sociation of PS with RT dosing nor a three-way interaction in
the multivariable Cox model (data not shown).

Translational analysis on tumour and plasma samples
from trials establishing immune-checkpoint inhibition in

Table 2. Safety information of the as-treated cohort

Nivo D Ipi (n [ 78) Observation (n [ 75)

Number of patients (%)

Any adverse event 77 (98.7) 65 (86.7)
Treatment related adverse events 75 (96.2) d
Adverse events of grade !3 48 (61.5) 19 (25.3)
Adverse events leading to treatment discontinuation 43 (55.1) d
Adverse events leading to death 4a (5.1) 1b (1.3)

AEs occurring in ‡15% of the patients in either arm All grades Grade ‡3 All grades Grade ‡3

Fatigue 38 (48.7) 7 (9.0) 21 (28.0) d
Anorexia 25 (32.1) 5 (6.4) 12 (16.0) d
Diarrhoea 22 (28.2) 7 (9.0) 6 (8.0) d
Vomiting 21(26.9) 1 (1.3) 5 (6.7) d
Pneumonitis 22 (28.2) 7 (9.0) 4 (5.3) 1 (1.3)
Nausea 19 (24.4) 2 (2.6) 6 (8.0) d
Cough 20 (25.6) d 5 (6.7) d
Hyperthyroidism 22 (28.2) 2 (2.6) 1 (1.3) 1 (1.3)
Anaemia 7 (9.0) 1 (1.3) 13 (17.3) 1 (1.3)
Dyspnoea 13 (16.7) 1 (1.3) 6 (8.0) 1 (1.3)
Pruritus 19 (24.4) 1 (1.3) d d
Constipation 15 (19.2) 1 (1.3) 3 (4.0) d
Hypothyroidism 13 (16.7) d d d

The date of data cut-off was 25 May 2020.
Multiple occurrences of the same adverse event in one patient were counted only once at the highest grade for the preferred term. The adverse events were graded according to
the National Cancer Institute Common Terminology Criteria for Adverse Events, version 4.0.
a Ileus (1), lung infection (1), pneumonitis (2).
b Death (not otherwise specified).
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DLL3 IS A DOMINANT INHIBITOR OF NOTCH SIGNALINGDLL3 is a dominant inhibitor of Notch signaling

• Normally expressed during development in the Golgi

• Interacts with and inhibits Notch1 in cis

• Aberrantly (surface) expressed in SCLC and other NE tumors

Kume et al., J Angiogen Res 2009
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TARLATAMAB: bispecific T cell engager (BiTE) 
targeting DDL3 and CD3

Content of this presentation is copyright and responsibility of the author. Permission is required for re-use.

Tarlatamab (AMG-757)

• Bispecific T-cell Engager (BiTE) targeting DLL3 and CD3

Stephen V. Liu, MD 

Owonikoko, ASCO 2021

Owonikoko et al ASCO 2021

• Single arm Phase I study: RR 20%, mTTR 1.8m, mDOR 8.7m, n=66 
• TRAEs leading to discontinuation in only 5% 
• CRS in 44% (2% G3) 



Owonikoko TK et al, ASCO 2021
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• Progressed or recurrence after ≥1 
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AMG 757: EXEPTIONAL RESPONSE IN ADV-SCLCAMG 757: exceptional response in advanced SCLC

2 cycles DLL3-BiTEPre-treatment

PR > 12 months

M E M O R I A L  S L O A N  K E T T E R I N G
Rudin ESMO 2021



• SCLC is an aggressive disease with limited treatment options beyond first-line 
chemo-immune therapy and no approved third-line therapy1,2

• Delta-like ligand 3 (DLL3) is a Notch ligand that is upregulated and aberrantly 
expressed on the cell surface in most SCLC, making it a compelling therapeutic 
target3,4

• Tarlatamab (formerly AMG 757) is a DLL3-targeting HLE BiTE® designed to bind 
DLL3 on target cancer cells and CD3 on T cells, forming a cytolytic synapse and 
resulting in T cell activation & expansion and T cell-dependent killing of tumor cells 
(Figure 1)5

• Interim results of an ongoing first-in-human study of tarlatamab in patients with 
relapsed/refractory SCLC (NCT03319940) show promising and durable efficacy with 
an acceptable safety profile6,7

• These findings support further study of tarlatamab in SCLC
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• Phase 1 FIH (NCT03319940) data shows tarlatamab has an overall manageable and reversible AE profile 
and delivers promising and durable efficacy in relapsed/refractory SCLC

• Based on promising outcomes from the phase 1 study, a phase 2 study (NCT05060016) is being conducted 
to evaluate the efficacy, safety, tolerability, and PK of tarlatamab in third line and later SCLC patients
– Two different doses of tarlatamab will be evaluated in Part 1 (Dose Characterization)
– In Part 2 (Dose Expansion) enrollment will continue at the selected target dose based on Part 1 results
– Enrollment is ongoing

Figure 1. Tarlatamab: A HLE BiTE® Therapy Targeting DLL3 KEY ELIGIBILITY CRITERIA
Adults with histologically or cytologically confirmed SCLC

DeLLphi-301 (NCT05060016) is a phase 2, open-label, registrational study 
in subjects with relapsed/refractory SCLC (Figure 2)

N~60
Screening / enrollment

Figure 2. Study Design - Phase 2 Study of Tarlatamab in 3L or Later SCLC (DeLLphi-301 Study)
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ECOG performance status ≤1

Progressed/recurred after two or more lines of prior treatment including 
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inhibitor, if standard of care, with certain exceptions per protocol)
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KEY TAKEAWAYS

OBJECTIVES AND ENDPOINTS
PART 1 ONLY
Primary Objective: To evaluate safety and efficacy (per RECIST 1.1 by 
investigator) of 2 dose levels of tarlatamab
ALL PARTS
Primary Objective: Evaluate anti-tumor activity of tarlatamab as determined
by ORR per RECIST 1.1 by BICR
Secondary Objectives: Evaluate anti-tumor activity of tarlatamab as 
determined by other measures per RECIST 1.1 (DOR, DCR, PFS, OS); 
safety and tolerability; pharmacokinetics; immunogenicity

BICR, blinded independent central review; CD, cluster of differentiation; DCR, disease control rate; DLL3, delta-like ligand 3; 
DOR, duration of response; ECOG, Eastern Cooperative Oncology Group; Fc, fragment crystallizable domain; FIH, first-in-human; 
HLE BiTE, half-life extended bispecific T cell engager; ORR, objective response rate; OS, overall survival; PK, pharmacokinetics; 
PFS, progression-free survival; RECIST 1.1, Response Evaluation Criteria in Solid Tumors version 1.1; SCLC, small cell lung cancer
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• SCLC is an aggressive disease with limited treatment options beyond first-line 
chemo-immune therapy and no approved third-line therapy1,2

• Delta-like ligand 3 (DLL3) is a Notch ligand that is upregulated and aberrantly 
expressed on the cell surface in most SCLC, making it a compelling therapeutic 
target3,4

• Tarlatamab (formerly AMG 757) is a DLL3-targeting HLE BiTE® designed to bind 
DLL3 on target cancer cells and CD3 on T cells, forming a cytolytic synapse and 
resulting in T cell activation & expansion and T cell-dependent killing of tumor cells 
(Figure 1)5

• Interim results of an ongoing first-in-human study of tarlatamab in patients with 
relapsed/refractory SCLC (NCT03319940) show promising and durable efficacy with 
an acceptable safety profile6,7
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• Phase 1 FIH (NCT03319940) data shows tarlatamab has an overall manageable and reversible AE profile 
and delivers promising and durable efficacy in relapsed/refractory SCLC
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– Enrollment is ongoing
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last dose of tarlatamab or 5 years from first 
subject enrolled, whichever occurs first.
§ An interim analysis of 30 subjects at each 
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Part 2 is to further evaluate tarlatamab at the 
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• SCLC is an aggressive disease with limited treatment options beyond first-line 
chemo-immune therapy and no approved third-line therapy1,2

• Delta-like ligand 3 (DLL3) is a Notch ligand that is upregulated and aberrantly 
expressed on the cell surface in most SCLC, making it a compelling therapeutic 
target3,4

• Tarlatamab (formerly AMG 757) is a DLL3-targeting HLE BiTE® designed to bind 
DLL3 on target cancer cells and CD3 on T cells, forming a cytolytic synapse and 
resulting in T cell activation & expansion and T cell-dependent killing of tumor cells 
(Figure 1)5

• Interim results of an ongoing first-in-human study of tarlatamab in patients with 
relapsed/refractory SCLC (NCT03319940) show promising and durable efficacy with 
an acceptable safety profile6,7

• These findings support further study of tarlatamab in SCLC
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Genomic Subtypes of SCLC
Surprisingly high prevalence of deleterious germline variants in DNA repair genes

• ~Universal loss of RB1 and TP53
• NOTCH family
• PTEN, PIK3CA
• CREBBP, EP300
• KMT2D
• MYC family amplification
• MUTYH germline

Tlemsani et al., Science Transl Med 2021
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 Germline Mutations in DNA Damage Repair Genes in Patients with Small Cell Lung Cancer

Background

Yu Feng1, Yutao Liu1, Mingming Yuan2, Guilan Dong3, Hongxia Zhang4, Tongmei Zhang5, Haohua Zhu1, Puyuan Xing1, Hongyu Wang1, Xingsheng Hu1*
1National Cancer Center/National Clinical Research Center for Cancer/Cancer Hospital, Chinese Academy of Medical Sciences & Peking Union Medical College, Beijing, China, 2Medical Center, Geneplus-Beijing Institution, Beijing, China, 3Medical Oncology, 

The People's Hospital of Tangshan city, Tangshan, China, 4Respiratory and Critical Care Medical University, Beijing Luhe Hospital, Capital Medical University, Beijing, China, 5Department of General Medicine, Beijing Chest Hospital, Capital Medical University & 
Beijing Tuberculosis and Tumor Research Institute, Beijing, China, 

• The pace of genetic research has dramatically accelerated
• Little is known about the pathogenic germline variants in DNA damage 

repair (DDR) genes in small cell lung cancer (SCLC)

Methods

• Peripheral blood samples were collected from patients with untreated 
histologically confirmed SCLC that included in the clinical trial of 
ChiCTR1900023956. 

• DNA was isolated from leukocytes and sequenced using a 1021-gene 
panel that included 40 DDR genes according to KEGG database. 

• Germline variants were interpreted following ACMG guideline, and 
pathogenic and likely pathogenic variants were included in the final 
analysis cohort. 

• Clinical and demographic information were collected through the 
medical records and patient interviews.

Results
• There were 29,723 germline variants found in FAS (n=36), and 1.7% (510/29723) 

were in the DDR associated pathways. 
•  A total of four patients (4/36, 11.1%) hold the pathogenic or likely pathogenic 

germline variants in genes involved in DDR pathways (Table). The patient with 
BRCA1 germline mutation was diagnosed with SCLC at the young age of 44. 

•  All patients were treated with first-line standard platinum-based chemotherapy. 
The 1-year progression-free survival (PFS) rate of all patients with germline 
variants was 100% (4/4), and 75% (3/4) patients had a more than 23 months' 
duration of remission time.

Conclusions

Age Sex Smoker Germline 
Mutation

Cancer in 
First-Degree 

Relatives

TMB 
(Muts/Mb)

Follow Up 
Time

(months)

PFS 
(months)

Efficacy of 
Platinum-based 
Chemotherapy

54 Female No MUTYH 
c.799C>T

None 7.68 17.4 12.6 Partial Response

59 Male Yes BLM 
c.2556-
1G>A

None 19.2 23.3 Not Reach Partial Response

56 Male Yes MUTYH 
c.820C>T

Lung 
cancer,lung 

Cancer,brain 
cancer

0.96 23.3 Not Reach Partial Response

44 Female No BRCA1 
c.3897_390
4delGTGC

AGTG

Cardiac 
cancer

13.44 23.3 Not Reach Partial Response

A small number of SCLC patients may have an inherited predisposition associated with the germline variants of MUTYH, 
BLM and BRCA1. All of them had a durable response to platinum-based chemotherapy.

All authors do not have any relevant financial relationships to disclose
First author: Yu Feng1

Corresponding author: Xingsheng Hu1*
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• A total of four patients (4/36, 11.1%) hold the pathogenic or likely
pathogenic germline variants in genes involved in DDR pathways 
(Table). The patient with BRCA1 germline mutation was diagnosed
with SCLC at the young age of 44.

•
• All patients were treated with first-line standard platinum-based

chemotherapy. The 1-year progression-free survival (PFS) rate of 
all patients with germline variants was 100% (4/4), and 75% (3/4) 
patients had a more than 23 months' duration of remission time. 
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• The pace of genetic research has dramatically accelerated
• Little is known about the pathogenic germline variants in DNA damage 

repair (DDR) genes in small cell lung cancer (SCLC)

Methods

• Peripheral blood samples were collected from patients with untreated 
histologically confirmed SCLC that included in the clinical trial of 
ChiCTR1900023956. 

• DNA was isolated from leukocytes and sequenced using a 1021-gene 
panel that included 40 DDR genes according to KEGG database. 

• Germline variants were interpreted following ACMG guideline, and 
pathogenic and likely pathogenic variants were included in the final 
analysis cohort. 

• Clinical and demographic information were collected through the 
medical records and patient interviews.

Results
• There were 29,723 germline variants found in FAS (n=36), and 1.7% (510/29723) 

were in the DDR associated pathways. 
•  A total of four patients (4/36, 11.1%) hold the pathogenic or likely pathogenic 

germline variants in genes involved in DDR pathways (Table). The patient with 
BRCA1 germline mutation was diagnosed with SCLC at the young age of 44. 

•  All patients were treated with first-line standard platinum-based chemotherapy. 
The 1-year progression-free survival (PFS) rate of all patients with germline 
variants was 100% (4/4), and 75% (3/4) patients had a more than 23 months' 
duration of remission time.

Conclusions

Age Sex Smoker Germline 
Mutation

Cancer in 
First-Degree 

Relatives

TMB 
(Muts/Mb)

Follow Up 
Time

(months)

PFS 
(months)

Efficacy of 
Platinum-based 
Chemotherapy

54 Female No MUTYH 
c.799C>T

None 7.68 17.4 12.6 Partial Response

59 Male Yes BLM 
c.2556-
1G>A

None 19.2 23.3 Not Reach Partial Response

56 Male Yes MUTYH 
c.820C>T

Lung 
cancer,lung 

Cancer,brain 
cancer

0.96 23.3 Not Reach Partial Response

44 Female No BRCA1 
c.3897_390
4delGTGC

AGTG

Cardiac 
cancer

13.44 23.3 Not Reach Partial Response

A small number of SCLC patients may have an inherited predisposition associated with the germline variants of MUTYH, 
BLM and BRCA1. All of them had a durable response to platinum-based chemotherapy.
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ABSTRACT

Introduction: Lung cancer (LC) remains a disease with
poor prognosis despite recent advances in treatments. Here,
we aimed at summarizing the current scientific evidence on
whether quitting smoking at or around diagnosis has a
beneficial effect on the survival of LC patients.

Methods: We searched MEDLINE and EMBASE for articles
published until 31st October, 2021, that quantified the
impact on LC patients’ survival of quitting smoking at or
around diagnosis or during treatment. Study-specific data
were pooled into summary relative risk (SRR) and corre-
sponding 95% confidence intervals (CI) using random effect
meta-analysis models.

Results: Twenty-one articles published between 1980 and
2021 were included, which encompassed a total of over
10,000 LC patients. There was substantial variability across
studies in terms of design, patients’ characteristics, treat-
ments received, criteria used to define smoking status
(quitters or continued), and duration of follow-up. Quitting
smoking at or around diagnosis was significantly associated
with improved overall survival (SRR0.71, 95%CI 0.64–0.80),
consistently amongpatientswith non-small cell LC (SRR0.77,
95% CI 0.66–0.90, n studies ¼ 8), small cell LC (SRR 0.75,
95%CI 0.57–0.99, n studies¼ 4), or LC of both or unspecified
histological type (SRR 0.81, 95%CI 0.68–0.96, n studies¼ 6).

Conclusions: Quitting smoking at or around diagnosis is
associatedwith abeneficial effect on the survivalofLCpatients.

Treating physicians should educate LC patients about the
benefits of quitting smoking even after diagnosis and provide
them with the necessary smoking cessation support.

! 2021 International Association for the Study of Lung
Cancer. Published by Elsevier Inc. All rights reserved.

Keywords: Lung cancer; Meta-analysis; Smoking cessation;
Survival; Systematic review

Introduction
Lung cancer (LC) is among the most common and

deadliest malignancies worldwide. According to Global
Cancer Incidence, Mortality, and Prevalence, LC ranks
second globally in terms of incidence, with over 2.2
million new cases estimated to have occurred in 2020,
and first in terms of mortality, with nearly 1.8 million
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(Table 3 and Fig. 4). Because the strength of the asso-
ciation did not practically differ among histologic sub-
types, we worked out an overall SRR and found that
smokers who quit smoking at or around LC diagnosis
have a 29% improvement in their OS compared with
those who continue smoking (SRR 0.71, 95% CI 0.64–
0.80) (Table 3). Of note, the association with improved
OS tend to be stronger when restricting the analysis to
studies in which the category of quitters only included
those patients with LC who had quit smoking strictly at
or after diagnosis (the only minor exception was the
study by Dobson Amato et al.,32 which extended the
timing of cessation to up to 30 days before LC diagnosis)
instead of also including those patients with LC who had
quit up to 12 months before diagnosis (Table 3). In
particular, the difference between the two subsets of
studies was nearly significant (SRR 0.65 vs. 0.82, p value

for difference 0.052) when pooling all studies regardless
of the LC subtype (Table 3).

The between-studies heterogeneity was moderate-to-
substantial for all SRR: the I2 was 59.5%, 50.7%, and
59.6% for studies including patients with NSCLC, SCLC,
and LC of both or unspecified subtypes, respectively, and
54.8% for the overall SRR calculated using all available
data. We did not find any significant factor explaining
between-study heterogeneity: the p value was 0.37 for
country (Asia vs. Europe vs. the United States), 0.71 for
publication year, and 0.10 for whether the estimates
were adjusted by age (for other factors there were not
enough studies to investigate their influence on OS es-
timates). In addition, there was no indication of publi-
cation bias (p ¼ 0.87). In the study by Saito-Nakaya
et al.,23 patients with LC who smoked had a worse
prognosis compared with never-smokers; but, consis-
tently with the other articles, the OS was longer among
those who quit smoking 1 to 12 months before diagnosis
(HR 2.9, 95% CI 1.4–6.3) than among those who
continued smoking (HR 6.4, 95% CI 1.7–23.9).

Quitting smoking at or around diagnosis seemed to
be beneficial for the prognosis of patients with LC even
when evaluating survival types other than OS
(Supplementary Table 1). In particular, when compared
with continued smokers (taken as reference), quitters
were reported to experience a significantly longer PFS in
the study by Sheikh et al.36 (HR 0.70, 95% CI 0.56–0.89)
and a nearly significantly longer disease-free survival in
the study by Sardari Nia et al.24 (HR 0.54, 95% CI 0.30–
1.00), which included patients with NSCLC; and signifi-
cantly longer disease-free survival in the two studies by
Chen et al.26 (HR 0.59, 95% CI 0.34–0.98) and Videtic
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Figure 2. Forest plot for the association between quitting
smoking at or around diagnosis and overall survival of pa-
tients with NSCLC. CI, confidence intervals; RR, relative risk;
SCC, squamous cell carcinoma.
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Figure 3. Forest plot for the association between quitting
smoking at or around diagnosis and overall survival of pa-
tients with SCLC. CI, confidence intervals; RR, relative risk.
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Figure 4. Forest plot for the association between quitting
smoking at or around diagnosis and overall survival of pa-
tients with LC (both subtypes or subtype not specified). CI,
confidence intervals; RR, relative risk.
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CONCLUSIONS

• SCLC is a very aggressive disease with limited improvement in 
prognosis so far
• SCLC can be divided in subgroups based on expression of differential

expression of transcriptional regulators
• These subtype may have a therapeutic implications (adoption in 

clinical trials?)
• Plasticity and heterogeneity play an important role in SCLC (role for 

liquid biopsy?)
• Combinations and new immunotherapeutic agents and Use of 

immunotherapy in limited disease are under investigation
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