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A B S T R A C T   

Background: Management of Non-Small Cell Lung Cancer (NSCLC) patients with oligoprogression remains 
controversial. There is limited data to support the strategy of Stereotactic Ablative Radiotherapy (SABR) tar-
geting the oligoprogressive disease in combination with ongoing systemic treatment. We aim to assess the benefit 
of this approach compared to standard of care in the treatment of oligoprogressive NSCLC. 
Methods: This phase II study will enroll 68 patients with oligoprogressive NSCLC, defined as 1–5 progressive 
extracranial lesions ≤5 cm involving ≤3 organs. Patients on active systemic therapy (chemotherapy, immuno-
therapy, targeted therapy or a combination) will be randomized 1:1 to either continue their current systemic 
therapy in combination with SABR to all lesions or the standard of care (switch to the next line of treatment, 
continue same treatment or observation). The co-primary endpoints are progression-free survival (PFS) and 
overall survival (OS). Secondary endpoints include time to next systemic treatment, patient-reported quality of 
life, cost effectiveness as well as translational analysis to characterize both adaptive immunity and immunogenic 
cell death markers in the peripheral blood. 
Discussion: There is an unmet need to carefully examine the efficacy, safety and quality of life impact of SABR in 
the context of oligoprogressive disease. The present study will provide higher level randomized evidence on the 
role of SABR in oligoprogressive NSCLC.   

1. Introduction 

Over the last decade, the emergence of precision medicine with 
immuno-oncology, targeted therapy, and radiotherapy in the treatment 
armamentarium of patients with advanced non-small cell lung cancer 
(NSCLC) has led to significant improvements in overall survival (OS) 
[1]. Immune checkpoint inhibitors (ICIs) represent the treatment 
backbone of first-line therapy in advanced NSCLC without driver mu-
tation. Despite favorable clinical responses to ICIs, more than half of 
patients will manifest primary resistance, and the majority will even-
tually progress [2]. On the other hand, patients with NSCLC harboring a 

driver mutation such as those of EGFR, ALK or ROS benefit from tyrosine 
kinase inhibitors (TKIs) as part of first-line therapy [1]. Although the 
introduction of TKIs has greatly improved the prognosis of these pa-
tients, secondary progression to novel genetic alterations almost 
invariably occurs after a median of 18 months [3]. 

Oligoprogressive disease is loo loosely defined as a secondary pro-
gression to a limited number of sites after a systemic therapy has pro-
vided a period of stable disease, partial or complete response [4]. The 
number of lesions constituting oligoprogression has variably been 
defined as 1–3 or <5 [4]. It has been hypothesized that oligoprogression 
results from tumor heterogeneity, whereby progression is observed in 
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drug resistant subclones found in a small number of lesions, while the 
anti-cancer effect is maintained in most disease sites. 

Current management of patients developing oligoprogression re-
mains controversial and is supported only by small retrospective studies 
[4]. SABR, which is defined as a highly conformal image-guided tech-
nique allowing for the precise delivery of high radiation dose over a 
small number of fractions [5], is often the local therapy of choice over 
more invasive alternatives. Local radiation has been hypothesized to 
trigger immunogenic cell death, thereby promoting systemic inflam-
mation and anti-cancer immunity. Specifically, a phenomenon of anti-
gen release with use of high dose per fraction (10–15 Gy) was previously 
demonstrated, suggesting that SABR may work synergistically with ICI 
[6]. However, the combination of ICI and SABR has been associated with 

up to 25 % grade ≥3 toxicity [7], while the combination of TKI and 
SABR has been associated with up to 40% grade ≥3 toxicity [4]. 
Therefore, there is a need to examine the efficacy, safety and effect on 
quality of life of this combined approach. 

2. Design and treatment description 

2.1. Aim 

The objective is to compare the can cancer outcomes of SABR in 
combination with ongoing systemic therapy vs. standard of care (switch 
to the next line of treatment, best supportive care or continue current 
systemic treatment — all without SABR), in NSCLC patients with 

Fig. 1. Study diagram.  
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oligoprogression. 
The co-primary endpoints are progression-free survival (PFS) and 

overall survival (OS). Secondary endpoints include: Quality of life, 
toxicity, time to next systemic therapy, cost-effectiveness as well as 
immunological surrogate markers. 

2.2. Design 

We propose a registry-based randomized phase II trial. Patients are 
entered on registry, screened for study eligibility and then randomized 
within the registry (NCT03378856). 

A total of 68 patients with metastatic NSCLC and oligoprogression to 
1–5 extracranial lesions undergoing systemic treatment will be ran-
domized 1:1 to the experimental or the standard arm and stratified for 
the presence of driver mutation and brain metastasis (see Fig. 1). This 
study is registered on clinicaltrials.gov (NCT04405401). 

2.3. Participants 

Patients presenting with metastatic NSCLC with progressive disease 
(as per RECIST criteria v1.1) and an ECOG performance status 0–3 will 
be included. Oligoprogression is defined as 1–5 extracranial lesions ≤5 
cm involving ≤3 organs. Progression at the primary tumor site will be 
counted within the total of 5 lesions. Brain metastasis will be treated as 
per standard of care and will not be counted in the maximum number of 
lesions. 

2.4. Treatment plan 

a. Arm 1 (Standard arm): 
On the standard arm, treatment options could include switching to 

the next systemic line of therapy, treatment breaks, or persisting with 
the same systemic treatment. The decision will be at the discretion of the 
treating physician. Palliative radiotherapy to treat symptomatic lesions 
or spinal cord compressions is allowed. 

b. Arm 2 (Experimental arm): 

On the experimental arm, treatment will consist in using SABR on all 
oligoprogressive lesions while continuing the ongoing systemic therapy. 

SABR treatment plan: Patients positioning and immobilization de-
vice will be as per treating physician. Positioning should be stable to 
avoid uncontrolled movement during treatments and maintain treat-
ment accuracy.  All patients will undergo planning CT of the region 
containing the treated lesion. Four-dimensional computed tomography 
(4D-CT) is required for organs subject to respiratory motion, and in-
ternal target volume technique, tracking, abdominal compression, 
active breathing control, gating, breath hold, etc. should be used where 
indicated. All treatments will be delivered using intensity modulated 
and image-guidance (3D/4D cone-beam CT, mega-voltage CT, or ste-
reoscopic kV). 

SABR dose: SABR doses will vary based on tumor location and 
physician’s preference (between 1 and 8 fractions). Table 1 details the 
suggested dose per tumor site. The prescription isodose line covering 
95% of the Planning Target Volume (PTV) may range from 60 to 90% 
where the maximum dose is 100%. All dose calculations will be per-
formed using corrections for tissue heterogeneity. Constraints for 1 to 5 
fraction regimens are derived from Timmerman et al. [8], whereas 
constraints for 8 fraction regimen are derived from the SUNSET protocol 
[9]. 

Target volume determination: Gross tumor volume will be defined 
based on the planning CT as well as any other standard multi-modality 
imaging. With the exception of vertebral body lesions (which could 
include a clinical target volume as per the consensus guidelines by Cox 
et al. [10]), no additional margin will be added for microscopic spread in 
all other sites. A PTV margin of 2–5 mm will be added based on the site 

of disease, immobilization, and institutional set-up accuracy. 

2.5. Study assessments 

Patients will be assessed at baseline and at 1-, 3-, 6-, 12-, 18 and 24 
months after randomization. Follow-up and data collection will be done 
as per Table 2. At each assessment, a standard of care CT of the chest, 
abdomen +/- neck will be obtained for assessment of local, regional and 
distant recurrence; survival status and toxicity grading will be updated 
at each visit. 

2.6. Statistical design 

a. Primary endpoint: PFS 
Previous reports suggest 4–10 months improvement in Progression 

Free Survival (PFS) after second-line systemic therapy with the addition 
of local ablation in oligoprogressive NSCLC [11]. These results are 
biased considering that most studies have assessed the role of SABR in 
NSCLC in presence of a driver mutation. Assuming a conservative 
improvement in PFS of 3 months in the experimental arm, a median PFS 
of 3 months in the standard arm, an accrual period of 4 years followed by 
a follow-up period of 1 year and using a two-sided alpha of 0.05 and 
power of 80%, a sample size of 65 patients is required. Taking into ac-
count an attrition rate of 5%, a total of 68 patients are needed. 

b. Co-primary endpoint: OS 

In a recent phase II trial of oligoprogressive NSCLC treated with 
SABR and erlotinib after progression on first-line therapy, median OS 
was as high as 20 months, suggesting improved OS compared to when 
systemic therapy alone is used [4]. Assuming that the median OS of 
patients on the experimental arm would increase by 6 months compared 
to those on the standard arm, the proposed sample size would detect this 
difference with a two-sided alpha of 0.2 and a power of 71%. 

2.7. Analytic plan 

An intention-to-treat analysis will be performed. PFS, OS and local 
control will be calculated using the Kaplan-Meier method with differ-
ences compared using the stratified log-rank test. Pre-planned subgroup 
analyses will be made based on the stratification factors. A Cox multi-
variable regression analysis will be used to determine baseline factors 
predictive of survival endpoints. All p-values from multilevel analysis 
will be 2-sided, and levels <0.05 will be considered statistically 

Table 1 
Recommended doses and fractions for each tumor location.  

Site Dose 
(Gy) 

Fractions Frequency 

Lung-peripheral 30–34 1 Single dose  
45–54 3 Every 2nd 

day 
Lung-central* 60 8 Every 2nd 

day 35–50 5 
Mediastinal/cervical lymph node 35–40 5 Every 2nd 

day 
Liver 35–50 3–5 Every 2nd 

day 
Osseous/Spinal/paraspinal 24 2 Every day 

30 3 Every day 
35 5 Every day 
16–20 1 Single dose 

Abdominal-pelvic metastasis (lymph 
node/adrenal gland) 

30–45 3–5 Every 2nd 
day 

*Lung-central lesion defined as per RTOG 0813, as tumors within or touching 
the 2 cm zone around the proximal bronchial tree or immediately adjacent to the 
mediastinal or pericardial pleura. 

H. Bahig et al.                                                                                                                                                                                                                                   



Clinical and Translational Radiation Oncology 33 (2022) 115–119

118

significant. 

2.8. Ancillary study (optional) 

Immune monitoring will be performed to understand the difference 
in both arms for innate and adaptive immunity and expression on im-
mune checkpoint on the peripheral blood. Flow cytometry analysis on 
peripheral blood mononuclear cells will be performed at time of 
randomization, at 1- and 3-month post study initiation, and at time of 
further progression. Monitoring of immunogenic cell death will also be 
performed. Tumor samples from pathological blocs or optional rebiopsy 
upon progression will be evaluated for immune micro-environment. 

2.9. Planned timeline 

Planned timeline is described in Table 2. 

2.10. Ethic committee approval 

The proposed study has been approved by the Centre Hospitalier de 
l’Université de Montreal IRB. Informed written consent will be obtained 

from all the participants. 

3. Discussion 

The objective of this proposed phase II study is to determine the 
efficacy of SABR to all progressive sites in combination with ongoing 
systemic therapy in patients with oligoprogressive NSCLC. The use of 
SABR as a radical approach in oligometastatic or oligoprogressive dis-
ease is particularly interesting given its non-invasive nature, its excellent 
local control rates approaching 90 % [12], and its safe toxicity profile s* 
(<5–10% risk of grade ≥3 toxicity) [13,14]. In the past years, the use of 
SABR for local ablation in upfront oligometastatic lung cancer has 
gained significant momentum after two recent randomized phase II 
trials demonstrated OS benefit from local ablation of all metastatic 
disease sites [15,16]. In the specific context of oligoprogression, the 
rationale for the use of SABR relies on controlling the progressive lesions 
refractory to current systemic therapy, while maintaining pressure from 
the ongoing systemic therapy line on the remaining sensitive tumor 
cells. Contrary to upfront oligometastatic disease, there is currently 
limited data supporting a survival benefit from the addition of SABR in 
the treatment of patients with oligoprogressive NSCLC. There is 

Table 2 
Schedule of assessments.  

Clinical follow-up visits can be ±2 weeks of the stated time points. 
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therefore a critical need to carefully examine the efficacy, safety, and 
effect on quality of life of this approach, as well as to define immuno-
genic and immunological surrogate makers. 

Ethics approval and consent to participate 

The proposed study has been approved by the Centre Hospitalier de 
l’Université de Montreal IRB. Informed written consent will be obtained 
from all the participants. 
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