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Manuela Federico , Maria La Vecchia , Anna Merlotti ,
Matteo Sepulcri , Gaia Piperno , Giulia Marvaso , Nicola Simoni ,
Emanuele Alı̀ , Antonio Pontoriero , Anna Cappelli ,
Valeria Dionisi , Jessica Menis , Antonella Martino ,
Stefano Vagge , Stefania Canova , Giampaolo Montesi ,
Francesco Cuccia , Luca Boldrini , Ciro Franzese ,
Salvatore Grisanti , Alessio Bruni , Marta Scorsetti

PII: S1525-7304(23)00240-1
DOI: https://doi.org/10.1016/j.cllc.2023.11.005
Reference: CLLC 1695

To appear in: Clinical Lung Cancer

Received date: Sep 1, 2023
Revised date: Nov 9, 2023
Accepted date: Nov 9, 2023

Please cite this article as: Paolo Borghetti , Giorgio Facheris , Patrizia Ciammella ,
Marco Galaverni , Lorenzo Granello , Vieri Scotti , Davide Franceschini , Andrea Romei ,
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MICRO ABSTRACT 

 

We conducted a retrospective multicentric analysis of patients with oligometastatic Small Cell Lung Cancer 

(SCLC) treated with Stereotactic Ablative Radiotherapy (SABR) from 2017 to 2022. Our findings suggest that 
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SABR may delay the need for additional treatments and extend ongoing treatment in oligometastatic SCLC, 

with the need for prospective studies to confirm these results. 

 

ABSTRACT 

Aims: SCLC is the most aggressive lung cancer histology with a 5-year OS <10%. At the diagnosis, almost 

two-thirds of the SCLC an Extended Disease presentation. Two randomized studies (CASPIAN and 

ImPower133) demonstrated an OS improvement, when immunotherapy was prescribed as maintenance 

therapy after standard chemotherapy. To date, SABR has had a limited indication in managing metastatic 

SCLC, although recent reports proposed it as a valid treatment option in selected patients. We propose a 

retrospective multicentric analysis of patients treated with SABR for oligometastatic SCLC. 

Method: Data of patients affected by oligometastatic-SCLC treated with SABR between 2017 and 2022 in 

eleven Italian Centres were collected. Clinical and therapeutic variables together with OS and time to next 

treatment were analyzed. Univariate analysis with Kaplan–Meier curve were calculated, and log-rank test 

were applied. Cox proportional hazard model was used for multivariate analysis. 

Results: Data from 93 patients and 132 metastatic lesions were analyzed. The median age was 64 years *36 

– 86+ and all but one had Performance Status 0 or 1. 52 patients presented ED at diagnosis. The first line 

treatment was radiochemotherapy in 42%, CHT alone in 24% and CHT-IO in 28%, others treatment accounts 

for 4% and only 2% of patients underwent best supportive care. Of the 132 lesions treated with SBRT 55 

were in brain, 27 in lung, 11 in liver, 10 in lymph nodes, 8 in bones and 20 in adrenal gland. Median OS was 

14 months, 1 year-OS and 2 years OS were 53% and 27%, respectively. The median TtNT was 14 months for 

the entire population. Of all the analysed variables only the anatomical site of the metastases and their 

number showed statistical significance in the univariate analysist, confirmed in the subsequent multivariate. 

Conclusion:  SABR seems to play a role in delaying further systemic lines in oligometastatic disease and to 

extend the use of ongoing treatment in oligoprogressive state. Prospective studies are needed to confirm 

these findings. 
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1. INTRODUCTION  

Small Cell Lung Cancer (SCLC) accounts for about 14% of lung malignancies *1+. It is a very aggressive 

neoplasm characterized by a high growth fraction and early metastatic spread *2+. Approximately 250,000 

new cases and at least 200,000 deaths are estimated each year for this cancer *3+. Smoking is the main risk 

factor and chronic obstructive pulmonary disease (COPD) is a common comorbidity *4+. SCLC has a 

particularly high mortality rate. Data extracted from the US Surveillance, Epidemiology, and End Results 

(SEER) American registry confirm a median survival between 1983 and 2021 of only 7 months *5+ 

Approximately two-thirds of patients diagnosed with SCLC have metastatic disease, classified as stage IV 

according to the American Joint Committee on Cancer (AJCC) or extended stage (ES) as defined by the 

Veterans Affairs Lung Study Group (VALSG) *6+. ES-SCLC has been recently investigated in two randomized 

trials exploring the role of immunotherapy combined with platinum end etoposide chemotherapy. The 

ImPower 133 study and the CASPIAN study have demonstrated to increase the median survival to about 13 

months using atezolizumab and durvalumab, respectively *7+, *8+ 

Radiotherapy (RT) plays a fundamental role in the ES-SCLC setting and specifically in the therapeutic option 

of prophylactic cranial irradiation (PCI) as an alternative to brain magnetic resonance surveillance *6+. 

Furthermore, thoracic RT is strongly recommended in selected patients with ES-SCLC after chemotherapy. 

At the same time, it remains conditional in those responding to chemotherapy combined with 

immunotherapy due to the absence of robust evidence *6+. Finally, the role of RT in the treatment of 

metastases remains consolidated with particular reference to the reduction of pain and neurological 

symptoms in patients with bone and brain secondary lesions *6+. Recently, some data are emerging about 

the role of consolidative thoracic RT in patients responding to first line chemo-immunotherapy 

demonstrating how a local approach may ameliorate the results in terms of clinical outcomes *9+.  

For many tumors, including lung cancer, there is growing evidence of the efficacy of ablative treatments in 

the management of metastases. Stereotactic ablative radiation therapy (SABR) is a highly focused radiation 
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treatment that delivers an elevated dose of radiation in few fractions (from 1 up to 8) while limiting the 

dose to surrounding organs. The role of SABR is particularly significant in the so-called oligometastatic 

setting defined by Hellman and Weichselbaum in 1995 as a state of mild and indolent disease dissemination 

*10+, *11+ There is an increasing availability of preclinical, translational, and clinical data that confirm the 

oligometastatic state and suggest the genetic, epigenetic and immunological interactions of metastatic 

neoplasia *10+. Despite this, a universal definition of oligometastatic disease is still under discussion because 

it tends to undergo different interpretative nuances, for example concerning the different histology and site 

of the primary tumor or the presence or absence of brain disease and systemic treatments on going. 

Furthermore, the number of metastases and organs involved assume a primary significance for the correct 

classification of oligometastatic disease *12+. Beyond these controversies, in the field of SCLC, the 

application of the concept of oligometastatic disease and the consequent use of stereotactic radiotherapy is 

rather infrequent due to the poor prognosis of the disease and the high capacity to develop multiple 

metastases. 

, Recently a cohort study of 710 patients treated with SRS for SCLC brain metastases has provided a baseline 

for the encouraging results of stereotactic radiosurgery and has suggested that this treatment is a potential 

option for selected patients *13+. These findings have been confirmed in a subsequent review and meta-

analysis *14+.  

Although oligometastatic state is particularly rare in SCLC, overall survival, progression free survival and 

pattern of recurrence of these patients are better in comparison to polymetastatic patients and the use of 

local treatment may result in a better prognosis *15+. 

This study aims to evaluate a multicentric series of patients treated with SABR on intracranial and 

extracranial metastases from SCLC. The objectives of this study are to primarily describe the clinical context 

in which the stereotactic treatment is proposed and the selection of patients to which it is offered. 

Secondly, the study aims to evaluate the prognostic impact and the consequent therapeutic effects. 

2. MATERIAL AND METHODS 
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This observational study is based on a multicentric national database including 11 centers. Demographic, 

clinical, and therapy data were retrospectively collected from 1st January 2017 to 31st December 2022. All 

the centers obtained approval from their institutional review board after the coordinating center’s  ethical 

committee approved this study (“Anonymized for Review”).  

At “Anonymized for Review”, the presence of a written informed consent for the use of anonymized clinical 

data for research purposes was verified for every patient screened for the analysis. 

Patients enrolled in the study had to meet the following inclusion criteria: age ≥ 18 years, histological 

proven diagnosis of SCLC, stage IV according to AJCC classification VIII edition or ES according to VALSG 

classification, compliance with the definition of “oligometastases” or “oligoprogression” according to EORTC 

i.e. ≤5 metastases in ≤3 organs (excluding mediastinal lymph nodes). Moreover, SABR had to be performed 

on some or all metastatic sites with a maximum of 8 fractions and a minimum dose per fraction equal to 5 

Gy.  Finally, patients were eligible if the staging procedure was performed according to good clinical practice 

and international guidelines. At baseline, all LS-SCLC patients received contrast-enhanced whole-body CT 

and 18-FDG CT-PET, whereas for ES-SCLC patients 18 FDG CT-PET was not mandatory. To define the 

oligometastatic state, brain MRI was always performed in case of suspicion of brain metastases on CT and 

18-FDG CT-PET was requested when total body CT was doubtful or unclear for the numbering of metastatic 

lesions. 

Clinical and therapy variables analysed were: age, gender, performance status (PS – ECOG), VALSG and AJCC 

– TNM stage, oligometastatic state, total dose of RT, fractionation, site and number of the treated 

metastases and use of prophylactic cranial irradiation (PCI).  

General clinical outcomes were described using frequency, mean, median and range parameters. The 

overall survival (OS) and time to next treatment (TtNT) were defined as time between start of stereotactic 

treatment and death for any cause or start to new medical treatment or best supportive care, respectively. 

For the univariate analysis the Kaplan–Meier curve were calculated, and log-rank test were applied to 

compare groups. Cox proportional hazard model was used for multivariate analysis, including significant 
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variables at univariate analysis. All hypothesis tests were 2-sided and a p < 0.05 was considered statistically 

significant.  

SPSS Statistics (IBM, Armonk, New York, USA) version 24 was used for statistical analysis.  

 

3. RESULTS 

Data from 93 patients were collected with 132 lesions treated. At the time of the diagnosis the median age 

was 64 years (36-86 years) and 52.7% of the patients were male; PS- scale was 0 in the 58.1% of the 

patients and 1 in 40.9% of patients. 44.1% of the patients had LS-SCLC at the first presentation, while 55.9% 

had ES-SCLC. Only 10.8% of the patients had stage I or II of disease according to TNM - AJCC 8th
 edition.  

Brain and lung metastases were the most frequently treated lesions, 41.7% and 20.4% of the cases, 

respectively. 

A synchronous oligometastatic disease was observed in 23.7% of the patients, metachronous 

oligometastatic in 35.5% and oligoprogressive in 40.9% of cases.  

 

Age at the time of SABR 

Median 64 years                          Range 36 – 86 

Gender  

Male                                                  49 (52.7%) 

Female                                              44 (47.3%) 

PS - ECOG 

0                                                          54 (58.1%) 

1                                                          38 (40.8%) 

2                                                               1 (1.1%) 

VALSG stage at the diagnosis 
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LS-SCLC                       41 (44.1%) 

ES-SCLC                       52 (55.9%) 

TNM-AJCC stage at the diagnosis 

Stage I                                                        1 (1.1%) 

Stage II                                                       9 (9.7%) 

Stage III                                                  38 (40.8%) 

Stage IV                                                  45 (48.4%) 

Oligometastatic state 

Synchronous Oligometastatic            22 (23.7%) 

Metachronous Oligometastatic         33 (35.5%) 

Oligoprogressive                                   38 (40.8%) 

Total dose of SABR (Gy) 

Mean     31.6                              Range 18 – 60 

Dose/fraction of SABR (Gy/fraction) 

Mean    10.7                                Range 5 – 25 

Site of metastasis 

Brain                                                         55 (41.7%) 

Lung                                                         27 (20.4%) 

Liver                                                           11 (8.3%) 

Bone                                                               8 (6 %) 

Lymph node                                              10 (7.5%) 

Adrenal gland                                         20 (15.4%) 

Others                                                          1 (0.7%) 

Number of treated metastases 
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1                        43 (46.2%) 

>1                     50 (53.8%)      

PCI 

Yes                                                              37 (39.8%) 

No                                                               56 (60.2%) 

 

Table 1. Patients', disease and treatment characteristics (SABR= Stereotactic Ablative Radiotherapy; PS-ECOG = Performance Status 

according to Eastern Cooperative Oncology Group; VALSG = Veterans Administration Lung Cancer Study Group; LS-SCLC = Limited 

Stage Small Cell Lung Cancer; ES-SCLC = Extended Stage Small Cell Lung Cancer; SABR= Stereotactic Ablative Radiotherapy; Gy = 

Gray; PCI = Prophylactic cranial irradiation). 

A wide heterogeneity of SABR fractionations was observed in this retrospective cohort, the mean total dose 

and mean dose per fraction were 31.6 Gy and 10.7 Gy/fraction respectively. The most common treatment 

schedule registered for brain metastases was 24 Gy in 3 fractions, for lung lesions it was 48 Gy in 3 fractions 

or 45 Gy in 3 fractions, for bone metastases 30 Gy in 3 fractions. For lymph node lesions, the most used 

fractionation was 30 Gy in 6 fractions, while liver and adrenal metastases did not have a standard schedule 

and were treated with different fractions and doses among the participating centers. A single lesion was 

treated in 46.2% of the cases.  

The 39.8% of the patients had received prophylactic cranial irradiation (PCI) among the treatments for 

SCLC. 

All clinical and therapy related variables are summarized in Table 1. 

Forty-two percent of patients underwent chemo-radiotherapy (RT-CHT); 23.5% received chemotherapy 

alone and 28% chemo-immunotherapy; finally, 4.3% of patients underwent other, unspecified, treatments. 

Only 2 patients (2.2%) received best supportive care (BSC). While CHT-RT is the most widely used treatment 

in first line, this percentage decreased in second (1.1%) and third line (0%). The percentage of patients 

undergoing BSC in the second (60.3%) and third line (79.6%) progressively increased (Figure 1).15 patients 
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received an additional stereotactic treatment after the first recorded one, with a total number of 33 

metastases treated. 

 

Figure 1: Systemic treatment distribution. (RT-CHT= Chemo-radiation therapy; CHT= chemotherapy; CHT-IO= Chemo-

immunotherapy; BSC= best supportive care). 
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The median, 1-year and 2-years OS of the entire series were 14 months, 53% and 27%, respectively.

 

Figure 2: Kaplan - Meier curve of entire population's OS 

Median OS was higher for synchronous oligometastasis and 2-yrs OS was lower for oligoprogressive SCLC. 

The median TnNT resulted 8.8 months. The OS and TnNT for all cases and for patients grouped according 

oligometastatic state are reported in Table 2. 

 Median OS 

 (months)

 1-year OS  2-year OS Mean TtNT 

 (months)

TtNT Range 

 (months)

Synchronous 

 Oligomet

 16  50.5%  35.4%  10.2  0 - 58

Metachronous 

 Oligomet

 12  58.3%  34%  9  0 - 37

 Oligoprogressive  14  50.6%  14.8%  7.5  0 - 59

 Total population  14  53%  27%  8.8  0 - 60

Table 2: Overall-Survival and Time to Next Treatment in the three group of patients and in the total population. (OS = Overall 

Survival; TtNT = Time to Next Treatement) 
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Within all the considered variables, the site and number of treated metastases showed a statistical 

significance at the univariate analysis. Median OS for brain vs no brain metastasis was 9 months and 20 

months, respectively (P = 0.009). Median OS for patients treated for 1 or more metastases resulted 21 

months and 10 months, respectively (p =0.014). These findings were confirmed at the multivariate analysis. 

Results are summarized in Table 3. 

  UNIVARIATE ANALYSIS  MULTIVARIATE ANALYSIS

  median 

OS 

(months

 )

 p  HR  CI  P

 Age  <65 years  15  NS  -  -  -

 ≥ 65 years  15

 Gender  Female  13  NS  -  -  -

 Male  16

 PS - ECOG  0  18  NS  -  -  -

 1-2  11

 VALS Stage  LS  16  NS  -  -  -

 ES  13

Oligometastatic  SyO  16  NS - - - 
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  UNIVARIATE ANALYSIS  MULTIVARIATE ANALYSIS

  median 

OS 

(months

 )

 p  HR  CI  P

 State  MeO  12

 OlP  14

Site of 

 metastasis

 Brain  9  0,009  0,495  0,281 - 0,845  0,011

 No Brain  20

Number of 

treated 

 metastasis

 1  21  0,014  2,031  1,141 - 3,617  0,016

 >1  10

 PCI  Yes  18  NS  -  -  -

 No  10

Table 3: Univariate and multivariate analysis of the categorial variables of the population (OS = Overall Survival; LD = Limited 

Stage Disease; ED = Extended Stage Disease; PS - ECOG = Performance Status; SyO = Synchronous Oligometastatic; MeO = 

Metachronous Oligometastatic; OlP= Oligoprogressive; PCI = Prophylactic Cranial Irradiation; HR = Hazard Ratio; CI= Confidence 

Interval) 
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4. DISCUSSION 

 

To our knowledge, this cohort represents the first large series with 93 oligometastatic SCLC patients treated 

with SABR.  Recently, the results of a similar multicentre retrospective study of 20 patients has been 

reported . The authors' findings showed an excellent local control in a cohort of 

oligoprogressive/oligorecurrent SCLC patients with extracranial disease despite a rare durable response 

after SBRT *16+ . 

The poor prognosis associated with SCLC, combined with the limited potential to treat this population, has 

reduced the interest and availability of data in this scenario, in contrast to the overwhelming growth of data 

supporting the use of stereotactic treatment in many oligometastatic malignancies  [17], [18]

  

The recent introduction of immunotherapy in the setting of ES-SCLC has shown a modest but valuable 

survival benefit. The Caspian and Impower133 studies reported a similar and significant increase in median 

OS *7+, *8+ 

This slight benefit, of about 3 months, does not dramatically change the prognosis of ES-SCLC but it has 

rekindled the clinical and scientific interest for the SCLC.  

To date, it is still unclear which patients will really benefit of adding immunotherapy to chemotherapy and 

the current discussion focuses on patients’ selection criteria and predictive biomarkers to identify the best 

candidates to the combined treatment *19+. 

Stereotactic radiotherapy with ablative intent has found wide consensus and growing application in 

oligometastatic malignancies, initially for those with more indolent behaviour and subsequently also for 

more aggressive ones *20+–*23+ 

With the recent advent of immunotherapy in ES-SCLC, traditional approaches to this particular disease 

setting are being revised. Historically, ablative treatment of metastases has played an extremely marginal 

role in SCLC. Indeed, patients with brain metastases from SCLC were excluded from randomized clinical 
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trials that established SRS alone as a first-line strategy in lung cancer, making SCLC an exception where 

whole brain RT remained the standard of care for limited and even solitary brain metastases. 

Notably, the combination of SABR with target therapies and immunotherapy has covered a crucial role in 

scientific research and clinical practice in lung cancer. Unfortunately, this improvement did not translate 

with the same impact in the limited field of SCLC. Furthermore, for many cohort studies and trials 

evaluating the role of SABR, the SCLC histology was even represented as an exclusion criterion *24+. 

Scientific evidence has so far described SABR as a non-invasive treatment able to prolong progression-free 

survival and sometimes overall survival, independently of the different cancers *25+–*27+ 

SABR may also reduce tumor burden, prevent progression to polymetastatic state and alleviate associated 

morbidity and mortality *28+ 

Finally, it is clearly defined its potential role in delaying further systemic lines in oligometastatic disease and 

to extend the use of ongoing treatment in oligoprogressive state *29+, *30+. 

Given the above cited considerations, it is possible to suggest that SABR in oligometastatic SCLC could be 

considered as an option, in particular in the era where immune checkpoint inhibitor, combined with 

chemotherapy, has become the new standard. A combination of radio-immunotherapy originates from the 

significant immune-stimulatory effects they exert boosting the natural antitumor immune response.  

SABR and immunotherapy are both responsible of maturation and proliferation of naive T-cells activating a 

synergistic effect. Moreover, SABR through the release of neo-antigens may increase the tumoricidal effect 

of chemo-immunotherapy combination *31+–*33+. 

This experience shows that SABR in synchronous/metachronous oligometastatic and oligoprogressive SCLC 

is a feasible and effective option to be considered in selected patients. The median OS of 14 months after 

SABR in the entire series is strongly encouraging if considered the registrative trials that reported a median 

OS of 12,3 and 13 months with Atezolizumab and Durvalumab, respectively. Interestingly, similar benefits 

were reported in this series within subgroups with different oligometastatic scenarios. Indeed, the OS 

shown in synchronous, metachronous and progressive oligometastases varied between 12 and 16 months 
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without statistical significance. This could mean that, despite the different clinical presentation, 

oligometastatic SCLC has a peculiar and homogeneous clinical behavior. 

Brain metastasis and multiple lesions seem to predict a worse prognosis; however, the FIRE-SCLC cohort 

study suggest that stereotactic radiosurgery did not negatively affect OS if compared to whole brain 

radiotherapy *14+. 

Because of our cohort's large variety of anatomical sites and fractionations, we did not analyze the toxicities 

that may have occurred after or during the stereotactic treatment. However, SABR has already 

demonstrated high feasibility with a low incidence of acute and late toxicities, and all the fractionations 

used were already reported in the literature *25+, *34+, *35+ 

Finally, it should be noted that the OS reported in this study follows that of the RTOG 0937 study. This 

randomized phase 2 trial, although not adopting sterotactic radiotherapy for oligometastases, investigated 

the role of PCI in combination or not with thoracic consolidation in ES -SCLC with 1 to 4 metastases, thus 

reflecting the same population selection as the present cohort. In the RTOG study, 1-year OS ranged 

between 50% and 60%, consistent with the results of this analysis *36+. 

Despite the retrospective nature of this series, it represents a valid benchmark for future, hopefully, 

prospective studies. Furthermore, this analysis allows for profiling a particular subset of biologically and 

clinically favored ES-SCLC patients. This should lead to the reflection that perhaps not all patients with ES-

SCLC are marked by a poor prognosis and that, therefore, multidisciplinary and personalized management 

could improve in clinical outcomes. 

 

5. CONCLUSIONS 

This cohort analyzes the effect of SABR exclusively on oligometastatic ES-SCLC patients. The large number of 

patients and lesions that entered our study establishes that SABR is a feasible treatment for these selected 

and rare patients who may benefit from this treatment in terms of OS and TTnT. These findings should lead 

the way to realize prospective and larger trials. 
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CLINICAL PRACTICE POINTS 

 

Small Cell Lung Cancer (SCLC) is a highly aggressive and deadly form of lung cancer, with a limited range of 

treatment options. Recent studies have demonstrated some improvement in overall survival (OS) through 

the introduction of immunotherapy in the extended-stage (ES) SCLC setting.  

Stereotactic Ablative Radiotherapy (SABR) has shown potential in managing metastases, particularly in the 

oligometastatic state characterized by limited and indolent disease spread. However, its application in SCLC 

has been limited due to the disease's poor prognosis and propensity for multiple metastases.  

Recent evidence suggests that SABR, especially for brain metastases, can be effective for selected SCLC 

patients. 

 

This study analyzed data from 93 SCLC patients treated with SABR for intracranial and extracranial 

metastases.  

The results showed that SABR may extend overall survival, particularly for patients with brain metastases 

and fewer treated lesions.  

Despite the retrospective nature of the study, it serves as an essential benchmark for potential prospective 

research. 

The introduction of immunotherapy in ES-SCLC has generated renewed interest in the disease, but 

challenges remain in selecting the right candidates for combined treatment.  

Stereotactic treatments like SABR have demonstrated efficacy in managing metastases, offering potential 

benefits in OS and time to next treatment.  

These findings encourage further investigation and prospective trials to refine patient selection criteria and 

optimize the use of SABR, potentially improving outcomes for SCLC patients.  

This study underlines the importance of personalized and multidisciplinary approaches to ES-SCLC 

management, challenging the notion of a uniformly poor prognosis and paving the way for more tailored 

therapies. 

 

 

 

 

 

 

                  


