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ABSTRACT

Introduction: Small cell lung cancer (SCLC) is known for its high proliferative rate and poor prognosis. Although Delta-like
ligand 3 (DLL3) is specifically expressed on the surface of SCLC, the association of DLL3 with prognosis in SCLC remains un-
certain. Hence, we aimed to evaluate prognostic role of DLL3 in extensive stage of SCLC treated with first-line chemotherapy.
Materials and Methods: A total of 54 patients with extensive stage of SCLC (ES-SCLC) who were treated with first-line chemo-
therapy were included for our analysis. In addition, tissue specimen should be available for immuno-histochemical staining for
DLL3, and their clinico-pathologic data, including progression-free survival (PFS) and overall survival (OS), were obtained.
DLL3 expression and the percentage of tumor cells with DLL3 positive among total cancer cells were analyzed microscopically
and DLL3 high and DLL3 low were defined as the percentage of DLL3 positive tumor cells versus total cancer cells = 75% and
<75%, respectively.

Results: DLL3 expression was not associated with any of the clinico-pathological characteristics such as age at diagnosis, sex,
response to first-line chemotherapy, second-line chemotherapy (Yes or No), and number of metastatic sites. However, response to
first-line chemotherapy and number of metastatic sites were correlated to PFS, while DLL3 expression and number of metastatic
sites were correlated to OS.

Conclusion: DLL3 was highly expressed in SCLC, and not associated with any clinico-pathological characteristics. In survival
outcome, DLL3 was correlated with worse OS, which suggests the prognostic role of DLL3 in ES-SCLC.

1 | Introduction (ICIs) such as atezolizumab or durvalumab in combination with

platinum-based chemotherapy became the standard treatment
Small cell lung cancer (SCLC), accounting for 15% of all lung option due to survival benefit shown in large phase III random-
cancers, is known for its high proliferative rate and poor prog- ized clinical trials [2, 3]. ES-SCLC is well known for its initial
nosis [1]. For the first line treatment of extensive-stage small sensitivity to chemotherapy, but it rapidly acquires resistance to
cell lung cancer (ES-SCLC), immune checkpoint inhibitors the chemotherapy, eventually culminating in patient death [4].
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Although topotecan has been approved for relapsed SCLC based
on a phase III clinical trial in patients who progressed after
platinum doublet chemotherapy, the survival benefit was only
modest, resulting in a dismal prognosis of ES-SCLC patients [5].
Hence, there is clearly an unmet need for new therapeutic op-
tions for highly lethal malignancy.

On the surface of SCLC tumor cells, delta-like ligand 3 (DLL3)
is specifically expressed [6]. DLL3 expression promotes SCLC
migration and invasion through controlling the epithelial mes-
enchymal transition protein, SNAI1 [7]. Various therapeutic op-
tions targeting DLL3 have been investigated for the treatment of
relapsed ES-SCLC. Rovalpituzumab tesirine (Rova-T), a first-in-
class antibody-drug conjugate directed against DLL3, is a prom-
ising targeted therapeutic for individuals with SCLC [6, 8]. In a
phase I trial [9], Rova-T demonstrated a higher response rate in
patients with tumors with a higher level of DLL3 than those with
a lower level of DLL3 expression, indicating DLL3 expression
can be considered a potential biomarker for response or Rova-T.
Although Rova-T failed to demonstrate survival benefit com-
pared with topotecan in a phase III clinical trial [10], clinical
trials using other DLL-3 inhibitors are ongoing based on prom-
ising results in early phase clinical trials [11, 12]. Especially, tar-
latamab, a first-in-class DLL3-targeted bispecific T-cell engager
obtained FDA approval for pre-treated ES-SCLC based on the
efficacy shown previous clinical trial [11]. Therefore, targeting
DLL-3 is still considered a promising therapeutic approach in
the treatment of ES-SCLC. However, incidence of high DLL3
expression and its prognostic value in SCLC patients remains
to be discussed.

Hence, we herein investigate the value of DLL3 as a prognostic
factor in ES-SCLC patients.

2 | Materials and Methods
2.1 | Patients and Data Collection

For our analysis, we enrolled patients who were diagnosed
with ES-SCLC and treated with palliative chemotherapy at the
Department of Hemato-oncology, Wonju Severance Christian
Hospital, Yonsei University, from 2015 to 2018. We included
patients whose tumor samples were available for immunohis-
tochemical staining of DLL3. Patients’ information including
sex, age at diagnosis, biopsy site, metastatic site, first-line and
second-line chemotherapy regimen, response to first-line che-
motherapy, and survival data (status at the end of 2018, date of
death or date of last follow-up), were obtained through medi-
cal chart review. This study was approved by the institutional
review board of Wonju Severance Christian Hospital, Yonsei
University (IRB number: CR322117) and conducted in accor-
dance with the Declaration of Helsinki and Ethical Guidelines
for Medical Research Involving Human Subjects.

2.2 | Immuno-Histochemical Analysis

All tissue specimen were prepared for immunohistochemi-
cal staining in 4-um-thick formalin-fixed, paraffin-embedded

tissue sections mounted on glass slides. DLL3 staining was
performed via an anti-DLL3 mouse monoclonal antibody
(AbbVie-Stemcentrx, North Chicago, Illinois, USA). In this
study, DLL3 positive was defined as any cytoplasmic or mem-
branous staining at any intensity in tumor cells and was deter-
mined by a pathologist specialized in thoracic oncology. DLL3
expression and the percentage of tumor cells with DLL3 positive
among total cancer cells were analyzed microscopically. DLL3
high and DLL3 low were defined as the percentage of DLL3
positive tumor cells versus total cancer cells 275% and <75%,
respectively, as described previously [13].

2.3 | Statistical Analysis

Differences in clinico-pathological factors, including age at
biopsy, sex, response to first-line chemotherapy, history of
second-line chemotherapy, and number of metastatic sites
between DLL3 expression were assessed based on Student's
t-test and Chi-square test. Overall survival (OS) was defined
as the time from the first day of treatment to death, and
progression-free survival (PFS) was calculated from the first
day of treatment to disease progression or death. Univariate
analysis of association between patients' characteristics and
survival outcomes was conducted on the Kaplan-Meier test
with log rank test. Multivariate analysis of association be-
tween survival outcomes and various clinico-pathological fac-
tors was conducted by the Cox proportional hazard model. A p
value of < 0.05 was considered statistically significant. All sta-
tistical analysis was performed via SPSS Statistics 29.0 (IBM,
Armonk, New York, USA).

3 | Results
3.1 | Patient Characteristics

The baseline characteristics of the participants in this study
were summarized in Table 1. A total of 54 patients diagnosed
with ES-SCLC at the Department of Hemato-oncology, Wonju
Severance Christian Hospital, Yonsei University from 2015 to
2018 were analyzed in the study. The median age was 66.5 with
a range of 44-86, and the majority (n=48, 87.3%) were male.
Most commonly used regimen was etoposide-cisplatin (n=50,
92.6%), followed by etoposide-carboplatin (n=3, 5.5%) and belo-
tecan (n=1, 1.8%). The frequent metastatic site was lymph nodes
(n=39, 72.2%), lung and bone (n=20, 37.0%, each) and pleural
effusion (n =14, 25.9%). A total of 47 patients were evaluable for
response to first-line chemotherapy, and the number of patients,
and overall response rate (ORR) to 1st line chemotherapy was
61.7% (29 out of 47).

3.2 | Expression Status of DLL3 and Relationship
Between Clinical Parameters and Survival

All 54 tumor specimens were available forimmuno-histochemical
staining for DLL3, whose representative images are shown in
Figure 1. The dot plot for the percentage of tumor cells posi-
tively stained for DLL3 was presented in Figure 2. Among all 54
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TABLE1 | General characteristics of study subjects.

Characteristics n %o
Age (years)
Median 66.5
Range 44-86
Age at diagnosis
> 65years 38 70.4
<65years 16 29.6
Sex
Male 48 88.9
Female 6 11.1
First-line chemotherapy
Etoposide + cisplatin 50 92.6
Etoposide + carboplatin 3 5.6
Belotecan 1 1.8
Second-line chemotherapy
Yes 19 35.2
No 35 64.8
Response to first-line chemotherapy
CR+PR 29 61.7
SD+PD 18 38.3
Metastatic sites
Liver 15 27.8
Lung 20 37.0
Bone 20 37.0
Brain 9 16.7
Adrenal gland 2 3.7
Pericardial effusion 1 1.9
Pleural effusion 14 25.9
Lymph nodes 39 72.2
Number of metastatic sites
>3 15 28.3
<3 38 71.7

Abbreviations: CR: complete response; PD: progressive disease; PR: partial

response; SD: stable disease.

patients, DLL3 high was observed in 70.4% of patients (n=38).
The mean of DLL3 expression and the standard deviation of
DLL3 were 76.3% and 22.9, respectively. Baseline characteristics
of patients were summarized in Table 1. The expression level of
DLL3 was not correlated to any characteristics: sex, age at biopsy,
response to first-line chemotherapy, history of second-line che-
motherapy, and number of metastatic sites (Table 2).

3.3 | Survival Outcomes According to DLL3
Expression

The median PFS and OS in all patients was 175 (95% CI: 131-219)
days and 250 (95% CI: 210-316) days, respectively. We performed
survival analysis of all 54 patients according to clinical charac-
teristics and DLL3 expression (Table 3). In univariate analysis,
response to first-line chemotherapy and the number of meta-
static sites were correlated with both PFS and OS. Patients with
higher DLL3 expression tended to have worse median PFS (159
vs. 221days, p=0.373, 95% CI: 0.405-1.404) and worse median
OS (226 vs. 312days, p=0.098, 95% CI: 0.306-1.105), although
both had no statistical significance (Table 3, Figure 3).

We also conducted multivariate analysis for PFS and OS. For
PFS, response to first-line chemotherapy and number of meta-
static sites were independent adverse prognostic factors of PFS.
Furthermore, DLL3 high expression was shown for an indepen-
dent adverse prognostic factor of OS (p=0.031) as well as num-
ber of metastatic sites.

4 | Discussion

The primary aim of this study was to evaluate DLL3 as a
prognostic factor in ES-SCLC patients who received first-line
chemotherapy. Univariate analysis showed that expression of
DLL3 was not associated with PFS or OS, although it showed
a tendency of worse PFS and OS. Response to first-line che-
motherapy and number of metastatic sites were identified as
prognostic factors for both worse PFS and OS. In addition, we
performed multivariate analysis which revealed that expres-
sion of DLL3 was an independent prognostic factor for worse
OS as well as number of metastatic sites. This result suggests
the prognostic role of DLL3 in ES-SCLC patients treated with
first-line chemotherapy.

FIGURE1 | Representative immunohistochemical staining of DLL3 in SCLC tissue specimens. (A) 5% cancer cells (+) for DLL-3 (low). (B) 100%

cancer cells (+) for DLL-3 (high).

30f7

95U8017 SUOLULLOD A1 (cedt [dde 8y} Aq peueAob a2 sajole YO ‘8sN JO Sa|N. 10y Akeuqi 18Ul UO /8|1 LD (SUONIPUOD-PUB-SWLB)W0D A8 1M A eIq1jeul [U0//SdiY) SUONIPUOD Pue SWLB | 8U1 89S *[5202/TT/2T] uo Akeiqiauliuo AoIM ‘Areidi po W AVSIBAIUN BSUO A AQ Z2SST ¥T.Z-6S.T/TTTT OT/I0p/W0 A8 |1 AeIq1jeuluo//sdny Wwolj papeojumod ‘Z ‘5202 ‘vT2L6GLT



75th percentile:92.5%
median & 50th percentile: 80%
YY)
c
k] Ja'a'a)
a N
< 25th percentile: 60%
a
X
5]
Gy
= O
(a)
DLL-3 positive cells/total cancer cells Number of patients (%)
>75%(DLL-3 high) 38(70.4)
<75%(DLL-3 low) 16(29.6)

FIGURE 2 | Dot plot for the percentage of tumor cells staining pos-
itive for DLL3 in all patients. The median DLL3 expression was 80%,
and 25th percentile was 60%, 50th percentile 80%, and 75th percentile
was 92.5%.

TABLE2 | Association between various patients’ characteristics and
DLL3 expression.

Factor Number P

Sex
Male vs. female 48vs. 6 0.833
Age at diagnosis (years)
265Vvs. <65 31vs.23 0.256
Response to first-line chemotherapy
CR+PRvs.SD+PD 29vs. 18 0.869
Second-line chemotherapy
Received vs. None 19 vs. 35 0.309
Number of metastatic sites

>3vs. <3 15vs. 39 0.767

Abbreviations: CR: complete response; PD: progressive disease; PR: partial
response; SD: stable disease.

Previous studies have showed conflicting results regarding the
prognostic role of DLL3 (Table 4). Some studies showed that pa-
tients with high DLL3 expression had worse OS [14], whereas
other studies indicated that DLL3 had no correlation with sur-
vival [15] or better prognostic factor [16]. The reason for this
discrepancy has not been well understood. Ethnic difference of
the prognostic value of DLL3 in different population has been
suggested for one reason. Meta-analysis conducted by Li et al.

[17] proposed that DLL3 expression was correlated with poor
survival in Asian population, not in European or American
population. Consistent with the conclusion, our study showed
that DLL3 expression was prognostic factor for worse overall
survival. Moreover, the discrepancy between studies regarding
prognostic role of DLL3 could be explained by heterogeneity in
the various detection methods and cut-off values for DLL3 ex-
pression used in each study. In this study, DLL3-high was ini-
tially defined as a value of > 50%. After we found that there was
no survival difference according to DLL3 expression, we de-
cided to use different cutoff value of 75% as used in previous lit-
eratures [13], and found that patients with DLL3 high expression
(defined as =75%) was associated with the longer OS in multi-
variate analysis. Further research for optimal cutoff value and
detection methods for DLL3 expression is warranted.

The inconsistent results on the survival of DLL3 expression
among studies shown in Table 4 might suggest that it is unlikely
to affect survival. As mentioned in our paper and previous arti-
cles, there has been no consensus regarding the prognostic role
of DLL3 expression in SCLC. It might not be a strong prognostic
and/or predictive factor like EGFR mutation in NSCLC. But, as
seen in the clinical trial of tarlatamab, targeting DLL3 is import-
ant therapeutic strategy to treat this lethal malignancy, and we
believed that understanding the clinical relevance of DLL3 ex-
pression regarding the prognostic impact of SCLC is still worthy
of evaluation.

This study had some strengths and limitation over other studies.
In previous studies, the patient population was mainly heteroge-
neous, especially in line of therapy and SCLC stage. To overcome
this limitation, we exclusively included patients who were diag-
nosed with ES-SCLC and treated with first-line chemotherapy
(mainly platinum-based doublet chemotherapy). Moreover, we
investigated the association of DLL3 with PFS and ORR as well
as OS. Finally, we conducted multivariate analysis of PFS and
OS, which revealed prognostic impact of DLL3 on OS. This study
had also several limitations. The main limitation of our study is
its retrospective nature and small number of patients. Moreover,
the 1st line chemotherapy regimen used in the study popula-
tion should be pointed out. Since Immune Checkpoint Inhibitor
(ICIs) plus platinum-based chemotherapy, the current standard
treatment based on large phase III trial result [2], was not re-
imbursed before 2018 in Korea, all 54 patients in this study did
not receive any immune-oncologic therapy as first-line therapy
at that time. Another limitation of this study is only one pathol-
ogist was involved in DLL3 assessment. Although two or three
pathologists could make more independent and reliable inter-
pretation regarding DLL3 expression, only one pathologist who
was specialized and dedicated to lung pathology was available
for our study.

5 | Conclusion

In this single center retrospective study, we found that DLL3
was highly expressed in ES-SCLC, and higher expression of
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TABLE 3 | Univariate and multivariate analysis of patients’ characteristics on (A) PFS, and (B) OS.

(A) PFS
Univariate analysis Multivariate analysis
Characteristics MST (days) P Factor HR 95% CI P
Sex 0.454 Not included
Male 175
Female 156
Age 0.203 265vs. <65 1.910 0.944-3.864 0.072
265 152
<65 233
Response to first-line chemotherapy <0.001 CR+PRvs. SD+PD 0.265 0.127-0.553 <0.001
CR+PR 203
SD+PD 103
Second-line chemotherapy 0.483 Not included
None 159
Received 233
DLL3 expression 0.370 High vs. low 1.333 0.678-2.622 0.405
High 159
Low 221
Number of metastatic sites <0.001 23vs. <3 4.428 2.012-9.746 <0.001
23 90
<3 222
B. 0S
Univariate analysis Multivariate analysis
Characteristics MST (days) P Factor HR 95% CI 14
Sex 0.454 Not included
Male 226
Female 542
Age 0.203 265Vs. <65 1.719 0.857-3.447 0.127
265 165
<65 312
Response to first-line chemotherapy <0.001 CR+PRvs.SD+PD 0.594 0.281-1.255 0.172
CR+PR 372
SD+PD 159
Second-line chemotherapy 0.483 Not included
None 165
Received 288
DLL3 expression 0.370 High vs. low 2.343 1.078-5.090 0.031
High 226
Low 312
Number of metastatic sites <0.001 23vs. <3 2.641 1.200-5.811 0.016
>3 123
<3 288
Note: Italic indicate statistically significant values.
Abbreviations: CR: complete response; DLL3: Delta-like ligand 3; HR: hazard ratio; MST: median survival time; PD: progressive disease; PFS: progression-free
survival; PR: partial response; SD: stable disease.
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FIGURE3 | Survival data study plotted via Kaplan-Meier curves: (A) PFS according to DLL3 expression, (B) OS of according to DLL3 expression.
DLL3: Delta like ligand 3; OS: overall survival; PFS: progression-free survival.

TABLE 4 | Previous studies on the prognostic role of DLL3.

DLL3
high
n (%) Cutoff Results References
335 62.4 H-score =150 Worse OS Yan 2019 [14]
44 79.5 250% Better OS Xie 2019 [16]
63 23 250% No Tanaka
difference 2018 [15]
38 52.6 H-score=135 Worse OS Regzedmaa
2019 [18]
72 31.9 H-score2 6 Worse OS/ Huang
PFS/RR 2019 [19]
93 44 275% No Furuta
difference 2019 [20]
1073 68 275% No Rojo 2020
difference [13]
54 70.4 275% Worse OS This study

DLL3 was correlated with poor OS, which suggests the prognos-
tic role of DLL3 in ES-SCLC.
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