
Abstract. Aim: To investigate the role of conventional
radiotherapy (RT) and stereotactic body radiotherapy (SBRT)
in patients with epidermal growth factor (EGFR)-mutant or
anaplastic lymphoma kinase (ALK) rearrangement-positive
metastatic non-small cell lung cancer (NSCLC). Patients and
Methods: Fifty patients with EGFR-mutated or ALK
rearrangement-positive NSCLC were treated at our Institution.
Radiotherapy was delivered before, after or concomitantly
with tyrosine kinase inhibitors (TKIs). Acute toxicities and
overall survival (OS) were assessed. Results: Radiotherapy
was performed within 30 days before TKI, concomitantly with
TKI and within 30 days after TKI in eight (16%), 33 (66%)
and 9 (18%) cases, respectively. The median duration of TKI
therapy in the whole series was 11.9 months. The median OS
was 19.3 months and 1- and 2-year OS was 71.5% and 36.5%,
respectively. The group treated with SBRT had a significant
benefit in terms of OS (p=0.043). Only two grade 3 toxicities
were reported. Conclusion: RT concomitantly or close to TKI
administration in stage IV NSCLC was shown to be feasible
and safe. Intriguing data on OS were also reported. 

The treatment-of-choice for patients with stage IV epidermal
growth factor (EGFR)-mutant or anaplastic lymphoma kinase
(ALK)-rearranged NSCLC consists of oral tyrosine kinase
inhibitors, such as anti-EGFR (gefitinib, erlotinib, afatinib,
osimertinib) or anti-ALK (crizotinib, ceritinib, alectinib)
tyrosine kinase inhibitors(TKIs). (TKIs), which have

replaced cytotoxic chemotherapy as first-line treatment (1,
2). In these patients, the adoption of TKIs allows for median
progression-free (PFS) and overall (OS) survival ranging
between 8-13 months and 18-25 months, respectively (3, 4).

Almost all patients eventually develop progressive
disease, requiring for further treatment. The standard strategy
is to switch to a second-line chemotherapy or, when
indicated, to a new-generation TKI. Alternatively, in cases of
oligoprogression, especially for asymptomatic cases and
brain progression, it is now more and more accepted to
continue with the first-line therapy and to treat the new sites
of progression with a local therapy, such as radiotherapy
(RT) (5-9). Oligoprogression represents a condition in which
a large part of the disease burden is controlled by systemic
therapy, except for a few small sites of involvement, which
probably acquired resistance to the drug (10).

There is also a biological rationale underlying the
association of local RT (possibly with ablative doses) with
TKI inhibitors; some pre-clinical studies showed that TKI
down-regulated the proliferative signals triggered by RT
(such as radiation-induced autophosphorylation of EGFR.
This suggests a potential radiosensitizing effect of TKIs (11).

Unfortunately, despite the great interest in recent years,
there is still a lack of data on the benefits and potential side-
effects of the association of the two treatments. We,
therefore, conducted a retrospective analysis of patients
treated at our Institution with conventional-RT or stereotactic
body radiotherapy (SBRT) combined with TKIs for EGFR-
mutant or ALK rearrangement-positive stage IV NSCLC.

Patients and Methods
Using an Institutional query system, we identified all patients
treated with RT from January 2010 to December 2016 at our
Institution concomitantly with TKIs for EGFR-mutant or ALK
rearrangement-positive stage IV NSCLC. Inclusion criteria of the
current retrospective analysis were: (i) patients with stage 
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IV NSCLC receiving anti-EGFR or anti-ALK TKIs; (ii)
oligoprogressive disease, defined as ≤4 new metastatic lesions at the
time of presentation for radiotherapy; (iii) multi-progressive disease,
defined as >4 new lesions, according to Institutional policy, despite
some consideration of oligoprogressive disease as up to six new
lesions (10).

EGFR and ALK status. Mutation analysis was conducted by
extracting DNA from tissue biopsy and identifying EGFR exon 19
deletion and exon 21 L858R mutations by standard sequencing and
fragment analysis, while fluorescence in situ testing was used to
detect ALK gene translocations. 

TKI administration. When RT was delivered concomitantly with
TKIs, the dose prescriptions were as follows: Gefitinib: 250 mg/day,
erlotinib: 150 mg/day, crizotinib: 500 mg/day, and osimertinib: 80
mg/day, and continued after RT until disease progression or
unacceptable toxicity (considered grade 3).

Radiation treatment. We included patients treated with RT during
TKI therapy or up to 30 days before or after TKI administration.
According to these criteria, patients were divided into three groups:
Group A: those who underwent RT no more than 30 days before the
beginning of the drug; group B: those who underwent RT no more
than 30 days after the definitive suspension of TKI therapy; and
group C: those who underwent RT during the administration of TKI.
Doses and fractionation of RT depended on the type of disease
progression (oligoprogression vs. multi-progressive disease), sites
of progression (brain vs. visceral) and clinical presentation
(symptomatic vs. asymptomatic). 

Outcomes and statistical analysis. To summarize the most relevant
features of the clinical variables, descriptive statistics were
calculated. The primary endpoint was therapy tolerability, the
secondary endpoint was the OS, defined as the time from the date
of the beginning of drug treatment to the date of death (any cause)
or until the date of the last follow-up. All toxicities reported in the
medical records were scored using the Common Terminology
Criteria for Adverse Events rating scale (CTCAE 4.0) (11). Toxicity
related to RT was defined as adverse events occurring within 90
days at the site of irradiation. Clinical and therapeutic characteristics
were analyzed with Chi square test (p<0.05). OS was estimated
with Kaplan–Meier curves and potential factors affecting OS were
investigated at univariate analysis with the log-rank test (p<0.05).
The statistical analysis was performed with SPSS (version 22.0;
IBM Corp., Armonk, NY, USA).

Results 
Between January 1 2010 and December 31 2016, 102 patients
with a diagnosis of EGFR-mutant or ALK-rearranged NSCLC
who underwent RT were identified. Fifty-two patients were
excluded from the study because they had RT more than 30
days from the start or the end of TKI prescription. The total
number of patients available for analysis was therefore 50.
Their median age was 65 (range=30-84) years and Eastern
Cooperative Oncology Group Performance Status was 0 or 1
in 16 (32%) and 29 (58%) cases, respectively. At the
beginning of RT, the pattern of progression was defined as

oligoprogression in 11 patients (22%), and multi-progression
in 39 patients (78%). The majority of the patients (54%) were
naïve to previous chemotherapy, 15 (30%) were treated with
a first chemotherapy line, eight patients (16%) had received
two chemotherapy lines before TKI. Patients characteristics
are summarized in Table I. 

Thirty-four patients were treated with gefitinib, nine with
crizotinib, four with erlotinib and three with other TKIs.
SBRT was given in nine cases (18%) and mild
hypofractionated RT in the remaining 41 patients (82%). RT-
treated disease sites were the brain for 27 patients (57%),
bone in 19 cases (38%) and other sites (only four cases). RT
had ablative aim only for nine cases (18%). 

In regard to the timing of RT, eight patients (16%) were
classified into group A, nine (18%) in group B and 33 (66%)
in group C. The median duration of TKI administration was
11.9 months (range=0.4-59.1 months). Analyzing the specific
groups, the median duration of TKI administration was 9.7,
8.3s and 14.2 months, for groups A-C, respectively.
Additionally, the median duration of administration of the
drug after RT in group C was 4.4 months (range=0.3-49.4
months). Figure 1 summarizes the timing of TKI-RT in the
series and in the three different groups.
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Table I. Description of the series.

Characteristic                                                              N (%)

Age (median 65 years)
   ≤65 Years                                                               26 (52)
   >65 Years                                                               24 (48)
Performance status
   0                                                                              16 (32)
   1                                                                              29 (58)
   2                                                                               5 (10)
No. of sites treated with RT
   ≤4                                                                            11 (22)
   >4                                                                            39 (78)
Previous CHT
   0                                                                              27 (54)
   1                                                                              15 (30)
   2                                                                               8 (16)
RT schedule
   SBRT                                                                       9 (18)
   No SBRT                                                                41 (82)
RT target
   Brain                                                                       27 (54)
   Bone                                                                       19 (38)
   Other                                                                         4 (8)
RT aim
   Symptomatic                                                          28 (56)
   Palliative                                                                13 (26)
   Ablative                                                                   9 (18)

RT: Radiation therapy, CHT: chemotherapy, SBRT: stereotactic body
radiotherapy.



The median follow-up was 16 (range=1-58.9) months and
was calculated from the beginning of systemic therapy to the
last follow-up visit or death from any cause. The median OS
was 19.3 months and 1- and 2-year OS was 71.5% and
36.5%, respectively. At univariate analysis, SBRT was
associated with better OS (p=0.043). No other clinical or
therapeutic variable significantly affected OS.

Tolerability outcomes. In twenty-nine patients (38%), no
adverse event was recorded. In the remaining cases (31,
62%), the following toxicity was registered: 17 patients
experienced exacerbation of pain during RT (grade 1-2); 14
patients experienced transitory exacerbation of neurological
signs/symptoms of brain metastasis such as headache,
drowsiness, confusion, nausea and emesis during RT
treatment; only two events were grade 3. The treatment was
never suspended because of an adverse event. No skin rash
was observed. Adverse events are summarized in Table II. 

Discussion

There is emerging biological evidence, as described in pre-
clinical studies, of the possible synergistic effect of TKIs
given concurrently with RT at several levels, including cell-
cycle kinetics, apoptosis induction, and the targeting of
accelerated cellular repopulation. The potential relationship
between EGFR signaling and DNA damage repair is also
supported by new data regarding the inhibition of RAD51

Borghetti et al: RT Combined with TKI in Stage IV NSCLC

161

Figure 1. Timing of radiotherapy (RT) and tyrosine kinase inhibitors (TKIs) in the three treatment groups: Group A: Those who underwent RT no
more than 30 days before the beginning of TKI; group B: those who underwent RT no more than 30 days after the definitive suspension of TKI
therapy; and group C: those who underwent RT during the administration of TKI.

Table II. Acute toxicity (no. of events)

Toxicity                             Grade 1  Grade 2   Grade 3  Grade 4  Grade 5

Neurological symptoms         5             7              2             0             0
Pain                                       10             7              0             0             0
Other                                       0             0              0             0             0



recombinase expression. In detail, anti-EGFR and RT induce
accumulation of tumor cells in G1 and G2-M phases,
respectively, with a reduction of cells in S-phase. When
combined with RT, TKIs promotes a further reduction in the
S-phase fraction, enhances the induction of apoptosis,
inhibits EGFR autophosphorylation and expression of
RAD51 following radiation exposure, thus promoting an
increase in radiosensitivity (12-14).

The combination treatment with radiotherapy and TKIs
does not seem to be associated with a worse toxicity in
relation to RT alone or TKI alone, as suggested by other
authors (15). Currently the indications for this strategy are
increasing, in particular, for patients with oligometastatic
disease with visceral and brain metastasis, diffuse brain
metastasis and symptomatic systemic progression. Moreover,
in all cases of systemic asymptomatic progression, local
treatments might be considered in order to limit the malignant
potential of TKI-resistant sites as sources of further disease
dissemination. This is coherent with the available evidence,
as the updated 2017 National Comprehensive Cancer
Network (NCCN) guidelines show (16).

Some studies have demonstrated the benefit of the
association of local and systemic treatments in this clinical
setting, the phase II trial conducted by Iyengar et al. (5)
combined SBRT with erlotinib in patients with NSCLC and
metastatic lesions investigating PFS at 6 months as the
principal endpoint. PFS and OS were superior in the
erlotinib/RT group compared to systemic therapy alone. In
more than half of the patients, no EGFR mutations were
found, leading the authors to conclude that the prolonged
PFS was attributable to SBRT. Gan et al. proposed SBRT for
all oligometastatic foci in patients with ALK-rearranged
NSCLC in progression during crizotinib, finding no grade 
3-5 toxicity, a mean crizotinib therapy duration of 28 months
and a 1- and 2-year OS rates of 86 and 57%, respectively (6).
Despite these encouraging results, it is still not clear if SBRT
for oligoprogressive NSCLC disease could change the
natural history of the disease or whether the oligometastatic
state represents a manifestation of a less aggressive
biological behavior itself. The ongoing SABR-Comet trial
will try to answer this question randomizing patients with
oligoprogressive disease to standard of care versus SRT to
all oligometastatic foci (17).

A special consideration must be made for brain metastasis.
About 20-40% of patients with NSCLC develop brain
metastases during the history of their illness (18).
Historically, whole-brain radiation therapy (WBRT) alone or
in combination with surgery and stereotactic radiotherapy
has been the standard of care for brain metastases. Recent
data examining survival in patients with brain metastasis in
a population selected for EGFR mutations showed survival
rates of 14 to 17 months from the time of brain metastasis
development. Yet the treatment of brain metastasis in patients

with a driver mutation remains controversial. Despite the
evidence of a lower rate of central nervous system (CNS)
progression in patients treated with EGFR-TKI than in those
receiving chemotherapy, brain progression is still the most
common site of failure in patients with ALK-rearranged
NSCLC during TKI therapy and remains the most important
event with an impact on prognosis (19). Recent phase II
trials, published in 2012 and 2013, demonstrated the activity
of EGFR-TKIs against brain metastasis in a very selected
group of patients with EGFR-mutant NSCLC without the
upfront use of RT (20, 21). Nevertheless, it is important to
underline that the cerebrospinal fluid (CSF) penetration ratio
(defined as concentration in CSF/concentration in blood) of
erlotinib ranges between 2.5% to 13% and for gefitinib from
<1% to 10%. Thus, despite preclinical data showing
encouraging results in terms of CNS efficacy of second- and
third-generation TKIs, CNS penetration of first-generation
inhibitors seems to remain suboptimal (22).

An important emerging issue regards the possibility of
postponing RT at the time of diagnosis of brain metastasis in
patients naïve to TKIs. A series compared upfront erlotinib
versus upfront WBRT or SBRT (both eventually followed by
erlotinib) in 110 patients affected by EGFR-mutated NSCLC
naïve to TKI with newly diagnosed brain metastasis. OS did
not differ significantly between the erlotinib-treated and
WBRT-treated groups, with a median OS of 26 months and
35 months, respectively (p=0.62) The SBRT -treated group
had significantly longer OS than the erlotinib-treated group,
with a median of 64 months (p=0.006). Better local control
was found in both groups treated with upfront RT. In the
WBRT group, the administration of erlotinib within 2
months of WBRT was associated with improved intracranial
control on univariate analysis (23). A recent publication
compared treatment outcomes between TKI monotherapy
versus RT plus TKIs in a cohort of 133 patients with a
diagnosis of stage IV NSCLC with brain metastasis, finding
a better median intracranial PFS (16.0 vs. 11.5 months,
p=0.017) and a better OS (22 vs. 15 months p=0.015) in the
RT plus TKI group. Interestingly, patients harboring EGFR
exon 21 mutations seemed to benefit more from the
association (24).

Finally, Magnusson et al. in a large multicenter
retrospective series of 351 patients compared three different
approaches for first diagnosis of brain metastasis in EGFR-
mutant NSCLC naïve to TKIs: SBRT followed by TKI,
WBRT followed by TKI and TKI alone with deferral of RT
at progression. The median OS for the SBRT (n=100),
WBRT (n=120), and EGFR-TKI (n=131) cohorts was 46, 30,
and 25 months, respectively (p<0.001), leading to
speculation that in oligoprogressive and multi-progressive
settings, the major benefits are derived from the treatment
associations, and that deferral of RT for brain metastasis
could be associated with inferior OS (25).
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Our series shows that RT combined with TKIs is a well-
tolerated and promising treatment option in terms of survival,
particularly when stereotactic RT with ablative aim is applied
and when RT is given concomitantly with TKI.
Oligoprogressive disease represents a relatively small fraction
of the series and RT was proposed not only with an ablative
intent, but also with a palliative-symptomatic one. For those
reasons, our series represents a more “real-world” picture of
the treatment of patients with stage IV NSCLC with a driver
mutation. In addition, our data suggest that performing RT
concomitantly and without suspension of TKI may extend the
duration of drug administration, potentially leading to
delaying the switch to a second-line systemic therapy. Despite
most treatments being performed in a context of multi-
progressive disease with palliative-symptomatic aim, OS was
similar to that reported in the TKI registration studies, that
notoriously consider a strictly selected group of patients (3,
4). This led us to speculate that this combination treatment
could provide an advantage in terms of survival, without
increasing acute toxicity, not only in those with a low burden
of disease but also in a non-oligoprogressive disease setting.

Conclusion
Our study contributes to enrich the rapidly increasing
literature about a very challenging setting. Local therapy
such radiotherapy can contribute to optimizing the
management of NSCLC with a driver mutation, in an
ablative, but also palliative-symptomatic setting. Our series,
in line with the current pre-clinical and clinical evidence,
suggests that at progression, a strategy combining RT and
systemic TKI therapy could provide major benefit and
therefore must always be considered.
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