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Abstract

Immune-checkpoint inhibitors (ICIs) are approved in the first-line and third-line settings for 

patients with extensive-stage or relapsed small-cell lung cancer (SCLC), respectively. In the first-

line setting, the addition of the anti-programmed cell death 1 ligand 1 (PD-L1) antibody 

atezolizumab to chemotherapy improves overall survival (OS). In patients with relapsed disease, 

data from nonrandomized trials have revealed promising responses, although a significant 

improvement in OS over that obtained with conventional chemotherapy was not achieved in a 

randomized trial in this setting. Substantial research interest exists in identifying predictive 

biomarkers that could guide the use of ICIs in patients with SCLC. PD-L1 expression is typically 

low or absent in SCLC, which has precluded its use as a predictive biomarker. Tumour mutational 

burden might have some predictive value, although blood-based measures of tumour mutational 

burden did not have predictive value in patients receiving atezolizumab plus chemotherapy in the 

first-line setting. After three decades, ICIs have finally enabled an improvement in OS for patients 

with SCLC; however, a substantial amount of research remains to be done, including identifying 

the optimal therapeutic strategy and predictive biomarkers. In this Review, we describe the 

available data on clinical efficacy, the emerging evidence regarding biomarkers and ongoing 

clinical trials using ICIs and other immunotherapies in patients with SCLC.

Small-cell lung cancer (SCLC) accounts for ~15% of all lung cancers and ~30,000 deaths in 

the USA annually1. Owing to the elusive pathophysiology of the disease, the poor prognosis 

of patients and minimal improvement in the effectiveness of therapies over the past decades, 

SCLC is a US National Cancer Institute-designated recalcitrant malignancy2.

With the FDA approval of carboplatin, etoposide and the anti-programmed cell death 1 

ligand 1 (PD-L1) antibody atezolizumab as a first-line therapy, and the anti-programmed cell 

death protein 1 (PD-1) antibodies nivolumab and pembrolizumab as monotherapies in the 

third-line setting, immune-checkpoint inhibitors (ICIs) have entered the treatment 
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armamentarium for patients with SCLC. These approvals are an important advance for 

patients with SCLC, whose treatment strategies and clinical outcomes had remained 

unchanged for decades. To date, however, no consistent predictive biomarkers that can 

accurately guide the use of ICIs in patients with SCLC have been identified; response rates 

in the first-line setting remain consistent at 60–65% with or without ICI3. Despite the fact 

that SCLC is known to have a relatively high tumour mutational burden (TMB; median ~8 

mutations per megabase (mut/Mb))4, histological examinations of tumour material 

demonstrate that <20% of SCLCs express PD-L1 in >1% of tumour cells5–8. The use of 

TMB alone as a predictor of benefit from ICIs has shown early promise in patients with 

relapsed SCLC receiving combinations of ICIs7, although blood-based methods of TMB 

quantification (bTMB) have not demonstrated clear predictive value in patients receiving 

chemotherapy plus an ICI in the first-line setting3.

SCLC is difficult to study clinically owing to a paucity of substantive tumour specimens. 

This issue arises because surgical resection is rarely a therapeutic option, leading to a 

reliance on diagnostic biopsy samples, which are often small and necrotic. Furthermore, 

repeat biopsy samples are rarely obtained at times of disease progression. The fundamental 

questions involving the use of ICIs in patients with SCLC remain how to better understand 

the paradox of a high TMB4, generally low or absent PD-L1 expression5,9 and lower than 

expected responses rates compared with those of other solid tumours with a similar median 

TMB10, even when PD-L1 expression is detectable11,12. Furthermore, ongoing trials 

involving novel immune-based treatment strategies are assessing whether ICIs will 

ultimately prove to be the most successful therapeutic strategy, or whether other novel 

immunotherapeutic approaches will offer greater levels of benefit (such as chimeric antigen 

receptor (CAR) T cells, or bispecific T cell engagers (BiTEs)). In this Review, we describe 

the available clinical data, biomarker evaluations and ongoing clinical trials involving ICIs 

and other immunotherapies in patients with SCLC.

Immunobiology and subtypes

Tumour specimens obtained through the standard-of-care management of patients with 

SCLC are often sparse; therefore, large-cohort studies that include analysis of such samples 

have been limited. However, several observations have led to the application of ICIs in 

patients with SCLC and highlight areas for future study. SCLCs have a high median TMB4, 

and the observed associations between TMB assessed in tumour material and responsiveness 

to ICIs across multiple tumour types10, as well as in non-small-cell lung cancer (NSCLC) 

specifically13, led to the successful application of ICIs in combination with chemotherapy in 

patients with SCLC3. The working hypothesis regarding why combination chemotherapy 

and ICIs has proved to be the most successful strategy to date is that chemotherapy 

administration in this generally chemosensitive disease results in increased presentation of 

tumour-associated antigens, resulting in increased T cell priming and amplification of the 

cytotoxic T cell response. Similar observations have been made preclinically in mouse 

models of mesothelioma14–16.

PD-L1 expression in >1% of tumour cells is present in only a minority (~20%) of SCLC 

specimens5–8. Retrospective studies of samples obtained from patients with SCLC before 
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the introduction of ICIs have demonstrated a better prognosis in those with high counts of 

tumour-infiltrating lymphocytes (TILs)17–20. Each retrospective analysis was performed in 

samples from a slightly different patient population and revealed different associations. The 

presence of CD8+ stromal TILs was associated with superior progression-free survival (PFS) 

and overall survival (OS) (both P < 0.05) in patients with pulmonary neuroendocrine 

tumours of any histology, 59.1% of whom had SCLC18. The presence of suppressive 

FOXP3+ regulatory T cells was found to be associated with a better prognosis in patients 

with limited-stage (stage I–III) SCLC (LS-SCLC) (HR 0.37, 95% CI 0.17–0.81; P = 

0.013)17. The presence of CD45RO+ memory T cells in SCLC brain metastases was 

associated with prolonged median OS (11 months versus 5 months; P = 0.007)19. Finally, a 

subset of patients with SCLC with neurological paraneoplastic syndromes (PNS) had greater 

levels of tumour T cell infiltration (P = 0.033) and numerically longer PFS and OS durations 

than those with endocrinological PNS or no PNS20. In a cohort of 102 patients with both 

LS-SCLC and extensive-stage SCLC (ES-SCLC), investigators observed a statistically 

significant correlation between PD-L1 expression and having limited-stage disease (in 

85.4% versus 62.3%; P = 0.011). In this same cohort, PD-L1 expression was found to be 

independently predictive of a favourable outcome in the ES-SCLC cohort (median OS 9.2 

months versus 5.4 months; P = 0.037)21. Collectively, these data suggest an association 

between immune infiltration and improved outcomes in patients with this disease.

TILs have been observed in SCLC specimens with no detectable PD-L1 expression20, 

suggesting that alternative immune checkpoints might also be clinically relevant. However, 

data from studies designed to investigate the presence or absence of alternative, potentially 

clinically important immune checkpoints in SCLC, such as LAG3, TIM3, TIGIT, OX40 and 

ICOS, are currently unavailable. A better understanding of the immune microenvironment is 

an important area of unmet need in the immunobiology of SCLC.

An overarching goal of research designed to further our understanding of the SCLC immune 

microenvironment is to enable immunological characteristics to be integrated with the 

findings of the substantial preclinical efforts to define distinct molecular subtypes of SCLC. 

Outstanding work from several independent groups, using various platforms including 

analysis of tumour samples from patients22–24, patient-derived xenografts23, patient-derived 

cell lines23–27 and mouse models28–30, suggests that SCLCs can be divided into four 

primary, molecularly defined subtypes. These subtypes can be defined by unique 

transcriptional factor expression profiles overlaid with RNA sequencing profiles31: SCLC-A, 

defined by a high level of achaete-scute homologue 1 (ASCL-1) expression; SCLC-N, 

defined by a high level of neurogenic differentiation factor 1 (NEUROD1) expression; 

SCLC-Y, defined by expression of the transcriptional co-activator YAP1; and SCLC-P, 

defined by POU domain, class 2, transcription factor 3 (POU2F3) expression. Future studies 

should seek to both define the relationship between these SCLC subtypes and 

immunobiological features and consider prospective clinical trial designs with selection for 

specific molecular subtypes.
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Clinical outcomes

First-line therapy.

The characteristic chemosensitivity of most SCLCs in the first-line setting results in 

substantial amounts of tumour cell death and neoantigen release, theoretically making ICIs 

in combination with cytotoxic chemotherapy an attractive strategy32. Results from three 

phase III trials exploring the efficacy of this approach have been reported.

In a phase III, placebo-controlled randomized controlled trial (RCT), the efficacy of 

ipilimumab, a monoclonal anti-cytotoxic T lymphocyte protein 4 (CTLA-4) antibody, in 

combination with etoposide plus either cisplatin or carboplatin, was compared with placebo 

plus this combination of chemotherapies in patients with ES-SCLC (defined as not confined 

within one hemithorax of the lungs, with evidence of regional lymph node metastasis). 

Patients initially received two cycles of chemotherapy and were then randomized to receive 

two cycles of ipilimumab (10 mg/kg) plus chemotherapy or placebo plus chemotherapy, 

followed by two additional cycles of ipilimumab or placebo. A total of 954 patients were 

treated: 478 in the ipilimumab arm and 476 in the control arm. Median OS was not 

significantly improved in the ipilimumab arm (11.0 months versus 10.9 months; HR 0.94, 

95% CI 0.81–1.09; P = 0.38), although a modest statistically significant improvement in 

median PFS was observed with the addition of ipilimumab to chemotherapy (4.6 months 

versus 4.4 months; HR 0.85, 95% CI 0.75–0.97; P = 0.016). The objective response rate 

(ORR), defined as a partial or complete response, was not different between the two 

treatment arms (62% in both groups)33 (TABLE 1).

In the IMPower 133 trial3, the efficacy of atezolizumab in combination with carboplatin and 

etoposide was assessed in patients with ES-SCLC. In this phase III, placebo-controlled RCT, 

investigators enrolled a total of 403 patients: 201 in the chemotherapy plus atezolizumab 

arm and 202 in the chemotherapy plus placebo arm. The combination of chemotherapy plus 

atezolizumab resulted in a significant improvement in median OS (12.3 months versus 10.3 

months; HR 0.70, 95% CI 0.54–0.91; P = 0.007). A statistically significant improvement in 

median PFS was also observed with upfront atezolizumab plus chemotherapy (5.2 months 

versus 4.3 months; HR 0.77, 95% CI 0.62–0.96; P = 0.02). No statistically significant 

difference in ORR was observed between the two groups (60% in patients who received 

atezolizumab versus 64% in the chemotherapy-alone group). The separation of the OS 

curves at ~8 months in this study suggests a divergence at this approximate time point, 

implying that only a subset of patients derive additional survival benefit from the addition of 

this ICI to chemotherapy3. Updated OS data presented at the 2019 ESMO Congress 

confirmed the superior efficacy of atezolizumab plus chemotherapy (18-month OS 34% 

versus 21%)34 (TABLE 1).

In September 2019, investigators from the CASPIAN trial reported on the efficacy of the 

anti-PD-L1 antibody durvalumab in combination with etoposide plus either cisplatin or 

carboplatin in patients with treatment-naive ES-SCLC35. In this open-label, randomized, 

phase III trial, 268 patients received durvalumab plus chemotherapy and 269 patients 

received chemotherapy alone. Similar to the IMPower 133 study, median OS was 

significantly improved in the durvalumab arm compared with the chemotherapy-only arm 
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(13.0 months versus 10.3 months; HR 0.73, 95% CI 0.59–0.91; P = 0.0047). Investigator-

assessed ORR was also improved in the durvalumab arm (79.5% versus 70.3%, 

respectively)36 (TABLE 1). Key differences between the CASPIAN and IMPower 133 trials 

include the protocol of CASPIAN allowing the use of cisplatin in the chemotherapy back-

bone, although a previous meta-analysis of data from patients with ES-SCLC revealed no 

improvement in OS for patients receiving cisplatin compared with carboplatin37. 

Furthermore, CASPIAN was an unblinded study and patients in the durvalumab group were 

not allowed to undergo prophylactic cranial irradiation, while patients enrolled in the 

IMPower 133 trial were blinded to study therapy and prophylactic cranial irradiation was 

permitted. A similar difference in OS was observed between the different treatment groups 

in CASPIAN compared with IMPower 133, although how the site of disease progression, 

specifically with regard to central nervous system disease, differs between the two treatment 

arms would be interesting to note.

Regardless of these minor differences, these two trials have almost identical survival data 

and these results corroborate the use of upfront chemotherapy plus an ICI targeting PD-1 or 

PD-L1 as a successful treatment strategy for patients with ES-SCLC. Approximately 10% of 

patients with SCLC will develop PNS1, with neurological PNS thought to be autoimmune 

sequelae38. Importantly, given the potential for activation of autoimmunity, no significant 

increase in PNS or other grade 3 or 4 adverse events was observed in patients receiving 

chemotherapy plus an ICI in either IMPower 133 or CASPIAN3,34,36. Moreover, the 

incidence and type of other treatment-related adverse events and treatment discontinuation 

were similar to that observed when ICIs have been combined with chemotherapy in patients 

with NSCLC39,40.

First-line maintenance monotherapy or combination therapy.

The efficacy of maintenance with single-agent pembrolizumab after induction therapy with a 

platinum-containing agent and etoposide has been evaluated in patients with ES-SCLC in a 

single-arm, phase II study involving 45 patients without disease progression after 4–6 cycles 

of chemotherapy. The study required that patients began maintenance pembrolizumab within 

8 weeks of completion of chemotherapy, with a median time to initiation of 5 weeks. The 

median PFS was disappointing at 1.4 months, with a 1-year PFS of 13%. The median OS 

was 9.6 months, with a 1-year OS of 37%. Most patients (n = 34) had measurable disease at 

the start of maintenance pembrolizumab, and the ORR of 14.7% is similar to that reported 

for patients with SCLC receiving ICIs as monotherapy in the second-line or third-line 

setting9 (TABLE 1).

ICIs targeting PD-1 or PD-L1 have also been evaluated in combination with ipilimumab as 

maintenance therapies in patients with SCLC. In CheckMate 451, a placebo-controlled, 

phase III RCT, investigators evaluated the efficacy of nivolumab plus ipilimumab (n = 279) 

and nivolumab monotherapy (n = 280) as maintenance therapy after induction 

chemotherapy, compared with placebo alone during the maintenance period (n = 275), in 

patients with ES-SCLC. In this study, neither the ICI combination nor nivolumab 

monotherapy improved median OS versus placebo (median OS 9.2 months and 10.4 months, 

respectively, versus 9.6 months). Both groups receiving ICIs had modest statistically 
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nonsignificant improvements in median PFS relative to placebo (median PFS 1.7 months 

and 1.9 months, respectively, versus 1.4 months; P = 0.72 and P = 0.67)41 (TABLE 1). 

Interestingly, an improvement in OS emerged in a subgroup analysis of data from patients 

receiving maintenance nivolumab within 5 weeks of completing chemotherapy. This 

observation could reflect a difference in the mechanism of action of nivolumab (based on the 

hypothesis that larger numbers of tumour-associated antigens are likely to be available 

nearer to completion of chemotherapy) or selection bias (in that earlier initiation of ICI 

might be a surrogate for better clinical outcomes). Nonetheless, the negative outcomes of 

this phase III RCT, and the successes with upfront use of ICIs plus chemotherapy with 

subsequent maintenance ICI, have superseded ICI monotherapy as a maintenance strategy 

following chemotherapy in patients with ES-SCLC. Importantly, the utility of both upfront 

and maintenance ICIs in patients with LS-SCLC following concurrent chemoradiotherapy 

remains under investigation (NCT03703297, NCT03585998, NCT02046733, NCT03540420 

and NCT03811002).

Second-line or later monotherapy.

ICI monotherapy with nivolumab or pembrolizumab is FDA-approved for patients with 

advanced-stage SCLC, independent of PD-L1 status, as a third-line or later-line therapy. 

Nivolumab was approved for this indication based on data from CheckMate 032, in which 

investigators evaluated the efficacy of nivolumab monotherapy versus nivolumab plus 

ipilimumab in patients with disease progression on platinum-based chemotherapy, regardless 

of PD-L1 expression. Among the 98 patients in the nivolumab monotherapy arm, 41% were 

treated in the second line and 56% in the third line or fourth line. Patients receiving 

nivolumab monotherapy had an ORR of 10%, a median PFS duration of 1.4 months, a 1-

year PFS of 11%, a median OS duration of 4.4 months and a 1-year OS of 33%5. In a later 

publication42, data from 109 patients enrolled in CheckMate 032 who received nivolumab in 

the third-line or later-line setting were reported. Among this cohort, 71.6% were treated in 

the third line with an ORR of 11.9%, a median PFS duration of 1.4 months, a median OS 

duration of 5.6 months and a 1-year OS of 28.3%42.

The efficacy of nivolumab monotherapy has been compared with that of chemotherapy (with 

topotecan or amrubicin) in a phase III RCT involving 569 patients with relapsed SCLC 

following platinum-based first-line therapy (CheckMate 331). The primary OS end point of 

this trial was not met (median OS 7.5 months and 8.4 months in the nivolumab and 

chemotherapy arms, respectively; HR 0.86, 95% CI 0.72–1.04). Median OS was 7 months 

versus 5.7 months among patients with platinum-resistant or refractory disease in the 

nivolumab versus chemotherapy arms; in patients with platinum-sensitive disease (defined as 

disease relapse >90 days after completion of induction therapy), median OS was 7.6 months 

versus 11.1 months43 (TABLE 1).

Data on the efficacy of pembrolizumab that led to FDA approval included both the 

KEYNOTE-028 and the KEYNOTE-158 trials. In KEYNOTE-028, only patients with a 

tumour cell, immune infiltrate and stromal summative PD-L1 combined positive score (CPS) 

≥1% were included. Among 24 patients with relapsed SCLC, 12.5% of whom were 

receiving pembrolizumab in the second line and 50% in the third line of therapy, the ORR 
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was 33%. Median PFS was 1.9 months, 1-year PFS was 23.8%, median OS was 9.7 months 

and the 1-year OS was 37.7%11. In KEYNOTE-158, involving 107 patients with relapsed 

SCLC, 79% received pembrolizumab in the second-line or third-line setting and 47% of 

patients had PD-L1-negative tumours, with an ORR of 18.7% (35.7% and 6.0% in the PD-

L1-positive and PD-L1-negative subgroups, respectively). Similar to KEYNOTE-028, 

median PFS was 2 months and median OS was 9.1 months44 (TABLE 1).

In a phase II RCT, the efficacy of atezolizumab monotherapy was compared with that of 

chemotherapy (with either topotecan or platinum rechallenge) in the second line in patients 

with relapsed SCLC, without selection for PD-L1 expression. Among 73 patients 

randomized, 49 received atezolizumab and 24 received chemotherapy. Overall, 64% of the 

patients had platinum-sensitive disease (defined as disease progression ≥90 days after 

completion of induction chemotherapy). Results from this trial, published in January 2019, 

revealed no significant difference in median OS (9.5 months versus 8.7 months; HR 0.84, 

95% CI 0.45–1.58; P = 0.60)45. Furthermore, median PFS was statistically inferior in 

patients who received atezolizumab (1.4 months versus 4.3 months in patients receiving 

chemotherapy; adjusted HR 2.26, 95% CI 1.3–3.9; P = 0.004). ORRs were low in both 

groups: 2.3% in patients receiving atezolizumab and 10% in those receiving chemotherapy45 

(TABLE 1).

In summary, both nivolumab43 and atezolizumab45 have failed to improve OS compared 

with standard chemotherapy in RCTs involving patients with relapsed SCLC requiring 

second-line therapy. FDA approval of ICI monotherapy, with either nivolumab or 

pembrolizumab, has been granted only in the third-line or later setting based on ORRs of 

10–30% in single-arm studies11,42,44. However, with the approval of chemotherapy plus 

atezolizumab in the first-line setting, ICI monotherapy is unlikely to be a widely used 

treatment strategy. Importantly, the clinical implications, in terms of response rate and 

duration of response, of receiving an anti-PD-L1 antibody in the first line followed by an 

anti-PD-1 antibody in the third line remain unclear.

Second-line or later combination therapy.

The efficacy of nivolumab plus ipilimumab in patients with relapsed SCLC was assessed in 

the second line in CheckMate 032. Two different dose combinations of nivolumab plus 

ipilimumab were assessed in the initial nonrandomized component of this trial: nivolumab 1 

mg/kg plus ipilimumab 3 mg/kg and nivolumab 3 mg/kg plus ipilimumab 1 mg/kg. Patients 

received four cycles of either combination followed by nivolumab monotherapy until disease 

progression. Among 61 patients with relapsed SCLC in the nivolumab 1 mg/kg plus 

ipilimumab 3 mg/kg arm, the ORR was 23% with a median PFS of 2.6 months and a median 

OS of 7.7 months. Among the 53 patients with relapsed SCLC in the nivolumab 3 mg/kg 

plus ipilimumab 1 mg/kg arm, the ORR was 19% with a median PFS duration of 1.4 months 

and a median OS duration of 6 months5 (TABLE 1). Numerically higher response rates were 

seen in patients with platinum-sensitive disease and in patients who had received only one 

previous line of therapy. PD-L1 expression was assessable in 69% of patients enrolled (148 

of 216); 17% and 5% of specimens were PD-L1 ≥1% and ≥5%, respectively. Responses 

were seen regardless of PD-L1 expression46. On the basis of the more promising results 

Iams et al. Page 7

Nat Rev Clin Oncol. Author manuscript; available in PMC 2020 May 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



from the nivolumab 1 mg/kg plus ipilimumab 3 mg/kg arm, this combination proceeded to 

investigation in the randomized component of CheckMate 032, in which the outcomes of 

these patients were compared with those receiving nivolumab monotherapy.

Tumour parameters as biomarkers

Tumour and immune cell PD-L1 expression.

Expression of PD-L1 on tumour and immune cells has been evaluated as a predictive 

biomarker of response to ICIs in the first-line upfront and maintenance settings and in the 

second-line or later setting in patients with SCLC (FIG. 1; TABLE 2). At the 2019 ESMO 

Congress, data on tumour and immune cell PD-L1 expression from the IMPower 133 trial 

were reported. Of the 403 patients enrolled, 137 had evaluable tumour material, thus 

reflecting the difficulties in obtaining biopsy material from this population. Of these 137 

evaluated tumours, 129 (94.2%) had <1% PD-L1 expression on tumour cells and 68 (49.6%) 

had <1% PD-L1 expression on immune cells when analysed using immunohistochemistry 

with the VENTANA SP263 antibody. In a subgroup analysis of data from patients with 

evaluable tumour specimens, no significant improvement in OS with chemotherapy plus 

atezolizumab compared with chemotherapy plus placebo was detected among those with 

≥1% or ≥5% PD-L1 expression on tumour cells or immune cells. In patients with both 

tumour and immune cell PD-L1 expression <1%, a statistically significant improvement in 

OS was observed in those receiving chemotherapy plus atezolizumab versus chemotherapy 

plus placebo (median OS 10.2 months versus 8.3 months, respectively; HR 0.51, 95% CI 

0.30–0.89)34 (TABLE 2). These inconsistent findings suggest that PD-L1 expression is not 

predictive of OS in patients with SCLC receiving chemotherapy in combination with an ICI.

In the aforementioned single-arm, phase II study investigating the performance of first-line 

maintenance pembrolizumab in patients with ES-SCLC, Gadgeel and colleagues9 retrieved 

pretreatment archival specimens and used the DAKO 22C3 anti-PD-L1 antibody to evaluate 

PD-L1 expression. Tumours were only considered assessable for PD-L1 positivity if at least 

50 viable tumour cells or five PD-L1-positive tumour cells could be identified. In this study, 

30 out of 45 specimens (66%) were evaluable, of which three (10%) had PD-L1 expression 

≥1%. Among these three patients, two responded to therapy and the third patient had no 

measurable disease at study entry. The median PFS among these three patients was 11 

months (range 10–13 months). The ORR and median PFS of the 27 patients with evaluable 

tumours and no detectable PD-L1 expression were not reported9.

PD-L1 expression had also been evaluated in patients receiving ICI in the second-line or 

later relapsed setting. In CheckMate 032, investigators evaluated tumour PD-L1 expression 

using the 28-8 pharmDx antibody47 in pretreatment tumour specimens obtained within 3 

months of beginning ICI treatment from patients who received no other anticancer therapies 

in the 3-month period prior to commencing ICIs. In total, 148 tumour samples were 

obtained, and acceptable samples were defined as those containing ≥100 evaluable tumour 

cells. Among patients in the nivolumab monotherapy arm, the ORR was 38% (3 of 8) if PD-

L1 was ≥1%, 28% (12 of 43) if PD-L1 was <1% and 24% (6 of 25) in those with 

nonevaluable tumours. In the nivolumab 1 mg/kg and ipilimumab 3 mg/kg arm, ORRs in 

these subgroups were 33% (2 of 6), 36% (8 of 22) and 33% (6 of 18), respectively. In 
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comparison, ORRs were 60% (3 of 5), 24% (7 of 29) and 15% (2 of 13), respectively, among 

these subgroups in the nivolumab 3 mg/kg and ipilimumab 1 mg/kg arm5. An updated 

analysis of data from CheckMate 032 indicates no statistically significant associations 

between tumour PD-L1 expression and ORR among the 109 patients included in the 

nonrandomized population who received either nivolumab or nivolumab plus ipilimumab7.

Following the IFCT-1603 phase II RCT, in which patients received atezolizumab or 

chemotherapy in the second line, investigators evaluated tumour PD-L1 expression in 

archived tumour specimens using the SP-142 assay. However, only 1 of 53 evaluable 

specimens had >1% tumour PD-L1 expression, thus precluding evaluations of predictive 

value45.

Combined PD-L1-positive score.

The predictive value of CPS has been evaluated in patients with relapsed SCLC, but not in 

those with treatment-naive disease or in those receiving ICIs as first-line maintenance 

therapy (FIG. 1; TABLE 2). In KEYNOTE-028, involving patients with relapsed ES-SCLC, 

a CPS of ≥1% determined by analysis of either a fresh or archived pretreatment tumour 

specimen was an inclusion criterion for treatment with pembrolizumab11. PD-L1 was 

assessed using the 22C3 antibody47 in specimens containing ≥50 viable tumour cells. These 

patients had an ORR of 33% (8 of 24)11.

KEYNOTE-158, a trial investigating the efficacy of pembrolizumab monotherapy, included 

patients with a CPS as low as 0% (CPS was evaluated in the same way as in 

KEYNOTE-028). Patients were stratified into two arms: CPS ≥1% (n = 42) and CPS <1% (n 
= 50). ORRs were 35.7% versus 6%, 1-year OS was 53.1% versus 30.7% and the median 

OS duration was 14.6 months versus 7.7 months44. The ORR was 27% (4 of 15) among 

patients with unknown PD-L1 status.

Owing to the low overall level of tumour cell PD-L1 expression in SCLCs, expression of 

this immune checkpoint is unlikely to have predictive value regarding the effectiveness of 

ICIs. In a broader evaluation of PD-L1 expression inclusive of tumour cells, stromal cells 

and infiltrating immune cells, the CPS seemed to have predictive value in KEYNOTE-158, 

although replication of this finding is needed in order to demonstrate the further potential of 

this composite score as a predictive biomarker in patients with SCLC who are eligible for 

ICIs. The likelihood of PD-L1 CPS becoming a predictive biomarker to guide the use of the 

combination of chemotherapy with ICI in the first-line setting is low.

PD-L1 expression at the tumour–stromal interface.

The role of PD-L1 at the tumour–stromal interface as a predictive biomarker has only been 

evaluated in the first-line maintenance setting (FIG. 1; TABLE 2). In patients with ES-SCLC 

who had a response or stable disease following induction chemotherapy, Gadgeel and 

colleagues retrieved pretreatment archival specimens and observed PD-L1 expression at the 

tumour–stromal interface in 40% of patients (8 of 20). Comparisons of the outcomes of the 

eight patients with PD-L1 expression at the tumour–stromal interface versus those of the 12 

without such expression revealed ORRs of 37.5% versus 8.3%, with median PFS durations 
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of 6.5 months versus 1.3 months and median OS durations of 12.8 months versus 7.6 

months9.

Tumour T cell-inflamed gene-expression signature.

The presence of a T cell-inflamed gene-expression signature (RNA-based TIL signature) has 

only been reported as a predictive biomarker of response to ICIs in patients with relapsed 

SCLC (FIG. 1; TABLE 2). An analysis of tumour material from patients with solid tumours 

of various histologies who received pembrolizumab in KEYNOTE-028, including eight 

patients with SCLC, showed that a TIL signature was correlated with ORR and median 

PFS48. This TIL signature was based on an 18-gene RNA expression platform49,50 but, 

similar to TMB in this analysis, making specific conclusions regarding the predictive utility 

of this signature in patients with SCLC is difficult owing to the limited number of patients.

Circulating tumour cells.

Circulating tumour cells (CTCs) are detectable in blood samples from patients with ES-

SCLC who are receiving maintenance pembrolizumab following a response to first-line 

chemotherapy (TABLE 2). Gadgeel and colleagues reported that 51% of patients (19 of 37) 

had detectable CTCs at treatment initiation, and found no correlation between baseline CTC 

count or changes in CTC count during therapy and median PFS or OS9 (TABLE 2). The 

predictive value of PD-L1 expression at the tumour–stromal interface, TIL signature and 

CTC-based evaluations is difficult to assess because the patient numbers included in studies 

thus far have been very small and further validation is needed.

Tumour mutational burden.

TMB has also been evaluated as a potential predictive biomarker for patients with SCLC 

receiving ICIs (FIG. 1; TABLE 2). In CheckMate 032, investigators evaluated TMB using 

paired blood and pretreatment tumour specimens. Whole-exome sequencing (WES) was 

used to quantify TMB, and paired blood assessment enabled filtering to remove germline 

variants. Somatic missense mutations in the tumour were used to define TMB, and the 

tertiles were defined as <143 mutations (low), 143–247 mutations (intermediate) and ≥248 

mutations (high)7. When comparing outcomes among TMB tertiles of patients receiving 

nivolumab monotherapy, ORRs were 5%, 7% and 21% in the low (n = 42), intermediate (n = 

44) and high (n = 47) TMB tertiles, respectively; median PFS durations were 1.3 months, 

1.3 months and 1.4 months; median OS durations were 3.1 months, 3.9 months and 5.4 

months; 1-year PFS was not evaluable, 3% and 21%; and 1-year OS was 22%, 26% and 

35%, respectively. An analysis of data from the nivolumab 1 mg/kg and ipilimumab 3 mg/kg 

arm of CheckMate 032 reveals similar findings. Divided among the same TMB tertiles of 

low (n = 27), intermediate (n = 25) and high (n = 26), ORRs were 22%, 16% and 46%, 

respectively; median PFS duration was 1.5 months, 1.3 months and 7.8 months; median OS 

was 3.4 months, 3.6 months and 22 months; 1-year PFS was 6%, 8% and 30%; and 1-year 

OS was 23%, 20% and 62%, respectively7. Although these findings have not been 

prospectively validated, the WES-based TMB measurements from CheckMate 032 

correlated well with the findings of an in silico analysis of TMB determined using the 

Foundation One CDx assay that included a limited gene set8,51. Additionally, the findings of 
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CheckMate 032 revealed no statistically significant associations between tumour PD-L1 

expression determined using the 28-8 pharmDx antibody and TMB7.

TMB determined using WES was also evaluated as a predictive biomarker in an analysis of 

formalin-fixed paraffin-embedded tumour and matched non-malignant tissue specimens 

from patients who received pembrolizumab in KEYNOTE-028. In this evaluation, all 

somatic nonsynonymous mutations (a slightly broader definition than missense mutations, 

which also includes nonsense mutations) were included48. Similar to Checkmate 032, 

limited correlations were observed between TMB and PD-L1, although a statistically 

significant correlation between TMB, ORR and median PFS was reported48. Drawing 

reliable conclusions about TMB as a predictive biomarker from this analysis is difficult 

owing to the small number of patients with SCLC in this cohort.

Blood-based tumour mutational burden.

bTMB has only been evaluated as a predictive biomarker of responsiveness to ICIs in 

patients with treatment-naive SCLC (TABLE 2). In IMPower 133, investigators used a 

bTMB quantification technique identical to that used to demonstrate the predictive value of 

bTMB for PFS in patients receiving atezolizumab for the treatment of relapsed NSCLC3,52. 

This approach involved next-generation sequencing-based assessments of 394 cancer-

associated genes52,53. Germline variants were filtered using the dbSNP and ExAC genomic 

databases, and somatic single-nucleotide variants in these cancer-associated genes were 

tallied to calculate a bTMB score in terms of mutations per megabase52. Two cut-offs of 

bTMB were used, 10 mut/Mb and 16 mut/Mb, with conflicting results. Among the 139 

patients with TMBs of <10 mut/Mb, a trend towards improved median OS was observed in 

patients receiving chemotherapy plus atezolizumab compared with chemotherapy alone 

(11.8 months versus 9.2 months; HR 0.70, 95% CI 0.45–1.07). Among the 212 patients with 

bTMBs of ≥10 mut/Mb, a substantial improvement in median OS was observed in those 

receiving chemotherapy plus atezolizumab compared with chemotherapy alone (14.6 months 

versus 11.2 months; HR 0.68, 95% CI 0.47–0.97). Using a higher bTMB cut-off, among 271 

patients with a bTMB of <16 mut/Mb, a significant improvement in median OS was also 

observed with chemotherapy plus atezolizumab (12.5 months versus 9.9 months; HR 0.71, 

95% CI 0.52–0.98). A nonsignificant trend towards improved OS in patients receiving 

chemotherapy plus atezolizumab was also observed among the 80 patients with a bTMB of 

≥16 mut/Mb (17.8 months versus 11.9 months; HR 0.63, 95% CI 0.35–1.15). Given the 

similar improvements in OS across bTMB subgroups, bTMB is not thought to be predictive 

of clinical benefit from atezolizumab plus chemotherapy. Caution should be applied in 

interpreting the significance of these data owing to limited patient numbers, particularly in 

those with bTMB of ≥16 mut/Mb3 (TABLE 2).

Collectively, data from these studies3,5,48 suggest that tumour-assessed TMB might have 

some predictive value in patients with relapsed SCLC, although bTMB is not consistently 

predictive of OS in treatment-naive patients receiving ICIs in combination with 

chemotherapy. This observation regarding the predictive value of TMB in the treatment-

naive setting for patients receiving chemotherapy plus an ICI seems to hold true for both 

patients with SCLC and those with NSCLC. Data from a retrospective analysis of samples 
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obtained from patients with nonsquamous NSCLC enrolled on KEYNOTE-189 and 

KEYNOTE-021 indicate a lack of predictive value of TMB for both response and OS in 

those receiving a platinum-containing agent, pemetrexed and pembrolizumab54,55.

Clinical parameters as biomarkers

Data regarding the validity of clinical predictors of OS benefit from ICIs in patients with 

SCLC are currently limited to subgroup analyses. The only replicated finding from these 

analyses has been that patients with liver metastases, regardless of tumour histology, seem 

not to derive the same level of improvement in OS from ICIs as those without liver 

metastasis.

Liver metastasis.

In the treatment-naive setting, the presence or absence of liver metastasis has been evaluated 

as a predictive biomarker in patients with ES-SCLC receiving ICIs. In IMPower 133, a 

statistically significant OS benefit was observed in 254 patients without liver metastasis who 

received chemotherapy plus atezolizumab compared with those who received chemotherapy 

alone (median OS 16.8 months versus 11.2 months; HR 0.64, 95% CI 0.45–0.90). The same 

difference in the level of benefit was not observed among 145 patients with liver metastases 

(median OS 9.3 months versus 7.8 months; HR 0.81, 95% CI 0.55–1.20)3. In the phase III 

RCT evaluating the efficacy of chemotherapy plus ipilimumab versus that of chemotherapy 

alone in patients with treatment-naive ES-SCLC, no significant differences in OS were 

detected based on either the presence or absence of liver metastases33.

The presence or absence of liver metastasis has not been identified as a predictor of OS 

among patients receiving ICI in the maintenance setting41. Although, in CheckMate 331, the 

subgroup of 364 patients with relapsed SCLC without liver metastasis were again observed 

to have a significant improvement in OS from nivolumab compared with chemotherapy 

(median OS 11.2 months versus 10.5 months; HR 0.75, 95% CI 0.59–0.95)43, the same level 

of OS benefit from nivolumab was not observed among 205 patients with liver metastases 

(median OS 3.9 months versus 5.9 months; HR 1.34. 95% CI 0.99–1.80)43.

Various other clinical predictors, including age3,33,41,43, gender3,33,41,43,45, ethnicity (white 

versus Asian)43, performance status (1 versus 0)3,33,41,43,45, platinum sensitivity5,43,45, 

elevated serum levels of lactate dehydrogenase33,41,43, best response to induction 

chemotherapy (partial or complete response versus stable disease)41, disease stage at 

diagnosis (limited versus extensive stage)43,45, presence of central nervous system 

metastases3,33, number of previous lines of therapy5, previous prophylactic cranial 

irradiation41 and time from completion of induction chemotherapy41, do not consistently 

predict either response or OS duration in patients with SCLC receiving ICIs (TABLE 3).

Future directions

Upfront therapy.

Two trials designed to provide data on the safety and/or efficacy of upfront ICIs are currently 

ongoing: a phase I, single-arm trial designed to evaluate the effects of pembrolizumab plus 
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standard-of-care chemoradiotherapy followed by pembrolizumab maintenance therapy for 

48 weeks in patients with LS-SCLC or ES-SCLC (NCT02402920); and a phase II/III NRG 

Oncology (NRG-LU005) RCT designed to evaluate the efficacy of standard-of-care 

concurrent chemoradiotherapy versus that of concurrent chemoradiotherapy plus 

atezolizumab followed by atezolizumab maintenance therapy for 1 year in patients with LS-

SCLC (NCT03811002). In patients with ES-SCLC, in a similar manner to IMPower 133, 

three RCTs evaluating the efficacy of adding ICI monotherapy in the upfront setting are 

currently ongoing (nivolumab in ECOG-ACRIN 5161 (NCT03382561); pembrolizumab in 

EORTC REACTION (NCT02580994); and pembrolizumab in KEYNOTE-604 

(NCT03066778)).

The safety and/or efficacy of front-line standard-of-care chemotherapy plus combination ICI 

therapy with durvalumab and the anti-CTLA-4 antibody tremelimumab is being evaluated in 

a single-arm, multihistology, phase Ib study that includes patients with ES-SCLC 

(NCT02658214) and in patients with ES-SCLC in a three-arm, phase III RCT (CASPIAN 

(NCT03043872)).

First-line maintenance monotherapy or combination therapy.

Two trials designed to evaluate the efficacy of only maintenance use of ICIs in patients with 

LS-SCLC without disease progression during induction chemoradiotherapy (nivolumab plus 

ipilimumab in STIMULI (NCT02046733); durvalumab and/or tremelimumab in ADRIATIC 

(NCT03703297)) are currently ongoing (Supplementary Table 1). Investigators in these 

trials are seeking to replicate the positive results of the PACIFIC trial involving patients with 

stage III NSCLC, in whom improvements in microscopic residual disease control resulted in 

statistically significant improvements in OS in a similar patient population who have a high 

risk of disease recurrence.

Second-line monotherapy.

One RCT designed to evaluate the efficacy of pembrolizumab versus topotecan as second-

line therapy in unselected patients with relapsed SCLC with either platinum-sensitive or 

platinum-resistant disease, with no requirement of PD-L1 expression, is currently ongoing 

(AFT-17 (NCT02963090)) (Supplementary Table 1). Of note, previous RCTs comparing the 

efficacy of ICIs, such as nivolumab43 and atezolizumab45, with that of chemotherapy in this 

setting have failed to demonstrate improvements in OS compared with chemotherapy.

Second-line or later combination therapy.

In one RCT, patients with relapsed SCLC (either platinum-sensitive or platinum-resistant 

disease) receiving combination durvalumab and tremelimumab are being randomized to 

receive stereotactic body radiotherapy or no radiotherapy (NCT02701400). A phase I, open-

label, multiarm trial exploring the combination of the anti-CTLA-4 antibody MK-1308 with 

pembrolizumab in patients with advanced-stage solid tumours, including relapsed SCLC, is 

currently recruiting patients (NCT03179436) (Supplementary Table 1).
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Second-line or later novel agents plus ICIs.

Few therapeutic options have been able to provide a >20–30% ORR in patients with 

relapsed SCLC, and clinical benefits are often short-lived. Thus, owing to these major unmet 

needs, the efficacy of ICIs in combination with a variety of novel agents is currently being 

investigated in this setting (FIG. 2). In a phase II, three-arm trial comparing ICIs to novel 

agents, patients with ES-SCLC who either had disease progression during induction therapy 

or relapse within 90 days are being assigned to either four cycles of durvalumab plus 

tremelimumab, followed by durvalumab maintenance therapy until relapse if they have not 

previously received an ICI, a WEE1 tyrosine kinase inhibitor (adavosertib) in combination 

with carboplatin, or an ATR inhibitor (ceralasertib) in combination with the poly(ADP-

ribose) polymerase inhibitor olaparib, based on specific contraindications rather than 

molecular features (NCT02937818). KEYNOTE-603 is a phase I trial designed to evaluate 

the combination of pembrolizumab with a tumour neoantigen-based cancer vaccine 

(mRNA-4157; in which exogenous mRNAs are administered with the aim of translation and 

subsequent presentation of peptide epitopes by antigen-presenting cells), and is currently 

recruiting patients with resectable or unresectable solid tumours, including SCLC 

(NCT03313778). Durvalumab is being combined with a variety of novel agents in the 

relapsed setting. The safety and efficacy of durvalumab are being investigated in 

combination with olaparib in patients with relapsed, platinum-sensitive SCLC in a phase I/II 

trial (NCT02734004).

Novel immunotherapies.

CAR T cells are T cells transduced with a specific, often tumour-associated cell-surface 

antigen-directed recombinant receptor, containing costimulatory transmembrane domains 

that promote replication and antitumour activity. In contrast to cellular immunotherapies 

with transduced T cell receptors, which require host cell antigen processing and MHC 

presentation and matching for recognition of both cell-surface and intracellular antigens56, 

CAR T cells are able to engage the target cell-surface antigen independent of MHC 

expression. CAR T cells targeting the SCLC antigen delta-like protein 3 (DLL3) have 

entered a phase I clinical trial (AMG 119 (NCT03392064)). Thus far, CAR T cells have 

demonstrated efficacy in patients with several forms of haematological cancer, although this 

approach has not achieved promising results in early trials in patients with solid tumours. 

This early lack of efficacy of CAR T cells in patients with solid tumours most likely reflects 

the difficulties in assuring that CAR T cells are able to come into contact with solid tumour 

cells within their respective organs and/or immunosuppressive microenvironments57.

BiTEs are recombinant proteins that contain antibody variable fragments directed at both a T 

cell surface protein (often CD3) and a tumour-associated cell-surface protein, thereby 

colocalizing host T cells and tumour cells rather than relying on clearance by the host 

immune system or direct antitumour effects, similar to monoclonal antibodies58. AMG 757, 

a BiTE consisting of both anti-CD3 and anti-DLL3 antibodies, is being evaluated in a phase 

I trial that includes patients with ES-SCLC requiring first-line maintenance therapy and 

those with recurrent SCLC (NCT03319940). ICIs targeting alternative immune checkpoints 

to PD-1 or CTLA-4, such as TIM3 and LAG3, have entered clinical trials in combination 

with anti-PD-1 or anti-PD-L1 antibodies in patients with advanced-stage and/or metastatic 
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solid tumours, including relapsed SCLC (RO7121661 (NCT03708328) and LAG525 

(NCT03365791), respectively) (Supplementary Table 1).

Conclusions

Progress has finally been made in the treatment of patients with SCLC with the FDA 

approval of atezolizumab in combination with chemotherapy in the front-line setting for 

patients with ES-SCLC based on data from IMPower 133 (REFS3,36) and in relapsed SCLC 

based on data from CheckMate 032 (REF.5), KEYNOTE-028 (REF.11) and KEYNOTE-158 

(REF.44). In the first-line setting, the approval is based on data from an RCT showing 

survival benefit compared with patients treated with chemotherapy alone, and, in the third-

line setting, the approvals are based on promising response rates in a setting in which, 

despite extensive research efforts, limited treatment options exist. On the basis of data from 

CheckMate 032 (REF.5), CheckMate 331 (REF.43) and recommendations from the National 

Comprehensive Cancer Network guidelines59, we advise consideration of the use of ICIs as 

second-line therapies in patients with platinum-resistant, relapsed SCLC who did not receive 

an ICI in the first line, because evidence indicates that these patients might derive benefit 

from nivolumab monotherapy43. In patients with initially platinum-sensitive LS-SCLC, we 

recommend that ICIs are reserved for third-line use after rechallenge with a platinum-

containing agent or topotecan.

The clinical data generated so far have been accompanied by an interest in identifying 

biomarkers that are predictive of benefit from ICIs in patients with SCLC. Thus far, the 

limited expression (tumour PD-L1 expression in <20% of patients5–8,34) and inconsistent 

predictive value5,7,9 of PD-L1 have precluded its adoption as a widely used biomarker of 

response. TMB has shown some value as a predictor of response and OS in the relapsed 

setting5,48, although bTMB was not predictive of OS benefit in IMPower 133 with 

statistically similar OS benefits observed on both sides of two bTMB cut-off values of 10 

mut/Mb and 16 mut/Mb3. Differences in the primary source of material for analysis (tumour 

versus blood) and analysis technique (WES versus targeted gene panels) are important; 

therefore, TMB remains a potential predictive marker for further investigation. Nonetheless, 

the challenge with SCLC remains obtaining sufficient tissue to perform analyses involving 

solid tumour material. At present, other potentially predictive biomarkers, such as tumour–

stromal PD-L1 expression, CTCs and TIL signatures, have only been evaluated in small 

cohorts of patients, thus precluding the development of robust conclusions regarding their 

predictive value9,48. Similarly, caution should be used in interpreting the presence or 

absence of liver metastases in guiding the use of ICIs, as the validity of this predictor has 

only been evaluated in subset analyses3,33,41,43. Ultimately, evaluating potential biomarkers 

that use multifaceted scores, such as a combination of data on TILs, PD-L1 and TMB plus 

other yet-to-be-defined factors integrated across multiple tumour histologies, might provide 

the best way forward given that the breadth of benefits provided by anti-PD-1 or anti-PD-L1 

antibodies, in terms of tumour histologies that respond to these agents, is unprecedented48.

Ongoing and future clinical trials for patients with SCLC, involving ICIs and/or other 

immunotherapies, will evaluate approaches similar to IMPower 133, add treatment scenarios 

that have not been evaluated using ICIs (such as the maintenance setting in patients with 
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limited-stage disease), further evaluate combination ICIs, evaluate combinations of ICIs with 

novel targeted therapies (such as poly(ADP-ribose) polymerase inhibitors, AKT1 inhibitors 

and ATR inhibitors) and test novel immune-based treatment strategies (such as CAR T cells 

and BiTEs). In order to fully understand the optimal role of immunotherapy in patients with 

SCLC, these clinical trial results must be followed closely. While progress is being made in 

using immunotherapies to treat patients with SCLC, a substantial amount of research 

remains to be done in identifying the optimal therapeutic strategies and predictive 

biomarkers, as well as developing effective treatment strategies for patients who have 

disease progression on ICIs.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key points

• Immune-checkpoint inhibitors (ICIs) are approved as first-line and third-line 

therapies for patients with advanced-stage small-cell lung cancer (SCLC).

• In the first-line setting, the anti-programmed cell death 1 ligand 1 ICI 

atezolizumab plus chemotherapy has been shown to improve overall survival, 

relative to chemotherapy alone.

• In the relapsed setting, nonrandomized data reveal promising responses to 

several ICIs that have not been corroborated in randomized trials.

• No broadly accepted biomarkers that predict benefit from ICI have been 

identified to date.

• Many ongoing trials are evaluating the performance of immune-based 

treatment strategies in patients with SCLC; these will hopefully enable the 

optimization of immune-based treatment strategies in this patient population.
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Fig. 1 |. Predictive biomarkers of response and/or survival in patients receiving immune-
checkpoint inhibitors for small-cell lung cancer.
Various tumour-based and/or blood-based assays have been evaluated for their ability to 

predict clinical benefit from immune-checkpoint inhibitors in patients with small-cell lung 

cancer. Biomarkers that are thought to continue to hold potential clinical predictive value 

include tumour mutational burden (TMB) and tumour-infiltrating lymphocyte RNA 

expression. Biomarkers that are thought to not hold predictive value based on data from 

larger analyses include tumour programmed cell death 1 ligand 1 (PD-L1) expression and 

blood-based TMB. Biomarkers that have only been evaluated in very small numbers of 

patients include circulating tumour cells (CTCs), combined tumour plus tumour-infiltrating 
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immune cell PD-L1 expression, and PD-L1 expression at the tumour–stromal interface. 

ECM, extracellular matrix.
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Fig. 2 |. Mechanisms of action of immunotherapies and other novel agents being tested in 
combination with immunotherapies in patients with small-cell lung cancer.
Immunotherapies and other novel agents currently being evaluated in combination with 

immunotherapies in patients with small-cell lung cancer include immune-checkpoint 

inhibitors (anti-programmed cell death protein 1 (PD-1), anti-programmed cell death 1 

ligand 1 (PD-L1), anti-cytotoxic T lymphocyte protein 4 (CTL A-4), anti-L AG3 and anti-

TIM3 antibodies), bispecific antibodies (such as those targeting CD3 plus DLL3 or PD-1 

plus TIM3), engineered T cell therapies (such as anti-DLL3 chimeric antigen receptor 

(CAR) T cells), neoantigen vaccines, antiproliferative agents (AKT inhibitors) and DNA 
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damage repair-directed therapies (poly(ADP-ribose) polymerase (PARP) inhibitors, serine/

threonine-protein kinase ATR (ATR) inhibitors and Wee1-like protein kinase (WEE1) 

inhibitors). BiTE, bispecific T cell engager ; DC, dendritic cell; TCR , T cell receptor.
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Table 3 |

Clinical features predictive of overall survival benefit

Feature Median OS

Upfront

Age Inconsistent predictive value3,33

Gender Not predictive3,33

Performance status Inconsistent predictive value3,33

LDH Not predictive33

CNS metastasis Inconsistent predictive value3,33

Liver metastasis Possibly predictive3,33

First-line maintenance

Best response to induction Not predictive41

Age Inconsistent predictive value41

Gender Not predictive41

Performance status Not predictive41

LDH Not predictive41

Liver metastasis Not predictive41

Previous PCI Not predictive41

Time from induction chemotherapy Inconsistent predictive value41

Second line or later

Platinum sensitivity Inconsistent predictive value43,45

Previous lines of therapy Not predictive5

Gender Not predictive43,45

Performance status Not predictive43,45

LDH Inconsistent predictive value43

CNS metastasis Not predictive43

Liver metastasis Possibly predictive43

Ethnicity Not predictive43

Stage at diagnosis Not predictive43,45

CNS, central nervous system; LDH, lactate dehydrogenase; OS, overall survival; PCI, prophylactic cranial irradiation.
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