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Introduction

Over the past decade, targeted therapy for lung cancer 
has been a major breakthrough in the field of lung cancer 
treatment. Several significant achievements have been made 
in lung cancer research, and the survival of non-small cell 
lung cancer (NSCLC) patients with sensitive mutations has 
been significantly prolonged (1-7). However, patients with 
brain metastases from NSCLC with sensitive mutations 
have been difficult to manage and have become a hot topic 
in this field over the past decade (1-7). In the meantime, due 
to inconsistent results from various studies and different 
understandings across disciplines, there are many opinions 
on exact management of NSCLC brain metastases. The 

contention is most prominent between medical oncology 
and radiotherapy oncology, causing much confusion to 
clinicians in the field. In this article, the relevant literatures 
were summarized and combined with the authors’ own 
points of view to provide reference for clinical treatment.

What kind of treatment modes are currently 
available?

Treatment mode currently recommended by medical 
oncology

Since the first-generation tyrosine kinase inhibitors 
(TKIs), brain metastases of lung cancer have been the 

Review Article

Treatment modes for EGFR mutations in patients with brain 
metastases from non-small cell lung cancer: controversy, causes, 
and solutions

Hongqing Zhuang1, Siyu Shi2, Joe Y. Chang3

1Department of Radiation Oncology, Peking University Third Hospital, Beijing 100191, China; 2Stanford University School of Medicine, Stanford, 

CA, USA; 3Department of Radiation Oncology, Division of Radiation Oncology, the University of Texas MD Anderson Cancer Center, Houston, 

TX, USA

Contributions: (I) Conception and design: H Zhuang; (II) Administrative support: H Zhuang; (III) Provision of study materials or patients: None; (IV) 

Collection and assembly of data: H Zhuang, S Shi; (V) Data analysis and interpretation: All authors; (VI) Manuscript writing: All authors; (VII) Final 

approval of manuscript: All authors.

Correspondence to: Hongqing Zhuang. Peking University Third Hospital, 49 North Garden Road, Haidian District, Beijing 100191, China.  

Email: hongqingzhuang@163.com.

Abstract: Brain metastasis from non-small cell lung cancer (NSCLC) with epidermal growth factor 
receptor (EGFR) mutations is a hot research topic, but also a difficulty in targeted NSCLC therapy, and 
is also the focus of controversy in the field of lung cancer treatment. According to medical oncology, 
asymptomatic patients were initially treated with targeted therapy, followed by local radiotherapy when 
symptoms present or disease progresses. However, from the perspective of the discipline of radiotherapy, 
brain metastases need to be treated before drug resistance, as it may affect survival. Controversies between 
disciplines have brought much confusion to the treatment choices of clinicians. We summarized and 
discussed relevant literatures in this article to seek the truth in providing reference in clinical practice for 
treating diseases and solving problems.

Keywords: Brain metastasis; epidermal growth factor receptor mutation (EGFR mutation); non-small cell lung 

cancer (NSCLC); tyrosine kinase inhibitors (TKIs); radiotherapy

Submitted Mar 26, 2019. Accepted for publication Jun 17, 2019.

doi: 10.21037/tlcr.2019.07.03

View this article at: http://dx.doi.org/10.21037/tlcr.2019.07.03

531

https://crossmark.crossref.org/dialog/?doi=10.21037/tlcr.2019.07.03


525Translational Lung Cancer Research, Vol 8, No 4 August 2019

© Translational lung cancer research. All rights reserved.   Transl Lung Cancer Res 2019;8(4):524-531 | http://dx.doi.org/10.21037/tlcr.2019.07.03

focus of treatment. It is undeniable that TKIs have the 
advantages of low molecular weight, lipid/water ratio 
and good permeability (8-11), achieving exciting results 
in brain metastases when compared to traditional drug 
treatment. It also has played a key role in promoting the 
treatment of brain metastases with sensitive mutation. 
There are several phases I–II studies conducted when 
TKI debuted (12-15), but the study that really laid the 
foundation for this treatment mode was the CTONG0803 
study (16). In this study, patients with epidermal growth 
factor receptor (EGFR) mutations and those without 
mutations were treated with TKI, and the results showed 
that the progression-free survival (PFS) of patients with 
brain metastases from NSCLC with EGFR mutation was 
significantly longer than that of patients without EGFR 
mutation. This study suggested that TKI can be used as a 
standard treatment for patients with asymptomatic brain 
metastases from NSCLC with EGFR mutations. After 
that, Professor Wu published an article in lung cancer (17), 
suggesting that lung cancer patients with brain metastases 
with slow local progression should be considered for 
local treatment (including radiotherapy), and he formally 
raised the issue of treatment mode for lung cancer. After 
medical oncology initiated the discussions around the use 
and importance of radiotherapy for brain metastases from 
lung cancer in the era of targeted therapy, research on 
radiotherapy in medical oncology is still under progress. 
In 2016, an article on TKI alone or combined with whole 
brain radiotherapy (WBRT) was published in the Journal 
of Thoracic Oncology (18), and the results suggested that 
radiotherapy could not increase the local control of brain, 
and showed no improvement in the survival of patients. 
In 2017, the brain study (19) was published in the Lancet 
Oncology, and the results showed that compared with WBRT 
combined with chemotherapy, the efficacy of TKI was 
significantly superior. Although there are limitations in this 
study and the treatment modes of the two groups were not 
balanced, the efficacy of radiotherapy according to this study 
and other previous studies were put into questions again. In 
2016, the conclusion of QUTARZ study (20) published in 
the Lancet Oncology suggested that WBRT did not benefit 
the local control and survival. Although this study did not 
involve TKI therapy, the status of radiotherapy was further 
weakened in the era of TKI-targeted therapy. Radiotherapy 
did not improve local control and the survival, and can 
even affect cognitive functions. Many studies (21,22) have 
suggested that WBRT may significantly increase the risk of 
cognitive impairment in patients, further casting doubts on 

brain radiotherapy in the medical oncology community.
In conclusion, a series of research results have led to 

the formation of treatment mode in medical oncology. 
The viewpoint of medical oncology is that the symptoms 
and the progression are used as indications and criteria 
for local therapy, where in the absence of symptoms, local 
radiotherapy especially WBRT may increase the suffering 
of patients due to overtreatment. At the same time, some 
previous studies have shown that radiotherapy did not 
improve local control or quality of life of patients, and could 
not prolong survival of patients. Therefore, in the era of 
TKI, for patients with asymptomatic brain metastases, drug 
treatment should be used initially, followed by radiotherapy 
when symptoms present or disease progresses. This has 
become the mainstream opinion in medical oncology and 
the principle in clinical practice (Table 1).

Treatment mode currently recommended by radiotherapy

Different from the viewpoint of medical oncology, the 
discipline of radiotherapy has also performed some research 
on this topic. There has been no prospective study result 
on this issue from the discipline of radiotherapy so far. 
Although lacking results from randomized clinical trials 
(RCTs), clinical retrospective study based on the real world 
can still provide important evidence. Moreover, radiotherapy 
and TKI may have combined effects, which is supported 
by theoretical basis for improving efficacy (29). Meanwhile, 
previous studies also showed that the toxicity due to the 
combination treatment can be well tolerated (30,31). In 
2016, an article that compared TKI alone to TKI combined 
with brain radiotherapy was published in the International 
Journal of Radiation Oncology Biology and Physics (23),  
and the results showed that radiotherapy combined with 
TKI significantly prolonged patient survival. Similarly, 
Professor Magnuson WJ conducted a multicenter analysis 
with six centers in 2017, and the results showed that TKI 
combined with either WBRT or stereotactic radiosurgery 
(SRS) significantly improved patient survival (24).  
Doherty et al. (32) and Robin et al. (33) also showed that 
brain radiotherapy combined with TKI could significantly 
improve patient survival and local control.

Interestingly, Professor Wu’s AURA3 study on brain 
metastases published in the Journal of Clinical Oncology 
in 2018 (25) showed that in the osimertinib group, brain 
radiotherapy treatment within six months before osimetinib 
was associated with longer survival compared to no brain 
radiotherapy. At the World Congress on Lung Cancer  
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Table 1 List of studies involving controversy over treatment modes 

First author Date Journal
Prospective or 
retrospective 

Radiotherapy combined 
with TKI mode

Efficacy comparison
Value of  
radiotherapy

Jiang T (18) 2016 J Thorac Oncol Retrospectively TKIs vs. TKIs + WBRT TKIs vs. EGFR TKIs plus WBRT: 
iPFS, PFS, OS had no difference

No benefit

Yang JJ (19) 2017 Lancet Respir 
Med

Prospective Icotinib vs. whole-brain 
irradiation

Icotinib was associated with  
significantly longer intracranial PFS 
than WBI plus chemotherapy

No benefit

Magnuson  
WJ (23)

2017 J Clin Oncol Retrospectively TKIs vs. TKIs +  
WBRT/SRS

SRS followed by EGFR-TKI  
resulted in the longest OS

Benefit

Magnuson  
WJ (24)

2016 Int J Radiat  
Oncol Biol Phys

Retrospectively TKIs vs. TKIs +  
WBRT/SRS

SRS followed by EGFR-TKI  
resulted in the longest OS

Benefit

Wu YL (25) 2018 J Clin Oncol Prospective Osimertinib vs.  
osimertinib + radiotherapy

ORR: 64% vs. 34% Maybe benefit  
(no statistics)

Yang Z (26) 2018 J Thorac Oncol Prospective WBRT vs. WBRT + TKIs TKI does not improve intracranial 
control

TKI had no  
benefit

Xu Q (27) 2018 J Thorac Oncol Prospective radiotherapy after or  
before TKI resistance

Median OS and PFS were  
significantly improved

Benefit

Weickhardt  
AJ (28)

2012 J Thorac Oncol Retrospectively radiotherapy after TKI 
resistance

Median PFS after radiotherapy was 
6.2 months

Benefit

TKI, tyrosine kinase inhibitor; WBRT, whole brain radiotherapy; EGFR, epidermal growth factor receptor; iPFS, intracranial progression-
free survival; PFS, progression-free survival; OS, overall survival; WBI, whole brain irradiation; SRS, stereotactic radiosurgery; ORR, overall 
response rate.

2018 (26), a clinical study compared TKI with brain 
radiotherapy, and the results showed that TKI combined 
with WBRT did not benefit patients when compared with 
WBRT alone. The negative results poured cold water on 
targeted therapy combined with brain radiotherapy in 
the era of TKI. In 2018, American Society for Radiation 
Oncology (ASTRO) (34) reported that for patients with 
advanced cancer, local radiotherapy including radiotherapy 
for brain metastases also achieved encouraging results. 
Therefore, theoretically, no matter the site of local 
treatment, local treatment can increase local control, 
alleviate local symptoms, and potentially increase the depth 
of systemic treatment, which in turn leads to prolonged 
patient survival (35). This has also been confirmed in the 
discipline of medical oncology (Table 1).

Although different studies have different results and 
opinions on the efficacy of radiotherapy (36,37), overall, 
contrary to a series of studies on medical oncology, the 
perspective of the discipline of radiotherapy is to treat the 
local lesions as early as possible, to kill them as soon as 
possible, to increase the depth of treatment, and to achieve 
the purpose of prolonged patient survival. This viewpoint 

and mode have widely influenced the discipline of oncology 
radiotherapy and has been implemented in clinical practice 
(Figure 1).

Currently, why different treatment modes have 
been developed?

Similar situations can be found in the history of 
controversy over treatment modes

Controversy over treatment modes has occurred based 
on different understandings of the different disciplines  
(Figure 1). But there is only one truth in clinical practice, 
i.e., the clinical treatment development is to seek the best 
outcome for patients rather than status of disciplines. In 
fact, there are always similarities in the history of medical 
development. Looking back to the history of the small cell 
lung cancer (SCLC) treatment (38,39), when platinum 
drugs achieved nearly breakthroughs in treatment effects, 
controversy over the status of radiotherapy developed. 
However, further studies found that even on the basis of 
platinum-based treatment, radiotherapy was also needed to 
further improve patient survival, and the results resolved the 
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Figure 1 Diagram of controversy over treatment modes for EGFR mutations in patients with brain metastases from NSCLC. TKI, tyrosine 
kinase inhibitor; EGFR, epidermal growth factor receptor; NSCLC, non-small cell lung cancer; SRS, stereotactic radiosurgery; WBRT, 
whole brain radiotherapy.

TKI for patients with brain metastases 
from EGFR mutation-positive NSCLC

Medical oncology 
treatment mode

Intracranial lesions 
SRS/WBRT

Intracranial lesions 
SRS/WBRT

Early radiotherapy 
is suspected of 
overtreatment

Early radiotherapy 
improve patient survival

After intracranial progression
Disease control ≥ 3 months;
intracranial progression;
symptom scored ≤ 1

Radiotherapy 
treatment mode

Before intracranial progression
Concurrent with TKI treatment;
before TKI resistance

controversy. Therefore, brain metastases from NSCLC with 
EGFR mutations also need to be further studied and more 
clinical data are needed to obtain a more optimal mode for 
disease treatment.

Radiotherapy research is about to disappear

Over the past decade, clinical research on targeted 
therapy has been emerging more and more rapidly, but 
at the same time, the discipline of radiotherapy has 
been dwindling (40). The number of clinical studies 
does not match the status of radiotherapy in cancer 
treatment, and there are many reasons for this. Firstly, 
radiotherapy is a downstream discipline, and it is usually 
not the first to diagnose and treat patients. Therefore, 
pharmaceutical companies mainly promoted clinical 
trials in medical oncology and surgical oncology, and 
thus radiotherapy gained less data. Secondly, compared 
with tremendous progression in drug therapy, the multi-
disciplinary collaboration in cancer therapy has not 
developed synchronously in the past decade, affecting 
the participation of radiotherapy in development 
of  new treatment modes.  Thirdly,  in the process 
of collecting data of clinical trials, having multiple 
treatment modalities can complicate patient follow-
up and data analysis. For this reason, the discipline of 
radiotherapy was divorced from the other disciplines. 

Therefore, over the past decade of targeted therapy with 
great breakthroughs in medical oncology treatment, 
radiotherapy research has relatively decreased in 
proportion. However, disease treatment in real world 
cannot be the same as clinical trials restricted and 
tailored to show treatment effects. The bias of clinical 
trials may also lead to bias in treatment. Drug therapy 
has brought tremendous progress in cancer treatment 
as well as imbalance in the development of disciplines. 
However, clinical practice should maximize the benefits 
of patients.

Let disciplines do their own work

When analyzing the c l inica l  tr ia l s  f rom medical 
oncology, some important studies on brain radiotherapy 
are not done by radiotherapists (18,19,25). Different 
disciplines have different understandings regarding 
the same problem, and thus the understanding of 
radiotherapy from medical or surgical oncology is 
not comprehensive, which may in turn affect patient 
enrollment and follow-up observations. The conclusions 
may not be consistent with cl inical  practice.  We 
emphasize the comprehensive treatment of cancer, but 
when we analyze treatment effects in research, it is 
better to include expertise in the field for the field under 
study. Therefore, studies on radiotherapy should be 
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designed and conducted by radiotherapists to draw more 
valuable and realistic conclusions. 

More personalized enrollment is needed in clinical research 
of radiotherapy

Brain metastases patients are usually divided into groups 
according to the number of metastases, regardless of 
disease or pathology (41-46). When combined with the 
development of molecular oncology of lung cancer, clinical 
trials need to study brain metastases not only from the 
perspective of radiotherapy, but also should combine with 
drug therapy to understand brain metastases and the rapid 
development of molecular pathology. Meanwhile, according 
to comprehensive factors such as gene mutation, general 
condition and graded prognostic assessment (GPA) score 
(GPA and Lung-Mol GPA) (36,47), more personalized 
enrollment should be conducted to draw valuable 
conclusions that are more consistent with clinical practice, 
which better guides the clinical treatment.

How to solve the current controversy over 
treatment modes, and how should we choose in 
clinical practice in the current situation?

The best solution is to carry out prospective clinical 
trials with multi-disciplinary efforts, and the truth needs 
time to explore and verify. But limitations regarding the 
disciplinary knowledge in reality can be avoided by a 
relatively reasonable treatment mode. Based on the current 
situation, multi-disciplinary participation is required 
to optimize for patients. The development of multi-
disciplinary team (MDT) mode is considered to be the 
most reasonable choice (48,49). MDT needs to formulate 
the guiding ideology and detailed treatment plan, as well 
as give feedback to patients, resulting in multi-disciplinary 
collaboration that benefits patients (Figure 2). Efforts 
need to be made to avoid disciplinary biases, institutional 
barriers and lack of executability and persistence on the 
development of MDT mode, thereby improving patient 
outcome.

Figure 2 MDT recommendation mode for EGFR mutations in patients with brain metastases from NSCLC. MDT, multi-drug therapy; 
EGFR, epidermal growth factor receptor; NSCLC, non-small cell lung cancer.
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What is the future of mode controversy?

The controversy over treatment modes of a disease between 
disciplines is not a new problem. With the breakthrough 
in treatment methods, the controversy over treatment 
modes often arises. In fact, controversy is beneficial for 
the development of disciplines and also for patients. The 
controversy of any discipline is periodic, and the imbalance 
of the development of any discipline is temporary. The 
controversy over clinical treatments is a part of the 
developmental process. It is the ultimate goal of every clinical 
trial and clinician to focus on the ultimate goal of solving 
problems and benefiting patients when the controversy 
between disciplines arises (27,28,50). At present, we should 
adopt a reasonable interdisciplinary collaboration mode of 
disease treatment and carry out further clinical trials in the 
long run to seek the truth. The controversy over treatment 
modes would certainly avoid the limitations of current 
disciplines and promote the development of disciplines in the 
future to better benefit patients. We also look forward to the 
bright future in the development of disciplines.

Conclusions

Brain metastasis from NSCLC with EGFR mutations 
is a hot and difficult research topic, and is also raising 
controversy in the field of lung cancer treatment. 
Controversies between disciplines have brought much 
confusion to the treatment choices of clinicians. We should 
adopt a reasonable interdisciplinary collaboration mode 
of disease treatment and avoid the limitations of current 
disciplines and promote the development to better benefit 
patients. Seeking truth, not status of a discipline, should be 
the real focus of development of disciplines.
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