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Small cell lung cancer (SCLC) is a highly aggressive malignancy with exceptionally poor prognosis, comprising approximately 15%
of lung cancers. Emerging knowledge of the molecular and genomic landscape of SCLC and recent successful clinical applications
of new systemic agents have allowed for precision oncology treatment approaches. Imaging is essential for the diagnosis, staging,
and treatment monitoring of patients with SCLC. The role of imaging is increasing with the approval of new treatment agents,
including immune checkpoint inhibitors, which lead to novel imaging manifestations of response and toxicities. The purpose of this
state-of-the-art review is to provide the reader with the latest information about SCLC, focusing on the subtyping of this malignancy
(molecular characterization) and the emerging systemic therapeutic approaches and their implications for imaging. The review will
also discuss the future directions of SCLC imaging, radiomics and machine learning.
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mall cell lung cancer (SCLC) accounts for approxi-

mately 14% of all lung cancers and is characterized by
rapid growth, early metastatic spread, and poor prognosis.
It has been estimated that there will be 236740 new cases
of lung cancer in 2022, with most classified as non-SCLC
(NSCLC) (82%) or SCLC (14%) (1). Although NSCLC
and SCLC are the two major types of lung cancer, these two
tumors are distinctly different from each other in terms of
clinical, pathologic, and radiologic perspectives. The 5-year
survival rate is only 7% for SCLC, in striking comparison
with 26% for NSCLC (1). SCLC is categorized as a lung
neuroendocrine neoplasm in the World Health Organiza-
tion Classification of Thoracic Tumors (2), as opposed to
NSCLC, which is classified as an epithelial tumor. Most
SCLCs are located in the central lung and are typically
accompanied by mediastinal or hilar lymphadenopathy
(3). SCLC is most commonly staged with use of a two-
stage system, classifying it as “limited disease,” in which
tumors are confined to one hemithorax with local exten-
sions that can treated in one radiation portal, or “extensive
disease,” with disease beyond these boundaries (3,4). This
is different from the TNM staging system, which is used

for NSCLC. Low-dose CT screening is effective for early
detection of NSCLC; however, most cases of SCLC are
detected within 1 year of a previous negative screening due
to the highly aggressive and rapidly progressing nature of
the tumor (5).

Tumor genomic characterization has further classi-
fied SCLC and NSCLC (Table 1) (6-9). The efficacy of
immune checkpoint inhibitors (ICIs) has led to regulatory
approvals for these agents and has changed the treatment
paradigm for patients with SCLC. However, these latest
advances in SCLC have not been widely recognized in the
radiology community. Imaging has a key role in diagnosis,
staging, and monitoring of SCLC. As members of a mul-
tidisciplinary team, it is important that radiologists are in-
formed of the rapidly advancing landscape of SCLC and
how this impacts imaging and patient care. This review de-
scribes the recent advances of molecular characterization and
therapeutic approaches for SCLC, discusses their implica-
tions for imaging, and is designed to effectively communi-
cate this new information so that radiologists can maximize
their contributions to the multidisciplinary management of
this important primary lung malignancy.
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Abbreviations

FDA = Food and Drug Administration, FDG = fluorodeoxyglucose,
HR = hazard ratio, ICI = immune checkpoint inhibitor, ILD = in-
terstitial lung disease, NSCLC = non-SCLC, OS = overall survival,
PARP = poly (adenosine diphosphate-ribose) polymerase, PD-1 =
programmed cell death protein 1, PD-L1 = programmed death-ligand
1, PFS = progression-free survival, RECIST = Response Evaluation
Criteria in Solid Tumors, SCLC = small cell lung cancer, SUV__ =
maximum standardized uptake value

Summary

Radiologists involved in the multidisciplinary management of patients
with small cell lung cancer (SCLC) should be aware of how the molecular
landscape of SCLC impacts therapy.

Essentials

= Molecular and genomic characterization of specific transcription
factors in small cell lung cancer (SCLC) indicates novel subtypes.

= Recent developments in systemic therapy for extensive stage SCLC
includes immune checkpoint inhibitors as the first-line therapy
and a selective inhibitor of oncogenic transcription, lurbinectedin,
for those who progressed on platinum-based chemotherapy.

» Tetraazacyclododecane tetraacetic acid—octreotate, or DOTATATE,
PET/CT and machine learning models may help inform treatment
planning and outcome prediction for SCLC.

Genomic Characterizations and Molecular

Subtyping of SCLC

Molecular Subtypes of SCLC Based on Expression of
Transcription Factors
In the past few decades, there has been a significant advance
in our understanding of the genomic landscape of SCLC with
the development of comprehensive genomic studies, including
exome, whole-genome, transcriptome, and copy-number al-
teration analyses. The characteristic genetic alterations in SCLC
are inactivation of the tumor-suppressor genes 7P53 and RBI,
which is a near ubiquitous event in SCLC (10). Loss of 753
and RBI results in proliferation of tumor cells and is associated
with early metastasis and rapid resistance to chemotherapy (11).
Biologic heterogeneity of gene expression in SCLC
has been recently discovered, leading to novel molecular
subtypes (Fig 1) (10). Emerging knowledge indicates that sub-
types of SCLC are not necessarily defined by their tumor mu-
tational landscape, but instead by the expression of specific
transcription factors that can provide a biologic framework for
the distinct SCLC entities (10). Three major molecular sub-
types have been described, including SCLC-A, SCLC-N, and
SCLC-P based on high expression of the transcription factors
ASCL1 (achaete-scute homolog 1), NEURODI1 (neurogenic
differentiation factor 1), and POU2F3 (POU class 2 homeobox
3), respectively (10,12). SCLC-A is the most common molecular
subtype of SCLC, comprising approximately 70% of SCLCs.
Further subdivision of SCLC-A into two groups is suggested,
including SCLC-A and SCLC-A2, based on difference in
expression of other factors including HES1 (hairy and enhancer
of split-1) (13,14). These subtypes tend to reflect the differen-
tial expression levels of MYC oncogene family members, which
are known oncogenic drivers of SCLC and may constitute
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Table 1: Frequency of Somatic Mutations of Oncogenic
Drivers and Tumor Suppressor Genes in SCLC and NSCLC
Gene Prevalence in SCLC (%) Prevalence in NSCLC (%)
P53 78.1 56.8

RBI 58.4 6.2

EGFR 12.3 20.6

KRAS 7.3 29.5

ERBB2 6.0 4.3

PIK3CA 4.5 6.5

MET 3.3 5.7

BRAF 2.4 6.5

STK11 2.2 14.2

ALK 0.6 2.5

ROS1 0.6 1.1

RET Not detected 1.4

Note.—Prevalence was obtained by combining two cohorts,
the Cancer Genome Atlas and the institutional cohort, and
thus represents the average of the prevalence of the two cohorts
(6-9). NSCLC = non-small cell lung cancer, SCLC = small cell
lung cancer.

novel therapeutic targets (15). Increased MYCL expression is
associated with SCLC-A, whereas increased MYC expression
is noted in the other subtypes (16). MYC also contributes to
temporal evolution among subtypes, for example from SCLC-A
to SCLC-N, indicating that SCLC molecular subtypes may
represent dynamic stages of MYC-driven tumor evolution (17).
Another major difference between these subtypes is a distinct
degree of neuroendocrine differentiation, where SCLC-P has
a less neuroendocrine phenotype compared with SCLC-A and
SCLC-N subtypes (10).

In addition, a recent study described a subgroup with low
expression of all three transcription factor signatures that has an
“inflamed” gene signature (SCLC-I) with uniquely expressed
genes including a number of immune checkpoints and human
leukocyte antigens. In preclinical studies, SCLC-I showed bet-
ter response to ICI, emphasizing the clinical implication of
understanding molecular subtypes (18). Further investigations
are ongoing to further define the subgroups, particularly for
those with low expressions of transcription factors, and to de-
termine the therapeutic implications for these new molecular

subtypes of SCLC.

SCLC Transformation of NSCLC Treated with Molecular
Targeted Therapy

In addition to de novo SCLC, histologic transformation to
SCLC has been described as one of the mechanisms of ac-
quired resistance to epidermal growth factor receptor (EGFR)
inhibitors in EGFR-mutant NSCLC, noted in approximately
3%-10% of acquired resistance cases (19-21), which provides
another insight for SCLC biology. A recent study investigated
58 patients with EGFR-mutant NSCLC at diagnosis who sub-
sequently experienced SCLC transformation after receiving
EGFR inhibitors. The median time on EGFR inhibitors before
transformation was 15.8 months. Most patients (93%) were
receiving EGFR inhibitors at the time of SCLC transformation

513



Molecular Characterization and Therapeutic Approaches to Small Cell Lung Cancer

B mvcL-high

MYC-high

SCLC-A2

(ASCL1) [ Neuroendocrine

Less/No Neuroendocrine

Figure 1:  Emerging molecular subtypes of small cell lung cancer (SCLC) (10). Molecular subtypes
SCLC-A, SCLC-N, and SCLC-P have been described based on high expression of the transcription factors
(achaete-scute homologue 1 [ASCL1], neurogenic differentiation factor 1 [NEUROD1], and POU class 2
homeobox [POU2F3], respectively). For SCLC-A, which is the most common molecular subtype consisting
of approximately 70% of SCLCs, further subgroups of SCLC-A and SCLC-A2 are suggested based on
difference in expression of other factors. For the remaining SCLCs with low expression of the three transcrip-
tion factors (indicated in gray in the figure), several subgroups are proposed, including SCLC-Y with high
expression of YAP1, a rare subtype with elevated expression of ATOH 1, and SCLC-I with “inflamed” gene
signatures. Inactivation of the tumor-suppressor genes TP53 and RBT is noted as a near ubiquitous event

in SCLC. Different degree of neuroendocrine differentiation and the differential expression levels of MYC
oncogene family members are noted among the subgroups.

(19). The most common mutations identi-
fied in SCLC tumor samples were 7753,
RBI, and PIK3CA mutations (19-21). Un-
like 7P53 and RBI mutations, which are
commonly noted at the initial diagnosis of
SCLC, PIK3CA mutations are relatively un-
common in SCLC and NSCLC. PIK3CA-
mutated lung cancers are clinically and ge-
netically heterogeneous (22), and the clinical
significance remains to be investigated. Pa-
tients with SCLC transformations no longer
respond to the original targeted therapy to
NSCLC, and their tumors often show an ag-
gressive course (Fig 2), with frequent central
nervous system metastasis (19). SCLC trans-
formation has also been noted in patients
with ALK-positive NSCLC treated with
ALK inhibitors (23), indicating it may be
one of the general mechanisms of acquired
resistance to molecular targeted therapies for
NSCLC. Further studies are needed to bet-
ter understand the biologic characteristics
of SCLC due to transformation of NSCLC
after molecular targeted therapy as well as to
help develop effective therapeutic and pre-
ventive strategies for this phenomenon.

6 months after
development of SCLC
transformation

Development of SCLC
transformation in
EGFR-mutant NSCLC

12 months after
development of SCLC
transformation

Figure 2:
receptor (EGFR) inhibitor therapy. (A, B) The patient was inifially treated with EGFR inhibitor, osimertinib, for her NSCLC with sensiizing EGFR mutation (L858R)
and responded well, with a treated non-fluorodeoxyglucose (FDG)-avid primary tumor in the right upper lobe (* in A), as shown on FDG PET/CT scan ob-
tained 2 years dfter the initiation of osimertinib (A). However, on the same FDG PET/CT scan (B), a new FDG-avid paraspinal mass (arrow in B) was noted. The

Images in a 68-year-old woman with EGFR-mutant non—small cell lung cancer (NSCLC) with small cell transformation after epidermal growth facto

paraspinal mass demonstrated mixed features of EGFR L8 58R mutant non-SCLC and SCLC at histologic examination, demonstrating SCLC transformation due fo

acquired resistance to EGFR inhibitor. The patient was treated with carboplatin plus etoposide. (€, D) Contrast-enhanced chest CT scans obtained 6 months later
show further progression, with enlarged left supraclavicular node (arrow in €) and paraspinal nodes (arrows in D). The patient was switched to paclitaxel therapy,

while continuing osimertinib. (E, F) Contrast-enhanced CT scans obtained at 12 months demonstrate further progression, with significant further enlargement of the

left supraclavicular node (arrow in E) and paraspinal nodes (arrows in F) with heterogeneous CT attenuation and the development of left pleural effusion.
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Diagram shows advances of systemic therapy approaches for small cell lung cancer (SCLC) (12). The advances of systemic treatment opfions for patients with

Figure 3:
SCLC during the past decades are shown with the timeline. The blue boxes represent U.S. Food and Drug Administration (FDA)-approved standard-of-care treatment, and
the yellow boxes represent treatment options recommended by the National Comprehensive Cancer Network but not currently approved by the FDA. The figure illustrates
the paucity of the FDA-approved therapeutic options in the past 3 decades, with new recent additions for the first-line setting and for refractory and/or recurrent disease.

Both nivolumab and pembrolizumab were initially approved by the FDA in 2018 and 2019, respectively, for patients with relapsed SCLC based on several trial results
showing improved response rate and progression-free survival. However, subsequent trials failed to demonstrate improved survival in the programmed cell death protein 1

(PD-1) inhibitor therapy group and the FDA withdrew the indication of use of these PD-1 inhibitors in relapsed SCLC.

Current and Emerging Systemic Therapy Options
for SCLC

Although SCLC remains a challenging disease to treat and cure,
especially extensive or recurrent disease, there have been several
recent advances of systemic therapeutic approaches. Up-to-date
knowledge on the current treatment approaches to SCLC is es-
sential for accurate image interpretation, given unique image
manifestations of tumor response and toxicities of novel agents.

Summary of Existing Treatment Approaches for SCLC
Surgical resection can be curative in early limited stage SCLC,
with an improved overall survival (OS) when compared with
chemotherapy, although surgery is performed in only about 3%
of patients diagnosed with SCLC (24). Concurrent chemoradio-
therapy with etoposide and cisplatin or carboplatin is the standard
of care for limited stage SCLC that is not surgically resectable (25).
Although patients show good response to initial therapy, the
2-year cumulative risk of developing intracranial metastasis is
more than 50% and the median survival time after brain me-
tastasis is only 4—5 months (26). Prophylactic cranial radiation is
recommended for patients who achieve good response to initial
therapy because it reduces the risk of developing intracranial me-
tastasis and prolongs OS (27).

For extensive stage SCLC, a combination of etoposide and
cisplatin or carboplatin has historically been a mainstay of treat-
ment (28). The objective response rates of platinum-based che-
motherapy range from 40% to 70%, with up to 10% of patients
having complete response. Unfortunately, the responses are often
short-lived, with median OS ranging from 7 to 12 months and
a 5-year survival rate of less than 2% (28). There have been ad-
ditional important developments in systemic therapy for extensive
stage SCLC, including ICls and a selective inhibitor of oncogenic
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transcription, lurbinectedin, which has recently been approved
by the U.S. Food and Drug Administration (FDA) (Fig 3) (29).

These treatment approaches are discussed further below.

ICls in SCLC

ICIs have emerged as a promising treatment option for vari-
ous types of advanced malignancies. The two most commonly
used ICI agents are cytotoxic T lymphocyte—associated protein
4 (CTLA-4) and programmed cell death protein 1 (PD-1)
and programmed death-ligand 1 (PD-L1) inhibitors, both of
which use antibodies to block immune-inhibitory pathways.
CTLA-4 inhibitors block an inhibitory pathway that down-
regulates the initial stages of T cell activation, ultimately
unleashing a pre-existing anticancer T-cell response. PD-1 and
PD-L1 inhibitors block the interaction between PD-1 and
PD-L1, respectively, enhancing antitumor activity of T cells
(30,31). These agents have been tested in trials of SCLC in
combination with platinum and etoposide chemotherapy,
leading to recent FDA approvals (Table 2).

PD-L1 inhibitor in combination with chemotherapy has be-
come the new frontline standard of care for patients with extensive
stage SCLC. The IMpower133 trial showed that a combination of
carboplatin and etoposide with atezolizumab (PD-L1 inhibitor)
improved OS compared with chemotherapy alone (12.3 months
vs 10.3 months, respectively; P = .007) in extensive stage SCLC
(32). Similar results were demonstrated in the phase III CASPIAN
trial, where the addition of durvalumab (PD-L1 inhibitor) to che-
motherapy significantly improved OS compared with chemother-
apy alone (OS at 3 years: 17.6% vs 5.8%, respectively) (33-35).
Based on these clinical trial results, atezolizumab and durvalumab
were approved by the FDA in 2019 and 2020, respectively, for use
in combination with platinum-based chemotherapy for first-line
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Table 2: Summary of Clinical Trial Results Leading to Recent U.S. FDA Approvals for SCLC
Mechanism of Action Target Population and Efficacy and Outcome

Agent and Reference of the ICI agent Trial Name Indication (vs the Control Group)

First-line treatment for
extensive-stage SCLC
Atezolizumab plus PD-L1 inhibitor IMpower133 Extensive stage SCLC Median OS: 12.3 mo (vs 10.3 mo,
carboplatin and (NCT02763579)  previously untreated, HR: 0.70)"; median PFS: 5.2 mo
etoposide (2020%) (32) regardless of PD-L1 (vs 4.3 mo, HR: 0.77)%; ORR: 60%

expression levels (vs 64%)

Durvalumab plus PD-L1 inhibitor CASPIAN Extensive stage SCLC Median OS: 13.0 mo (vs 10.3 mo,
etoposide and (NCT03043872)  previously untreated, HR: 0.73)%; median PFS: 5.1 mo
carboplatin or cisplatin regardless of PD-L1 (vs 5.4 mo, HR: 0.78)"; ORR: 79.5%
(2020%) (34) expression levels (vs 70.3%)

Refractory or recurrent
SCLC
Lurbinectedin Alkylating agent that ~ Study B-005 SCLC with disease ORR: 35%; median OS: 9.3 mo;
(2020%) (29) binds to the minor (NCT02454972)  progression after one median PES: 3.5 mo (single-arm

groove of DNA prior chemotherapy study)

Note.—FDA = Food and Drug Administration, HR = hazard ratio, ICI = immune checkpoint inhibitor, ORR = overall response rate, OS =

overall survival, PD-L1 = programmed death-ligand 1, PFS = progression-free survival, SCLC = small cell lung cancer.

* Approval year.

" Compared with the control group treated with etoposide plus a platinum-containing agent.

DR

’
Figure 4: Images in a 63-year-old woman with extensive small cell lung cancer defected at screening CT. (A) Baseline whole-body PET scan (left) and fused axial

PET/CT images (right) demonsirate fluorodeoxyglucose-avid right lower lobe nodule (arrowhead, whole-body PET scan) and mediastinal and hilar lymphadenopathy
(fused axial image on top right) as well as left adrenal lesion (arrow, fused axial image on bottom right). First-line therapy with the programmed death-ligand 1 inhibitor
atezolizimab was initiated. (B) Follow-up whole-body PET scan (left) and fused axial PET/CT images (right) obtained after four cycles of atezolizimab, carboplatin, and
etoposide show significantly improved thoracic lymphadenopathy and resolution of right lower lobe nodule. However, the left adrenal metastasis (arrow) has progressed
and was treated with radiafion therapy.

treatment of patients with extensive stage SCLC. These two treat-
ment regimens are the only two new approvals for first-line ther-
apy for SCLC since 1999 (Fig 3), representing a new milestone
for SCLC treatment. However, even with these therapies, tumor
progression is inevitable for most patients, and the prolongation
of OS by approximately 2 months with the addition of immu-
notherapy to chemotherapy highlights its limited efficacy (Fig 4).
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Further treatment strategies are sorely needed to further delay or,
ideally, prevent disease progression and to better manage refractory
and relapsed SCLC.

Controversy remains in the role of ICI therapy for cases
of relapsed SCLC. The PD-1 inhibitors nivolumab and pem-
brolizumab were both granted accelerated FDA approval in
2018 and 2019, respectively, for patients with SCLC whose
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Table 3: Emerging Molecular Targets for Precision Therapy Applications in SCLC

Molecular Target, Agent,
and Reference

Trial

Efficacy and Outcome

PARP1 (response
mediator: SLEN11)
Talazoparib (45) Phase I study of talazoparib monotherapy
for advanced solid tumors (including 23
patients with SCLC)

Veliparib (46) Phase II study of an addition of veliparib to

HGF

Rilotumumab (79) Phase Ib/II study of rilotumumab or

SCLC

Aurora kinase (response
mediator: ¢-Myc)
Alisertib (80) Phase II study of an addition of alisertib to
paclitaxel for the second-line therapy for

SCLC

temozolomide (TMZ) in recurrent SCLC

ganitumab* with platinum chemotherapy
as the first-line therapy for extensive stage

ORR: 9% (two patients had PR)
CBR: 26% (two patients had PR and four had SD 216 wk)

ORR: 39% with TMZ plus veliparib, 14% with TMZ plus
placebo (P =.16)

4-month PFS: 36% with TMZ plus veliparib, 27% with TMZ
plus placebo (2 = .19)

Median OS: 8.2 mo with TMZ plus veliparib vs 7.0 mo with
TMZ plus placebo (P =.50)

SLEN11-positive vs SLEN11-negative tumors in TMZ plus
veliparib arm: median PFS: 5.7 vs 3.6 mo (P = .009);

median OS: 12.2 vs 7.5 mo (P = .014)

Median PFES: 5.4, 5.4, and 5.5 mo in placebo, rilotumumab,
and ganitumab arms, respectively (P =.797, P = .780)
Median OS: 10.8, 12.2, and 10.7 mo in placebo, rilotumumab,
and ganitumumab arms (P = .384, P = .787)
(phase II study results)

ORR: 22% with alisertib plus paclitaxel, 18% with placebo
plus paclitaxel

DCR: 58% with alisertib plus paclitaxel, 46% with placebo
plus paclitaxel

Median PES: 3.32 mo with alisertib plus paclitaxel, 2.17 mo
with placebo plus paclitaxel

Median OS: 6.86 mo with alisertib plus paclitaxel, 5.58 mo
with placebo plus paclitaxel

In c-Myc—positive patients: median PES was 4.64 mo with
alisertib plus paclitaxel (7 = 17) and 2.27 mo with placebo
plus paclitaxel (7 = 16) (P = .0006)

Note.—CBR = clinical benefit ratio, DCR = disease control rate, HGF = hepatocyte growth factor, ORR = overall response rate, OS =
overall survival, PARP1 = poly (adenosine diphosphate-ribose) polymerase 1, PFS = progression-free survival, PR = partial response,
SCLC = small cell lung cancer, SD = stable disease, SLFN11 = schlafen family member 11.

* Ganitumab is a human monoclonal antibody against type 1 insulin-like growth factor receptor.

disease has progressed after platinum-based chemotherapy
and at least one other line of therapy (36-38). However, sub-
sequent trials failed to demonstrate improved survival in the
PD-1 inhibitor group (39,40). Therefore, these indications
for nivolumab and pembrolizumab in relapsed SCLC were
subsequently withdrawn. There are ongoing clinical trials as-
sessing the clinical efficacy and safety of ICI therapy in pa-
tients with limited stage SCLC in addition to chemoradia-
tion. In addition, trials are ongoing to evaluate the addition
of novel ICI agents targeting, for example, T cell immuno-
globulin and mucin domain-containing protein 3 (TIM3),
lymphocyte activating 3 (LAG3), or T-cell immunoreceptor
with immunoglobulin and ITIM domain (TIGIT), to PD-1
or PD-L1 inhibitors in advanced solid tumors including re-
lapsed SCLC to further expand the application of ICls in
patients with SCLC.

Radiology: Volume 305: Number 3—December 2022 = radiology.rsna.org

Another unmet need in ICI therapy in SCLC is a lack of pre-
dictive biomarkers. PD-L1 expression at immunohistochemistry
is one of the most commonly used biomarkers to predict response
to ICI in NSCLC and other solid malignancies. However, most
SCLC tumors do not express PD-L1. Tumor mutation burden is
another biomarker known to correlate with treatment response
in other malignancies, and SCLC has a relatively high tumor
mutation burden. Tumor mutation burden as a predictor of
benefit from IClIs was noted to be promising in patients with re-
lapsed SCLC treated in a trial of combinations of nivolumab and
ipilimumab (41) and in a few retrospective clinical studies (42).
However, in the IMpower133 trial, blood-based tumor mutation
burden demonstrated no clear predictive value in the first-line
setting. A paucity of tumor tissue specimens is another challenge
in SCLC, for which the only diagnostic specimens obtained tend
to be small and necrotic (32,43). Emerging molecular subtypes
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according to expression levels of transcription factors may also
have a role in predicting response to ICI therapy, as suggested in
a recent preclinical study of SCLC-I subtype (18).

Lurbinectedin for SCLC

Another newly approved therapeutic option for SCLC is
lurbinectedin, which is an alkylating agent that binds to the mi-
nor groove of DNA and affects transcription. Acting as a selective
inhibitor of oncogenic transcription, lurbinectedin promotes
tumor cell death. In the recent single-arm, open-label phase II
basket trial, lurbinectedin showed overall response of 35.2%, with
median progression-free survival (PES) of 3.5 months in 105
patients with SCLC (44). Lurbinectedin was approved by the
FDA in June of 2020 for patients with SCLC who have disease
progression on or after platinum-based chemotherapy (29,44).
Before this approval of lurbinectedin, topotecan was the only
FDA-approved agent for the treatment of patients with recurrent
or progressive SCLC with platinum-sensitive disease (29).

Emerging Molecular Targets for Precision Therapy

Increasing understanding of the genomic landscape of SCLC also
indicates potential therapeutic targets in the DNA damage repair
pathway and cell cycle checkpoints. In addition, certain genomic
alterations can be potential biomarkers for predicting treatment
response to advance precision therapy for SCLC (Table 3). Poly
(adenosine diphosphate-ribose) polymerase 1 (PARP1) is upregu-
lated in SCLC and is involved in various tumorigenic processes,
including cell differentiation, proliferation, and transformation.
Patients with SCLC included in a phase I study treated with the
poly (adenosine diphosphate-ribose) polymerase (PARP) inhibitor
talazoparib showed an overall response rate of 9%, and the clinical
benefit for 16 weeks or longer was noted in 26% (45). In a phase
II clinical trial, high schlafen family member 11 (SLEN11) expres-
sion (H-score >1) was associated with favorable clinical outcome
in patients with SCLC treated with temozolomide plus the PARP
inhibitor veliparib (46). Novel agents for other molecular targets,
including Aurora kinase and hepatocyte growth factor/ mesen-
chymal epithelial transition (HGF/MET) pathway have also been
tested in trials of SCLC (Table 3).

Role of Imaging in the Current Era of SCLC
Diagnosis and Treatment

Challenges in Early Detection of SCLC in CT Lung Cancer

Screening

Lung cancer screening using low-dose CT is recommended in a
high-risk population and has demonstrated cancer-specific mor-
tality reduction (47). However, unlike NSCLC, there was no
significant outcome benefits of early detection of SCLC with
screening CT (5,48), presumably due to local-regional aggres-
sive behavior and frequent widespread metastasis at the time
of diagnosis (Fig 4). According to the analysis of characteristics
and clinical outcome of SCLC detected by using low-dose CT
screening in the National Lung Screening Trial (5), most SCLC
cases were detected within 1 year after a negative screening
examination, indicating the rapid growth and aggressive biology

of the tumor. Most SCLC cases were late stage, and there was no
difference in stage or survival among SCLCs detected in screen-
ing, interval, postscreening, or unscreened groups. Only 14%
of screen-detected SCLCs were stage I when the average nodule
size was 3 mm to less than 7 mm, and there was no stage I SCLC
when the average nodule size was 7 mm or larger (5). There is
clearly an unmet need for a better strategy for screening and early
detection of SCLC.

TNM and Veterans’ Administration Lung Study Group
Staging Systems and the Role of Different Imaging
Modalities

The Veterans’ Administration Lung Study Group (VALSG)
staging system was introduced in 1957 and has been widely
used for clinical staging of SCLC (4). This system divides
SCLC into “limited” and “extensive” disease depending on
whether all known tumors could be treated within a single
radiation therapy portal. Limited disease is defined as tu-
mors confined to one hemithorax without extrathoracic me-
tastases, although local extension and ipsilateral supracla-
vicular nodes could be present if they can be included in the
same radiation portal as the primary tumor. All other dis-
cases are classified as extensive disease (eg, malignant pleural
and pericardial effusions, contralateral hilar or supraclavicu-
lar lymph nodes, and metastatic disease beyond a single ra-
diation port). In 1989, the International Association for the
Study of Lung Cancer proposed modification of the VALSG
staging system, which includes contralateral mediastinal or
supraclavicular lymph nodes and ipsilateral pleural effusions
(whether benign or malignant) in the limited stage (4).
VALSG and modified VALSG staging systems are most widely
accepted and used in clinical management planning of SCLC.
Approximately 70% of patients with SCLC are diagnosed at
the extensive stage (24).

The American Joint Committee on Cancer TNM stag-
ing system defines stages I-IV based on primary tumor size
(T), nodal spread (N), and metastasis (M), which is less fre-
quently used for SCLC staging. The utility of TNM staging
in SCLC was described in 349 cases of resected SCLC, which
showed that survival after resection correlates with both T
and N category, with nodal status having a stronger influ-
ence on survival (49). TNM staging can provide more refined
assessment of prognosis and optimal treatment and identify
SCLC patient subgroups with different prognoses, especially
in patients with limited stage disease, which includes hetero-
geneous diseases from early to locally advanced tumors (50).

Imaging plays a central role in the diagnosis of SCLC and in
the evaluation of the extent of disease involvement. Centrally
located tumor with mediastinal or hilar lymphadenopathy is
the typical finding in SCLC at chest CT. Due to the central
location of disease, narrowing of the airway(s), atelectasis, and
major vessel involvement are commonly seen (3). Intratu-
moral calcifications may be present. Only 5%-10% of SCLCs
manifest as a peripheral nodule without associated lymphade-
nopathy (3). SCLC demonstrates intense fluorodeoxyglucose
(FDG) uptake at PET/CT (3), which contributes to systemic

evaluation of the extent of disease involvement and spread.
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Figure 5:
PET/CT scans demonstrate a left hilar mass (arrow in A] with mediastinal and left hilar lymphadenopathy (arrow in B) and bone metastasis, representing ex-
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Images in an 81-year-old man who presented with cough and back pain. The patient was a former smoker. (A, B) Fluorodeoxyglucose (FDG)

tensive stage small cell lung cancer. (€, D) Bone metastasis in the left iliac bone is better seen on PET/CT scan (€) as intense focal FDG uptake (circle in

C) without definitive correlate on CT scan (D) (circle in D). (E) Chest CT scan at diagnosis also demonstrates severe centrilobular emphysema with

mild peribronchial thickening in the underlying lungs in this former smoker. The patient received several lines of systemic therapy, including carboplatin and

etoposide, irinotecan, and nivolumab; however, disease progressed and the patient died 10 months after the diagnosis.

Figure 6:

Images in a 69-year-old woman who presented with chronic cough. (A) Baseline whole-body fluorodeoxyglucose (FDG) PET scan (left) and fused axial

FDG PET/CT image (right) show FDG-avid left perihilar lesion with extensive pleural metastasis (*) and osseous mefastases (arrows) in the left pelvic bone, consistent
with extensive small cell lung cancer. (B) Follow-up whole-body FDG PET scan (left) and fused axial FDG PET/CT scan (right) obtained after four cycles of therapy with

carboplatin, etoposide, and atezolizumab demonstrate excellent response, with decreased tumor burden and residual FDG-avid disease in the left hilar region and pleura

(arrowheads).

A few studies examined the value of different imaging mo-
dalitiesfor SCLCstaging. Inasystematicreviewof theimaging
literature (years 2000-2015) for the pretreatment staging of
SCLC, the following conclusions were found in 408 patients
with SCLC: (z) FDG PET/CT is more sensitive than multi—
detector row CT for detecting osseous metastases (Fig 5),

Radiology: Volume 305: Number 3—December 2022 = radiology.rsna.org

(b) FDG PET/CT is more sensitive than bone scintigraphy
for detecting osseous metastases, and (¢) standard staging
plus FDG PET/CT is more sensitive than standard staging
alone for detecting any distant metastases (51). The data

are particularly sparse for other imaging modalities such as
MRI and PET/MRI. Subsequent studies have also shown
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1

AR

Figure 7: Images in a 79-year-old man with extensive small cell lung cancer (SCLC) and underling fibrofic intersiitial lung disease. The patient was a former smoker
and presented with worsening cough and dyspnea on exertion. (A=C) Chest CT scans demonstrate a left upper lobe lesion (* in A] and peritoneal and retroperitoneal
deposits (arrows in €) that were biopsied and showed metastatic SCLC. Notably, the clinical record indicated that the annual low-dose CT screening & months earlier was
negative for cancer. Underlying lungs show fibrofic interstitial lung disease in peripheral and somewhat basilar distribution (arrows in A and B), accompanied by inferlobu-

lar septal thickening, ground-glass and reficular opacities, traction bronchiectasis, and a few areas suggestive of early honeycombing. The patient was treated with several

lines of systemic therapy, including carboplatin plus etoposide and nivolumab; however, he died 6 months after the diagnosis.

that FDG PET/CT can help detect
distant metastasis, which
would upstage the tumor stage.
Stages have changed from limited
disease to extensive disease in 10%-—
15% of patients with SCLC with
FDG PET/CT compared with ana-
tomic imaging alone, mostly due to
medullary bone metastasis, leading
to change in management to sys-
temic therapy (52,53).

occult

Therapy Response Imaging in SCLC Figure 8:

Response Evaluation Criteria in
Solid Tumors (RECIST) version
1.1 was published in 2009 and has
been widely used for assessment of
treatment response of solid tumors
including lung cancer (54,55). RE-
CIST version 1.1 is based on the sum of unidimensional
measurement of target lesions and assigns response categories
on follow-up scans during therapy. Most clinical trials for SCLC
use RECIST for response assessment, as in trials of NSCLC and
other solid tumors (32,34,44).

The value of RECIST evaluations to predict clinical out-
come of patients with SCLC has not been extensively stud-
ied. In a study of 134 patients with limited stage SCLC
treated in a trial of concurrent radiation therapy with cispla-
tin plus etoposide, partial response and stable disease were
not associated with PFS or OS. The percentage change in
primary mediastinal tumor diameter was associated with
longer PES (hazard ratio [HR], 0.98; P = .004) and longer
OS (HR, 0.98; P =.001) (56). Although the data are lim-
ited in extensive stage SCLC, given the aggressive nature of
the disease and frequent systemic spread with multiple sites,
the assessment of metabolic activity using FDG PET/CT
may provide additional information (Fig 6).

With the introduction of ICI therapy, atypical patterns
of response are observed. These changes have been given the
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Images in a 68-year-old woman with relapsed small cell lung cancer (SCLC) after chemoradio-
therapy for limited stage SCLC. The patient was treated with nivolumab and ipilimumab. (A, B) Axial (A) and
coronal (B) CT images obtained 7 weeks after immune checkpoint inhibitor (ICl) therapy. Abdominal CT scans

demonstrate diffuse wall thickening and increased mucosal enhancement of the ascending and fransverse colon
(arrows in A) and a fluid-filled lumen in the ascending colon (arrow in B), representing a characteristic appear-
ance of ICl-related pancoliis.

term “pseudoprogression.” Pseudoprogression is defined as the
imaging appearance of an initial increase in tumor size or the
appearance of new lesion during ICI therapy that is followed
by a subsequent reduction of tumor burden (30,31). The ini-
tial increase in tumor burden is thought to be due to immune
cell infiltrate instead of tumor cell proliferation. To capture
this atypical response pattern, new immune-related response
criteria were proposed to better characterize the response to
ICI therapy (30,31). These criteria require confirmation of
progressive disease on the subsequent scan to differentiate
pseudoprogression from true progression. However, studies
have shown that pseudoprogression is a rare event, with an
overall incidence of 6% in a meta-analysis of 3402 patients
from ICI trials of solid tumors (57). The incidence of pseu-
doprogression was even lower and was 1% or less in patients
with advanced NSCLC treated with PD-1 inhibitors (58,59).
Immune-related response patterns in patients with SCLC are
understudied and not systematically described, indicating the
need for further studies as the use of ICI increases for patients

with SCLC.
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Imaging of Underlying Lung

Diseases in SCLC: Emphysema
and Interstitial Lung Disease

Patients with SCLC have high
rates of a positive smoking his-
tory; thus, most patients with
SCLC also have emphysema
and interstitial lung disease
(ILD) as comorbidities. At-
tention to these additional
findings is important to pro-

Figure 9:
ezolizumab plus carboplatin and efoposide. The patient also has a remote history of fracheal squamous cell carcinoma,
which had been treated with chemoradiotherapy. (A, B) Chest CT scans obtained 6 weeks after initiation of atezolizumab

vide prognostic markers in
patients with SCLC (Figs 5,
7). In a study of 149 patients
with SCLC, where 87% of the
cohort had a positive smoking
history, emphysema was pres-
ent in 111 patients (74.5%)
on chest CT scans. Coexist-
ing centrilobular and paraseptal emphysema was the most
common type (72.9%). Emphysema was associated with
older age, male sex, poorer performance status, smoking his-
tory, and a significantly higher pack-year history of smok-
ing. Higher severity of emphysema at CT was associated with
shorter OS at multivariable analyses after adjustment for age
and other significant variables, including extensive stage, el-
evated lactate dehydrogenase level, and supportive care only
(60). Another study evaluated 122 patients with SCLC who
were receiving platinum-based combination chemotherapy
for the presence of preexisting ILD, which was present in 28
patients (23%) at diagnosis (60). Drug-related pneumonitis
was significantly more common in patients with preexisting
ILD (60). The median OS was significantly longer in patients
without preexisting ILD than in those with preexisting ILD
(17.8 months vs 10.7 months, respectively). Absence of pre-
existing ILD remained as a significant predictor of longer
OS after adjusting for other significant variables including
performance status and limited stage (60). These observa-
tions highlight the role of imaging in patients with SCLC for
evaluation and monitoring of underlying lungs in addition to
the evaluation of their tumors.

Imaging of Treatment-related Toxicities in SCLC

Because chemoradiotherapy is the standard of care in lim-
ited stage SCLC, radiation pneumonitis is one of the most
common adverse events after definitive therapy. Most radia-
tion pneumonitis occurs within 4-12 weeks after comple-
tion of radiation therapy. The initial manifestation of the
radiation pneumonitis on an imaging study can be a ground
glass or consolidative opacity along the radiation field (61).
The lung becomes fibrotic when the inflammation is healed,
accompanied by traction bronchiectasis, architectural dis-
tortion, and lung volume loss (61).

With the advent of upfront use of immune-checkpoint in-
hibition, a unique set of immune-related adverse events has
been observed in patients with SCLC (Figs 8, 9). In a retro-
spective study investigating the incidence of immune-related
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Images in a 69-year-old man with extensive stage small cell lung cancer (SCLC) treated with first-line at-

therapy demonstrate development of peripheral areas of consolidation in the right lung (arrows in B), indicative of immune
checkpoint inhibitor-related pneumonitis with an organizing pneumonia pattern. A dominant lung mass from SCLC is noted
in the right upper lobe (* in A), with underlying postradiation changes from prior radiation therapy to the tracheal tumor (ar-
row in A). The patient had increasing shortness of breath but no fever, and results of infectious work-up, including
COVID-19, were negative. Atezolizumab was held and the patient was treated with oral corficosteroids.

adverse events among patients with advanced SCLC, colitis
and pneumonitis were the most common immune-related
adverse events, noted in 17% of patients (nine of 53) (62).
Pneumonitis and thyroiditis were more frequent in patients
with a history of thoracic radiation therapy (62), justifying
an increasing concern for pneumonitis in the setting of previ-
ous or concurrent chest radiation therapy. Given the recent
approval of ICI therapy as the first-line treatment for SCLC,
the awareness of the unique set of immune-related adverse
events and their imaging manifestations is essential for treat-
ment monitoring of patients with SCLC. Further details of
the imaging manifestations of immune-related adverse events

in various organs have been previously described (30).
Future Directions of SCLC Imaging

FDG PET/CT for Treatment Planning and Prognostication of
SCLC
SCLC typically shows intense uptake on FDG PET/CT scans,
reflecting its high metabolic activity. FDG PET/CT can play
a role in identifying the extent of active disease more accu-
rately compared with CT, which is important to determine
the extent of the radiation field in limited stage SCLC (Fig
10). In a study of 33 patients with limited stage SCLC who
underwent baseline FDG PET/CT before radiation therapy,
gross tumor volume for radiation therapy was defined using
FDG uptake in primary disease and nodal metastasis at PET/
CT (53). The outcome of these patients was better than that
reported in the literature, indicating that precise delineation
of gross tumor volume by means of FDG uptake at PET/
CT may lead to better local-regional disease control after ra-
diation therapy (63). A prospective study using pretreatment
FDG PET/CT for defining a target volume of primary tumor
and mediastinal nodal disease for radiation therapy showed
lower rates of nodal recurrence and radiation esophagitis
compared with CT-based treatment planning (64).
Metabolic parameters on pretreatment and posttreatment
PET/CT scanscanbeusedasapredictivemarkerofclinicaloutcome
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Figure 10: Images in a /0-year-old woman who presented with dyspnea and chest pain. (A) Baseline whole-body fluorodeoxyglucose (FDG) PET image (left), fused

axial FDG PET/CT scan (top right), and CT scan (bottom right) demonstrate intense FDG uptake in the enlarged right hilar mass and nodal conglomerate (arrows) with
luminal narrowing of right bronchus, consistent with limited stage small cell lung cancer. (B) Whole-body FDG PET image (left), fused axial FDG PET/CT scan (top right),
and CT image (bottom right) obtained after four cycles of cisplafin and etoposide and radiation therapy show resolution of FDG-avid right hilar lesions, indicating complete

response fo therapy. (€) CT images used for freatment planning for radiation therapy show delineation of the gross tumor volume corresponding to the FDG-avid tumor

burden on the initial PET/CT scans, for delivery of 45 Gy radiation in 30 fractions (twice daily) to the tumor.

of SCLC. Maximum standardized uptake value (SUV_ ),
metabolic tumor volume, and total lesion glycolysis are com-
monly used metabolic parameters in FDG PET/CT. Higher
SUV__ values of the primary tumor at pretherapy FDG PET/
CT were observed in extensive stage compared with limited
stage SCLC (65), and higher metabolic tumor burden on pre-
treatment scans is associated with poor clinical outcome. In lim-
ited stage SCLC, the high SUV_ group (>5.9) showed lower
2-year OS rates compared with the low SUV__ group after
definitive chemoradiotherapy (15% vs 56%, respectively) (53).
In addition to standardized uptake value, total lesion glycoly-
sis and metabolic tumor volume at pretreatment FDG PET/
CT have prognostic implication in SCLC. Patients with SCLC
who had high total lesion glycolysis (>443.8) at pretreatment
FDG PET/CT showed significantly shorter OS compared with
patients with low total lesion glycolysis (median OS: 13.4 vs
25.7 months, respectively; P = .018) (52). Patients with high
total metabolic tumor volume (>72.4) at pretreatment FDG
PET/CT also showed significantly shorter PES than those with
low total metabolic tumor volume (median PFS of 12.1 and
26.2 months, respectively; P = .005) (52).

Metabolicactivity atposttreatment FDGPET/CT canalso
help predict clinical outcome. In a retrospective study of 29

522

patients with SCLC (16 with extensive disease and 13 with
limited disease) treated with chemotherapy, complete meta-
bolic response at posttreatment FDG PET/CT, defined as
visual disappearance of all metabolically active tumor, was
associated with longer OS (66). In another study of 59 pa-
tients with SCLC (32 with extensive disease and 27 with
limited disease) who were treated with chemotherapy (7 =
37) or concurrent chemoradiotherapy with or without ad-
ditional chemotherapy (n = 22), a peak standardized uptake
value change of -46.8% or less on posttreatment scans com-
pared with pretreatment scans was an independent prog-
nostic factor for OS (HR, 2.6; P = .002). High metabolic
tumor volume (>9.8) on posttreatment scans (HR, 2.8; P
=.001), extensive disease stage (HR, 2.7; P = .003), and a
lack of RECIST response (HR, 2.0; P = .023) were inde-
pendent prognostic factors for PES (67). FDG uptake may
also reflect tumor biology in the tumor microenvironment,
which is an important predictive factor for ICI response. In
a recent study of 98 patients with SCLC, high SUV__ was
associated with low CD8+ and CD4+ tumor-infiltrating
T lymphocytes in the tumor microenvironment and was
an independent predictor of shorter OS in limited stage

SCLC (68).
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Figure 11:

Images in a 65-year-old man with small cell lung cancer who was previously treated with carboplatin and efoposide and radiation therapy to the brain and

thoracic lymph nodes. The patient presented with progression of disease. (A) Whole-body fluiorodeoxyglucose (FDG) PET image (left) and fused axial FDG PET/CT scans
(right) show intense FDG uptake in the bilateral adrenal lesions (arrowheads) and upper abdominal lymphadenopathy (white arrow), a peritoneal nodule (gray arrow),
and a right femoral bone lesion (black arrow). FDG uptake in the bilateral paramediastinal region corresponds to the postradiation change. (B) Gallium 68 tetraazacy-
clododecane tetraacetic acid-octreotate (DOTATATE) whole-body PET scan (left) and fused axial PET/CT scans (right) obtained 17 days after FDG PET/CT show intense
radiotracer uptake (ie, greater than the uptake in the liver) in the adrenal lesions (arrowheads) and upper abdominal lymph nodes (white arrow), a peritoneal nodule (gray
arrow), and moderate radiotracer uptake (ie, similar fo the uptake in the liver) in the bone (black arrow). Note a lack of DOTATATE uptake in the mediastinum in the areas
of postradiation inflammatory changes, indicating high specificity of DOTATATE PET/CT for tumors compared with FDG PET/CT.

Molecular Imaging of SCLC Using Novel Tracers
Tetraazacyclododecane  tetraacetic  acid—octreotate  (DOT-
ATATE) selectively binds to somatostatin receptor 2a, which is
abundant in tumors with neuroendocrine features (69). Gallium
68-labeled DOTATATE is widely used in imaging of neuroen-
docrine tumor, and lutetium 177 (*’Lu)- or yttrium 90-labeled
compound can be used for therapy (69,70). As most SCLCs
shows neuroendocrine features, ongoing efforts attempt to eval-
uate the expression of somatostatin receptors on DOTATATE
PET/CT scans for potential use of the receptor as a treatment
target (71,72) (Fig 11). In a retrospective study of 21 patients
with SCLC, 10 patients demonstrated somatostatin receptor ex-
pression on DOTATATE PET/CT scans (four showed high up-
take and six showed intermediate uptake). Among four patients
treated with peptide receptor radionuclide therapy using ""Lu-
DOTATATE and/or DOTA Phel-Tyr3-octreotide, or DOTA-
TOC, three had clinical benefit (one had partial response, one
had stable disease for more than 1 year, and one had improved
performance status) (71). Peptide receptor radionuclide therapy
might be considered as an alternative treatment option in the
subset of patients with SCLC exhibiting sufficient somatostatin
receptor expression for therapy (72).

Novel radiolabeled imaging tracers for therapeutic target
molecules of SCLC are also under investigation. For example,
a recent preclinical study demonstrated that fluorine 18-labeled
PARP inhibitor can quantify target engagement of chemically
diverse small molecule inhibitors in mice at PET/CT (73). Fur-
ther investigations are ongoing to translate these approaches into
human imaging for therapeutic guidance and monitoring.
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Radiomics and Machine Learning Approaches for SCLC
Radiomics refers to a quantitative feature extraction and
analysis from high-throughput image data to support clinical
decision making. Radiomics has been applied to diagnosis, prog-
nosis, and assessment of treatment response in various cancers.
Radiomics features commonly used in oncology are first-order
statistics (ie, mean, median, SD, skewness, and kurtosis of
imaging intensity values), heterogeneity and texture features (eg,
gray-level co-occurrence matrix, gray-level run-length matrix),
shape and volume of tumors, tumor microenvironment, and
vascularity radiomics (74). In addition, machine learning
is increasingly applied to efficiently process large radiomics data
sets in oncologic imaging.

Unlike NSCLC, the knowledge of radiomics in SCLC has
been limited and accumulating gradually. Radiomics features
were shown to help differentiate SCLC and lung adenocarci-
noma (75,76). Chen et al (76) studied CT images of peripheral
lung cancer and extracted histogram-based features (max, min
mean, range, entropy, variance, skewness and kurtosis) as well as
texture features including gray-level co-occurrence matrix, gray-
level run-length matrix, gray-level size-zone matrix, and neigh-
borhood gray-tone difference matrix. A CT radiomic model
with a neural network classifier was able to differentiate SCLC
(n = 35) and NSCLC (n = 34), with an area under the curve
0f 0.93. In a prior study of CT volumetric features as a predic-
tive marker of survival in 105 patients diagnosed with limited
stage SCLC treated with chemoradiotherapy, three-dimensional
maximal diameter of the tumor was significantly associated with
local-regional recurrence, distant metastasis, and OS (77).
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Application of machine learning allows for the building of di-
agnostic models combining multiple radiomics features and as-
sessment of their diagnostic performance. In a study of 92 patients
with SCLC treated with first-line etoposide and cisplatin, a diag-
nostic model combining texture analysis parameters of gray-level
histogram analysis, spatial gray-level dependence matrices, and
neighborhood gray-tone difference matrix of the primary tumor
with clinicopathologic factors can better predict the response to
chemotherapy compared with clinicopathologic factors alone
(area under the curve: 0.797 vs 0.670, respectively) (78). The study
provided preliminary observations to develop prognostic imaging
markers to guide treatment decisions in patients with SCLC.

Conclusion

Emerging knowledge of small cell lung cancer (SCLC) biology, in-
cluding genomic characterizations and molecular subtyping, and
new effective treatment approaches have the potential to lead to
advances of patient care for this highly aggressive and lethal dis-
ease, toward the goal of improving clinical outcome. Awareness of
these new discoveries regarding SCLC is essential for radiologists,
to provide accurate image interpretations for diagnosis and moni-
toring of this malignancy. Ongoing imaging research indicates the
promising future of radiologic contributions to the clinical appli-
cations of molecular imaging and machine learning techniques for
the development of objective imaging markers for SCLC.
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