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Abstract
Background  Delta-like ligand 3 (DLL3), a member of the Notch pathway, has been identified as a potential therapeutic target 
as it is highly expressed in small cell lung cancer (SCLC), a subtype accounting for 15% of lung cancer cases.
Objective  A systematic literature review (SLR) was conducted to understand the prevalence and prognostic impact of DLL3 
expression on survival of patients with SCLC and treatment response.
Patients and Methods  Systematic literature searches were conducted across multiple databases to capture studies of any SCLC 
population that evaluated DLL3 expression. Specific outcomes of interest included prevalence of DLL3 expression, method 
of expression analysis, and impact on outcome, including treatment response and survival (overall, progression-free, disease-
free) according to varying levels of DLL3 expression/positivity. Standard risk of bias tools were used to evaluate study quality.
Results  Among the 30 included studies, the most common DLL3 testing method was immunohistochemistry (N = 26, 86.7%). 
For comparability, results focused on the 13 (22.3%) studies that used the Ventana DLL3 (SP347) immunohistochemistry assay. 
The prevalence of DLL3 positivity ranged from 80.0–93.5% for studies using a threshold of ≥ 1% of tumor cells (N = 4) and 
58.3–91.1% for studies with a ≥ 25% threshold (N = 4). DLL3 expression was generally categorized as high using cutoffs of ≥ 
50% (prevalence range: 45.8–79.5%; N = 6) or ≥ 75% (prevalence range: 47.3–75.6%; N = 5) of cells with positivity. Two studies 
used an H-score of ≥ 150 to define high DLL3 expression with prevalence ranging from 33.3–53.1%. No consistent associa-
tions were seen between DLL3 expression level and patient age, sex, smoking history, or disease stage. Two studies reported 
change in DLL3 expression category (high versus low) before and after chemotherapy. No statistically significant differences 
were reported between DLL3 expression groups and survival (overall, progression-free, or disease-free) or treatment response.
Conclusions  There is a high prevalence of DLL3 expression in SCLC. Further research and analytical methods may help to 
characterize different populations of patients with SCLC based on DLL3 expression. While no significant prognostic factor 
in the included studies was identified, additional cohort studies using standardized methodology, with longer follow-up, are 
needed to better characterize any potential differences in patient survival or response by DLL3 expression level in SCLC.

Key Points 

Despite the variability in definitions of DLL3 positivity and 
the tumor heterogeneity among the 30 identified studies, 
most patients with SCLC were found to be DLL3-positive.

This SLR demonstrates that DLL3 is expressed in most 
patients with SCLC and presents a potentially impactful 
therapeutic target.

Future investigations should explore the impact of DLL3 
expression using large populations with validated tests 
for DLL3 expression to better understand the dynamics 
of DLL3 as a therapeutic target for SCLC.
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1  Introduction

Small cell lung cancer (SCLC) comprises approximately 
15% of all lung cancers. The incidence rate of SCLC in the 
USA increased from 1975 (6.4 per 100,000) to 1990 (10.7 
per 100,000 in 1988), but steadily decreased from 1990 to 
2019 (4.5 per 100,000) [1]. This deadly disease is character-
ized by a high rate of metastasis, with 70% of patients having 
extensive-stage metastatic disease at diagnosis [2].

Despite expanded treatment options in the past few 
years, the 5-year survival rate of patients with SCLC 
is only 10% [3]. Molecular aberrations are common in 
SCLC, most frequently in TP53 (78.7–98.0%) and retino-
blastoma protein 1 (44.7–91.0%), but also in PIK3CA, 
PTEN, MEK1, AKT, FGFR, and C-MET. First-line treat-
ment options are determined by stage at diagnosis. Patients 
with limited-stage disease (tumor confined to one hemi-
thorax and one radiation port with no malignant pleural 
or pericardial effusion) are treated with curative-intent 
etoposide and platinum agent, concurrently with radia-
tion. The small proportion with resectable node-negative 
disease may undergo surgical resection. For the majority 
of patients that present with extensive-stage disease (dis-
ease not meeting criteria for limited stage), recommended 
treatment includes etoposide, a platinum agent with immu-
notherapy (atezolizumab/durvalumab). Despite overall 
response rates of 40–70%, the duration of response is short 
and most patients relapse, resulting in a median survival 
of only 7–12 months. Second-line treatment options are 
sparse. Single agent topotecan is widely approved; how-
ever, it is associated with significant toxicity, making it an 
unpopular choice. Lurbinectedin offers a second option 
after receiving accelerated US approval for this indication, 
with significant uptake in the USA and recently in other 
countries as well. Several other drugs such as irinotecan, 
paclitaxel, or combination regimens such as cyclophospha-
mide, adriamycin, and vincristine (CAV; all unapproved in 
this setting), as well as a platinum-based rechallenge are 
used. This reflects the limited efficacy and high toxicity 
seen when treating the second line patients with SCLC 
population reflecting a broad dissatisfaction with current 
options [3, 4].

Delta-like ligand 3 (DLL3) is an inhibitory Notch path-
way ligand that has been implicated in the tumorigenesis 
of neuroendocrine tumors such as SCLC. DLL3 is highly 
upregulated in SCLC and aberrantly expressed on the sur-
face of SCLC cells [5, 6]. As DLL3 has been found to be 
overexpressed in approximately 85% of SCLC tumors but 
only minimally in normal tissues, it may be a potential thera-
peutic target for SCLC [6, 7]. DLL3 expression can be meas-
ured using the proportion of cells with tumor positivity or a 
semi-quantitative H-score method [8]. One recent study of a 

large international cohort of patients with SCLC (N = 1073 
patients from 19 countries) reported that 85% of patients 
had positive DLL3 expression (≥ 25% of tumor cells) and 
68% had high levels of expression (≥ 75% of tumor cells) 
[6]. However, the prevalence of DLL3 expression in patients 
with SCLC has not yet been systematically examined.

The prognostic impact of DLL3 positivity and expres-
sion level on survival of patients with SCLC was described 
in a meta-analysis comprising six studies [7]. The authors 
reported that high DLL3 expression was a significant prog-
nostic factor for overall survival (OS) among five studies 
conducted in Asian populations [summary hazard ratio (HR) 
= 1.37; 95% confidence interval (CI): 1.05, 1.69]; however, 
the results were no longer significant when the sixth study 
(conducted in the USA) was added to the analysis (summary 
HR = 1.13; 95% CI 0.61, 1.65). This meta-analysis did not 
account for heterogeneity in the prognostic impact of DLL3 
by demographic or clinical factors such as tumor stage, 
DLL3 testing method, percent (%) of tumor cell positivity, 
and/or staining intensity and/or H-score (i.e., the percentage 
of positive cells by staining intensity), or smoking status. In 
addition, this meta-analysis was conducted in early 2020, 
and additional relevant studies have been published since 
that time [6, 9, 10]. Therefore, an updated and expanded 
systematic literature review (SLR) on the prevalence and 
prognostic impact of DLL3 expression on patient survival 
and treatment response in SCLC is warranted. The primary 
objectives of this SLR were to review the published scien-
tific literature reporting the prevalence of DLL3 expression 
in patients with SCLC as well as the prognostic impact of 
DLL3 expression on patient survival and treatment response. 
Secondary objectives included evaluating DLL3 expression, 
prevalence, and prognostic impact by demographic and clin-
ical factors such as age, sex, race/ethnicity, smoking status, 
DLL3 testing method, and percentage of tumor cell positiv-
ity and/or staining intensity and/or H-score.

2 � Methods

This SLR was conducted and reported following the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines [11]. The protocol 
was registered a priori in the International Prospective 
Register of Systematic Reviews (PROSPERO identifier: 
CRD42022351119).

2.1 � Study Eligibility

The eligibility criteria were organized using the Population, 
Exposure, Comparator, Outcome, and Study Type (PECOS) 
format. Studies were required to include populations of 
patients with SCLC, with no geographic restrictions. The 
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evaluated exposure was DLL3 protein expression. Compara-
tors were not required for inclusion of studies evaluating 
DLL3 prevalence, as descriptive studies were eligible; prog-
nostic studies were required to evaluate different levels of 
DLL3 expression/positivity. Outcomes included prevalence 
of DLL3 expression in SCLC or comparison of SCLC treat-
ment response (complete response, partial response, overall 
response, disease control rate, or progressive disease) or 
survival (overall or progression-free survival) according to 
varying levels of DLL3 expression/positivity. Eligible study 
types included clinical trials, observational studies (prospec-
tive or retrospective cohort studies), and case series of ≥ 20 
patients published in the English language in either peer-
reviewed journals or as conference abstracts. Articles pub-
lished up to the date the search strategy was executed with 
no lower bound on time period were eligible for inclusion.

2.2 � Study Identification and Screening

Comprehensive literature searches were conducted in the 
PubMed, EMBASE, Web of Science, and Cochrane Library 
databases, as well as on ClinicalTrials.gov, on 3 August 
2022 (described in Additional file 1). Articles identified in 
the searches were uploaded into a standardized software for 
conducting literature reviews (DistillerSR) [12] and dedu-
plicated using both automated and hand-screening methods. 
Articles were first screened at the level of title and abstract 
by a single reviewer according to the PECOS criteria, with 
10% of the articles screened by a second reviewer as a qual-
ity control (QC) measure. After exclusions were made at 
the title and abstract level, full-text articles were obtained 
and assessed for eligibility by two independent reviewers to 
determine agreement on all included articles. All disputes 
were resolved by a senior researcher. Bibliographies of the 
eligible literature (as well as key reviews) were also screened 
to identify additional references. If more than one article 
from the same study population was identified, data from the 
publication with the longest follow-up or most relevant pop-
ulation and/or outcomes were abstracted. For studies with 
overlapping data, data from the publication with a larger 
population size or more relevant population and/or outcomes 
were abstracted.

2.3 � Data Abstraction

Data abstraction was conducted in DistillerSR on all full-
text articles and conference abstracts meeting the PECOS 
eligibility criteria. Abstracted data elements included study 
characteristics, patient demographics, disease and treatment 
characteristics, DLL3 testing method, number of patients by 
DLL3 expression level, and outcomes related to response or 

survival by DLL3 expression level, along with any associ-
ated comparative effect measures and adjustment factors. 
Abstraction was performed by a single reviewer and all data 
elements underwent 100% QC by an independent reviewer. 
Discrepancies were resolved by a senior reviewer.

2.4 � Risk of Bias Evaluation

Evaluation of risk of bias (RoB) in clinical trials was con-
ducted using the Cochrane Collaboration’s ‘Risk of Bias’ 
tool [13]. Clinical trials were evaluated for selection, per-
formance, detection, attrition, and reporting bias and scored 
as “low risk,” “some concerns,” or “high risk” of bias for 
each domain. Observational studies were assessed for risk of 
bias (RoB) using the Newcastle–Ottawa Scale (NOS) [14]. 
Observational studies were evaluated for selection, com-
parability, and outcome bias. Scores were transformed to 
measures of study quality (“good,” “fair,” or “poor”) using 
the Agency for Healthcare Research and Quality (AHRQ) 
standards (Additional file 2). The NOS for cohort studies 
was modified to evaluate the cross-sectional studies of DLL3 
prevalence in SCLC by eliminating questions 2, 4, and 7, 
and the conversion to AHRQ standards is described in Addi-
tional file 2. RoB evaluations were conducted by a single 
reviewer and evaluated by an independent reviewer for QC.

3 � Results

3.1 � Study Identification

A PRISMA diagram for the identification of studies is 
shown in Fig. 1. After deduplication across databases, 236 
studies were screened at the level of title and abstract. A total 
of 75 studies were evaluated at the full-text level, after the 
addition of 10 trials resulting from the search performed on 
ClinicalTrials.gov. A total of 45 studies were excluded at the 
full-text level; 17 did not include any outcomes of interest, 
12 were linked to another publication with more updated 
data, 7 clinical trials were captured in the database searches, 
4 had no primary data, 3 were in vitro or animal studies, 
and 2 clinical trials had no results available. Thus, a total of 
30 studies were included for abstraction. A total of 13 [6, 
10, 15–25] of these 30 studies utilized SP347 assays, which 
have been both validated and subsequently used in the clini-
cal setting in multiple populations [24], to evaluate DLL3 
expression and are the focus of this paper. Details about the 
remaining 17 papers are provided in Additional files 1–7 
for purposes of comparability. Additional file 8 contains the 
supplementary text that corresponds with Additional files 
1–7.
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3.2 � Study Characteristics

The characteristics of the 30 included studies are pre-
sented in Additional file 3. Of the 13 studies using SP347 
assays, there were 5 retrospective cohorts [6, 10, 15, 17, 
23], 4 cross-sectional studies [16, 21, 24, 25], 2 single-arm 
trials [20, 22], 1 randomized trial [18], and 1 prospective 
cohort study [19]. Most (N = 8) studies had less than 100 
participants. Study locations were varied; two studies were 
conducted in the USA [23, 24], two were conducted in Ger-
many [10, 16], two were conducted in Japan [17, 22], and 
three were conducted in multiple countries [6, 18, 20]. The 
remaining studies were conducted in Italy [15], Greece [19], 
Canada [21], and Sweden [25].

3.3 � Risk of Bias

The NOS scores of the ten observational studies that used 
SP347 assays ranged from 3 to 9 with a mean of 6.1 and 
median of 6. When converted to the AHRQ standards, five 
studies were scored as good quality [6, 15, 19, 23, 25], three 
studies were scored as fair quality [16, 21, 24], and two stud-
ies were scored as poor quality [10, 17]. When evaluating 
bias by domain, risk was most apparent in the comparabil-
ity of cohorts and adequacy of follow-up (Fig. 2A). In the 
Cochrane RoB scores of the three clinical trials that used 

SP347 assays, two studies [18, 22] were scored as “high 
risk” and one study [20] had “some concerns.” Risk was 
most apparent in the randomization process (Fig.  2B). 
Details about the remaining 17 papers are provided in Addi-
tional file 7.

3.4 � Patient and Treatment Characteristics

Patient and treatment characteristics varied across the 
studies using the SP347 assay (Additional file 3). The dis-
tribution of sex was reported in ten studies, with males 
ranging from 43% [25] to 84.3% [19]. One study reported 
race/ethnicity, with 82% of the study population being 
white [18]. Three studies reported smoking status [6, 15, 
17], of which most patients were current/former smok-
ers (range: 85.2% [17] to 100% [15]). Eastern Coopera-
tive Oncology Group (ECOG) performance status was 
reported in six studies, with the majority of patients hav-
ing an ECOG status of 1 or 0 in most studies [6, 18, 20, 
22, 25]. Six studies reported tumor stage at diagnosis as 
limited or extensive [6, 15, 19] and/or by tumor, node, 
metastasis (TNM) stage [15, 17, 18, 20]. Patients with 
extensive disease at diagnosis ranged from 0% in an Ital-
ian cohort of 32 patients with SCLC from 2007–2019 [15] 
to 63% in a large (N = 1073) multicountry retrospective 
cohort (2008–2017) [6]; patients with TNM stage III–IV 

Fig. 1   PRISMA study flow diagram
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at diagnosis ranged from 11.6% in a retrospective Japanese 
cohort of 95 patients with SCLC (2003–2013) [17] to 84% 
in the phase III MERU trial (2017–2019) [18].

DLL3 positivity was determined by the percentage of 
tumor cell positivity in 13 studies [6, 10, 15–25] and/or 
H-score in two studies [10, 15]. The threshold for tumor 
cell positivity ranged from 1–25% and was often classified 
as “high” or “low” with cut-offs at 50% or 75% of positive 
tumor cells. The H-score threshold for “high” DLL3 expres-
sion was consistent in both studies at 150. All 13 studies 
reported DLL3 prevalence as an outcome. Other endpoints 
assessed in the studies included stratification of DLL3 
expression by demographic or clinical factors (N = 5), OS 
(N = 8), progression-free survival (PFS) or disease-free sur-
vival (DFS) (N = 5), and treatment response (N = 3).

3.5 � Prevalence of DLL3 Expression in SCLC

3.5.1 � Positive Versus Negative DLL3 Expression

All 13 studies using the SP347 assay evaluated the preva-
lence of DLL3 expression (Table 1). Additional file 4 
describes the prevalence of DLL3 expression (N = 15) 
among non-SP347 assay studies. DLL3 expression was 
categorized as positive or negative in nine studies using 
the SP347 assay [6, 10, 16, 17, 20–22, 24, 25] and ten 
non-SP347 studies [26–35] (Additional file 4). One cross-
sectional US study reported 76.4% of patients with SCLC 
were DLL3-positive, defined as reactivity > 0% [24]. 
Among four studies using a threshold of ≥ 1% to define 
DLL3 positivity [10, 17, 21, 25], patients that were DLL3-
positive ranged from 80.0% among chemo-relapsed Ger-
man patients (time period not specified) [10] to 93.5% in 
patients who had completed at least one cycle of chemo-
therapy between 2008 and 2015 in Sweden [25]. Of the 

Fig. 2   Summary of risk of bias scores in A observational studies and B clinical trials. A Risk of bias in observational studies (Newcastle–Ottawa 
Scale) using SP347 assay (N = 10). B Risk of bias in clinical trials (Cochrane Risk of Bias Tool) using SP347 assay (N = 3)
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four studies that used a 25% threshold [6, 16, 20, 22], the 
prevalence of DLL3 positivity ranged from 58.3% in a 
cohort of German chemo-naïve surgically resected samples 
from 1996–2012 [16] to 91.1% in an international clinical 
trial of 339 adult patients with advanced stage SCLC from 
2016 to 2017 [20].

3.5.2 � High Versus Low DLL3 Expression

DLL3 expression was broadly categorized as “high” or 
“low” in 12 SP347 studies [6, 10, 15–23, 25] and 11 non-
SP347 studies [27, 29–38] (Additional file 4). High expres-
sion was defined as positivity in ≥ 50% of tumor cells in 
six studies [10, 15, 16, 19, 21, 23] and ranged from 45.8% 
of patients in a cohort of German chemo-naïve surgically 
resected samples from 1996–2012 [16] to 79.5% of patients 
in a retrospective cohort of 44 resected patients with SCLC 
at the Mayo Clinic Rochester from 1995 to 2017 [23]. A 
threshold of 75% was reported in eight studies [6, 16–18, 
20–22, 25]; the prevalence of high DLL3 expression ranged 
from 20.8% in a cohort of German chemo-naïve surgically 
resected samples from 1996–2012 [16] to 75.6% in an inter-
national clinical trial of 339 adult patients with advanced 
stage SCLC from 2016–2017 [20]. In three of these stud-
ies, the 75% cut-off was described without being used as a 
threshold to define “high” DLL3 expression [16, 21, 25]. 
A cohort of patients from the Swedish Lung Cancer Regis-
try who had completed at least one cycle of chemotherapy 
between 2008 and 2015 reported 82.6% of patients with 
“high” DLL3 expression without definition of the threshold 
[25].

3.5.3 � H‑Score Categorization of DLL3 Expression

H-score was used to categorize DLL3 expression as “high” 
or “low” in two SP347 studies (and one non-SP347 study 
[39]) using a threshold score of 150 [10, 15]. Prevalence 
of patients with high H-score (≥ 150) ranged from 33.3% 
in a study of chemo-naïve German patients (time period 
not specified) [10] to 53.1% in an Italian cohort of resected 
patients with SCLC from 2007 to 2019 [15].

3.6 � Factors Significantly Associated with DLL3 
Expression

Among studies using the SP347 assay, five studies investi-
gated demographic and clinical factors in relation to DLL3 
expression [6, 10, 17, 23, 25]; Additional file 5 reports 
DLL3 expression by demographic and clinical factors (N = 
15) among non-SP347 assay studies. Table 2 shows DLL3 
expression by age, sex, smoking history, and disease stage. 

No studies stratified DLL3 expression by race or ethnicity. 
Univariate analyses were used to examine the differences 
between clinical and demographic factors in all studies, 
aside from the multivariate analyses conducted in Rojo et al. 
2020 [6].

Four studies did not demonstrate any significant differ-
ence in age distribution by DLL3 expression in univariate 
analyses [6, 17, 23, 25]. The fifth study (a multicenter Ger-
man cohort) reported a statistically significant lower median 
age among patients with high DLL3 expression (≥ 50% posi-
tivity in tumor cells) compared with those with low expres-
sion (univariate p = 0.024), but only among chemo-naïve 
patients [10]. Similarly, only one [23] of the five studies [6, 
10, 17, 25] with information on sex distribution by DLL3 
expression found a significant difference: the Mayo Clinic 
cohort of patients with SCLC (1995–2017) reported signifi-
cantly fewer males among the high DLL3 expression group 
(≥ 50% of tumor cell positivity) than the low expression 
group (univariate p = 0.03), although case numbers were 
small (N = 9 patients in the low expression group) [23]. 
History of smoking was only evaluated in a retrospective 
cohort study of surgically resected primary patients in Japan 
from 2003–2013; no statistically significant difference was 
reported for pack-years of smoking by DLL3 expression (p 
= 0.526) [17].

Only one study reported DLL3 expression by stage of 
disease [17]. A retrospective cohort study of 95 patients who 
had undergone complete surgical resection of a primary lung 
tumor in Japan from 2003–2013 reported that the proportion 
of patients with higher disease stage (TNM stage III–IV) 
was statistically significantly higher among patients with 
DLL3‐high expression (≥ 75% tumor cell positivity) than 
those with low expression in univariate analysis (p = 0.022) 
[17].

ECOG status was not statistically significantly associated 
with DLL3 expression in either univariate analysis from the 
Japanese cohort study [17] or multivariate analyses in a 
large multicountry cohort of patients with SCLC [6]. A ret-
rospective cohort study conducted in Germany (time period 
not specified) reported that DLL3 expression may be influ-
enced by therapy. Paired samples from patients with SCLC 
(N = 30), prechemotherapy and post-relapse, showed that 
approximately 43% of patient samples were discordant to 
their prechemotherapy sample after relapse. Of these dis-
cordant pairs, 69.2% shifted from the DLL3-low (H-score 
< 150) to DLL3-high (H-score ≥ 150) after relapse, while 
30.8% shifted from DLL3-high to DLL3-low after relapse. 
Specimens of patients at diagnosis and at relapse were also 
compared in a multicountry retrospective cohort study. This 
study reported a 12% discordance at relapse, with 23% dis-
cordance among samples with high DLL3 (≥ 75% of tumor 
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Table 2   Stratification of DLL3 expression in SCLC by demographic and clinical factors, SP347 assay studies (N = 5)

Bold values indicate statistical significance (p < 0.05)
NR not reported

Author, year DLL3 expression 
(definition)

N patients Age Sex Smoking status Stage

Furuta [17], 2019 High (≥ 75%) 44 < 65: 38.6%
≥ 65: 61.4%

Male: 79.5%
Female: 20.5%

Pack-years
≥ 20: 84.1%
< 20: 9.1%
Unknown: 6.8%

TNM stage
I–II: 79.5%
III–IV: 20.5%

Low (< 75%) 49 < 65: 26.5%
≥ 65:73.5%

Male: 75.5%
Female: 24.5%

Pack-years
≥ 20: 77.6%
< 20: 14.3%
Unknown: 8.2%

TNM stage
I–II: 95.9%
III–IV: 4.1%

p value (univariate; high versus low) 0.268 0.805 0.526 0.022
Kuempers [10], 2021 High (≥ 50%) 16 chemo-naïve Median (IQR): 57.0 

(65.0, 88.0)
Male: 78.6%
Female: 21.4%

NR TNM stage
< IV: 14.3%
IV: 28.6%
Missing: 57.1%

Low (< 50%) 14 chemo-naïve Median (IQR): 67.0 
(61.0, 75.0)

Male: 56.2%
Female: 43.8%

NR TNM stage
< IV: 12.5%
IV: 37.5%
Missing: 50.0%

p value (univariate; high versus low in chemo-
naïve)

0.024 0.26 NR 1.0

High (≥ 50%) 19 chemo-relapsed NR NR NR NR
Low (< 50%) 11 chemo-relapsed NR NR NR NR
p value (univariate; high versus low in chemo-

relapsed)
> 0.05 > 0.05 NR > 0.05

Rojo [6], 2020 Positive (≥ 25%) 895 < 65: 44.5%
≥ 65: 55.2%
Missing: 0.3%

Male: 65.1%
Female: 34.9%

NR Limited: 31.1%
Extensive: 64.2%
Missing: 4.7%

Negative (< 24%) 155 < 65: 40.0%
≥ 65: 60.0%
Missing: 0%

Male: 60.6%
Female: 39.4%

NR Limited: 36.8%
Extensive: 59.4%
Missing: 3.9%

p value (multivariate, positive versusnegative) NR (p > 0.05 on uni-
variate analyses)

NR (p > 0.05 on uni-
variate analyses)

NR 0.1995; OR 0.767 
(95% CI 0.511, 
1.151)

High positive (≥ 75%) 719 NR NR NR NR
p value (multivariate, high positive versus 

negative + non-high positive)
NR (p > 0.05 on uni-

variate analyses)
NR (p > 0.05 on uni-

variate analyses)
NR 0.0835; OR 0.752 

(95% CI 0.545, 
1.039)

Non-high positive 
(25–74%)

176 NR NR NR NR

p value (multivariate, high positive versus 
non-high positive)

NR (p > 0.05 on uni-
variate analyses)

0.0580; OR 1.450 
(95% CI: 0.987, 
2.129)

NR 0.1061; OR 1.357 
(95% CI: 0.937, 
1.965)

Tendler [25], 2020 High (undefined) 38 < 70: 34.2%
≥ 70: 65.6%

Male: 47.4%
Female: 52.6%

NR Limited disease: 
44.7%

Extensive disease: 
55.3%

Low (undefined) 8 < 70: 50.0%
≥ 70: 50.0%

Male: 25.0%
Female: 75.0%

NR Limited disease: 
25.0%

Extensive disease: 
75.0%

p value (univariate; high versus low) < 0.05 > 0.05 NR > 0.05
Xie [23], 2019 High (≥ 50%) 35 Median (range): 69.5 

(53.2–81.8)
Male: 34.3%
Female: 65.7%

NR TNM stage
I: 46.4%
II: 10.7%
III/IV: 42.9%

Low (< 50%) 9 Median (range): 71.7 
(41.9–88.1)

Male: 77.8%
Female: 22.2%

NR TNM stage
I: 28.6%
II: 14.3%
III/IV: 57.1%

p value (univariate; high versus low) 0.49 0.03 NR 0.73
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cells) at diagnosis and 35% discordance among samples with 
non-high DLL3 (25–74% of tumor cells) at diagnosis [6].

3.7 � Overall Survival

Among studies using the SP347 assay, OS was assessed by 
DLL3 expression status in eight studies (Table 3). No sig-
nificant associations were reported between OS and DLL3 
expression level in univariate analyses in the six studies with 
this data [6, 10, 17, 18, 22, 25] or in multivariate analysis 
of the Mayo Clinic Rochester cohort of patients with SCLC 
(1995–2017), after adjustment for age, tumor size, and stage 
(HR: 1.0; 95% CI 0.98, 1.01) [23]. The TRINITY trial only 
reported median OS for DLL3-high (≥ 75% of tumor cells) 
or DLL3-positive (≥ 25%) patients without comparison to 
low level patients [20]. Two studies evaluated the impact of 
DLL3 expression on OS stratified by disease stage but did 
not identify any significant prognostic differences [17, 25].

3.8 � Progression‑Free Survival or Disease‑Free 
Survival

The relationship between DLL3 expression in SCLC and 
PFS or DFS was assessed in five studies (Table 3). Two 
studies reported no statistically significant impact of DLL3 
expression on PFS in univariate analyses [22, 25], while two 
additional studies reported PFS by DLL3 expression but did 
not conduct statistical analyses for the difference [18, 20]. 
PFS trended higher among DLL3-high patients than DLL3-
low patients in three of these studies [18, 22, 25], although 
the association was either not statistically significant, or the 
statistical significance was unknown. The impact of DLL3 
expression on DFS was assessed in the Mayo Clinic Roch-
ester cohort of patients with SCLC (1995–2017); univariate 
analysis did not demonstrate a statistically significant asso-
ciation (p = 0.27) [23].

3.9 � Treatment Response

Treatment response was only reported among DLL3-high 
(DLL3-high: ≥ 75%) patients in two studies; objective 
response rate (ORR) ranged from 5.0% in the placebo arm 
of the MERU trial [18] to 14.3% in the TRINITY trial [20] 
(Table 3). The Phase I trial of Rova-T in Japanese patients 
with advanced recurrent SCLC reported treatment response 
for both DLL3-high (≥ 75% of tumor cells) and DLL3-low 
(< 75% of tumor cells) groups; while the ORR was higher 
in the DLL3-high group (16.7% versus 0.0%), no tests for 
statistical significance were conducted [22]. Additional file 6 
reports survival and treatment response by DLL3 expression 
levels (N = 11) among non-SP347 assay studies.

4 � Discussion

This SLR identified and evaluated studies of the prevalence 
and the prognostic impact of DLL3 expression among 
patients with SCLC worldwide. The review focused on stud-
ies that utilized the Ventana SP347 immunohistochemistry 
(IHC) assay to measure DLL3 expression to allow for com-
parable results across studies; however, other methods were 
used in additional eligible studies (i.e., ab103102, Stemcen-
tryx, bs-7860R, E3J5R). Notable heterogeneity was further 
observed in study location, population characteristics (age, 
sex, clinical stage), time periods, sample type, pathologist 
interpretation, inclusion criteria, and treatment history, 
which may have contributed towards inconsistent observa-
tions of prevalence across studies. Despite the variability in 
definitions of DLL3 positivity and the tumor heterogeneity 
among the 30 identified studies, most patients with SCLC 
were found to be DLL3-positive across studies (58.3% [16] 
to 93.5% [25]). Higher levels of DLL3 prevalence generally 
corresponded with lower thresholds of “high” DLL3 expres-
sion reported.

The largest available international cohort of non-selected 
patients with SCLC at various stages of disease and lines 
of therapy evaluated the prevalence of DLL3 expression 
by IHC using DLL3 antibody (clone SP347, Ventana, Tuc-
son, AZ). This study reported that 85% (N = 895/1050) of 
patients had positive (≥ 25% of tumor cells) DLL3 expres-
sion and 68% (N = 719/1050) had high (≥ 75% of tumor 
cells) DLL3 expression [6]. A high selective expression of 
DLL3 in SCLC tumors makes it an attractive option to guide 
therapeutic targets, as DLL3 is not present in normal adult 
tissues, including the vasculature and skin tissue [27]. A bio-
marker expressed in the majority of patients with SCLC is 
advantageous in comparison to other therapeutic targets that 
are minimally expressed in SCLC, such as PD-L1, which 
has been reported to be positive (≥ 1% of tumor cells) in < 
20% of patients [40].

Among the included studies, DLL3 expression was not 
consistently associated with any demographic or clinical 
characteristics such as age, sex, smoking history, ECOG 
performance status, or disease stage. However, these asso-
ciations were examined in a limited number of studies; 
methods and cut-off values used to detect DLL3 expres-
sion in each study were inconsistent; and analyses were 
largely univariate with small sample sizes. While none of 
the studies in the current review assessed differences in 
DLL3 expression by race/ethnicity, the previously pub-
lished meta-analysis reported a statistically significant 
decreased prognosis for DLL3-high patients from Asian 
countries after excluding the single US study [7]. Fur-
ther investigation is warranted to evaluate whether this 
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Table 3   SCLC treatment response and survival by DLL3 expression level, SP347 assay studies (N = 8)

Author, year Geographic loca-
tion (dates)

DLL3 expression 
(definition)

N patients Response Overall survival Progression-free 
survival or disease-
free survival

Median or % (95% 
CI)

Median (95% CI) 
or % by milestone

Median (95% CI) or 
% by milestone

Furuta [17], 2019 Japan (2003–
2013)

High (≥ 75%) 44 NR Overall: 24.4 
months 
(16.8–32.7)

Stage I/II: 
25.8 months 
(18.1–39.4)

Stage III/IV: 
10.8 months 
(1.1–61.1)

NR

Low (< 75%) 49 NR Overall: 33.3 
months 
(23.5–N/A)

Stage I/II: 
40.2 months 
(24.1–N/A)

Stage III/IV: 
11.2 months 
(3.1–19.3)

NR

p value (univariate; high versus low) NR Overall: p = 0.16
Stage I/II: p = 

0.182
Stage III/IV: p = 

0.641

NR

Johnson [18], 
2021

Multicountry 
(2017–2019)

High (≥ 75%) Intervention:
217

ORR: 10.0% 
(6.2–15.3)

CBR: 72.0% 
(65.5–78.7)

CR: 0.0%
PR: 10.0%

8.5 months 
(7.3–10.2)

PFS: 4.0 months 
(3.2–4.1)

Placebo: 240 ORR: 5.0% 
(2.6–9.0)

CBR: 30.0% 
(24.3–37.0)

CR: 0.0%
PR: 5.0%

9.8 months 
(8.4–10.9)

PFS: 1.4 months 
(1.4–1.5)

Low (< 75%) Intervention:
148

NR 9.0 months 
(8.1–10.1)

PFS: 2.8 months 
(2.6–4.0)

Placebo: 120 NR 11.3 months 
(8.3–13.0)

PFS: 1.5 months 
(1.4–1.7)

p value (univariate, low versus high) NR Intervention: p > 
0.05

Placebo: p > 0.05

NR

Kuempers [10], 
2021

Germany (NR) High (≥ 50%) Chemo-naïve: 14 NR NR NR
Chemo-relapsed: 

19
NR NR NR

Low (< 50% Chemo-naïve: 16 NR NR NR
Chemo-relapsed: 

11
NR NR NR

p value (univariate, high versus low) NR Chemo-naïve: p 
= 0.42

Chemo-relapsed: 
0.57

NR
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potential therapeutic target has any clear defining demo-
graphic or clinical correlates among patients with SCLC.

The prognostic impact of DLL3 expression was inves-
tigated in a limited number of studies. Among the studies 

using the Ventana SP347 assay, no significant differences 
were reported for survival (OS, PFS, or DFS) or treatment 
response between DLL3-high and low groups. The previ-
ously published meta-analysis of the prognostic impact of 

Table 3   (continued)

Author, year Geographic loca-
tion (dates)

DLL3 expression 
(definition)

N patients Response Overall survival Progression-free 
survival or disease-
free survival

Median or % (95% 
CI)

Median (95% CI) 
or % by milestone

Median (95% CI) or 
% by milestone

Morgensztern 
[20], 2019

Multicountry 
(2016–2017)

High (≥ 75%) 238 ORR: 14.3% 
(10.1–19.4)

DCR: 73.5% 
(67.4–79.0)

DOR: 3.7 months 
(2.9–4.2)

5.7 months 
(4.9–6.7)

PFS: 3.8 months 
(3.2–4.1)

Positive (≥ 25%) 287 ORR: 13.2% (9.5, 
17.7)

DCR: 71.8% 
(66.2–76.9)

DOR: 3.7 months 
(2.9 4.2)

5.8 months 
(5.1–6.7)

PFS: 3.8 months 
(3.2–4.0)

HR (95% CI), p value NR NR NR
Rojo [6], 2020 Multicountry 

(2008–2017)
High positive (≥ 

75%)
719 NR 9.5 months NR

Non-high positive 
(25–74%)

176 NR 9.5 months NR

Positive (≥ 25%) 895 NR 9.5 months NR
Negative (0–24%): 155 NR 9.5 months NR
p value (univariate, positive versus 

negative)
NR p > 0.05 NR

Tendler [25], 2020 Sweden (2008–
2015)

High (undefined) 38 NR 11.5 months 
(9.2–13.7)

PFS: 7.4 months 
(6.1–8.7)

Low (undefined) 8 NR 10.6 months 
(8.9–12.4)

PFS: 5.6 months 
(2.5–8.7)

p value (univariate, low versus high) NR p > 0.05 p > 0.05
Udagawa [22], 

2019
Japan (2017–

2018)
High (≥ 75%) 18 ORR: 16.7%

DCR: 55.6%
DOR: 3.0 months 

(2.9-4.1)

7.4 months 
(4.1–11.9)

PFS: 2.9 months 
(1.2–3.6)

Low (< 75%) 10 ORR: 0.0%
DCR: 60.0%
DOR: NR

5.1 months 
(1.8–7.8)

PFS: 2.0 months 
(0.7–2.7)

p value (univariate, low versus high) NR p = 0.346 PFS: p = 0.082 
(investigator); 
0.157 (central 
review)

Xie [23], 2019 USA (1995–2017) High (≥ 50%) 35 NR 5-year survival: 
33.0%

DFS: NR

Low (< 50%) 9 NR 5-year survival: 
0.0%

DFS: NR

HR (95% CI), p value [low versus 
high; multivariate (OS) or univariate 
(DFS)]

NR 1.0 month 
(0.985–1.008), p 
= 0.49

DFS: p = 0.27

CBR clinical benefit rate, CI confidence interval, CR complete response, DCR disease control rate, DFS disease-free survival, DOR duration of 
objective response, HR hazard ratio, NR not reported, ORR overall response rate, PR partial response
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DLL3 included six studies (all of which were included in 
the current review) and reported a statistically significant 
decreased prognosis for DLL3-high patients in Asian stud-
ies, after excluding the study conducted in the USA [7]. 
While methods for evaluating DLL3 and defining “high” 
expression varied across the included studies in the meta-
analysis, results suggest that the use of DLL3-targeted drugs 
may improve survival and response in patients with SCLC 
with high expression. The phase I trial of Rova-T, an anti-
body–drug conjugate directed against DLL3, in recurrent 
SCLC did not test for statistical differences in response or 
survival between DLL3-high (≥ 50%) and low (< 50%) 
groups, but the ORR (35% versus 0%), OS (median 5.8 ver-
sus 2.7 months), and PFS (median 4.3 versus 2.2 months) 
trended higher in DLL3-high patients [33]. The phase 2 trial 
of Rova-T in relapsed/refractory patients with SCLC (which 
included patients with DLL3-expressing tumors only) dem-
onstrated similar ORR among patients who were DLL3-pos-
itive (≥ 25%; ORR 13.2%) and DLL3-high (≥ 75%; ORR 
14.3%), suggesting that DLL3 positivity (as opposed to high 
expression) was sufficient for benefits of response to Rova-
T [20]. However, Phase III trials for Rova-T (MERU and 
TAHOE) did not demonstrate increased survival for DLL3-
high patients compared with placebo [18] or topotecan [9] 
therapy and were terminated early. Additional studies of 
DLL3 targeting agents may provide more insight as to the 
potential benefit of DLL3 expression on patient survival or 
treatment response.

No standardized threshold values have been established 
or recommended by treatment guidelines to determine 
DLL3 positivity or “high” levels of expression. Among the 
included studies, thresholds of ≥ 1 or ≥ 25% of positive 
tumor cells were commonly used to define the DLL3-pos-
itive group, while ≥ 50% or ≥ 75% were frequently used 
to define “high” DLL3 expression. However, other thresh-
old values were used in some studies (≥ 13.5%, ≥ 60%), 
whereas others did not report the threshold value used to 
define “high” expression. Without a standardized definition 
of DLL3 positivity or “high” expression, the prevalence 
of DLL3 expression cannot be summarized quantitatively 
across studies. Future studies of DLL3 expression in SCLC 
would benefit from harmonized definitions for DLL3 posi-
tivity and “high” expression or reporting results using mul-
tiple thresholds to allow comparability between studies.

While the current review focused on studies using the 
Ventana SP347 IHC assay, a variety of testing methods were 
reported in the literature, including other IHC assays and 
reverse transcription polymerase chain reaction (RT–PCR). 
Within each of these methods, there are further variances, 
including the use of antibodies and biopsy sampling, which 
may influence detectability. Brcic et  al. [16] compared 
four different DLL3 antibodies (Ventana SP347, Novus 
NBP2–24669, Thermo Fisher PA5–26336, and Abcam 

ab103102) for their reliability in detecting DLL3 expres-
sion in high-grade neuroendocrine tumors of the lung. There 
was poor overall positive and negative agreement and kappa 
values when Ventana SP347 was compared with the other 
three antibodies. The authors concluded that only the Ven-
tana SP347 assay could be reliably used to determine DLL3 
expression. Recommendations for treatment decisions based 
on biomarker expression generally require the use of a vali-
dated test. This SLR highlights a need to clearly define a 
guideline for DLL3 evaluation to assess the impact of 
expression on clinical variables and prognosis across studies.

Strengths of this SLR include the use of a systematic 
methodology following PRISMA guidelines, evaluation 
of study quality, and a thorough evaluation of relevant sur-
vival and treatment response outcomes. A broad and com-
prehensive search strategy was incorporated across multiple 
databases to include all potentially relevant articles. Qual-
ity control measures were implemented at several steps to 
ensure accuracy as well as transparency and reproducibility 
of the review. Our restriction to English language publica-
tions may have resulted in missing key articles published in 
other languages; for this reason, we also examined bibliogra-
phies of relevant reviews. Most of the included literature was 
retrospective in design and may be biased if the patients that 
were tested for DLL3 were inherently different than those 
who were not. Due to the heterogeneity between studies in 
methods, included populations, and outcome definitions, we 
were unable to quantitatively summarize the prevalence of 
DLL3 expression in SCLC using meta-analytical techniques. 
The addition of more studies using consistent methods and 
definitions for evaluating DLL3 may allow for a meta-anal-
ysis in the future.

5 � Conclusions

This SLR demonstrates that DLL3 is expressed in most 
patients with SCLC and presents a potentially impactful 
therapeutic target. To date, DLL3 expression has not been 
shown to be consistently associated with sociodemographic 
or clinical factors or have a significant impact on treatment 
response or patient survival. Future investigations should 
explore the impact of DLL3 expression using large popu-
lations with validated tests for DLL3 expression to better 
understand the dynamics of DLL3 as a therapeutic target 
for SCLC.
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