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Simple Summary: The definition and management of oligometastatic NSCLC have been incor-
porated into current guidelines on lung cancer, supporting the use of a definitive treatment with
curative intent, including the focal ablation of all sites of oligometastatic involvement. Clinical
evidence highlighting the use of local ablative treatment (LAT), alone or in combination with systemic
therapies, demonstrated significant benefit in local control and progression-free survival, especially
in “oncogene-addicted” patients, who benefit the most from the local treatment of oligoprogressive
or oligorecurrent sites to restore the overall sensitivity of the metastatic disease to target therapies.
On the other hand, only a few studies, with limited numbers, focused specifically on “non-oncogene”
addicted patients. The aim of this study is to assess the role of LAT, referred to stereotactic ablative
radiotherapy, and to report clinical outcomes of the largest retrospective series, to date, of patients
with oligometastatic EGFR/ALK/ROS1 wild type NSCLC.

Abstract: Local ablative therapy (LAT), intended as stereotactic ablative radiotherapy or stereotactic
radiosurgery, is a well-recognized effective treatment for selected patients with oligometastatic
NSCLC. Current clinical evidence supports LAT alone or in combination with systemic therapies.
Our retrospective mono-institutional study aims to assess the role of LAT with a peculiar focus on the
largest series of non-oncogene addicted oligometastatic NSCLC patients to date. We included in this
analysis all patients with the mentioned disease characteristics who underwent LAT for intracranial
and/or extracranial metastases between 2011 and 2020. The main endpoints were local control
(LC), progression free survival (PFS) and overall survival (OS) in the whole population and after
stratification for prognostic factors. We identified a series of 245 consecutive patients (314 lesions),
included in this analysis (median age 69 years). In 77% of patients, a single metastasis was treated
with LAT and intracranial involvement was the most frequent indication (53% of patients) in our
series. The overall response rate (ORR) after LAT was 95%. In case of disease progression, 66 patients
underwent new local treatments with curative intent. With a median follow-up of 18 months, median
PFS was 13 months (1-year PFS 50%) and median OS was 32 months (1-year OS 75%). The median
LC was not reached (1-year LC 89%). The presence of brain metastases was the only factor that
negatively affected all clinical endpoints, with a 1-year LC, PFS and OS of 82%, 29% and 62%
respectively, compared to 95%, 73% and 91%, respectively, for patients without BMs (p < 0.001 for
each endpoint). At the multivariate analysis, mediastinal nodal involvement at baseline (p = 0.049),
ECOG PS = 1 (p = 0.011), intracranial disease involvement (p = 0.001), administration of chemotherapy
in combination with LAT (p = 0.020), and no delivery of further local treatment for progression or
delivery of focal treatment for intracranial progression (p < 0.001) were related to a poorer OS. In
our retrospective series, which is to our knowledge the largest to date, LAT showed encouraging
results and confirmed the safety and effectiveness of focal treatments in non-oncogene addicted
oligometastatic NSCLC patients.
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1. Introduction

Non-small cell lung cancer (NSCLC) is the leading cause of cancer death [1,2]. More
than 50% of NSCLC patients present with stage IV disease at diagnosis or develop distant
metastases after primary treatments [1]. Prognosis for these patients remains severe (5-year
OS < 10%) [2]. In the last three decades a new category of metastatic NSCLC patients, as a
sort of transitional state between locoregional disease and widespread systemic disease,
has been identified, with a limited number of secondary lesions (usually from one to five)
involving a limited number of organs (no more than three): this condition is referred to as
oligometastatic disease (OMD) [3–5]. The prevalence of OMD among NSCLC patients has
been estimated to range between 20% and 50%, depending on the different possibilities in
terms of oncological scenario. The identification of molecular biomarkers (e.g., alterations
in EGFR, ALK, ROS1 genes) that are druggable with targeted systemic therapies and the
development of immune checkpoint inhibitors (ICIs) have modified the management and
the prognosis of NSCLC, increasing the percentage of stage IV patients with an OMD and
consequently improving the outcome [6,7].

The definition and management of oligometastatic NSCLC have been incorporated
into current guidelines on lung cancer, supporting the use of a definitive treatment with
curative intent directed to primary disease and including focal ablation of all sites of
oligometastatic involvement [8–11]. In the pre-immunotherapy era, prospective phase 2
randomized trials have shown an increase in progression free survival (PFS) and overall
survival (OS) for oligometastatic patients receiving radiotherapy (RT) as local ablative
treatment (LAT) in combination with systemic therapy [12–14]. In recent years, there has
been a growing interest in the potentially synergistic effect of LAT and novel systemic
therapies (immunotherapy alone or in combination with chemotherapy) [15,16], but limited
data are available and more robust evidence is expected from the ongoing trials (SARON
and LONESTAR trials).

To date, many published reports include mainly “oncogene-addicted” patients, who
benefit the most from the local treatment of oligoprogressive (OP) or oligorecurrent (OR)
sites to restore the overall sensitivity of the metastatic disease to target therapies. On
the other hand, only a few studies, with limited numbers, explicitly focused on “non-
oncogene” addicted patients. In this paper, we present the results of LAT on the largest
retrospective series of EGFR/ALK/ROS1 wild type oligometastatic NSCLC patients treated
at our institution.

2. Materials and Methods
2.1. Study Design, Patient Population

In this retrospective mono-institutional study, we reviewed the medical charts of all
patients treated with LAT for oligo-metastatic (OM), OR or OP non-oncogene addicted
NSCLC at the Radiation Oncology Unit of the Department of Oncology of the University
of Turin, between January 2011 and December 2020. We included a cohort of unselected
and consecutive patients who received one or more of the following LATs: extracranial
Stereotactic Ablative Radiotherapy (SABR) or brain Stereotactic Radiosurgery (SRS) or
(hypo-)fractionated stereotactic RT (SRT), even with concomitant systemic therapy. The
inclusion criteria were as follows: age ≥ 18 years; histologic diagnosis of NSCLC; no proven
alterations in EGFR, ALK and ROS1 genes; stage IV synchronous OMD or metachronous
OR/OP disease (ORD/OPD) according to the ESTRO-ASTRO consensus (OMD defined as
1–5 metastatic lesions in patients naïve to previous systemic therapy for stage IV NSCLC;
ORD and OPD defined as 1–5 metastatic lesions in patients relapsing or progressing during
systemic therapy/local treatments for metastatic disease [4].
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In the few cases without histological confirmation, a new and/or increasing lung
nodule, with abnormal positron emission tomography (18 FDG PET) uptake was defined as
a secondary lesion. The differential diagnosis between secondary lesion or a new primary
lung tumor was performed considering the natural history of the disease and the time inter-
val elapsing between the NSCLC diagnosis and the onset of the new lesion, with a temporal
cut-off set at 2 years as in previous reports from our Institution [17]. The dedicated tumor
board discussed all cases. Patients with prior non-ablative RT treatments (e.g., surgery)
were not excluded if at least one metastasis had been treated with SABR/SRS/SRT during
the study period. Staging before LAT included whole-body computed tomography (CT)
scans and 18FDG-CT-PET; in addition, magnetic resonance imaging (MRI) was employed
in patients with brain metastases (BMs). Each patient signed an informed consent form for
RT treatments. Our Institutional Review Board authorized the study.

2.2. Outcomes/Endpoints

The primary endpoints of this study were PFS and OS in the whole population and in
the population stratified by site of lesions. PFS was defined as the time from the date of LAT
to the date of first progression, local or distant, or to the date of death, whichever occurred
first, with patients not experiencing any event censored at the date of last follow up; OS
was defined as the time from the date of local ablative stereotactic RT of oligometastases to
the time of death, with living patients censored at the date of last follow-up. The secondary
endpoint was local metastasis control (LC).

2.3. Treatment Details

The following data were collected for LAT: dates for start and end of radiotherapy,
number and sites of the treated lesions, RT details (SRS/SRT or SABR, cumulative tumor
dose, number of fractions and dose per fraction and PTV volume). Treatment planning and
delivery were described in conformity with the requirements of ablative RT treatments and
as presented in detail in previous reports from our institution [18,19].

For brain lesions, SRS was offered to treat small or unresectable BMs with a risk-
adapted approach depending on tumor diameter [20,21]. With a prescription dose of
18–21 Gy, SRS was preferred for lesions < 2 cm, while surgery or SRT were preferred when
treating lesions with a diameter > 2 cm. After surgical resection of BMs, focal SRT was
largely adopted as adjuvant treatment, again with a risk adapted strategy (24–30 Gy in
3–5 fractions).

For lung lesions, tumor selection criteria for SABR were as follows: a maximum tumor
diameter below 50 mm, adequate pulmonary function, Eastern Cooperative Oncology
Group Performance Status (ECOG PS) < 2. The prescription dose (always at 80%-isodose)
ranged from 26 to 60 Gy in 1–8 fractions, depending on tumour location, according to a
“risk-adapted” fractionation schedule. Dose constraints for organs at risk were derived
from the latest recommendations available in the literature [22,23].

The preferred schedule for extra-thoracic lesions was 30–35 Gy in 5 fractions.

2.4. Response Assessment and Follow-Up

According to our internal stereotactic RT protocol, all patients received a clinical
examination to assess any side effects within 1 month after the focal treatment. Response to
treatment was evaluated based on radiological restaging with brain-thorax-abdomen CT
scan with intravenous contrast media and, in the case of BMs, with MR scan. Response
rates were classified as complete response (CR), partial response (PR), stable disease (SD)
and progressive disease (PD) according to RECIST criteria v. 1.1 [24]. CR, PR and SD were
combined to define the overall response rate (ORR).

Patients were then prospectively followed up with diagnostic imaging every 3 months
for the first 2 years and then every 6 months, in order to detect any relapse and to assess
the occurrence and grading of any toxicity. 18FDG-CT-PET scanning was requested during
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the follow-up only in selected cases. Medical records were checked to assess any treatment
complication during and/or after RT.

2.5. Statistical Analyses

Categorical variables of patients’ baseline were presented as percentages, while con-
tinuous variables were summarized with medians and ranges. Univariate and Multivariate
analyses were performed by employing the Cox proportional hazards regression model,
with the backward exclusion of non-significant variables. Hazard ratios (HR) and 95%
confidence intervals (95% CI) were estimated. OS rates and PFS were calculated with
the Kaplan–Meier method using the start date of LAT to the first OM site treated, while
subgroups were compared using the log-rank test. Variables identified as survival factors
from the final multivariate analysis were then used as stratification factors for Kaplan–
Meier survival curves. LC, PFS and OS were also evaluated through stratification of the
population by site of treatment. All statistical analyses were performed using SPSS for
Windows version 26.0 (SPSS Inc., Chicago, IL, USA) and a p-value < 0.05 was considered
statistically significant.

3. Results
3.1. Population Characteristics

A total of 245 patients met the inclusion criteria and were included in this analy-
sis. There was a clear prevalence of male sex (71%) and the median age was 69 years
(range 39–85). All patients had an ECOG PS < 2. Adenocarcinoma was diagnosed in 74% of
patients, squamous cell carcinoma in 14%, with 12% of patients presenting other or unspec-
ified NSCLC subtypes. PDL-1 expression was investigated in only 20% of patients. At the
time of initial diagnosis, 65 patients (27%) presented with early-stage NSCLC, 106 (43%)
had a locally advanced disease and 74 (30%) were metastatic. A locoregional nodal involve-
ment (N+) at baseline was detected in 125 patients (51%) at the first diagnosis of NSCLC. At
the time of the LAT, 53 patients (22%) had synchronous OMD, 165 patients (67%) had ORD
and 27 had OPD. Most patients (154, 63%) had a single metastasis, with 63 participants
(25%) presenting two metastatic lesions. Only 28 (12%) patients had 3 to 5 lesions, mostly
with brain involvement. A single organ was involved in 89% of the analyzed population,
while the remaining 11% (27 patients) had secondary lesions in 2 or more organs (with a
maximum of 4 involved organs). Lung involvement was detected in 115 patients (47%),
while BMs were found in 129 patients (53%); adrenal metastastic deposits were detected
in 13 patients (5%), while 6 participants had bone metastases (2%). All patients’ baseline
characteristics are summarized in Table 1.

3.2. Treatment Characteristics

At the time of first NSCLC diagnosis, 84 patients (35%) received standardized com-
bined regimens (chemotherapy plus radiotherapy, surgery plus adjuvant therapy), 101
(41%) were treated with focal therapies (71 surgery, 30 SABR), while 55/245 were treated
with systemic therapy alone. At OMD diagnosis, the primary tumor was controlled in
195 patients (80%). All patients received LAT for OMD (either SABR or SRS/SRT), and
other alternative local therapies (e.g., surgery or radiofrequency) were administered in 5%
of cases; of the 10 patients who underwent surgery, 8 were treated for BMs and received
adjuvant SABR/SRS. Only 2 patients received SABR/SRS on more than one organ. A total
of 314 lesions underwent LAT. Most patients (187, 77%) were treated for a single metastasis,
48 (19%) had two lesions and 10 (4%) had 3–4. Chemotherapy was combined with LAT
within two months since focal therapy in 71 (29%) patients; in this group, 53 patients had a
diagnosis of synchronous OMD, 7 had OPD and 11 ORD. All treatment characteristics are
summarized in Table 2.
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Table 1. Patients baseline characteristics.

All Patients, n = 245
No. (%)

Gender
Male 174 (71)

Female 71 (29)
Age (years)

<70 125 (51)
≥70 120 (49)

ECOG PS
0 166 (68)
1 79 (32)

Histology
Adenocarcinoma 181 (74)
Squamous Cell 34 (14)

Other 16 (6)
NSCLC Unknown/Not specified 14 (6)

PD-L1
0% 21 (8)

>1% 15 (6)
>50% 14 (6)

Unknown 195 (80)
Stage at NSCLC diagnosis

Early 65 (27)
Locally Advanced 106 (43)

Metastatic 74 (30)
N stage at NSCLC diagnosis

0 114 (47)
1 39 (16)
2 66 (27)
3 20 (8)

Unknown 6 (2)
Type of OMD

Synchronous 53 (22)
Oligorecurrent 165 (67)

Oligoprogressive 27 (11)
Lesion(s) at OMD diagnosis

1 154 (63)
2 63 (25)
3 19 (8)
4 4 (2)
5 5 (2)

No. of involved organ(s) at OMD diagnosis
1 218 (89)
2 25 (10)

3–4 2 (1)
Type of involved organ(s) at OMD diagnosis

Lung 102 (41)
Brain 108 (44)
Bone 4 (2)

Adrenal 5 (2)
Multiple organs with brain a 21 (9)
Multiple organs extra brain b 5 (2)

ECOG = Eastern Cooperative Oncology Group, PS = Performance Status, NSCLC = Non Small Cell Lung Cancer,
OMD = Oligometastatic disease; a Multiple organs with brain = lung + brain (8), adrenal + brain (6), bone + brain
(2), liver + brain (2), spleen + brain (1), lymph node + brain (1), pancreas + kidney + brain (1); b Multiple organs
extra brain = lung + liver (2), lung + adrenal (1), lung + kidney (1) + lung + liver + adrenal (1).
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Table 2. Treatment characteristics.

Treatment Characteristics All Patients, n = 245

No. (%)
Treatment at NSCLC diagnosis

Surgery alone 71 (29)
SABR 30 (12)

CT + RT 24 (10)
Systemic therapy alone 55 (22)

Surgery + adjuvant therapy 60 (25)
Other treatment 5 (2)

Systemic therapy at NSCLC diagnosis
CT 129 (53)
IT 3 (1)

CT + IT 2 (1)
None 111 (45)

Response after NSCLC treatment
CR 97 (40)
PR 91 (37)
SD 36 (15)
PD 21 (8)

Primary controlled at OMD diagnosis
Yes 195 (80)
No 50 (20)

No. of treated lesion(s) with LAT
1 187 (77)
2 48 (19)
3 9 (3.5)
4 1 (0.5)

No. of treated organ(s) with LAT at OMD diagnosis
1 243 (99)
2 2 (1)

Cranial vs. Extracranial metastatic disease
Cranial 128 (53)

Extracranial 117 (47)
Systemic treatment for metachronous OMD/OPD

Yes 18 (7)
No 227 (93)

Additional non stereotactic local therapies
Surgery 10 (4)

RFA 2 (1)
None 233 (95)

Adjuvant SRS/SABR
Yes 8 (3)
No 237 (97)

NSCLC = Non Small Cell Lung Cancer, SABR = Stereotactic Ablative Body Radiotherapy, CT = Chemother-
apy, RT = Radiotherapy, IT = Immunotherapy, CR = Complete Response, PR = Partial Response, SD = Sta-
ble Disease, PD = Progression Disease, OMD = Oligometastatic disease, OPD = Oligoprogressive Disease;
RFA = Radiofrequency Ablation, SRS = Stereotactic Radiosurgery, LAT = local ablative therapy (SABR/SRS).

3.3. Clinical Outcomes

The response to LAT was very good, with an ORR of 95% and only 11 patients (5%)
experiencing PD at the first restaging after treatment. Of these 11 patients, 7 had BMs and
6 had two or more lesions before treatment.

Median follow-up was 18 months in the overall population and 26 months in patients
alive at the last follow-up (range 1–132 months). In the overall population: (1) the median
LC was not reached, with 1-, 2- and 3-year LC of 89%, 83%, and 71%, respectively; (2) the
median PFS was 13 months, with 1-, 2- and 3-year PFS of 50%, 36%, and 24%, respectively;
(3) the median OS was 32 months, with 1-, 2- and 3-year OS of 75%, 57%, and 47%,
respectively (Figure 1).
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Figure 1. LC (A), PFS (B) and OS (C) in the overall population.

Ninety-nine patients (40%) received further local treatments for PD after the first
LAT (62 to the brain and 37 to extracranial sites). In particular, 66 patients received new
curative therapies such as surgery (7/66), SABR/SRS (53/66) and other combinations of
focal treatments (e.g., whole brain radiotherapy + SRT boost) (6/66); palliative radiotherapy
was administered in the other 33 patients. Of 164 patients with PD, 65 did not receive any
local therapy.

At last follow-up, 131 patients (53%) were deceased.
At univariate analysis, treatment of >2 lesions (p = 0.005) and intracranial disease

involvement (p = 0.001) were associated with poorer LC.
Factors predictive of reduced PFS at univariate analysis were: age (p = 0.009), N+ at

baseline (p = 0.001), stage IV at diagnosis (p < 0.001), absence of response after primary
treatment (p = 0.005) or after LAT for OMD (p < 0.001), ECOG PS = 1 (p = 0.001), synchronous
OMD (p = 0.002), number of lesions at OM diagnosis ≥ 2 (p = 0.003), uncontrolled primary
tumor (p = 0.002), administration of chemotherapy in combination with LAT (p < 0.001)
and the presence of intracranial disease involvement (p < 0.001).

The following factors were found as predictors of lower OS at univariate analysis:
N+ at baseline (p = 0.003), stage IV at diagnosis (p = 0.007), ECOG PS = 1 (p < 0.001),
number of lesions at OMD (p = 0.007), uncontrolled primary tumor (p = 0,013), intracranial
disease involvement (p < 0.001), administration of chemotherapy in combination with LAT
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(p = 0.003), intracranial PD after LAT and no delivery of further local treatment or delivery
of focal treatment for new intracranial lesions in case of PD (p = 0.001).

A multivariate analysis was conducted for PFS and OS and included all variables af-
fecting these outcomes at the univariate analysis. For PFS, administration of chemotherapy
in combination with LAT (HR = 1.9, 95% CI = 1.2–2.7, p = 0.002), ECOG PS = 1 (HR = 1.9,
95% CI = 1.3–2.6, p < 0.001), intracranial disease involvement (HR = 2.4, 95% CI = 1.7–3.4,
p < 0.001), and absence of response after LAT (HR = 4.4, 95% CI = 2.2–8.5, p < 0.001) had
a negative impact. For OS, N+ at baseline (HR = 1.6, 95% CI = 1.1–2.4, p = 0.049), ECOG
PS = 1 (HR = 1.7, 95% CI = 1.1–2.6, p = 0.011), intracranial disease involvement (HR = 2.3,
95% CI = 1.4–3.9, p = 0.001), administration of chemotherapy in combination with LAT
(HR = 1.7, 95% CI = 1.1–2.6, p = 0.020) and no delivery of further local treatment or delivery
of focal treatment for new intracranial lesions in case of PD (HR = 2.2, 95% CI = 1.6–3.1,
p < 0.001) were related to a poorer outcome. Results from univariate and multivariate
analyses for predictors of PFS or OS are detailed in Table 3.

Table 3. Univariate and Multivariate Cox Regression of Factors Predicting Progression-Free Survival
and Overall Survival.

Variable Progression-Free Survival Overall Survival

Univariate Multivariate Univariate Multivariate

HR
(95% CI) p Value HR

(95% CI) p Value HR
(95% CI) p Value HR

(95% CI) p Value

Age 0.98
(0.96–0.99) 0.009 NS - NS - NS -

Stage IV at diagnosis 2.03
(1.47–2.81) <0.001 NS - 1.62

(1.14–2.30) 0.007 NS -

Nodal involvement at
baseline (N+)

1.70
(1.24–2.33) 0.001 NS - 1.71

(1.20–2.45) 0.003 1.6
(1.1–2.4) 0.049

No response after
primary treatment

2.04
(1.25–3.34) 0.005 NS - NS - NS -

ECOG PS = 1 1.75
(1.27–2.41) 0.001 1.9

(1.3–2.6) <0.001 2.06
(1.46–2.92) <0.001 1.7

(1.1–2.6) 0.011

Type of oligometastatic
disease

1.21
(1.07–1.37) 0.002 NS - NS - NS -

No. of lesions at OMD
diagnosis

1.27
(1.09–1.48) 0.003 NS - 1.29

(1.07–1.55) 0.007 NS -

Primary tumor
uncontrolled

1.78
(1.24–2.55) 0.002 NS - 1.65

(1.11–2.44) 0.013 NS -

Intracranial metastatic
disease

2.78
(2.00–3.83) <0.001 2.4

(1.7–3.4) <0.001 2.79
(1.90–4.10) <0.001 2.3

(1.4–3.9) 0.001

CMT for OMD 2.5
(1.7–3.5) <0.001 1.9

(1.3–2.6) 0.002 1.77
(1.21–2.57) 0.003 1.7

(1.1–2.6) 0.020

No response after LAT 4.36
(2.27–8.38) <0.001 4.4

(2.2–8.5) <0.001 NS - NS -

New local treatment
for PD NS - NS - 2.01

(1.35–3.00) 0.001 NS -

No local treatment for PD
vs. Intracranial vs.

Extracranial new site of
local treatment

NA - NA - 1.85
(1.41–2.43) <0.001 2.2

(1.6–3.1) <0.001

ECOG = Eastern Cooperative Oncology Group, PS = Performance Status, OMD = oligometastatic disease,
CMT = chemotherapy in combination with LAT, LAT = local ablative therapy (SABR/SRS), PD = progression
disease, NS = not significant, NA = not available.
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Overall, the presence of intracranial metastases at the time of OMD diagnosis was
the only factor that negatively affected all clinical endpoints, as shown in Figure 2. One-,
2- and 3-year LC was 82%, 74% and 61% respectively for patients with BMs, while it was
95%, 91% and 81% for patients without BMs (p < 0.001). A significant difference was
detected also in PFS, with 1-, 2- and 3-year rates of 29%, 18% and 13% versus 73%, 57% and
35%, respectively, for patients with and without BMs (p < 0.001). Lastly, median OS was
significantly different for patients with and without BMs (17 vs. 57 months), with 1-, 2- and
3-year rates of 62%, 40% and 31% versus 91%, 81% and 69%, respectively (p < 0.001).
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Figure 2. Outcomes stratified by the presence of intracranial disease involvement. Upper chart: LC;
middle chart: PFS; lower chart: OS.

Other prognostic factors affecting survival are shown in the Kaplan–Meier curves
of Figure 3. A significant reduction in OS was seen: (1) in patients with N+ at baseline
(1- and 2-year OS of 66% and 47%, respectively, for N+ patients compared to 85% and
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68%, respectively, for N0 patients, p = 0.003); (2) in patients with ECOG PS = 1 (1- and
2-year OS of 59% and 37%, respectively, for patients with ECOG PS = 1 compared to
83% and 68%, respectively, for patients with ECOG PS = 0, p = 0.003); (3) in patients
receiving chemotherapy in combination with LAT (1- and 2-year OS of 62% and 41%,
respectively, for those receiving systemic therapy compared to 79% and 62%, respectively,
for those receiving LAT alone, p = 0.002); (4) in patients relapsing after a first LAT who
did not receive any further local therapy or who were treated with local therapy for
brain progression, compared to patients receiving new local therapies for extracranial
progression (1- and 2-year OS of 54% and 42%, respectively, for those not receiving further
local therapies compared to 77% and 50%, respectively, for those receiving local therapy
for brain relapse/progression and to 97% and 80%, respectively, for those receiving local
therapy for extracranial relapse/progression, overall p < 0.001).

Cancers 2022, 14, x  11 of 15 
 

 

year OS of 54% and 42%, respectively, for those not receiving further local therapies com-

pared to 77% and 50%, respectively, for those receiving local therapy for brain relapse/pro-

gression and to 97% and 80%, respectively, for those receiving local therapy for extracra-

nial relapse/progression, overall p < 0.001). 

 

Figure 3. Subgroup analysis showing OS Kaplan–Meier curves stratified for the following variables: 

Nodal involvement (upper left chart), ECOG PS (upper right chart), addition of chemotherapy 

(CMT) to LAT (lower left chart) and the delivery of any further local treatment for relapse/progres-

sion after LAT (lower right chart). 

4. Discussion 

Over the past 30 years oligometastatic NSCLC has been recognized as a unique clin-

ical entity [3–5,11,25]. Several retrospective series and some prospective studies have 

demonstrated the efficacy and safety of aggressive approaches in selected patients with 

OMD and supported the use of metastasis-directed ablative radiotherapy alone, or in ad-

dition to a primary therapy to consolidate all sites of gross disease [26–32]. In addition, 

results from recent Phase II randomized trials have revealed a potential benefit for abla-

tive RT in prolonging PFS [12] and OS [13,14]. 

Taken together, all these trials involved modest sample sizes with less than a hun-

dred patients with lung cancer. Additionally, the prospective studies were performed in 

the pre-immunotherapy era, thereby excluding a treatment option that has radically 

shifted the management paradigm in NSCLC. 

To our knowledge, this study reports the clinical outcomes of the largest retrospec-

tive series of oligometastatic non-oncogene addicted NSCLC patients treated with LAT. 

The admission to this study required the absence of activating mutations of the EGFR gene 

or ALK oncogene rearrangements, which made these patients ineligible for target therapy. 

With this premise, the median PFS of 13 months reported herein is consistent with previ-

ously published studies on oligometastatic NSCLC patients, with a 1-year risk of distant 

or local relapse of approximately 50% after the ablative treatment [13,14,27,29,30,33]. The 

median survival was 32 months, in accordance with current literature [13,27]. Our results 

are promising, since patients included in this series had no “druggable” molecular targets 

and were therefore deemed ineligible for treatment with tyrosine kinase inhibitors which 

Figure 3. Subgroup analysis showing OS Kaplan–Meier curves stratified for the following variables:
Nodal involvement (upper left chart), ECOG PS (upper right chart), addition of chemotherapy (CMT)
to LAT (lower left chart) and the delivery of any further local treatment for relapse/progression after
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4. Discussion

Over the past 30 years oligometastatic NSCLC has been recognized as a unique
clinical entity [3–5,11,25]. Several retrospective series and some prospective studies have
demonstrated the efficacy and safety of aggressive approaches in selected patients with
OMD and supported the use of metastasis-directed ablative radiotherapy alone, or in
addition to a primary therapy to consolidate all sites of gross disease [26–32]. In addition,
results from recent Phase II randomized trials have revealed a potential benefit for ablative
RT in prolonging PFS [12] and OS [13,14].

Taken together, all these trials involved modest sample sizes with less than a hundred
patients with lung cancer. Additionally, the prospective studies were performed in the
pre-immunotherapy era, thereby excluding a treatment option that has radically shifted
the management paradigm in NSCLC.

To our knowledge, this study reports the clinical outcomes of the largest retrospective
series of oligometastatic non-oncogene addicted NSCLC patients treated with LAT. The ad-
mission to this study required the absence of activating mutations of the EGFR gene or ALK
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oncogene rearrangements, which made these patients ineligible for target therapy. With
this premise, the median PFS of 13 months reported herein is consistent with previously
published studies on oligometastatic NSCLC patients, with a 1-year risk of distant or local
relapse of approximately 50% after the ablative treatment [13,14,27,29,30,33]. The median
survival was 32 months, in accordance with current literature [13,27]. Our results are
promising, since patients included in this series had no “druggable” molecular targets and
were therefore deemed ineligible for treatment with tyrosine kinase inhibitors which are
associated with high response rates and improved survival outcomes [7] in oligometastatic
NSCLC. Moreover, only two patients were treated with ICIs and therefore our results are
not influenced by the more recent introduction of immunotherapy in the clinical arena.

In this study, we detected the negative prognostic role for nodal disease involvement
at baseline, suboptimal performance status and intracranial disease at the time of LAT,
which reflect the results of previous reports [27,34].

In particular, the presence of BMs was the worst prognostic factor, affecting either
LC, PFS and OS (median OS of 17 vs. 57 months for patients with and without BMs,
respectively). The management of intracranial lesions still represents the most critical issue
in NSCLC patients in general and especially in the OM setting, despite the increasing avail-
ability of modern technical solutions to deliver high doses of highly conformed and ablative
RT [21]. Starting with the scarce efficacy of systemic agents because of the presence of the
blood–brain barrier and with the necessity to deliver suboptimal RT doses (BED < 100 Gy
constantly) compared to extracranial lesions (BED > 100 Gy recommended) [35] for the risk
of radionecrosis [36], many factors influence the limited success of ablative RT on BMs in
terms of LC (1-year rate of 82% compared to 95% for extracranial sites), which translates to
lower OS rates.

Furthermore, almost one-third of patients received systemic therapy in combination
with LAT. The poor prognosis of this subgroup (1-year OS of 62% vs. 79% for patients
treated with LAT alone), may be caused primarily by the fact that most of these patients
had a “de-novo” OM disease, which is a well-recognized negative prognostic factor com-
pared to OPD/ORD [26,27,29], and secondarily by the fact that some areas of progression
worthy of local consolidation therapy could not have been treated. This might result in
isolated progression of untreated disease sites, which become persistent foci for future
micrometastatic seeding [10,37] when systemic therapy alone has an unsatisfactory local
effect in controlling the grossly visible disease. Ongoing randomized studies will clarify the
role of ablative RT in combination with systemic therapy (NRG-LU002 and SARON trials).

We also detected a beneficial effect of further local treatments on new disease sites
in those patients who progressed/relapsed after initial LAT. The benefit was observed
mainly in patients with extracranial progression and to a minor extent in patients with
intracranial progression, compared to patients who did not receive any local treatment
(1-year OS 97% vs. 77% vs. 54%, respectively). These findings lead to considering the
potential contribution of local therapies in case of further oligoprogression after the first
focal treatment in OM disease.

Mimicking the information by oncogene-addicted NSCLC [38], it is possible for new
local treatments to have the ability to restore overall chemo-sensitivity of the metastatic
disease once relapsing lesions have been eradicated.

This study has a number of shortcomings. The main limitation is the mono-institutional
and retrospective nature. Secondly, this analysis was conducted on a highly-selected pop-
ulation with favorable factors (good performance status, single metastases and single
organ involvement in most patients) that may partially justify the encouraging results. For
such reasons, an extrapolation of our findings for patients with even 3 to 5 metastases,
or with multiple metastases in different organs, might not be appropriate. The lack of
a standardized follow-up may have influenced the small number of OPD patients and
incomplete data on several variables of interest such as PD-L1 expression rate. The latter
point is highly relevant, in particular for future studies, given the discoveries on the role
of immunotherapy in this setting and the resultant shift in the treatment paradigm. In
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our retrospective case series, conducted mostly on patients treated before the advent of
immunotherapy in the daily routine, data regarding PD-L1 expression were available in
only 20% of patients and only 2 received ICIs. Future prospective studies investigating the
combination of (chemo)-immunotherapy plus SABR/SRS will be fundamental to demon-
strate the possible efficacy and safety of this combination (NRGLU002 (NCT03137771),
SARON (NCT02417662) and LONESTAR (NCT03391869)).

5. Conclusions

This large retrospective study showed encouraging results for LAT in non-oncogene
addicted oligometastatic NSCLC. Patients in good clinical conditions, without intracranial
metastases and without nodal involvement at baseline may have a better prognosis. More-
over, repeating local treatment on sites of further progression improves survival, especially
for extracranial sites, and might be considered whenever possible. Our findings are in
line with the literature and should be corroborated with further dedicated studies. Future
prospective trials, investigating the combination of LATs with novel agents such as ICIs,
are eagerly awaited to find new potential strategies able to further improve the outcome
for these patients.
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