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ABSTRACT
Introduction  Tyrosine kinase inhibitors (TKIs) have 
significantly improved the progression-free survival (PFS) 
of metastatic non-small cell lung cancer (NSCLC) with 
oncogene mutations of epidermal growth factor receptor 
(EGFR) and anaplastic lymphoma kinase (ALK) compared 
with systemic therapy alone. However, the majority 
eventually develop resistance with a median PFS of 8–12 
months. The pattern of failure studies showed disease 
relapse at the original sites of the disease-harbouring 
resistant tumour cells.
Methods and analysis  This study is designed as a phase 
II randomised controlled trial to evaluate the efficacy of 
local consolidative radiation therapy (LCRT) in addition 
to TKI in upfront oligometastatic NSCLC. Patients will be 
screened at presentation for oligometastases (≤5 sites) 
and will start on TKI after confirmation of EGFR or ALK 
mutation status. After initial TKI for 2–4 months, eligible 
patients will be randomised in a 1:1 ratio with stratification 
of oligometastatic sites (1–3 vs 4–5), performance status 
of 0–1 versus 2 and brain metastases. The standard arm 
will continue to receive TKI, and the intervention arm will 
receive TKI plus LCRT. Stereotactic body radiation therapy 
will be delivered to all the oligometastatic sites.
The primary end point is PFS, and secondary end points 
are overall survival, local control of oligometastatic sites, 
toxicity and patient-reported outcomes. The sample 
size calculation took a median PFS of 10 months in the 
standard arm. To detect an absolute improvement of 7 
months in the interventional arm, with a one-sided alpha 
of 5% and 80% power, a total of 106 patients will be 
accrued over a period of 48 months.
Ethics and dissemination  The study is approved by the 
Institutional Ethics Committee II of Tata Memorial Centre, 
Mumbai, and registered with Clinical Trials Registry—
India, CTRI/2019/11/021872, dated 5 November 2019. 
All eligible participants will be provided with a participant 
information sheet and will be required to provide written 
informed consent for participation in the study. The 
study results will be presented at a national/international 

conference and will be published in a peer-reviewed 
journal.

INTRODUCTION
Lung cancer is the most common cause of 
cancer-related mortality worldwide.1 In India, 
lung cancer is the second most common 
cancer and among the top three causes 
of cancer-related mortality.2 Over the last 
decade, major advances have been made in 
the treatment of non-small cell lung cancer 
(NSCLC), which include the use of tyrosine 
kinase inhibitors (TKIs), immunotherapy 
and the recognition of oligometastases 
(OM) as a distinct entity. The clinical use of 
the first two is supported by well-conducted 
phase III trials. However, there are no phase 
III randomised studies evaluating the role of 
radiation therapy (RT) in the OM setting. 
While the concept of OM in oncology is not 

Strengths and limitations of this study

►► The study addresses the role of local consolidation 
radiation therapy in oligometastatic (OM) non-small 
cell lung cancer (NSCLC) with epidermal growth 
factor receptor and anaplastic lymphoma kinase 
mutations.

►► The study incorporates randomisation after 2–4 
months of initial tyrosine kinase inhibitor therapy, 
thereby selecting patients who do not have progres-
sive disease.

►► The definition of OM as defined in the literature and 
treatment of primary disease.

►► There is no published literature on consolidation ra-
diation therapy in OM driver-mutated NSCLC.

►► It is a single-centre study in a developing country.
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new, it has gained momentum across tumour types only 
in the last 5–6 years.3 4

It is well known that using TKIs for patients with meta-
static NSCLC with known mutations in the epidermal 
growth factor receptor (EGFR) or anaplastic lymphoma 
kinase (ALK) can produce a dramatic improvement in the 
progression-free survival (PFS) and overall survival (OS). 
TKI therapy against EGFR has resulted in a doubling 
of median PFS up to 10–12 months compared with the 
4–5 months with standard platinum-doublet chemo-
therapy.5–11 Nevertheless, the majority of the patients 
eventually progress within a year, primarily due to the 
acquired resistance in the EGFR kinase domain.12 13 In 
EGFR-driven NSCLC, the most common acquired resis-
tance is through T790M point mutation in exon 20 of 
the EGFR gene.14 15 Similarly, resistance to ALK-directed 
TKI develops through a variety of mechanisms, including 
acquiring ALK mutations; however, the precise mech-
anisms are not clear.16Osimertinib and alectinib, which 
represent higher generation TKI against EGFR and ALK, 
respectively, show a superior PFS and OS compared with 
the older generation drugs.17 18 But their use is limited by 
cost, especially in developing countries where healthcare 
expenses are mostly borne by the individual rather than 
the government or private insurance companies.

Treatment options after progression are limited and are 
guided by the first-line therapy used, the status of T790M 
mutations, the patient’s performance status (PS) and 
affordability.19 20 For patients who develop widespread 
metastases, treatment with higher generation TKI or 
systemic chemotherapy is the preferred option.21 For the 
20%–40% of patients who present with oligoprogression 
at the site of the primary disease,22 23 local therapy using 
radiation or surgery in addition to the ongoing systemic 
therapy has shown benefit.22–25 The brain appears to be 
the most common site of first progression because of 
poor penetration of first-generation TKIs into the central 
nervous system.22 Unfortunately, 20%–30% of patients 
who progress are unable to take the further line of 
therapy because of poor PS, a refusal for chemotherapy 
or unaffordability for newer TKIs.26 27

The most common pattern of disease failure in patients 
with metastatic NSCLC is a failure at the primary site, 
followed by widespread distant metastases. The pattern 
of disease spread in some patients with NSCLC is unique 
where they present with only a single or a few sites of 
metastatic disease referred to as OM.28 Historically, 
patients presenting with OM to the brain, adrenal glands 
and liver from different primaries like colorectal cancer, 
osteosarcoma, breast cancer and others have been offered 
curative treatment.29–31 One of the earliest randomised 
comparisons with fewer than three brain metastases 
treated with stereotactic radiosurgery showed good local 
control (LC) of brain lesions but failed to show any signif-
icant OS benefit.29 However, recently reported prospec-
tive randomised studies have demonstrated a significant 
benefit in various survival outcomes, including OS for 
patients with OM from most cancer sites.32 33 Improved 

outcome in patients with OM disease has been recognised 
by the eighth edition of American Joint Committee on 
Cancer staging of NSCLC, where M1b has been intro-
duced to distinguish patients with a single extratho-
racic metastasis from M1c, which represents widespread 
metastases.34

The most important prognostic factors that have been 
associated with better outcomes in patients with OM 
treated with curative intent therapy are favourable biology 
(like EGFR/ALK mutations), limited volume of disease, 
treatable or controlled primary, good PS and adequate 
control with initial systemic therapy.35–39 Combining TKI-
directed therapy and local ablative therapy to all OM 
sites has not been studied in a prospective randomised 
manner. Local consolidation therapy (LCT) with either 
surgery or RT in the form of stereotactic body radiation 
therapy (SBRT) or radiofrequency ablation (RFA) to all 
the OM sites including primary disease demonstrated 
benefit in LC and survival outcomes.

Mechanism of action of ablative radiotherapy in an OM setting
Advances in radiation planning and treatment tech-
niques have enabled precise delivery of very high doses 
of radiation to the target while reducing the doses to the 
adjacent normal tissues. Such high doses can be delivered 
in a single fraction called stereotactic radiosurgery (SRS) 
or multiple fractions referred to as SBRT. The ablative 
radiation doses cause direct damage to the endothelial 
cells of tumour vasculature in addition to the indirect cell 
death from DNA damage, leading to superior tumour 
control than with conventional radiation. In addition, 
the direct cell-kill and apoptosis lead to the release of 
tumour-associated antigens and stimulate a local and 
systemic immune response through various mechanisms. 
This systemic immune response is thought to be respon-
sible for the abscopal effects of local ablative radiotherapy 
where the distant non-irradiated site also shows tumour 
control without receiving any local therapy. Furthermore, 
this mechanism of immune response helps to enhance 
the response to immunotherapy and is referred to as the 
vaccine effect.40 41

The hypothesis for upfront LCT in driver-mutated NSCLC
In the majority of the patients, progression after first-
line TKIs usually occurs at the already known sites of 
gross disease.23 42–45 It is believed that resistant tumour 
cell clones develop at these sites and metastasise further, 
especially in NSCLC with driver mutations. Hence, it is 
reasonable to hypothesise that providing LCT along with 
TKI to all the disease sites in patients with OM NSCLC 
can potentially delay the progression and improve 
survival.46 47 In addition, ablative doses of radiation to 
residual disease could evoke a systemic immune response 
and abscopal effects from altered tumour microenviron-
ment and systemic immune response. This may be espe-
cially true for EGFR-mutated NSCLC, which is relatively 
more sensitive to radiation.48 Selecting responders after 
a few cycles of TKIs helps in identifying patients with 
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favourable disease biology by excluding those with early 
disease progression.

Evidence for LCT in NSCLC without oncogene mutation
In OM NSCLC without EGFR or ALK mutation, the addi-
tion of LCT after initial standard therapy compared with 
maintenance treatment alone has significantly improved 
the PFS and OS in two phase II randomised studies. 
Gomez et al randomly assigned patients with one to three 
OM sites into LCT with standard maintenance therapy 
(SMT) versus SMT alone after completion of systemic 
therapy. After a median follow-up of 38.8 months, they 
reported that long-term outcomes, both PFS and OS, 
were in favour of the LCT arm (median PFS, 23.1 vs 14.2, 
p=0.017; median OS, 41.2 vs 17.0 months p=0.017).39 49 
Similarly, Iyengar et al randomised 29 patients with one 
to five OM sites into SMT alone versus stereotactic abla-
tive body radiotherapy (SABR) to all sites of gross disease 
followed by SMT. They also demonstrated a significant 
benefit in PFS with SABR 9.7 months versus 3.5 months 
(p=0.01).50 Both reported no additional grade 3 or higher 
toxicities. Palma et al also compared SABR in addition to 
standard of care (SOC) vs SOC alone in one to five meta-
static sites from different primary tumours (including 18 
patients with NSCLC) and demonstrated improvement 
in OS.33 In subgroup analysis limited to lung primary, 
improvement in OS with SABR was maintained. There 
are various other studies that have shown that local RT 
in addition to the standard systemic treatment showed a 
greater benefit when compared with systemic treatment 
alone.

Evidence for LCT in NSCLC with oncogene mutation
There are at least two retrospective studies that have eval-
uated the role of LCT in addition to TKI alone. Hu et 
al evaluated 231 patients with OM lung adenocarcinoma 
with one to five sites of OM (confined to one organ) 
who received the first-generation TKI alone or TKI plus 
LCT with an interval of ≤3 months between them. They 
showed an improvement in PFS from 10 to 15 months 
(HR=0.6, p=0.000) and in OS from 21 to 34 months 
(HR=0.59, p=0.001).46 Multivariate analysis revealed LCT 
as an independent prognostic factor for PFS and OS. 
Similarly, Xu et al evaluated 145 patients with OM disease 
with EGFR mutations treated with TKI alone versus those 
who received LCT in the form of radiotherapy, surgery 
or both. They also reported a better median PFS (20.6 
vs 13.9 months; p<0.001) and median OS (40.9 vs 30.8 
months; p=0.001) in favour of the group that received 
LCT.47 Another small study by Elamin et al (n=12) also 
showed improved PFS with LCT when compared with 
first-line TKI alone (p=0.002).51

Although the role of local consolidative therapy using 
SBRT for OM NSCLC has been evaluated in phase II 
randomised studies, they did not specifically evaluate 
its role in patients with oncogene driver mutation. The 
patients with driver mutations are distinct in many ways 
from those without driver mutations and are listed below:

1.	 Patients with driver mutations have a long and sus-
tained response to TKI alone compared with the 
non-driver mutated patient’s response to systemic 
chemotherapy, and thus have favourable PFS and OS. 
Therefore, the addition of LCT may not provide sig-
nificant benefit with an already effective therapy, while 
the patients live longer and may experience long-term 
side effects from the addition of LCT, introducing a 
true equipoise and the need for such a study.

2.	 Patients with driver mutations on TKIs have a propensi-
ty to initially progress at the known sites of the disease, 
whereas those without driver mutations experience 
higher rates of distant failure as their first progression 
after systemic chemotherapy and are known to have fa-
vourable outcomes compared with those without driv-
er mutations using TKI alone.

3.	 EGFR-mutated tumours are known to be relatively 
more radiosensitive compared with those without any 
driver mutations and therefore may benefit from the 
addition of LCT.

Hence, we initiated this phase II randomised controlled 
trial (RCT) comparing TKI alone versus TKI plus local 
consolidative radiation therapy (LCRT) to one to five 
sites of OM NSCLC with EGFR and ALK mutations 
(CTRI/2019/11/021872) with the hypothesis that 
patients receiving local consolidative therapy along with 
TKI will have superior median PFS compared with those 
receiving TKI alone.

MATERIAL AND METHODS
This study is designed as a single-institution, open-
label, phase II RCT, approved by the institutional ethics 
committee (Project No. 3338). All patients with NSCLC 
with positive oncogene mutation (EGFR and ALK) and 
≤5 sites of OM will be screened for this study. If eligible, 
patients will be screened for the study at diagnosis; 
however, they would undergo randomisation only after 
a minimum of 2 months and a maximum of 4 months 
of TKI therapy. Only those patients with progressive 
disease based on clinical and imaging criteria (RECIST 
(Response Evaluation Criteria In Solid Tumours) version 
1.1) would become ineligible for the study.

Eligible patients will be educated about this study in 
their native language by the investigators and will be given 
an institutional review board (IRB)-approved informed 
consent document (online supplemental file 1). For 
biological samples and radiological image analysis, addi-
tional consent will be taken (online supplemental file 1). 
After written informed consent is provided, patients will 
be randomised between the standard arm—TKI aloneand 
the interventional arm—TKI plus LCRT (figure  1). 
Patients will be randomised on a 1:1 basis using stratified 
block randomisation with a computer-generated random 
sequence. Randomisation will be done by an indepen-
dent statistician from the Clinical Research Secretariat 
Department. This study hypothesises that the addition of 
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LCRT in the form of SBRT to all sites of OM (≤5) will 
improve the outcomes compared with TKI alone.

Patient and public involvement
Patients or the public were not involved in the design, 
or conduct, or reporting, or dissemination plans of our 
research.

The end points of this phase II RCT are as follows.

Primary end points
1.	 To compare the median PFS between the two study 

groups where the PFS is defined as the duration be-
tween the date of randomisation and the date of pro-
gression or death whichever is earlier and patients will 
be censored at their last follow-up .

Secondary end points
1.	 To compare the OS between the two study groups 

where OS is defined as the duration between the date 
of randomisation and the date of death, irrespective of 
the cause of death where patients are censored at their 
last follow-up if alive.

2.	 To evaluate LC rates of the treated sites with LCRT.
3.	 To evaluate the differences in the patient-reported out-

comes using European Organization for Research and 
Treatment of Cancer Quality of Life Questionnaire - 
Core (EORTC QLQ-C30) and its Lung Cancer (LC13) 
Module questionnaires between the two groups.

4.	 To compare treatment-related toxicity between the two 
study groups using National Cancer Institute Common 
Toxicity Criteria version 5.0.

Radiomics end points
1.	 To evaluate the textural features of all metastatic 

and primary disease sites using the TexRAD software 
(TexRAD, Cambridge UK).

2.	 To evaluate the differences in the textural features 
between pretreatment and post-treatment images in 
both the groups and correlate with various survival 
outcomes.

Translational end point
To capture and measure the circulating tumour cells 
(CTCs) in the blood sample at the time of randomisation 
and 3, 6 and 12 months after treatment completion, and 
their correlation with the survival outcomes.

Inclusion criteria
1.	 Age >18 years.
2.	 Eastern Cooperative Oncology Group (ECOG) PS of 

0–2.
3.	 Pathologically proven diagnosis of NSCLC with onco-

gene driver mutation (EGFR or ALK).
4.	 Patients who have received at least 2 months but not 

more than 4 months of TKI therapy without disease 
progression.

5.	 At least one site of distant metastases but not more 
than five sites of metastatic disease (≤3 metastatic le-
sions in one organ will be eligible) excluding primary 
tumour and regional nodes.

6.	 Suitable for LCRT.
7.	 For women with childbearing potential, negative se-

rum or urine pregnancy test within 14 days of study 
randomisation.

8.	 Signed written informed consent form.

Exclusion criteria
1.	 Progressive disease after an initial 2–4 months of TKI 

therapy.
2.	 ≥3 metastatic lesions in one organ.
3.	 Not suitable for LCRT.
4.	 Not suitable for continuation of TKI therapy due to 

toxicity at the time of randomisation.
5.	 Patients with a history of RT to the thorax.
6.	 Patients with second malignancy (synchronous or 

metachronous).
7.	 Severe, active comorbidity defined as follows:

1.	 Unstable angina and/or congestive heart failure re-
quiring hospitalisation within the last 6 months.

2.	 Transmural myocardial infarction within the last 6 
months.

3.	 Chronic obstructive pulmonary disease exacerba-
tion or other respiratory illness requiring hospital-
isation or precluding study therapy at the time of 
registration.

8.	 Pregnancy confirmed using a urine pregnancy test or 
beta-human Chorionic Gonadotropin (hCG) levels.

Patients would be considered eligible in the following case 
scenarios provided the patient has ≤5 sites of metastases at 
the time of diagnosis
1.	 At the time of diagnosis or during the initial TKI thera-

py, if symptomatic osseous metastasis requires surgical 
decompression or stabilisation and receives palliative 
RT, or receives palliative RT alone, such a patient will 
be eligible for the study, provided the treated site is 
controlled. The treating radiation oncologist (RO) will 
decide the dose of the subsequent course of RT for the 
treated site.

Figure 1  Study schema. ALK, anaplastic lymphoma 
kinase; EGFR, epidermal growth factor receptor; LCRT, local 
consolidative radiation therapy; NSCLC, non-small cell lung 
cancer; OM, oligometastases; PFS, progression-free survival; 
PS, performance status.
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2.	 At diagnosis or before randomisation, if the patient 
presented with one to three symptomatic brain metas-
tases and underwent surgical resection or whole-brain 
RT with boost or SRS, such a patient will be eligible for 
the study.

3.	 Patients with a complete radiographic resolution of 
pleural effusion (PE) after receiving initial TKI ther-
apy on a response assessment CT scan would become 
eligible for participating in the study.

Prerandomisation assessment
All eligible patients would undergo response evaluation, 
as per institutional policy, after the initial 2–4 months of 
TKI therapy, which includes a thorough clinical history 
and physical examination, PS assessment, contrast-
enhanced CT (CECT) of the thorax and abdomen 
(positron emission tomography (PET)-CECT preferable 
but not mandatory for study requirements), MRI of the 
brain with gadolinium contrast if not done at baseline 
and pulmonary function test. Patients who do not have 
progressive disease according to RECIST version 1.152 on 
the response assessment CT scan will remain eligible for 
this study and will be recruited after obtaining written 
informed consent. Patients will then be randomly assigned 
with a 1:1 allocation to either study arms. Patients will be 
stratified for the number of OM sites (1–3 vs 4–5), PS (0–1 
vs 2) and the presence or absence of brain metastases.

Primary and OM site assessment
The regional node for NSCLC includes hilar, mediastinal 
and supraclavicular nodes as mentioned in the Interna-
tional Association of Study for Lung Cancer staging guide-
lines.53 The feasibility of primary and nodal disease for 
LCRT will be decided by the treating RO as per the insti-
tutional policy in the same manner as in locally advanced 
NSCLC. The total number of distant metastases and the 
number of metastases in organs involved with metastases 
would be confirmed by the institutional radiologist in a 
multidisciplinary joint clinic. Biopsy confirmation of the 
involvement of metastatic site(s) is desired but not manda-
tory. The involvement of the adjacent vertebrae by direct 

extension would be counted as one and not two sites of 
OM. A final decision regarding the status of the indeter-
minate parenchymal lung nodule(s) or other metastatic 
sites, detected on baseline imaging, will be taken based 
on the response imaging before randomisation in a multi-
disciplinary joint clinic.

STUDY ARMS
TKI alone (standard arm)
After randomisation, all patients in this arm will continue 
the same TKI drug as started at the time of initial treat-
ment in both the arms. Standard doses of appropriate 
TKIs will be given as per the institutional policy and 
will continue until progression or toxicity precludes its 
further use. Patients with symptoms from the primary or 
the metastatic sites will remain eligible to receive pallia-
tive RT as per the current institutional standard of care.

TKI plus LCRT (interventional arm)
Patients will receive LCRT to all the OM sites and the 
primary disease and to the involved regional lymph nodal 
regions along with the ongoing TKI. All patients will start 
LCRT within 4 weeks of randomisation. If any of the OM 
sites have a CR or the lesion is too small in size for RT 
planning and dose delivery, then that lesion will not be 
treated with LCRT and will be observed. A separate log 
of such sites will be kept for further analysis. Immobili-
sation, contouring and planning will be done as per the 
institutional guidelines for SBRT. A list of acceptable dose 
fractionation regimens of LCRT for primary and OM 
sites is given in table 1. Deviation from these dose guide-
lines is not preferable until deemed necessary by the RO 
depending on individual case scenarios.

Primary and nodal disease
Total radiation dose and fractionation for each site would 
be decided by the treating RO depending on the extent 
of the primary tumour and organs at risk. The primary 
tumour without any nodal involvement will be treated 
with SBRT with doses depending on the location as given 

Table 1  Suggested local consolidative radiation therapy doses according to oligometastatic sites

Site Location Dose per fraction (Gy) Number of fractions Total dose (Gy) Frequency

Lung Peripheral 12 5 60 Alternate day

Central 7.5 8 60 Alternate day

Ultra-central 5 10 50 Daily

Bone Spine 8–12 or 24 3–2 or SF 24 Alternate day

Non-spine 7 5 35 Alternate day

Brain Single lesion 18–24 1 18–24 Single

1–3 lesions 18–24 or 5 1 or 10 18–24 or 50 Daily

Adrenal Any 7 - 10 5 35–50 Alternate day

Liver Any 7 - 10 5 30–50 Alternate day

SF, Single fraction.
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in table 1. Primary along with the nodal disease will be 
treated with 40–55 Gy in 16–22 fractions—2.5 Gy per frac-
tion delivered one time per day and 5 days in a week.

Data collection and safety monitoring
All the data collected will be uploaded in a restricted access 
database (REDCap) in a password-protected file. Data will 
be available to the principal and coprincipal investigators 
and to the statistician team. The study will be monitored by 
the Data and Safety Monitoring Committee of the hospital 
at regular intervals. All toxicities, treatment interruptions, 
or discontinuation and protocol deviations will be recorded 
and informed to the IRB as specified by the institutional 
guidelines. Treating ROs can discontinue or withhold the 
treatment whenever deemed necessary if the patient has 
significant toxicities or in life-threatening clinical scenarios. 
Trial modifications/amendments will be informed to IRB 
and study sponsors, and will be uploaded in the Clinical Trials 
Registry—India.

Follow-up evaluations
Patients undergoing LCRT will be reviewed one time per 
week during RT sessions and at LCRT completion for acute 
toxicity. Patients will be called for first follow-up assessment 
at 3 months after completion of LCRT. All patients will be 
followed up every 3-monthly for the first 2 years and then 
6-monthly afterwards until 5 years and thereafter annually 
(table 2). Adherence to study treatment and follow-up will 
be ensured by allowing easy access to investigators and study 
staff members. Any serious toxicity during treatment and at 
follow-up will be documented, informed to IRB, managed 
appropriately and will be followed up till resolution. Follow-up 
imaging with CECT of the disease sites will be done at every 
follow-up. PET-CT will be requested if there is a clinical 
suspicion of disease recurrence or in patients where CECT 
is unable to differentiate between treatment-related changes 
and recurrence. For patients with brain metastases, response 
evaluation MRI will be done at 3 months and then only on 
clinical suspicion for neurological progression. Progression 
will be assessed at follow-up imaging using RECIST criteria by 
an experienced radiologist. Quality of life (QOL) question-
naires after baseline will be given at 3, 6 and 12 months.

Treatment after progression
At progression in both arms, patients will be treated as per 
institutional policy and individual case scenarios. Repeat 
biopsy of the progressive or new metastatic site, if feasible, 
will be done for the detection of resistant mutations. Osim-
ertinib will be offered if T790M mutation is detected, and for 
all other patients, systemic therapy will be offered. Higher 
generation ALK-directed TKI will be started if affordable; 
otherwise, systemic therapy would be offered. For patients 
with oligoprogression, ablative therapy like SBRT, surgery or 
RFA will be used. After ablative therapy for the oligoprogres-
sive disease site, whether the same TKI will be continued or 
changed will be decided by the treating medical oncologist.

Statistical analysis
To prove the hypothesis of improved PFS from 10 months in 
the TKI alone standard arm to 17 months in the LCRT plus 
TKI arm for this phase II study, we need a sample size of 101 
patients to detect this difference with 80.0% power and a one-
sided alpha of 5% at a 0.05 significance level (HR of 0.5882). 
Assuming a 5% attrition rate, the total sample size will be 
106—53 in the standard arm and 53 in the interventional 
arm. The median PFS of 10 months in the standard arm is 
based on various studies,7–9 26 whereas that of the LCRT plus 
TKI arm of 17 months is based on two retrospective studies of 
Hu et al and Xu et al.46 47 We intend to accrue 25–30 patients 
per year; hence in 4 years, we aim to complete the accrual 
of 106 patients with a minimum follow-up of 18 months. All 
patients will be followed until death or the end of this study 
whichever is earlier.

Descriptive statistics will be used to display demographic 
data, and a χ2 test would be used to evaluate the balance 
of various patient and tumour characteristics in both the 
arms. PFS and OS will be calculated by the Kaplan-Meier 
method in an intention-to-treat analysis, and compar-
ison between arms will be made using the log-rank test. 
Univariate analysis will be performed by comparing 
groups with the log-rank test, and multivariate analysis 
will be performed using the Cox-proportional hazards 
model. Treatment-related adverse events’ frequency and 
severity would be reported using descriptive statistics. The 

Table 2  Follow-up visits and procedures

Assessment
Initial before 
randomisation

First follow-up at 3 months 
(±2 weeks)

Thereafter every 3 months 
(±2 weeks) till 2 years

After 2 years, 6 months 
(±4 weeks) until 5 years

Physical examination + + + +

Performance status + + + +

Assessment by RO + + + +

CECT (T+A+P) + + + +

Toxicity + + + –

MRI of brain + As indicated As indicated As indicated

PET-CT Not required 
(preferred)

Not required As indicated As indicated

EORTC QLQ C30 + + + (At 6 months and 12 months) –

CECT (T+A+P), contrast-enhanced CT of thorax, abdomen and pelvis; PET, positron emission tomography; RO, radiation oncologist.



7Tibdewal A, et al. BMJ Open 2021;11:e041345. doi:10.1136/bmjopen-2020-041345

Open access

patient-reported outcome of QOL would be analysed 
according to EORTC guidelines. A p value <0.05 will be 
considered statistically significant. Statistical analyses will 
be performed using SPSS V.24.0.

Ethics and dissemination
The study is approved by the Institutional Ethics Committee 
of Tata Memorial Centre, Mumbai (TMC IRB project 
number 3338). This study is registered prospectively with 
Clinical Trials Registry —India, CTRI/2019/11/021872, 
dated 5 November 2019. All eligible participants will be 
provided with a participant information sheet and will be 
required to provide written informed consent for partici-
pation in the study. The study results will be presented at a 
national/international conference and will be published 
in a peer-reviewed journal.

Radiomics aspect of the study using texture analysis
Heterogeneity is a well-known feature of malignancy and 
is associated with poor tumour biology just as differentia-
tion in grading tumours in histopathology. Heterogeneity 
could be present between the different metastatic lesions 
and primary tumours within the same patient. It has also 
been reported that heterogeneity represents changes in 
the tumour macroenvironment and microenvironment. 
Image analysis can be performed using whole tumour or 
segments of the tumour, and multiple imaging features can 
be extracted using different platforms. Texture analysis (TA) 
evaluates the distribution of grey levels, coarseness and regu-
larity. Recently, image analysis using CT, MRI or PET-CT has 
been used for differentiating between benign and malignant 
lesions, prediction of treatment response and prognostica-
tion of tumours.54–56 In this study, TA will be performed on 
all the OM sites, including primary disease at baseline and at 
first follow-up. First-order and second-order statistics of the 
extracted features and clinical characteristics will be tested for 
their correlation with clinical end points of PFS, OS and LC. 
This analysis will be done as a substudy of the main project.

Circulating tumour cells
CTCs are cells that have detached from the primary tumour 
and shed into the circulation. CTCs may home into distant 
organs and give rise to metastasis as per the seed and soil 
theory.57 It has been reported that CTC count can be used as 
a prognostic and predictive biomarker.58 Recent studies have 
validated the importance of CTC count in determining the 
prognosis and predicting the disease recurrence early even 
when it is occult on radiology.59 60 A higher CTC count at 
baseline and its persistent presence in blood during follow-up 
assessment are often associated with poor prognosis in 
NSCLC.59 61 Longitudinal monitoring of CTCs in blood at 
follow-up assessment could guide us in assessing tumour 
biology, tumour recurrence and treatment at progression. In 
this study, blood samples will be collected at baseline and 3, 
6 and 12 months.

Quality assurance
All patients in arm 2 will be treated after a strict and robust 
quality assurance protocol adopted at the host institute. The 

following requirements will be ensured before the treatment 
of the individual metastatic site or primary disease:
a.	 Peer review of contouring of each treatment site be-

tween the ROs AT, JPA and NM.
b.	Peer review of treatment plans for target coverage and 

organs at risk doses by another RO and physicist.
c.	 All the verification images of cone-beam CT will be ver-

ified online as well as offline during the radiotherapy 
treatment audit.

Confidentiality
Study participants’ names and personal information will be 
held in strict confidence and will not be shared publicly. 
Participant details in case record forms, safety reports and 
correspondence to IRB will be done with the study identifica-
tion number and participants’ initials. Study investigators will 
maintain a master list with participants’ identification details.

Data sharing statement
Deidentified participant data from this study will not be 
shared publicly; however, the full protocol will be published 
along with the primary analysis of the outcomes.

DISCUSSION
TKIs have resulted in a marked improvement in PFS and OS. 
Even then, nearly half of them relapse at the already known 
sites of disease and approximately 20%–30% become ineli-
gible for second-line systemic therapy due to several reasons. 
In selected patients with OM (≤5 sites), SBRT was offered to 
the OM sites in two phase II RCTs which showed a benefit in 
PFS and OS in favour of LCT after the initial systemic therapy. 
In the study by Gomez et al, 8 of 49 patients had positive onco-
gene mutation and were associated with an improvement 
in PFS (p=0.012). In contrast, the study by Iyengar et al had 
excluded patients with EGFR or ALK driver mutations.

Currently, there is one phase II RCT by Gomez et al that is 
recruiting patients with OM with sensitising EGFR mutations 
and is expected to complete by January 2022. They are using 
osimertinib as TKI either upfront or after progression with 
first-generation or second-generation TKI. Their primary 
end point is PFS. Another one is phase III RCT from China, 
recruiting patients for first-line TKI with or without SBRT in 
≤5 OM sites with EGFR mutations. The primary end point 
is PFS. In this study, we will be taking only synchronous OM 
NSCLC with oncogene mutations treated with different TKIs. 
Osimertinib is costly for the majority of our patients

We faced certain challenges while designing the study 
protocol in our settings. First, the number of sites to be 
considered as the OM disease was not clear in the literature. 
We took ≤5 sites as the OM state, else the numbers required 
for the protocol would have been difficult to achieve. In addi-
tion, a consensus report defined the OM state as ≤5 sites, and 
≤3 lesions per organ further support our decision.62 Second, 
PE is a common feature in metastatic NSCLC, especially in 
patients with oncogene mutations.63 64 RECIST guidelines 
classify PE as a non-measurable disease.52 There is no clear 
guideline to suggest whether PE should be classified as an 
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OM site or not. For this study, we have considered PE as a 
separate entity, and only those patients where the effusion 
completely resolves would be considered eligible. Third, the 
majority of patients who present with symptomatic primary 
disease, bone or brain metastases are treated with palliative 
(non-ablative doses) radiation even before the results of 
oncogene mutation status are available. In such patients, it 
may become difficult later to account for the doses received 
initially while planning the LCT. Fourth is the inherent chal-
lenges associated with the detection of OM using CECT scan 
as PET-CT is currently not the standard staging investigation 
for metastatic NSCLC.

A single-centre study has its own advantages and disadvan-
tages. The advantages are reduced cost of conducting the 
study, ease of conducting it, better control over the quality 
assurance of the radiotherapy process and the uniformity 
of patient management decisions. The disadvantages of a 
single-centre study are difficulty in timely recruitment of the 
patients and generalisation of the study results as compared 
with the multicentric study design. Nevertheless, given the 
large number of new patients registered with metastatic 
NSCLC at our institution, we are hopeful of finishing accrual 
as planned (25–30 patients per year: 4 years for completing 
recruitment). The study has sought funding from various 
governmental organisations as well as philanthropic entities 
and is currently under process.
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