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Abstract

Objective: Small cell lung cancer (SCLC) is one of the most aggressive malignancies
characterized by neuroendocrine (NE) differentiation. The Delta-like protein
3 (DLL3), as a direct downstream target of ASCLI, is involved in NE differentiation
and carcinogenesis of SCLC. This study aims to investigate the relationship between
ASCL1 and DLL3 expressions and their clinicopathological implications in SCLC.
Methods: A total of 247 surgically resected pure SCLC samples with limited clinical
stage and follow-up data were retrieved in this retrospective study. ASCL1 and DLL3
protein expression was detected by immunohistochemistry staining. The correlations
between ASCL1 and DLL3 expressions, as well as their clinicopathological features,
were analyzed by ¥ tests. Disease-free survival (DFS) and overall survival (OS) in
SCLC patients with ASCL1/DLL3 low and high expressions were compared by the
Kaplan-Meier method and log-rank tests.

Results: ASCL1 high expression was detected in 105 (42.5%) patients. Its expression
was positively correlated with the clinical stage (p = 0.02) and nerve invasion
(p = 0.03). DLL3 high expression was observed in 188 (72.8%) patients and was corre-
lated with vascular invasion (p = 0.04). ASCL1 expression was positively associated
with DLL3 expression (p = 0.03). In addition, DLL3 expression has a strong correla-
tion with the expression of thyroid transcription factor-1 (TTF1) and conventional
NE markers.

Conclusion: ASCL1 and DLL3 were highly expressed in SCLC tumor samples, and a
positive correlation between these two markers was observed. Co-analysis of ASCL1
and DLL3 may identify a distinct SCLC subgroup benefit from targeted therapy.
Therefore, ASCL1 and DLL3 could be potential biomarkers served for the selection of
related patients.
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INTRODUCTION

Small cell lung cancer (SCLC) is one of the most aggressive
malignancies with neuroendocrine (NE) differentiation and
poor prognosis, accounting for 15% of all lung cancers." For
decades, traditional chemotherapy and localized radiother-
apy have been the predominant therapies for SCLC.
Although SCLC is sensitive to the initial chemotherapy and
radiotherapy, it has a high rate of relapse and resistance to
traditional drugs. Therefore, seeking other forms of treat-
ment modalities is desperately necessary.

Emerging data revealed that SCLC was a considerable het-
erogeneous tumor in terms of histomorphology, molecular
changes, and growth features. Several recent studies applying
SCLC primary human tumors, xenografts, and cell lines have
attempted to divide SCLC into distinct molecular subtypes,
including ASCL1-high, NEUROD1-high, POU2F3, and YAP1
subtypes.>® The most well-established subgroup is the
ASCL1-high group, representing the predominant subgroup of
SCLC with high expression of NE markers.*® ASCLI is
expressed in most SCLC tumors and supposed to be closely
correlated with NE differentiation.”

Notch-ASCLL1 signaling pathway plays an important role
in the maintenance of NE phenotype and carcinogenesis of
SCLC. DLL3 is an inhibitory ligand of the Notch pathway
and results in the inactivation of Notch pathway. As a regu-
lator, ASCL1 can enhance the expression of its downstream
target Delta-like protein 3 (DLL3).® Recently, DLL3-targeted
antibody-drugs, rovalpituzumab tesirine (Rova-T), bispecific
antibody, and chimeric antigen receptor-modified T cells
(CAR-T) have been used in several clinical trials,”! dem-
onstrating a potential prospect in SCLC treatment. Com-
bined investigation of ASCL1 and DLL3 expression could be
helpful for a selection of subgroup of patients who would
benefit from these targeted therapies.

Analysis of both ASCL1 and DLL3 in SCLC patient sam-
ples has been only reported in one recent study,'’ which
investigated 95 surgically resected SCLC samples, including
combined SCLC. However, our recently published studies rev-
ealed distinct prognostic impact factors'’and YAP1 protein
expression between pure SCLC and combined SCLC."* This
suggests that combined SCLC and pure SCLC might be differ-
ent entities and present different targetable oncogenic path-
ways. Therefore, in this study, we enrolled a large scale of
247 surgically resected pure SCLC samples (without combined
non-small cell lung cancer component). All the samples were
pure SCLC cases with limited clinical stages, and we aimed to
clarify the relationship between ASCL1 and DLL3 expressions
and their clinicopathological implications for SCLC patients.

METHODS
Sample selection

The study was approved by the ethics committee and insti-
tutional review board of Cancer Hospital, Chinese Academy
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of Medical Sciences (CHCAMS), and all patients were
exempt from informed consent. A total of 247 surgically
resected pure SCLC samples were retrieved in this retrospec-
tive study. They were primarily diagnosed in CHCAMS dur-
ing the period of January 2005 and December 2016. Sample
inclusion criteria were used as described in our previous
study'®: (1) surgically radical excision specimen of SCLC
with or without systemic lymph node dissection; (2) histo-
logically confirmed to be pure SCLC without any combined
component; and (3) clinically proven to be pulmonary pri-
mary tumor when metastasis was excluded. Tumors were
staged and accessed according to the seventh edition of the
American Joint Committee on Cancer (AJCC). General clin-
ical information and follow-up data were obtained from the
medical records system.

Reassessment of clinicopathological
characteristics

All archival slides of hematoxylin and eosin (H&E) and
immunohistochemical (IHC) staining from the 247 SCLC
samples were retrieved and reevaluated by two senior tho-
racic pathologists. The diagnosis of pure SCLC was con-
firmed by pathological morphology and staining of several
conventional NE biomarkers. Clinicopathological character-
istics were also reevaluated and recorded, including invasion
of bronchus, vessels, nerves and pleura, proportion of necro-
sis and fibrosis, regional lymph node metastasis, spread
through air spaces (STAS), and tumor infiltrating lympho-
cytes (TILs).

IHC staining and scoring criteria

IHC staining for conventional NE markers including syn-
aptophysin (SYN, SP11, MXB Biotechnologies), chromogranin
A (CgA, LK2H10+4-PHE5, MXB Biotechnologies), CD56
(MX039, MXB Biotechnologies), and TTF1 (SP141, Roche)
was performed on formalin-fixed paraffin-embedded (FFPE)
tissues during routine clinical practices. ASCL1 (ab74065,
Abcam) and DLL3 (E3]5R, Cell Signal Technology) staining
was examined on SCLC tissue microarrays. The SCLC tissue
microarrays of the 247 cases were constructed as described
previously.'® All the staining was carried out on the fully auto-
matic Roche IHC instruments (Roche Diagnosis) according to
the manufacturer’s protocols.

ASCL1 expression was localized in the nucleus of SCLC
tumor cells, whereas DLL3 expression was localized in the
cytoplasm and membrane of tumor cells. For staining pat-
tern of conventional NE markers, cytoplasm for SYN and
CgA, membrane for CD56, and nucleus for transcription
termination factor 1 (TTF1) in tumor cells were evaluated to
be positive. Both the intensity and proportion of positive
tumor cells were taken into account and the scoring criteria
were used as described in the previous study.'® Percentages
of stained tumor cells (0%-100%) and four-level intensity of
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TABLE 1 Relationship between clinicopathological characteristics and ASCL1/DLL3 expressions

ASCL1 expression DLL3 expression

Characteristics Patients (N = 247) Low (%) High (%) p value Low (%) High (%) p value

Gender
Male 175 101(71) 74(70) 1.00 44(75) 131(70) 0.52
Female 72 41(29) 31(30) 15(25) 57(30)

Age
<65 202 115(81) 87(83) 0.74 48(81) 154(82) 1.00
>65 45 27(19) 18(17) 11(19) 34(18)

Smoking
Yes 158 90(63) 68(65) 0.89 41(69) 117(62) 0.35
No 89 52(37) 37(35) 18(31) 71(38)

Tumor location
Left lung 122 74(52) 48(46) 0.37 35(59) 87(46) 0.10
Right lung 125 68(48) 57(54) 24(41) 101(54)

Clinical stage
I 78 47(33) 31(30) 0.02* 21(36) 57(30) 0.28
i 68 47(33) 21(20) 19(32) 49(26)
I 101 48(34) 53(50) 19(32) 82(44)

Vascular tumor thrombus
Yes 125 76(54) 49(47) 0.31 35(59) 87(46) 0.10
No 122 66(46) 56(53) 24(41) 101(54)

Pleural invasion
Yes 170 91(64) 79(75) 0.07 42(71) 128(68) 0.75
No 77 51(36) 26(25) 17(29) 60(32)

Lymph node metastasis
Yes 143 75(53) 68(65) 0.07 28(47) 115(61) 0.07
No 104 67(47) 37(35) 31(53) 73(39)

Bronchus invasion
Yes 210 119(84) 91(87) 0.59 50(85) 160(85) 1.00
No 37 23(16) 14(13) 9(15) 28(15)

Vascular invasion
Yes 206 117(82) 89(85) 0.73 44(75) 162(86) 0.045*
No 41 25(18) 16(15) 15(25) 26(14)

Nerve invasion
Yes 84 40(28) 44(42) 0.03* 18(31) 66(35) 0.64
No 163 102(72) 61(58) 41(69) 122(65)

STAS
Yes 182 104(73) 78(74) 0.89 40(68) 142(76) 0.24
No 65 38(27) 27(26) 19(32) 46(24)

Necrosis proportion
<30% 172 97(68) 75(71) 0.68 37(63) 135(72) 0.20
>30% 75 45(32) 30(29) 22(37) 53(28)

Fibrosis proportion
<10% 116 75(53) 41(39) 0.04* 30(51) 86(46) 0.55
>10% 131 67(47) 64(61) 29(49) 102(54)

TILs
<30% 212 124(87) 88(84) 0.46 49(83) 163(87) 0.52
>30% 35 18(13) 17(16) 10(17) 25(13)

"p value <0.05.
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staining (0 = negative, 1 = weak, 2 = moderate, and
3 = strong) were recorded, respectively. A histoscore (H-
Score) with a range of 0-300 was produced by multiplying
the score of percentage (0-100) by the intensity of stained
tumor cells (0, 1, 2, and 3). The expression level was further
classified as high and low according to the best cut-off value
determined by X-tile software.

Follow-up data

Overall survival (OS) was calculated during the time from
the first diagnosis to death regardless of any cause. Disease-
free survival (DFS) was defined during the time from start
of treatment to documentation of any progression such as
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recurrence or metastasis. Follow-up was completed in
February 2019. A total of 212 patients had complete follow-
up data, and 35 patients (14.2%) were lost to follow-up.

Statistical analysis

The correlation between ASCL1 and DLL3 protein expres-
sions, their expression and clinicopathological features as
well as conventional NE scores were analyzed by x* tests
and Fisher’s exact tests. OS and DFS in SCLC patients with
ASCL1/DLL3 low and high expressions were compared by
using the Kaplan-Meier method and log-rank test. Univari-
ate and multivariate analysis was carried out in the Cox pro-
portional hazards model. All differences were considered as

/'A -‘

Representative slides of SCLC morphology and ASCL1/DLL3 expression level (x200). (a) and (b) SCLC H&E staining and the
corresponding ASCL1 high expression, respectively, (c) ASCLI low expression; (d) and (e) SCLC H&E staining and the corresponding DLL3 high expression,
respectively, (f) DLL3 low expression
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TABLE 2 Relationship between ASCL1 and DLL3 expressions
ASCLI1 expression
DLL3 expression Patients (N = 247) Low (%) High (%) p value
Low 59 41(29) 18(17) 0.035*
High 188 101(71) 87(83)
*p value <0.05.
statistically significant if p value <0.05. Statistical analysis TABLE 3 Relationship between expressions of DLL3 and conventional
was performed using SPSS version 23.0 (SPSS). NE markers
DLL3 expression
NE marker Cases Low (%) High (%) p value
RESULTS
CD56 expression n = 207
Patient and sample characteristics Low 67 30(58) 37(24) <0.01*
High 140 22(42) 118(76)
Among the entire cohort of the 247 surgically resected pure ChrA expression n=213
SCLC patients, 175 (709%) were male, 202 (818%) were Low 134 40(77) 94(58) 0.02*
<65 years, and 158 (64.0%) had a history of smoking. High 79 12(23) 67(42)
According to the 7th edition of AJCC Cancer Staging Man- . _
Syn expression n=213
ual, 78 (31.6%) were stage I, 68 (27.5%) were stage II, and
. Low 72 28(55) 44(27) <0.01*
101 (40.9%) were stage III. A total of 143 (57.9%) patients .
showed regional lymph node metastasis (Table 1). High 141 23(45) 118(73)
TTF1 expression n =189
Low 46 31(66) 15(11) <0.01*
Expression of ASCL1/DLL3 and correlation High 143 16(34) 127(89)

with clinicopathological features

ASCL1 expression was localized in the nucleus of SCLC
tumor cells (Figure 1(a)-(c)), and 105 (42.5%) patients
showed high expression. ASCL1 high expression was associ-
ated with clinical stage (p = 0.02) and nerve invasion
(p = 0.03). DLL3 expression was localized in the cytoplasm
and membrane of tumor cells (Figure 1(d)-(f)), and DLL3
high expression was observed in 188 (72.8%) patients. DLL3
high expression was correlated with vascular invasion
(p = 0.04). No significant difference was found in ASCL1/
DLL3 expression and the remaining clinicopathological fea-
tures. Co-expression of ASCL1/DLL3 was observed in
124 (50.2%) patients, and 87 of which showed co-high
expression of these two markers. Subsequently, we analyzed
the relationship between ASCL1 and DLL3 expression in
SCLC, and a significantly positive association was observed
(p = 0.035, Table 2).

ASCL1/DLL3 expression and correlation with
conventional NE markers

Because ASCL1/DLL3 was highly expressed in SCLC tumor
cells, we next examined the correlation between ASCLI/
DLL3 expression and conventional NE markers (Syn, CgA,
CD56, and TTF1). According to the H-Score of these
markers, their expressions were divided into low and high
expression groups. Expression levels of DLL3 had a strongly
positive association with those of Syn (p = 0.01), CgA

“p value <0.05.

(p = 0.02), CD56 (p < 0.01), and TTF1 (p < 0.01), as shown
in Table 3. However, expression of ASCL1 was only posi-
tively correlated with CgA (p = 0.031), but not correlated
with Syn, CD56, and TTF1 (p > 0.05).

ASCL1/DLL3 expression and patients’ outcome

All the 247 SCLC patients were followed up, with a median
follow-up time of 48 months ranging from 0 to 167 months.
Univariate analysis revealed that patients with ASCL1 high
expression had a worse OS (p = 0.047), whereas ASCL1
expression was not associated with DFS (p > 0.05). No sig-
nificant difference was found in DLL3 expression level and
patients OS/DFES (p > 0.05). Further multivariate cox regres-
sion analysis showed neither ASCL1 nor DLL3 expression
was an independent prognostic factor (p > 0.05).

DISCUSSION

SCLC is a highly aggressive cancer with poor prognosis.
Although most patients are sensitive to the initial chemo-
therapy and radiotherapy, frequent relapse and resistance to
traditional drugs will eventually result in treatment failure.
Therapeutic options for recurrent patients were limited, and
only a few survived more than 5 years from diagnosis.
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Current advances in molecular biology established by using
xenografts and cell lines proposed the concept of RNA-based
molecular subtyping, which had great significance in explora-
tion of therapeutic targets for distinct subgroups. Our study
observed protein expressions of ASCL1 (an essential bio-
marker for SCLC-A subgroup) and DLL3 (a ROVA-T drug
target), and analyzed their correlations with clinicopathologi-
cal features, in an attempt to identify potential patients in
SCLC-A subgroup who would benefit from ROVA-T treat-
ment. In the current study, ASCL1 and DLL3 were found to
be highly expressed in a large cohort of surgically resected
SCLC samples (n = 247), and a significantly positive correla-
tion between these two markers were identified.

ASCL1 is one of the master transcription factors in
SCLC and plays an important role in cell fate decisions
during neurogenesis. Our previous study revealed that
ASCL1 protein expression was strongly associated with
ASCL1 mRNA expression and NE differentiation score, and
ASCLI1-high patients had a lower OS," suggesting that
examination of ASCL1 expression by IHC staining could be
an alternative option for SCLC subgrouping. In this study,
ASCL1 expression was scored according to H-Score criteria,
and then subdivided into ASCL1 low and high expression
groups. ASCL1 was highly expressed in 42.5% (105/247) of
SCLC. Compared to previous studies, it was consistent with
one study as 64% of SCLC expressing ASCLI in at least 5%
tumor cells,'* whereas a bit lower than the other study as
80% of cases showing ASCLI expression.'® As shown in the
study by Baine et al.,'® 60% cases were small biopsies and
15% were cytology samples, which was different from ours,
as all the cases in our study were surgically resected samples
and representative tissue cores were selected for tissue array
construction. Therefore, regarding specimen sources, our
data were more consistent, and it would be better in result
interpretation and observation.

DLL3 is an inhibitory ligand of the Notch receptors and
inhibits Notch pathway by binding to Notch within the
Golgi apparatus and retaining it to endosomal compart-
ments. The Notch pathway plays a tumor suppressive role
in SCLC, and inactivation of Notch pathway results in NE
transformation of SCLC.® As a downstream target of ASCLI,
DLL3 links ASCL1-DLL3-Notch axis. Activation of ASCL1
upregulates DLL3 expression, which subsequently motivates
Notch pathway inactivation and contributes to carcinogene-
sis of SCLC. DLL3 could hardly be detected in normal adult
tissues, but is highly expressed in SCLC tumor cells as well
as other types of NE origin tumors including melanoma,
glioblastoma, small cell bladder cancer, large cell neuroendo-
crine carcinoma, and carcinoid of lung.'””*" This finding
enables the development of DLL3 targeted therapeutics.
DLL3-targeted agents have being evaluated in several clinical
studies. For well-established DLL3-specific drugs, Rova-T,
both preclinical and clinical study revealed convincing
objective response in recurrent SCLC patients, and a signifi-
cantly higher efficiency was observed in DLL3-high SCLC
tumors compared to DLL3-low tumors.”* In the phase I
clinical trial, DLL3-high expression was defined as

expression in 50% or more tumor cells by IHC staining, and
10 patients (35%) with DLL3-high had a confirmed objective
response, but none of the patients with DLL3-low had a
response.”> The impact of DLL3 expression on response to
Rova-T was concordant in the following phase II study,”
whereas it was not supported by the phase III trial, in which
DLL3-high patients were defined as expression in more than
75% tumor cells.”* Although responses to Rova-T were
determined by various factors, the threshold of expression to
define DLL3-high patients that benefit from this targeted
drug is still deserved to be clarified in the future. In our study,
DLL3 was highly expressed in SCLC tumor cells, accounting
for 188 (72.8%) patients. This is consistent with previous
reports (68%-83%).'>'®*>*® Considering researchers used
different scoring criteria, thresholds, and IHC methodologies
of DLL3 detection, direct comparison might be inappropriate.
However, both our study and recent multi-center retrospec-
tive investigation demonstrated abundant DLL3 expression in
SCLC. In addition, DLL3 expression is extremely stable in
SCLC samples irrespective of ethnicity, gender, age, clinical
stage, biopsies or resected samples, pre- or post-treatment.*®
Despite unfavorable results in some clinical studies, DLL3
remains a remarkable target in SCLC because of its high and
homogeneous expression on the cell surface. DLL3 targeted
therapy is expected to provide great advances in treatment of
this aggressive tumor. Further studies are urgently needed to
explore the molecular mechanism, to assess expression
threshold for DLL3-high patients that benefit from targeted
therapy, and to focus on selection of potential molecular
markers for predicting treatment response.

Our previous work already showed ASCL1 was a NE
related marker."” As an inhibitory ligand of Notching path-
way, DLL3 also plays an essential role in NE transformation
and maintenance. We analyzed the relationship between
DLL3 expression and several conventional NE markers, such
as SYN, CgA, CD56, and TTF1 in this study. These markers
were normally used for differential diagnosis of SCLC in
routine clinical practices. We found a strong positive associa-
tion between DLL3 and SYN, CgA, CD56, and TTFI1 expres-
sions, suggesting the NE function of DLL3. Our observation
was consistent with other investigations.””** SYN, CgA, and
CD56 have been classic markers for SCLC diagnosis, whereas
DLL3 showed much wider coverage of expression in SCLC
than SYN and CgA. This suggests DLL3 could be a candidate
NE marker for SCLC diagnosis to remedy the deficiency of
present markers. Moreover, considering the strong correction
between DLL3 and TTF1 expression, several recent studies
suggested that TTF1 expression could be a potential surrogate
of DLL3 expression to identify patients who may respond to
DLL3 targeted therapy.

Finally, we analyzed the impact of ASCL1 and DLL3
expression on prognosis of SCLC patients. Although univar-
iate analysis revealed that patients with ASCL1 high expres-
sion had a worse OS, multivariate cox regression analysis
showed neither ASCL1 nor DLL3 expression was an inde-
pendent prognostic factor. These results were also supported
by several other findings.'>*>* ASCL1 and DLL3
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expressions have limited impact on patient outcomes and
may not be valuable indicators for prognosis prediction.
Because the molecular mechanisms of SCLC are compli-
cated, multiple signaling pathways are involved in the
tumorigenicity and progression, including Hippo/Notch/
EMT pathways.*® Therefore, signal indicator cannot predict
prognosis, and analysis of ASCL1/DLL3 expression could be
more significant in selection of patients suitable for target
therapy. As mentioned above, ASCL1 positive phenotype
was the most conventional and predominant subgroup of
SCLC tumor. To some extent, DLL3 is elevated as a conse-
quence of ASCLI overexpression, and activities of DLL3
targeted therapy can be the highest in ASCLI-high and
DLL3-high group tumors based on preferential expression
of these markers in this subtype.*>>"

Our study has some advantages. First, we observed high
expression levels of ASCL1/DLL3 and their positive correla-
tions in the largest surgically resected samples. Second, co-
analysis of ASCL1/DLL3 expression using routine IHC
staining provides evidence for selection of potential sub-
groups, which is more applicable for advanced patients
(accounting for 80% SCLC patients in clinical practice)
because of insufficient sample amount for further examina-
tion. Third, unlike the study by Furuta et al.,'* we enrolled
pure SCLC samples for study (that is more representative of
authentic SCLC features compared to combined SCLC)
because both of our previous works based on clinicopatho-
logical analysis'®> and YAP1 expression'* revealed the dis-
tinction between pure SCLC and combined SCLC, and the
latter presented much more heterogenicity. Although the
cell origin of combined SCLC remains unclear, SCLC com-
ponents and non-SCLC components in combined SCLC
have been reported to share almost 75% common mutations
and show similar genetic background, suggesting that the
SCLC components and non-SCLC components are derived
from common precursors. Moreover, this also implies that
one component of combined SCLC arises from the other
with subsequent acquisition of oncogenic change and micro-
environment in combined SCLC.?* In Furuta et al.’s study,"?
29 combined SCLC and 66 pure SCLC were included.
Although DLL3 and ASCL1 scoring was only assessed in
components of SCLC cells, but not in the components of
histologically characterized as squamous cell carcinoma,
adenocarcinoma, or large cell carcinoma, the SCLC compo-
nents in combined SCLC is relatively different from that in
pure SCLC. Combined with our previous studies, we believe
that the combined SCLC as a distinct subtype should be
considered as an important histological factor significantly
affecting the efficacy and prognosis. Our research, with a
much larger sample size, further confirmed the conclusion
of the study by Furuta et al.' that the expression of ASCL1/
DLL3 has a significant positive correlation, and DLL3 was
not an independent prognostic factor and may only benefit
from targeted therapy.

However, this study also has some limitations. First, we
only analyzed the correlation between ASCL1/DLL3 expres-
sions and their clinical implications and no further study

was carried out on exploration of the underlying molecular
mechanisms. Second, all the clinical specimen used were ret-
rospectively surgically resected samples, DLL3 targeted ther-
apeutic effect cannot be straightly evaluated based on
subgroups. Further studies are still needed to clarify the
molecular mechanisms and to predict response of target
therapy.

CONCLUSION

In this study, we analyzed ASCL1 and DLL3 expression in a
large scale of surgically resected pure SCLC samples. ASCL1
and DLL3 were highly expressed in SCLC tumor cells, and
their expression level was positively correlated. The patients
with ASCL1 high expression level represent the dominant
subgroup of SCLC with NE characteristics, and DLL3 high
patients indicate a subgroup suitable for DLL3 targeted ther-
apy. Therefore, we suppose that co-analysis of ASCL1 and
DLL3 expression may contribute to selection of distinct
SCLC subgroup that benefit most from DLL3 targeted
therapy.
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