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Editorial

Targeting the seeds of small cell lung cancer
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Abstract: The concept of antibody drug conjugates (ADCs), which includes the delivery of cytotoxic drugs to 
antigen-expressing tumor cells by harnessing the antigen-selectivity of a monoclonal antibody, has the potential 
to redefine the landscape of translational medicine. With the advent of patient derived xenograft (PDX) models 
and sophisticated genomic technologies, the identification of a selective antigen can be accurately validated 
within the appropriate tumor milieu. However, a major biological hurdle in cancer translational medicine is the 
inherent tumoral heterogeneity, underscoring the importance of targeting the ‘right’ sub-population of cancer 
cells. Herein, we review a seminal work highlighting the ability to target a key ‘stem-like’ cancer sub-population 
called tumor initiating cells (TICs) using engineered ADCs. While the promise of this approach needs to be 
validated in the clinical setting, TIC-targeted ADCs offer great hope for circumventing current limitations with 
conventional ADC therapy.
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The past decade has ushered the new discipline of 
“Translational Medicine” across academic medical 
research, the pharmaceutical industry and the regulatory 
agencies. The term, “translational medicine” per-se often 
needs “translation” in respect to what it means along the 
numerous practices that ultimately transform science into 
effective and safe drugs. The greatest of challenges in 
translational medicine has been encountered in oncology, 
where imprecise pre-clinical models and hurdles such as 
tumoral heterogeneity have impeded progress in advancing 
targeted therapies into clinical trials (1). In recent years, 
the advent of patient derived xenograft (PDX) models 
combined with sophisticated genomic technologies (i.e., 
next-generation sequencing) have ushered a new era 
where cancer targets are identified within the appropriate 
biological framework and validated using patient derived 
and clinically relevant cancer models.

The report by Saunders and colleagues featured in Science 
Translational Medicine is well embedded in this path (2).  
Utilizing transcriptomic profiles in small cell and large cell 
neuroendocrine carcinoma (LCNEC) PDX and patient 
samples, the authors identified significant overexpression 
(>100-fold) of the Notch ligand Delta like 3 (DLL3) 
compared to normal tissues of lung and other vital organs. 
While DLL3 shares significant homology with other 
Notch family ligands, its reported localization to the Golgi 
apparatus suggests it does not participate in Notch pathway 
activation (3). Importantly, the authors developed a DLL3 
specific monoclonal antibody and showed that in the context 
of neuroendocrine lung cancers, at least some DLL3 does 
localize to the cell surface. The presence of cell surface 
DLL3, coupled with its specific overexpression in cancer 
cells, suggests that it may serve as a bona fide target for an 
antibody drug conjugate (ADC). 
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ADCs as a therapeutic platform

ADCs are a powerful means of specifically delivering 
cytotoxins to cancer cells via targets expressed at the cell 
surface (4). Like a Trojan horse, internalization of the ADC 
leads to release of the cytotoxic molecule and rapid cancer 
cell death. Important criteria for the clinical efficacy of 
ADC based therapies are both the absolute level of cell 
surface expression of the target and its relative expression 
compared to normal tissues. Underscoring this, while 
many ADCs have entered clinical phase trials, only two 
are currently FDA approved, Trastuzumab emtansine 
(targeting HER2; Genentech) (5) and Brentuximab vedotin 
(targeting CD30; Millenium/Takeda) (6). It is important 
to note that in both cases, the targets (CD30 and HER2) 
are highly overexpressed at the cell surface of cancer cells. 
In the case of HER2, 100–200 fold above what is seen in 
normal tissues (7). The high level of DLL3 overexpression 
seen in neuroendocrine-derived lung cancers compared 
to normal tissues (100 times) is certainly within this range 
and suggests great promise for DLL3 as an ADC target. 
Indeed, DLL3 expression is found in most small cell tumor 
cells and correlated with high levels of ADC efficacy in 
debulking DLL3 positive PDX models. Of note, previous 
studies have not reported cell surface expression of DLL3, 
therefore major questions remain as to whether the cell 
surface expression pattern is unique to neuroendocrine 
cancers of the lung or is seen in other normal cells at 
low levels. As DLL3 is also expressed in the cytoplasm, 
localization at the membrane is difficult to appreciate by 
immunohistochemical techniques. Thus, a more detailed 
analysis of normal tissue expression by flow cytometry 
would be helpful in this regard. Cleary, the lack of activity 
of a naked DLL3 neutralizing antibody on DLL3 positive 
lung cancer PDX models indicates that DLL3 cell surface 
expression is not a cancer driver in these tumors. Further, 
the observed tolerability of the DLL3 ADC in preclinical 
rat and cynomolgus monkey models certainly mitigates 
this possibility and provides further evidence that a safe 
therapeutic window may be achieved in patients. Thus, this 
paper presents compelling evidence that an ADC targeting 
of DLL3 positive tumors should be explored in the clinical 
setting. 

Targeting the tumor initiating cancer cell

The heterogeneous nature of mutations and gene expression 
programs in tumors makes them difficult to target in many 

respect. Thus, it is no surprise that homogenous target 
expression has been generally an important criterion for 
advancing ADC targets through the pre-clinical pipeline. 
With regards to the majority of ADC targets, which are 
not true cancer drivers, this may be difficult to achieve as 
there is no positive selection for their expression within the 
tumoral milieu. In general, the importance of consistent 
target expression has correlated well to ADC activity in a 
number of cases (8). Nevertheless, in certain cases, ADCs 
have also demonstrated efficacy even in tumors with variable 
expression (8). Two plausible scenarios may explain this 
benefit. (I) A bystander effect kills the non-target expressing 
cancer cells when free drug is released upon cancer cell 
death and (II) The target expressing cells are intrinsically 
more important for maintaining the tumorigenic properties 
of the cancer.

Indeed, the observed intratumoral heterogeneity in 
many cancer types has led to intense investigation as to 
whether sub-populations of cells within the tumor are 
more tumorigenic than others (9). A number of groups 
have shown that infrequently found stem-like cells within 
the tumor are more efficient at forming tumors and are 
recalcitrant to standard of care (SOC) chemotherapeutics. 
Thus, it has been postulated that if one can specifically 
target these tumor-initiating cancer cells (TICs), greater 
therapeutic efficacy will be achieved, particularly in 2nd 
or 3rd line chemotherapy relapsed patients. Indeed, the 
authors showed that targeting DLL3 positive tumor cells 
significantly reduces the frequency of TICs compared 
to vehicle or SOC chemotherapy. Consistent with these 
findings, Saunders and colleagues found that dosing of 
DLL3 ADC in innate or acquired chemoresistant PDX 
models, leads to durable responses in vivo.

Recent studies appearing in the last year in Science 
Translational Medicine and Nature have suggested similar 
effects of treating the stem cell compartment in colorectal 
cancer. These studies emanating from Genentech Inc. 
showed that Wnt pathway addicted colorectal cancers can be 
efficiently targeted using either a LGR5 targeted ADCs or 
a RSPO3 neutralizing naked antibody (10,11). Cumulatively, 
these studies are consistent with an intriguing yet 
controversial theory termed the cancer stem cell hypothesis 
that suggests TICs as the main drivers and therapeutic targets 
of relapsed disease (Figure 1). Consistent with a potential 
stem like function of these TICs, de Sauvage and colleagues 
found that Wnt pathway inhibition leads to durable 
response associated with a differentiation phenotype (11).  
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Moreover, evidence was presented to suggest that these 
effects are due to specific killing of a TIC compartment that 
is marked by intestinal stem cell genes. While, Saunders and 
colleagues did not examine differentiation as an endpoint 
per se, the association between DLL3 and the lineage 
transcription factor ASCL1 and the previous association 
between Notch signaling and neuroendocrine lineage 
commitment would make the DLL3 targeted agents acting 
as a differentiation therapy an intriguing possibility.

Translating preclinical success to the clinic

A dearth of targeted therapies highlights an unmet medical 
need for colorectal cancer and small cell lung cancer 

patients. This underscores the importance of efficiently 
translating these recent pre-clinical successes of TIC 
targeted ADCs into the clinic. Major hurdles that have 
hindered a number of ADC programs in this regard 
include safety/tolerability issues, limited depth of pre-
clinical modeling, and differences in pharmacodynamics/
pharmacokinetic (PK/PD) scaling between rodent models 
to human. While we await clinical data on LGR5 and 
RSPO3 targeted therapeutics, preliminary data presented 
at ASCO in June 2016 showed early promise for the DLL3 
targeted ADC (12). Indeed, a Phase I clinical trial of the 
DLL3 targeted ADC (rovalpituzumab tesirine) showed 
measurable response in small cell lung cancer patients. 
Patients with the highest level of DLL3 showed significant 
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Figure 1 Cartoon depicting TIC targeting antibody therapies in different malignancies. (A) According to the cancer stem cell hypothesis, 
standard of care (SOC) chemotherapies debulk the tumor. A small population of ‘stem like’ cells (TICs) repopulates the tumor leading to 
patient relapse; (B) DLL3 targeted ADC may lead to patient response through either debulking of the tumor mass (1st line therapy) or more 
specific targeting of TICs in relapsed patients. The level and percentage of TICs that express DLL3 are yet to be determined.
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tumor shrinkage. However, these results were tempered by 
an increase in median overall survival (5.8 months in the 
rovalpituzumab tesirine treated group). While promising, 
the modest increase in overall survival raises question as 
to the durability of the response and whether this ADC 
is targeting TICs. Thus, further studies in larger patient 
cohorts will be necessary to determine the clinical benefit of 
targeting DLL3 in neuroendocrine tumors and whether this 
benefit is derived from inhibiting TIC activity and tumor 
regrowth.

In summary, ADCs targeting the TIC compartment 
of tumors is an exciting concept, combining time-tested 
chemotherapeutics with precision medicine approaches. 
The reports in STM by Saunders and Junttila et al. are 
important studies that lay the conceptual foundation for 
targeting TICs in cancer. The next few years surely will 
present critical data that will enhance our understanding 
of ADC activity in targeting these distinct cancer sub-
populations in the clinical setting.
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