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In the past two decades, there has been a major effort 
to develop strategies harnessing the immune system to 
inhibit the growth of tumors. These efforts, including 
therapies targeting programmed cell death protein 1 and 
programmed death ligand 1 (PD-1/PD-L1), have led to 
substantial and often durable responses in many settings, 
including in subsets of non-small cell lung cancer (NSCLC) 
and small cell lung cancer (SCLC) patients (1). However, 
the overall decrease in mortality from these therapies 
remains limited, especially for SCLC, highlighting the need 
for new strategies. A recent Phase 1 study with Tarlatamab, 
a first-in-class delta-like ligand 3 (DLL3)-targeted bispecific 
T cell engager (2), provides some encouraging news for 
patients with SCLC.

SCLC is a fatal neuroendocrine cancer that accounts 
for ~15% of all lung cancer cases and causes over 200,000 
deaths worldwide annually (3). SCLC most often develops 
in the lungs of heavy smokers. From 2000 to 2015, the 
observed decrease in SCLC deaths in the US was a result 
only of decreased incidence (1). Unfortunately, the number 
of SCLC-related deaths continues to rise worldwide due 
to a continuous increase in the number of smokers. A 
major clinical challenge is that a large majority of patients 
with SCLC have disseminated disease at the time of first 
diagnosis; these patients have a 5-year survival of <1% 
[reviewed in (4)]. Even patients with localized disease 
at diagnosis have dismal survival rates. A second related 

challenge is that almost all patients treated with standard-
of-care chemotherapy and radiation therapy relapse rapidly 
after a good initial response. There is a current unmet need 
to understand the mechanisms of tumor development, cell 
behavior, and immune escape to eventually develop effective 
therapeutic approaches in SCLC, including immunotherapy 
approaches that could be combined with standard-of-care 
chemoradiation therapy. 

SCLC tumors have a high tumor mutation burden, and 
activation of T cells would be expected to result in strong 
anti-tumor effects in SCLC. However, immune checkpoint 
blockade yields a median increased survival of only a few 
months [reviewed in (5)]. A number of factors may explain 
these observations, including low expression of MHC class I 
on the surface of neuroendocrine SCLC cells, which limits 
the ability of cytotoxic T cells to attack SCLC cells (6). Thus, 
while immune checkpoint inhibitors have become standard 
for SCLC treatment in the clinic, their limited effectiveness 
underscores the need for new immunotherapies that more 
effectively harness immune cells in SCLC. In particular, 
T-cell-based therapies that do not require expression of 
major histocompatibility complex (MHC) class I on the 
surface of SCLC cancer cells, including chimeric antigen 
receptor (CAR) T cells, antibody-drug conjugates (ADCs), 
and bispecific T-cell engagers (BiTEs), may alleviate some of 
the issues with conventional immune checkpoint blockade.

A key challenge in the field is to identify molecules on 
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the surface of SCLC cells that could be chosen as targets for 
CAR T cells, ADCs, or BiTEs. DLL3 is an atypical ligand 
in the Notch signaling pathway involved in embryonic 
development, and it is normally exclusively expressed in 
the Golgi of cells, where it is thought to inhibit Notch 
signaling by interacting in cis with NOTCH receptors (7). 
Importantly, Saunders and colleagues showed that, unlike 
normal cells in the body, DLL3 is specifically present at the 
surface of SCLC cells (8). The DLL3 gene is a target of the 
ASCL1 transcription factor (9), and it is expressed in a large 
majority of SCLC cases [reviewed in (10)]. DLL3’s role in 
the biology of SCLC is still poorly characterized, but DLL3 
may contribute to Notch signaling (11) and to SCLC cell 
migration (12). Targeting DLL3-expressing SCLC cells 
using an ADC was shown to eradicate SCLC in pre-clinical 
models (8). Unfortunately, in the clinic, the Rovalpituzumab 
tesirine ADC (Rova-T) has been unsuccessful due to 
a combination of lack of efficacy and toxic side effects 
of the pyrrolobenzodiazepine (PDB) payload [(13) and 
references herein]. While it is likely that ADCs targeting 
DLL3 with other linkers or payloads would show some 
efficacy in the clinic with fewer side effects, a number of 
groups have turned to other approaches including BiTEs 
(14-16), such as the recent publication of a clinical Phase 

1 study with Tarlatamab (2). Tarlatamab (AMG 757) 
is a half-life extended BiTE bridging DLL3 on cancer 
cells and CD3 on T cells, thus enabling T-cell-mediated 
lysis of DLL3-expressing SCLC tumors (Figure 1A). In 
this safety and tolerability study, 107 heavily pretreated 
SCLC patients were given Tarlatamab intravenously in a 
dose escalation regimen (2). The most common adverse 
effects identified were transient cytokine release syndrome 
(in ~50% of patients), pyrexia (~40%), and constipation 
(~30%), which were all resolved with appropriate care. 
Grade 3 neutropenia was observed in ~10% of patients, 
which is likely an indirect effect of treatment since DLL3 
is not thought to be expressed by neutrophils. Thus, the 
tolerability for Tarlatamab seems acceptable in patients 
with SCLC, even in those patients who were heavily treated 
before the study. This study also shows some promising 
antitumor activity with an objective response rate of 
~20%, including 2 complete and 23 partial responses, an 
overall survival of 13.2 months, and a median progression-
free survival of 3.7 months. Overall, in this Phase 1 study, 
Tarlatamab compares favorably to Rova-T, and these 
clinical observations provide additional support for DLL3 
as a promising target in SCLC.

Data from this Phase 1 study raise a number of questions 

Figure 1 Antitumor activity of Tarlatamab in SCLC and possible mechanisms of resistance. (A) Tarlatamab is a BiTE whose half-life is 
extended by an Fc domain. Tarlatamab targets DLL3-positive SCLC cells. DLL3 is normally expressed in the Golgi but is present on the 
surface of SCLC cells, providing a specific target for this BiTE. (B) SCLC cells may become resistant to Tarlatamab if they stop expressing 
DLL3 on their surface (either because the molecule is completely retained inside cells or because expression levels decrease) (bottom left). 
A cell fate change towards less/non-neuroendocrine states with lower levels of the ASCL1 or NEUROD1 transcription factors may result 
in lower levels of DLL3 expression and resistance to Tarlatamab. These cell fate changes could be induced by prior treatment. SCLC, small 
cell lung cancer; BiTE, bispecific T-cell engager; DLL3, delta-like ligand 3. Figure created with BioRender.com.
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about the best path forward for Tarlatamab in the clinic 
and the best use of DLL3 as a target. As would be expected, 
an exploratory analysis from the current data suggests that 
higher DLL3 expression on the surface of SCLC cells 
correlates with increased clinical benefit (2). Because DLL3 
is a direct target of ASCL1 and is more highly expressed in 
SCLC cells with strong neuroendocrine features, selection 
of patients whose tumors fit these criteria (i.e., DLL3-
high, ASCL1-high, neuroendocrine-high) may help ensure 
better antitumor responses with Tarlatamab. The patients 
most likely to respond to treatment could be identified 
from biopsy samples and from circulating tumor cells 
(CTCs) [see for example (17)]. Fast and strong responses 
may be important in this type of approach because it is 
unclear whether DLL3 plays a critical role in the biology 
of SCLC, and its expression (or its specific expression on 
the cell surface) may not be required for the long-term 
growth of SCLC tumors. If this is the case, there may be 
rapid selection for DLL3-low cells, which may not respond 
as well to Tarlatamab [especially since DLL3 levels are 
already low on SCLC cells compared to other cell surface 
targets (18)] (Figure 1B). This also raises questions of 
how Tarlatamab can be used in combination with other 
therapies and whether this molecule is better suited as 
a first-line therapy or later in the treatment strategy. In 
particular, it is possible that trials conducted in heavily 
pretreated patients may underestimate the true therapeutic 
potential of Tarlatamab: indeed, increasing evidence 
indicates that SCLC tumors respond to chemotherapy 
by changing their overall differentiation state, including 
with a shift towards less neuroendocrine differentiation 
[e.g., a more mesenchymal state (19)] (Figure 1B). Because 
DLL3 expression tends to be lower in less neuroendocrine 
SCLC cells, this shift may be accompanied by a decrease 
in the number of DLL3 molecules at the cell surface and 
decreased efficacy of Tarlatamab. On the other hand, 
chemotherapy (or radiation therapy) may help generate 
an inflamed microenvironment that may recruit immune 
cells such as T cells and thus potentiate the efficacy of 
this BiTE. Similarly, DLL3 levels are very low in tumors 
classified as “SCLC-I”, an inflamed subtype of SCLC with 
low neuroendocrine differentiation but greater response 
to immune checkpoint inhibitors that activate cytotoxic 
T cells (20). Thus, it is unclear which subtype of SCLC 
tumors would respond best to a combination of Tarlatamab 
and immune checkpoint inhibitors such as anti-PD-L1 
therapies, as DLL3 expression seems to be highest when 
T cells are less present and/or less active in the tumor 

microenvironment. These questions may be resolved in 
future clinical trials with more patients and a biomarker 
analysis of their tumors before and after treatment.

The number of DLL3 molecules on the surface of 
SCLC cells is low [<10,000, see (18)], which is a limitation 
for any strategy targeting this molecule. One way to 
increase the efficacy of Tarlatamab would be to gain a 
better understanding of the mechanisms that lead to the 
expression of DLL3 on the surface of SCLC cells (while it is 
expressed only in the Golgi of normal cells). Improving the 
affinity of DLL3 binders may also help boost the efficacy of 
Tarlatamab. These strategies may be especially important in 
cases where SCLC cells lose their neuroendocrine features 
and display even fewer DLL3 molecules on their cell 
surface.

CAR T cells are being developed against DLL3 in 
parallel to the Tarlatamab BiTE. Recent pre-clinical 
studies [e.g., (21-23)] suggest good efficacy and safety. It is 
unclear whether anti-DLL3 CAR T cells will be a better 
therapeutic tool than BiTEs such as Tarlatamab in patients 
with SCLC. This question will need to be resolved with 
additional clinical trials.

Lastly, DLL3 is expressed on the surface of not just 
SCLC but also a large number of other neuroendocrine 
tumors, including neuroendocrine prostate cancer, 
large-cell  neuroendocrine carcinoma of the lung, 
gastroenteropancreatic neuroendocrine neoplasms, Merkel 
cell cancer (a neuroendocrine form of skin cancer), and 
neuroblastoma [see (24) and discussed in (25)]. Many of 
these neuroendocrine tumors also lack therapeutic options, 
and molecules such as Tarlatamab may thus be useful in the 
treatment of neuroendocrine tumors beyond SCLC.

In conclusion, this study opens the door to a promising 
anti-DLL3 BiTE therapy against SCLC and provides 
further support for DLL3 as a promising target in SCLC 
and other neuroendocrine tumors. As with other targeted 
therapies, it may be important to understand the biology 
of the target (including the mechanisms that control 
its presence on the cell surface and its biological role in 
SCLC cells) as well as the biology of the tumor (including 
intra- and inter-cellular heterogeneity as well as plasticity). 
Ultimately, it is likely that a subset of patients with SCLC 
will benefit from Tarlatamab, and the major goal of the next 
couple of years will be to identify these patients.
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