
Abstract. Background/Aim. Local ablative treatments for
oligo-progressive, EGFR mutated non-small cell lung cancer
(mut-NCSLC) may improve long-term disease control and
survival. We analyzed the efficacy of hypo-fractionated, high-
dose radiation therapy (HDRT), in association with prolonged
EGFR tyrosine kinase inhibitors (TKI) in oligo-progressive,
EGFR mutant-NSCLC. Patients and Methods. Progression-
free survival-1 (PFS-1, date from initiation of TKI therapy
until oligo-progression or death), and progression-free
survival-2 (PFS-2, date of focal progression until further
progression or death) were evaluated. Results. Thirty-six
patients were analyzed. The median PFS 1 was 12.5 months.
HDHRT consisted of intensity-modulated RT and stereotactic
RT in 23 (64%) and 13 (36%) patients respectively. The
median PFS 2 was 6.3 months. Overall survival was 38.7
months. Conclusion. Hypo-fractionated HDRT plus TKI
therapy, is associated with a significant prolongation of
disease control (overall PFS: 18.8 months), with manageable
side effects. These real-world data support the use of local
ablative approaches in oligo-progressive EGFR mut-NSCLC.

Non-small cell lung cancer (NSCLC) is the most frequent
form of lung cancer and is commonly diagnosed at locally
advanced or metastatic stages (1). Systemic therapies for
advanced NSCLC (aNSCLC) have markedly evolved during
the last years due to the increasing number of molecularly
targeted agents approved for the treatment of patients whose
tumors harbor specific oncogenic alterations, such as
mutations of EGFR, and ALK or ROS1 rearrangements, and
to the advent of the immune checkpoint inhibitors, including
monoclonal antibodies directed against the PD1-PD-L1
pathway (2, 3).

Approximately 25% of aNSCLC patients may present at
diagnosis with oligometastatic disease, which is
characterized by the presence of metastatic lesions limited in
number and location. Although oligo-metastases has not been
defined (4-7), the oligometastatic state is described as “an
intermediate clinical state between locally confined and
widely disseminated metastatic cancer” (8). In the real world,
this term encompasses a broad spectrum of clinical entities,
with varying numbers and sites of metastatic lesions, for
which the optimal therapeutic strategies have not yet been
determined. Oligometastatic tumors present a more indolent
biology and have not yet gained the ability to spread to
multiple organs, suggesting that, despite being metastatic,
they can be associated with favorable prognosis. This
observation is also underlined by the last edition of the TNM
staging system by the International Association for the Study
of Lung Cancer (IASLC), in which the M1b includes a
single extrathoracic metastatic lesion versus widespread extra
thoracic M1c disease (9). Oligo-progression is very common
in oncogene-addicted aNSCLC. Indeed, despite the
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remarkable clinical benefit with EGFR- or ALK-tyrosine
kinase inhibitors (TKI), acquired resistance invariably
develops and represents a significant challenge to the durable
efficacy of these agents.

Recent clinical data suggest that curative therapeutic
approaches, including local ablative therapies, such as
surgery and/or radiotherapy, should be considered for
patients with oligometastatic tumors at diagnosis, to improve
disease control and thereby long-term survival outcomes (7).
Progression in few metastatic sites under TKI therapy may
be postulated to be a result of clonal evolution through the
accumulation of molecular alterations in cancer cells, which
can render some sub-clones resistant. In contrast, others
remain still controlled on continued systemic targeted
therapy (10, 11). The most common mechanism of resistance
to first- and second-generation EGFR TKIs is the secondary,
gatekeeper T790M mutation in exon 20 of EGFR that has
been reported in approximately 50-60% of EGFR TKI-
resistant tumors and can be currently targeted by the third-
generation TKI osimertinib (11, 12). The mechanisms of
resistance to targeted drugs may be different, and multiple
sub-clones with distinct molecular profiles and drug-
sensitivity can coexist within the primary tumor or at
different metastatic sites. 

Continuation of TKI treatment beyond progression in
patients with oligo-progressive aNSCLC can be an effective
strategy to target tumor cells that remain still addicted to the
EGFR pathway and prevent the disease flare observed after
discontinuation of the targeted agent (13, 14). As recently
shown, this strategy can delay the initiation of more toxic and
less-tolerated second-line therapy, such as chemotherapy, in
patients with indolent or asymptomatic progression (15). In
addition, local ablative therapies to metastatic sites can further
improve long-term disease control. Stereotactic body
radiotherapy (SBRT) or SBRT-like treatments have been used
in patients with oligometastatic or oligo-progressive tumors,
including aNSCLC, to treat metastasis at different anatomical
sites, with encouraging results in terms of rates of local control
rate and overall survival and limited toxicity (7, 16-22).

In this study, we retrospectively evaluated the feasibility
and efficacy of the addition of high-dose hypo-fractionated
HDRT to post-progression TKI therapy in EGFR-mutant
NSCLC patients with oligo-progressive disease.

Patients and Methods
This retrospective analysis included all patients with histologically
confirmed aNSCLC harboring EGFR mutations who developed
oligo-progression during first-line TKI therapy and subsequently
treated with hypo-fractionated HDRT to the sites of progression.
After approval of the study by the Ethics Committee, patient data
were obtained anonymously from the electronic records in respect
of the Declaration of Helsinki. Written informed consent was
obtained from all patients to receive targeted therapy and

radiotherapy. The need for patients’ informed consent was waived
due to the retrospective nature of the study.

Criteria for patients’ data selection included the presence of
diagnostic tumor specimens positive for EGFR mutation status by
real-time PCR with a validated test kit (TheraScreen EGFR RGQ
PCR Kit, Qiagen, Manchester, UK), and complete follow-up data
and treatment-related toxicity records. The collected data included
age at diagnosis, sex, tumor histology, prior therapy, smoking status
(categorized as current: smoked within <1 year before the initiation
of therapy, former: quit ≥1 year before the initiation of therapy, or
never: <100 lifetime cigarettes), pre-treatment complete radiologic
staging (by total body computed tomography-CT scan and/or
positron emission tomography-PET/CT scan), sites of disease and
concomitant non-neoplastic disorders. 

Treatment consisted of oral first-line gefitinib at the dose of 250 mg
per day. Clinical examination and complete blood testing were
performed before each cycle (every 30 days). According to the Italian
regulatory drug agency indications and routine institutional practice,
the first radiologic assessment was performed 2-3 months after
initiating treatment and subsequently. Tumor response was assessed
according to the RECIST criteria version 1.1 on chest and abdominal
CT or PET scans. Patients developing oligo-progressive disease were
evaluated for possible local treatments by a multidisciplinary team,
including medical oncologists, radiotherapists, thoracic surgeons,
radiologists, and pneumologists. Hypo-fractionated HDRT consisted of
intensity-modulated RT (IMRT) and stereotactic radiotherapy (SRS and
SBRT). The number and sites of metastatic disease, as well as dosage
and timing of HDRT, were carefully recorded. Patients continued
gefitinib at the same dose during radiotherapy, and they were carefully
monitored for any adverse events. Progression-free survival (PFS) was
first calculated from the date of the initiation of gefitinib until
documentation of oligo-progression of disease or death for any cause
(PFS-1), and from the date of limited progression until further
progression of disease or death (PFS-2). RECIST criteria defined
progression of the disease. PFS and OS analysis were determined
according to the Kaplan-Meier product limit analysis, and curves
performed using Prism IV software (GraphPad, San Diego, CA, USA).  

Results

Study design. We reviewed data from advanced EGFR-
mutant aNSCLC patients treated with gefitinib between
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Table I. Clinical and demographic characteristics of patients.

Number of enrolled patients 36 (100%)
Median age and range (years) 66 (52-77)
Gender (males/female) 24 (66%)/12 (34%)
Never smokers 23 (64%)
Adenocarcinoma 36 (100%)
EGFR mutation 36 (100%)
Exon 19 del 22 (61%)
Exon 21 (L858R) 13 (36%)
Others (G719X) 1 (3%)
Previous treatments

Surgery 2 (5%)
Radiotherapy 1 (2.5%)



January 2012 and December 2018 and identified 36 patients
who satisfied the inclusion criteria for this study. Patients
progressing on gefitinib but with poor tolerance or had more
than 3 metastatic sites of CNS progression or leptomeningeal
disease or had poor performance status (ECOG≥2) were
excluded from local treatment. 

Patient population. The patients’ characteristics are listed in
Table I. All patients had adenocarcinoma. EGFR mutations
were detected in all tumor specimens and included deletion
of exon 19 in 22 (61%) patients, L858R mutation in exon 21
in 13 patients (36%), and an uncommon mutation in only 1
case (G719X mutation in exon 18). Overall, 24 patients
(66%) were male, and 13 (34%) females with a median age
of 66 years (range=52-77 years). Most patients (23/36: 64%)
were never smokers. All patients received gefitinib at a
standard dose of 250 mg/day as first-line therapy. 

Outcomes. Objective responses at first assessment were
observed in 21 patients (58.3%), and all were partial
responses. Stabilization of disease was observed in 14 cases
(38.9%) and progressive disease in 1 case. The overall
median PFS-1, measured from the initiation of front-line TKI
therapy until oligo-progression, was 12.5 months (range=4.0-
23.2 months) (Table II; Figure 1). As shown in Table II, the
most common site of oligo-progression was lung (30.5%),
followed by nodes (25%), CNS (25%), bone (14%) and
adrenals (5.5%). All 36 patients received a local treatment
consisting of hypo-fractionated HDRT to the site of focal
progression which consisted of intensity-modulated RT in 23
patients (64%) and SBRT in 13 cases (36%), with a median
delivered dose of 30 Gy (range=12-60 Gy), and a median
number of fractions of 10 (range=2-30 fractions). The
median time between the diagnosis of progression and the
initiation of HDRT was 22 days. The majority of patients
were treated to a single metastatic site (22/36; 61%), while
10 patients (28%) and 4 patients (11%) received local
treatment to 2 and 3 sites, respectively. 

As shown in Figure 1 and in Table III, the median PFS 2
was 6.3 months (range=2-12.5 months). Metastatic deposits

treated with hypo-fractionated HDRT represented the site of
second-progression only in 6 patients (16.7%), indicating a
high rate of durable control in the irradiated sites. 

No correlation between EGFR mutation status and
outcome data was observed. Type of mutation showed no
correlation either with the response to hypo-fractionated
HDRT or PSF-2 (r=0.103, p=0.725).  At the time of
secondary progression, nine patients (25%) showing T790M
mutation received osimertinib. Seven patients (19.4%) were

Santapria et al: Hyper-fractionated Radiotherapy for Oligo-progressive Lung Cancer 

2011

Table II. Progression-free survival 1 and site of first oligo-progression.

PFS 1 median and range (months)* 12.5 (4.0-23.2)
Site of first oligo-progression (n. of patients)

Lung** 11 (30.5%)
Node 9 (25%)
CNS^ 9 (25%)
Bone 5 (14%)
Adrenal 2 (5.5%)

*PFS-1: First progression free-survival according to RECIST criteria or
clinical assessment; **other than primary tumor; ^number of lesions ≤3.

Figure 1. Progression-free survival (PFS)-1 and -2.

Table III. Number of irradiated sites and progression-free survival
(PFS)-1 ad -2.

Number of enrolled patients 36 (100%)
Number of metastatic sites treated 

1 Site 22 (61%)
2 Sites 10 (28%)
3 Sites 4 (11%)

PFS 2 median and range (months)* 6.3 (2.0-12.5)
PFS 1+PFS 2 median and range (months) 18.5 (8.0-33.5)
Site of second progression (n. of patients)

Lung** 16 (44%)
Node 13 (36%)
CNS^ 12 (33%)
Bone 8 (22%)
Adrenal 3 (8%)

*PFS-1: First progression free-survival according to RECIST criteria or
clinical assessment; **other than primary tumor; ^number of lesions ≤3.



kept on gefitinib until symptomatic clinical progression
started to appear and therefore treated with pemetrexed and
platinum salts. Globally, OS was 38.7 months (range=9.0-
46.3 months).

Toxicity. Treatment with gefitinib was administered
continuously during radiation therapy. Overall, during the
whole treatment with gefitinib, the most frequent treatment-
related adverse events were mainly of grade 1 and 2; grade
3 rash/acne was observed in 1 case (2.7%), and transitory
grade 2 elevated transaminases was recorded in 2 cases
(5.5%). No≥4-grade toxicities were reported, and no patient
had to discontinue TKI therapy because of adverse effects
during radiotherapy. No case of severe pulmonary toxicity or
radiation-related necrosis was reported.  

Discussion

EGFR-mutant aNSCLC represents a unique disease for
which several molecularly targeted drugs are currently
available. First and second-generation EGFR TKIs have been
widely demonstrated to prolong survival and improve quality
of life compared to standard chemotherapy in the first-line
setting. However, chronic exposure to TKI may ultimately
induce the development of acquired resistance, which finally
limits the long-term efficacy of these drugs. In patients with
advanced mutated NSCLC, oligo-progression during TKI
therapy is common (7, 8). 

Several therapeutic strategies have been evaluated,
including the continuation of a targeted agent beyond
objective progression and the addition of local ablative
treatment, such as surgery and/or radiation therapy, to limited
metastatic sites (7, 19-25). The rationale of this approach is
that a definitive local therapy can effectively target TKI-
resistant clones in progressive sites of disease, while the
continuation of the TKI can be useful to maintain the EGFR
pathway blockade in the remainder sensitive clones that have
not yet acquired resistance. 

Most of the reported studies on the benefits of RT
techniques in oligo-progressive NSCLC patients are
retrospective and included small and heterogeneous cohorts
of patients (19-26). In a phase II study, unselected NSCLC
patients with the oligo-progressing disease (≤6 extra-cranial
metastatic sites) during first-line chemotherapy were treated
with concomitant erlotinib and SBRT directed to all sites of
progressive disease (21). Median PFS was 14.7 months and
a median OS 20.4 months. This combined approach was
well-tolerated, resulting in only two SBRT-related grade 3
toxicities among 24 patients enrolled (19). In another
retrospective analysis of 15 cases, definitive SBRT and
continuation of TKIs provided a long-lasting disease control,
with the median PFS 2 and OS of 10.9 months and 39
months respectively (20). Weickhardt et al. have reported the

use of local ablative therapies in EGFR-mutant or ALK-
rearranged NSCLC patients treated beyond progression with
erlotinib or crizotinib, respectively (21). This strategy was
associated with more than 6 months of additional disease
control after progression, with a median PFS-2 of 6.2 months
and no severe RT-related toxicity (21). Yu et al.
retrospectively analyzed data of 18 patients with mut-
NSCLC patients who received local elective therapy,
including surgical resection, radio-frequency ablation, or
radiation (22). An encouraging median PFS-2 of 10 months
and median OS 41 months were observed. Notably, in those
patients who were positive for T790M, osimertinib can be
still administered at further progression after local ablative
therapies, thus conferring an additional PFS advantage. In
our series, due to regulatory affairs, only 9 patients received
the third-generation TKI.

In our study, we analyzed the efficacy and safety of a
therapeutic strategy based on continued EGFR inhibition by
gefitinib in association with hypo-fractionated HDRT to
limited sites of disease, in patients with oligo-progressive
advanced, EGFR-mutated NSCLC. In our hands, this
approach is feasible, highly effective, and well-tolerated with
PFS-1 of 12.5, PFS-2 6.3 months, and an overall PFS of 18.8
months. Our results are in agreement with those reported in
the literature (21-27). The toxicity profile of our approach
was good, with no grade ≥4 toxicities, suggesting that the
continuation of gefitinib did not increase radiation-related
potential adverse events, including pneumonitis. 

Despite the efficacy of local ablative therapies, the exact
number of metastatic sites that can be treated to obtain a
long-term clinical benefit has not yet been established. A
meta-analysis including 757 mutation unselected,
oligometastatic NSCLC patients with one metachronous
metastasis treated with ablative treatments has reported a
favorable 5-year OS rate of 29.4% (5). Another systematic
review of retrospective observational cohort studies included
668 patients with an oligometastatic disease with up to 5
synchronous metastases, reported single-organ involvement,
and the number of brain metastases as an independent
prognostic factor for survival (27, 28). As suggested by other
authors, one of the advantages of this approach is the
possibility to extend TKI therapy beyond objective
progression and delay the start of more toxic and less
tolerated systemic treatment particularly in patients with a
longer time to progression, a slow rate of progression and
lack of new extra-thoracic metastases (14, 29). Another
possible limitation of this study is linked to the difficulty in
predicting the risk of widely metastatic dissemination.
Therefore, despite modern radiation techniques that can
technically treat an increasing number of synchronous
metastatic sites, this approach may not necessarily translate
into improved clinical outcomes. However, in a prospective
phase II study including patients who did not progress to
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first-line therapy, including chemotherapy, EGFR or ALK
inhibitors, and had ≤3 metastatic sites, consolidation therapy
with radiotherapy or surgery increased PFS compared to
maintenance therapy (which could be observation only).
Despite some limitations, such as the small number and
molecular heterogeneity of patients enrolled, these results
suggest a potential role for local therapies also in an earlier
clinical setting of patients who have not yet developed
progressive disease (30).

In conclusion, incorporation of hypo-fractionated HDRT
into the management of oligo-metastatic and oligo-
progressive patients with mut-NSCLC can be a reasonable
therapeutic option being able to improve long-term disease
control with low toxicity. 
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