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Abstract

Small cell lung cancer (SCLC) comprises about 15% of all cases of lung cancer. In recent years, owing to a change in the
epidemiology of smoking habits, the incidence of the tumor has decreased; however, it remains a significant challenge to
global health. While the tumor has a favorable initial response to chemoradiation, relapse is invariable, and second-line
regimens may be intolerable given the severity of side effects. For patients with tumors resistant to second-line regimens, no
current standard regimens exist. Rovalpituzumab tesirine is a novel antibody—drug conjugate, targeting delta-like protein 3,
fundamental in the downstream cellular signaling for proliferation and apoptosis. This drug is reported to have shown promise
in pre-clinical and phase I trials. It appears effective in decreasing tumor burden and is reported to be well tolerated, albeit
with a significant adverse effect profile. Currently, it is being studied as part of initial and subsequent line chemotherapeutic
regimens; it remains to be seen if this is a viable option in the treatment of SCLC. This may add to the agents that can be

used against SCLC, and help improve outcomes.

Rovalpituzumab tesirine is a novel antibody—drug con-
jugate that targets the delta-like 3 (DLL3) protein, a sur-
face protein on neoplastic cells, and delivers a cytotoxic
payload upon ingestion.

Pre-clinical and clinical experience has shown some
clinical efficacy in reducing disease burden, especially in
patients who have experienced multiple relapses.

While reported as having a manageable side effect
profile, the agent has shown significant adverse events
in both phase I and phase II studies, and appears to have
limited tolerability.

The agent is a step forward in the development of novel
therapies, and ongoing clinical trial data will be instru-
mental in determining how this agent affects clinical
practice.
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1 Introduction

Small cell lung cancer (SCLC) comprises about 15% of
all cases of lung cancer in the United States. Although
the incidence of this disease has decreased lately, it still
remains a significant challenge to practicing oncologists
[1]. SCLC is characterized by rapid growth and early dis-
semination and is frequently metastatic at diagnosis. Plat-
inum-based combination chemotherapy remains the back-
bone of treatment. Various regimens that can be utilized
include carboplatin-etoposide, cisplatin-etoposide, carbo-
platin-irinotecan and cisplatin-irinotecan [2]. The response
rate with these platinum doublets is more than 60% in
the first-line setting [3]. Although the tumor is highly
responsive to chemotherapy and radiotherapy initially, it
almost invariably relapses within a year. Treatment is often
challenging at relapse, especially in those with relapses
within 6 months. For this subset of patients, oral topote-
can is favored, with improved survival and quality of life.
This finding was demonstrated in a phase III trial where
oral topotecan was compared with best supportive care
[4]. However, the overall response rate was very low (7%
but 44% with stable disease) and median survival was
26 weeks [4]. Other systemic treatment options include iri-
notecan, paclitaxel, docetaxel, temozolomide, vinorelbine,
oral etoposide, gemcitabine, bendamustine and nivolumab
with or without ipilimumab [5]. However, response rates
with these agents are not exciting and they do come with a
toxicity profile that is prohibitive in patients with declining
performance status owing to disease progression. There is
therefore an unmet need for additional therapeutic options
in patients with SCLC resistant to second-line regimens
[6]. In recent years, there has been a significant amount of
interest in the development of newer, more efficient drugs
with fewer systemic side effects. Antibody—drug conju-
gates (ADCs) are one such class; they employ an antibody
directed towards a specific cancer cell antigen, delivering
the cytotoxic compound to neoplastic cells while relatively
sparing healthier non-cancerous cells. Rovalpituzumab is
a novel ADC with activity against SCLC.

2 Pathophysiology and Pharmacology

Rovalpituzumab tesirine is a novel ADC that targets delta-
like 3 (DLL3), an inhibitory ligand of the Notch signal-
ing pathway. The Notch signaling pathway in mamma-
lian cells is fundamental for differentiation, proliferation
and apoptotic cellular programs [7]. Notch activation has
been implicated in the oncogenic pathogenesis of mul-
tiple malignancies such as T-cell lymphoma; chronic
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lymphocytic leukemia; breast cancer; osteogenic sarcoma;
cervical; head and neck; endometrial; renal; lung; pancre-
atic, gastrointestinal and hepatocellular cancer; and medul-
loblastoma [8]. However, it appears that Notch can also
behave as a tumor suppressor in neuroendocrine cells and
some other cell lines [9]. DLL3 inhibits the Notch path-
way, and in healthy cells, is localized to intracellular mem-
branes. DLL3 is expressed on the surface of neoplastic
neuroendocrine cells in contrast to healthy cells, including
80% of SCLC. Activation of the ligand results in rapid
internalization and attachment to the NOTCHI1 protein,
signaling the deactivation of the pathway [10].

Rovalpituzumab exploits the DLL3 ligand by binding to
and delivering a cytotoxic payload (tesirine) to cells express-
ing the receptor. It comprises a humanized monoclonal anti-
body against DLL3 linked to a pyrrolobenzodiazepine dimer
toxin referred to as D6.5 (similar to an anthracycline) via
a dipeptide linker. Upon internalization, the D6.5 moiety
is released and causes DNA damage, which is inhibitory
to the proliferation of tumor cells overexpressing the target
receptor.

3 Pharmacokinetics and Metabolism

Rovalpituzumab has a drug-to-antibody ratio of 2. It shows
roughly linear pharmacokinetics, with dose-proportional
increases in exposure and a half-life of around 10-14 days.
Steady-state concentrations were achieved in three to four
cycles for 3-weekly administration and two to three cycles
for 6-weekly administration [12]. The pharmacokinetics of
total antibody (conjugated, partly deconjugated, and fully
deconjugated ADC) and ADC were correlated (Pearson
correlation coefficient 0.94), with full antibody exposures
roughly 5-25% higher than those associated with ADCs
across cohorts with no dose dependence. Circulating
amounts of the DNA cross-linking agent SC-DR002 were
not measurable (only seven of 427 samples from 26 patients
had levels above the lower limit of detection of 40 pg/mL).
No anti-therapeutic antibodies against rovalpituzumab
tesirine were detected.

4 Pre-clinical and Clinical Experience

As previously stated, DLL3 expression occurs on the cel-
lular surface in SCLC and large cell neuroendocrine tumors
(LNECs) but not healthy tissue. Rovalpituzumab was shown
in preclinical trials to be active in patient-derived xenograft
tumors with DLL3 expression. Models were found to rap-
idly debulk, attributed to the expression of DLL3 and the
cytotoxic activity of the internalized molecule. The response
was sustained, possibly due to the active targeting of tumor
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initiator cells. It should also be noted that rovalpituzumab
was effective in tumor cells in vitro that were otherwise
refractory to carboplatin plus etoposide, indicating that there
may be a role for rovalpituzumab in patients with refractory
disease [11].

This finding was the basis for conducting a first-in-human
trial, enlisting 74 patients with recurrent SCLC to determine
dosing for phase II clinical studies. Each patient had previ-
ously been treated with either one or two chemotherapeutic
regimens, including a platinum-based agent. Nine patients
were excluded, for multiple reasons, and 65 were available
for analysis owing to multiple reasons. Twenty-nine individ-
uals had a high rate of DLL3 expression, defined as >50%
of tumor burden with immunohistochemically confirmed
surface expression. Median survival in patients treated with
rovalpituzumab was 4.6 months and 2.7 months in patients
without DLL3 expression, as compared to 5.8 months in
patients with DLL3 expression. Of 29 assessable patients
who were defined as DLL3-high, ten (35%) had a con-
firmed objective response, and 26 (90%) achieved disease
control. Of ten assessable patients with low DLL3 expres-
sion, none had an objective response and six (60%) achieved
disease control. One-year survival was reported at 18%, with
patients expressing DLL3 doing better at 32%, while none of
the DLL3- low patients survived at the 1-year mark.

In a separate analysis, groups were stratified according
to chemotherapy-sensitive status. One-year overall survival
was 21% in patients with resistant/refractory disease, 29% in
the DLL3-high patients, and 0% in the DLL3-low patients.
One-year overall survival was 17% in patients with chemo-
therapy-sensitive disease, 33% in DLL3-high patients, and
23% in DLL3-low patients [12].

Based on the findings of this trial, it appears that rov-
alpituzumab may be useful in producing and sustaining
response in SCLC that has failed to respond to traditional
chemotherapeutic regimens. However, the effects are mod-
est at best in tumor response and lesser still in disease-free
survival [13]. It is also important to note that although tumor
shrinkage was favorable in the subjects involved in the study,
the trial itself was not designed to prove efficacy.

The results obtained through preclinical trials and those
reported by Rudin et al. [12] sparked significant interest to
justify multiple clinical trials to study the effects of roval-
pituzumab. One such trial is the TRINITY trial, an open-
label, single-arm, phase II study evaluating the efficacy,
safety and pharmacokinetics of this agent as third-line ther-
apy in SCLC patients.

The preliminary results of this trial add to the litera-
ture on rovalpituzumab tesirine. The results are somewhat
encouraging regarding the efficacy of the agent in a popula-
tion of patients for whom no other therapy currently exists.
The principal participants of the study were patients who
have failed at least two lines of chemotherapy and included

some who had failed more than five. For these patients, no
recommended therapeutic option exists, and this trial aimed
to investigate the efficacy of this agent in producing clinical
and radiographic response to therapy. In patients with high
DLL3 expression, the investigator-assessed response was
around 29% for a median duration of 4.1 months. However,
independent reviewer-assessed response was much lower
at only 16%. Care must be taken while interpreting these
interim results, and more data are required before definitive
appraisal can be made.

5 Safety Profile

In the dose-finding study [12] referred to earlier, rovalpitu-
zumab was described to be well tolerated at doses sufficient
to produce encouraging antitumor activity. However, several
significant toxicities have been reported in the same, and
careful consideration of these is required to guide objec-
tive appraisal. Grade 4 thrombocytopenia, defined as a life-
threatening decrease in platelet count (less than 25000/mm?)
indicating the need for urgent reversal was a significant dose-
limiting adverse reaction. Hepatotoxicity was also noted to
be a significant dose-limiting reaction. Both occurred at
dosages of 0.8 mg/kg every week [12]. A serious compli-
cation in the form of a capillary leak syndrome was also
encountered, which led to the development of multiple sero-
sal effusions, cardiac tampnade, pulmonary edema, hypoal-
buminemia and hemoconcentration, and presented itself as a
potentially life-threatening therapeutic challenge. The phase
I trial also documents the development of severe acute renal
dysfunction in about 1% of the patients and resultant death
of one participant

In addition, photosensitive eruptions and other skin
reactions were also noted. Less severe but frequently noted
adverse effects encountered included anemia, arthralgias,
dyspnea, erythema, fatigue, maculopapular rashes, nau-
sea, pancytopenia, pleural effusions, and peripheral edema,
among others.

This trend was also observed in the preliminary results
of the phase II TRINITY trial, where a large proportion of
participants experienced at least one adverse event.

The most commonly reported events were fatigue and
photosensitivity, occurring in more than 30% of patients;
pleural effusions and peripheral edema occurred in about
one-fourth of the patient population. Severe events in the
form of grade 3/4 events were not as frequent; however, they
did occur in a concerning number of patients, with throm-
bocytopenia in 15%, photosensitivity in 7% and pleural
effusions in 7%. Data regarding dose limitation and mor-
tality remain to be published; however, the significant side
effect profile at this early stage remains a concern for many
clinicians.
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6 Dosage and Administration

The maximum tolerated dosage of rovalpituzumab tesirine
was 0.4 mg/kg every 3 weeks, and the recommended phase
2 dose and schedule were 0.3 mg/kg every 2 weeks [12]. In
the expansion cohorts of the study, 60 assessable patients
were treated at active dose levels (0.2-0.4 mg/kg every 3 or
6 weeks) producing significant antitumor effects. Dosage
information from the phase II study is awaited.

7 Summary and Future Directions

Multiple experimental drugs are currently being investigated
in the management of SCLC [14]. Rovalpituzumab appears
to be a new tool. Presently, it is being studied as a first-line
treatment for extensive-stage SCLC with DLL3 expression
[14]. It is also being studied as a subsequent treatment for
disease that has failed to respond to platinum-based chemo-
therapy, where its efficacy will be compared to topotecan,
an established subsequent chemotherapeutic agent, in the
TAHOE trial [15].

While this agent’s performance as a third-line treatment
in SCLC with DLL3 expression [16] remains lackluster, it is
premature to predict how this ADC will affect clinical prac-
tice. However, it appears that we may be on the threshold
to efficiently develop effective treatment options for a very
grim malignancy.

Compliance with Ethical Standards

Conflict of interest Bilal H. Lashari has no conflict of interest. Yazhini
Vallatharasu has no conflict of interest. Lakshmi Kolandra has no con-
flict of interest. Mohsin Hamid has no conflict of interest. Dipesh Up-
rety has no conflict of interest.

Funding No funding, institutional, personal or commercial, was
received by the authors regarding the preparation of this article.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution-NonCommercial 4.0 International License
(http://creativecommons.org/licenses/by-nc/4.0/), which permits any
noncommercial use, distribution, and reproduction in any medium,
provided you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license, and indicate
if changes were made.

References

1. Govindan R, Page N, Morgensztern D, et al. Changing epide-
miology of small-cell lung cancer in the United States over the

A\ Adis

10.

11.

12.

13.

14.

16.

last 30 years: analysis of the surveillance, epidemiologic, and end
results database. J Clin Oncol. 2006;24:4539-44.

Kalemkerian GP, Akerley W, Bogner P, et al. Small cell lung
cancer. J Natl Compr Cancer Netw. 2013;11:78-98.

Rossi A, Di Maio M, Chiodini P, Rudd RM, Okamoto H, Skar-
los DV, Fruh M, et al. Carboplatin- or cisplatin-based chemo-
therapy in first-line treatment of small-cell lung cancer: the
COCIS meta-analysis of individual patients data. J Clin Oncol.
2012;30(14):1692-8.

O’Brien ME, Ciuleanu TE, Tsekov H, Shparyk Y, Cucevia B,
Juhasz G, Thatcher N, Ross GA, Dane GC, Crofts T. Phase III
trial comparing supportive care along with supportive care with
oral topotecan in patients with replased small-cell lung cancer. J
Clin Oncol. 2006;24(34):5441-7.

Kalemkerian GP, Loo BW Jr, Akerley W, et al. NCCN clinical
practice guidelines in oncology: small cell lung cancer. Version
2.2018. https://www.nccn.org/professionals/physician_gls/pdf/
scle.pdf. Assessed 12 May 2018.

de Jong WK, ten Hacken NHT, Groen HIM. Third-line chemo-
therapy for small cell lung cancer. Lung Cancer. 2006;52:339-42.
Artavanis-Tsakonas S, Rand MD, Lake RJ. Notch signaling:
cell fate control and signal integration in development. Science.
1999;284:770-6.

Espinoza I, Miele L. Notch inhibitors for cancer treatment. Phar-
macol Ther. 2013;139:95-110.

Kunnimalaiyaan M, Chen H. Tumor suppressor role of Notch-1
signaling in neuroendocrine tumors. Oncologist. 2007;12:535-42.
Deng S, Yan X, Liang L, et al. The Notch ligand delta-like 3 pro-
motes tumor growth and inhibits Notch signaling in lung cancer
cells in mice. Biochem Biophys Res Commun. 2017;483:488-94.
Saunders LR, Bankovich AJ, Anderson WC, et al. A DLL3-tar-
geted antibody—drug conjugate eradicates high-grade pulmonary
neuroendocrine tumor-initiating cells in vivo. Sci Transl Med.
2015;7:302ral36.

Rudin CM, Pietanza MC, Bauer TM, et al. Rovalpituzumab
tesirine, a DLL3-targeted antibody—drug conjugate, in recurrent
small-cell lung cancer: a first-in-human, first-in-class, open-label,
phase 1 study. Lancet Oncol. 2017;18:42-51.

Rossi A. Rovalpituzumab tesirine and DLL3: a new challenge for
small-cell lung cancer. Lancet Oncol. 2017;18:3-5.
ClinicalTrials.gov: a study of rovalpituzumab tesirine
(SC16LD6.5) in the frontline treatment of patients with delta-
like protein 3-expressing extensive stage small cell lung cancer.
https://clinicaltrials.gov/ct2/show/NCT02819999?term=NCT02
819999&rank=1. Assessed 12 May 2018.

. ClinicalTrials.gov: study comparing rovalpituzumab tesirine ver-

sus topotecan in subjects with advanced or metastatic small cell
lung cancer with high levels of delta-like protein 3 (DDL3) and
who have first disease progression during or following front-line
platinum-based chemotherapy (TAHOE). https://clinicaltrials.
gov/ct2/show/NCT03061812?term=NCT03061812&rank=1.
Assessed 2 Apr 2018.

ClinicalTrials.gov: study of rovalpituzumab tesirine (SC16LD6.5)
for third-line and later treatment of subjects with relapsed or
refractory delta-like protein 3-expressing small cell lung cancer
(TRINITY). https://clinicaltrials.gov/ct2/show/NCT0267456
82term=NCT02674568&rank=1. Assessed 21 Feb 2018.


https://www.nccn.org/professionals/physician_gls/pdf/sclc.pdf
https://www.nccn.org/professionals/physician_gls/pdf/sclc.pdf
https://clinicaltrials.gov/ct2/show/NCT02819999?term=NCT02819999&rank=1
https://clinicaltrials.gov/ct2/show/NCT02819999?term=NCT02819999&rank=1
https://clinicaltrials.gov/ct2/show/NCT03061812?term=NCT03061812&rank=1
https://clinicaltrials.gov/ct2/show/NCT03061812?term=NCT03061812&rank=1
https://clinicaltrials.gov/ct2/show/NCT02674568?term=NCT02674568&rank=1
https://clinicaltrials.gov/ct2/show/NCT02674568?term=NCT02674568&rank=1

	Rovalpituzumab Tesirine: A Novel DLL3-Targeting Antibody–Drug Conjugate
	Abstract
	1 Introduction
	2 Pathophysiology and Pharmacology
	3 Pharmacokinetics and Metabolism
	4 Pre-clinical and Clinical Experience
	5 Safety Profile
	6 Dosage and Administration
	7 Summary and Future Directions
	References




