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Introduction

Lung cancer is the leading cause of cancer-related death 
worldwide, accounting for 1.8 million deaths each year (1). 
Non-small cell lung cancer (NSCLC) represents 85% of all 
primary lung cancers (2). About 20% to 25% of NSCLC 
patients are diagnosed with locally advanced (LA) disease (3).  
For unresectable LA NSCLC patients with good 

performance status, concurrent chemoradiotherapy (CCRT) 
is currently recommended as standard treatment with 
5-year overall survival (OS) rates between 15–32% (4-6). 
Unfortunately, the survival outcomes of these patients seem 
to reach a plateau despite the use of newer chemotherapy 
agents, therefore, the optimal concurrent chemotherapy 
regimen has not yet been determined (7). The RTOG 
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0617 trial concluded the addition of cetuximab did not 
improve survival, and the standard radiation dose of 60 Gy 
was still better than 74 Gy (6). Moreover, consolidation 
chemotherapy is not recommended after standard CCRT 
due to no prognosis improvement of LA-NSCLC (8). In 
the phase III PACIFIC trial, treatment with durvalumab, 
a programmed cell death-ligand 1 inhibitor, significantly 
prolonged progression-free survival (PFS) in patients with 
LA NSCLC (9). However, patients with the epidermal 
growth factor receptor (EGFR) mutation probably 
benefited less from this treatment.

EGFR is a transmembrane glycoprotein that constitutes 
one of four members of the ErbB family of tyrosine 
kinase receptors. Binding EGFR to its ligands leads to 
autophosphorylation of receptor tyrosine kinase and 
subsequent activation of signal transduction pathways 
that are involved in regulating cellular proliferation, 
differentiation and survival (Figure 1) (10).

Tyrosine kinase inhibitors (TKIs) have revolutionized 
the treatment of stage IV NSCLC with harboring 

EGFR mutation and anaplastic lymphoma kinase (ALK) 
rearrangement. First-generation EGFR- and ALK-TKIs 
such as gefitinib, erlotinib, and crizotinib have been shown 
to significantly prolong PFS and double the overall response 
rate as compared with platinum-doublet chemotherapy 
(11-13). Meanwhile, a third-generation EGFR-TKI, 
osimertinib, has demonstrated improved PFS and even OS, 
over the previous generation of TKIs (14,15). Although 
these clinical trials included stage IIIB and stage IV patients, 
the proportion of stage IIIB patients was low.

Some studies suggest that the proportion of LA NSCLC 
harboring EGFR mutation is about 10–30% with the ALK 
rearrangement proportion being about 2–8% (16-18).  
Further studies discovered that, with the treatment of 
chemoradiotherapy (CRT), the PFS of these patients was 
significantly poorer than the wild-type EGFR patients, 
while the frequency of distant metastasis was higher (19-
21). Meanwhile, other research has reported a better OS 
rate in a EGFR-mutant group compared with that of a 
wild-type group, but the difference was not statistically 

Figure 1 Simplified signaling pathways activated by epidermal growth factor receptor.
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significant (19,22). 
Thus, what treatment constitutes the best opinion for 

unresectable LA NSCLC oncogene-harboring driven 
mutation remains unclear. It is possible that the that 
positive results for stage IV patients might extend to those 
with LA NSCLC. We here summarize the recent progress 
in research related to the efficacy of TKIs for unresectable 
LA NSCLC patients as well as ongoing trials including 
with ALK rearrangement. We present the following article 
in accordance with the Narrative Review Checklist (available 
at http://dx.doi.org/10.21037/tlcr-20-722).

EGFR-TKIs alone

A retrospective study compared the outcomes of TKIs and 
CCRT for stage IIIB lung adenocarcinoma patients with 
EFGR mutation (23). Hsia et al. collected the treatment 
information of 177 TKIs and 22 CCRT patients from 2011 
to 2015, yielding a 5-year OS rates in the TKIs and CCRT 
group of approximately 30% and 26%, respectively, but 
no statistically significant differences between the groups. 
Given the limited data, a definite conclusion cannot be 
drawn concerning whether the application of EGFR-
TKIs alone is a preferred treatment for EGFR-mutant LA 
NSCLC.

EGFR-TKIs and radiotherapy

Preclinical studies have shown that EGFR-mutant NSCLC 
cells have a predominantly radiosensitive phenotype, with 
gefitinib being capable of radiosensitizing tumor cells 
and erlotinib being capable of enhancing the cytotoxic 
effects of radiation, suggests that the TKIs could have 
a radiosensitizing effect (24-26). Several mechanisms 
have been identified in preclinical studies that can help 
improve local tumour control when treated with radiation 
plus TKIs. These include direct kill of cancer stem cells 
by TKIs, cellular radiosensitization through modified 
signal transduction, inhibition of repair of DNA damage, 
reduced repopulation and improved reoxygenation during 
fractionated radiotherapy (27). These facts provide a 
rationale to consider the application EGFR-TKIs with 
concurrent radiotherapy. In unselected patients, a series of 
9 unresectable stage III NSCLC patients were treated with 
a 2-week induction of gefitinib followed by gefitinib with 
concurrent definitive radiotherapy (28). The high incidence 
of pulmonary toxicity led to closure of the study, with only 4 
patients completing the planned treatment and experiencing 

partial responses; 3 of these 4 patients lived over 60 months 
without local recurrence, while only 2 them exhibited the 
sensitizing EFGR mutation, with both surviving over 5 
years. Furthermore, no more unexpected toxicity occurred 
during the treatment with gefitinib and radiotherapy. 
Additionally, Rothschild et al.’s study also confirmed the 
feasibility and tolerability of gefitinib in combination with 
definitely radiotherapy (29): no lung toxicity was found 
in 5 patients and adverse events were grade 1–2 skin and 
subcutaneous tissue toxicities.

RECEL (NCT01714908) was a randomized phase II 
trial, that aimed to compare erlotinib with radiotherapy 
versus etoposide–cisplatin with radiotherapy for EGFR-
mutated LA NSCLC. A total of 252 patients were screened, 
and 41 were eventually enrolled into 2 arms. Early results 
revealed that the erlotinib and radiotherapy arm had 
significantly improved PFS as compared to the CRT arm 
(27.86 vs. 6.41 months, hazard ratio 0.053, 95%, confidence 
interval 0.006–0.463, P<0.001) with same incidence of 
adverse effects being found in the 2 arms (Common 
Terminology Criteria for Adverse Events grade ≥1, 86.7%, 
13/15). The most common grade ≥3 severe adverse effects 
were rash (20%, 3/15) and hematological toxicity (26.7%, 
4/15) (30). Data is still being collected from the ongoing 
phase II WJOG6911L trial which is analyzing gefitinib with 
concurrent radiation (64 Gy/32 F) followed by gefitinib 
maintenance for up to 2 years in 27 patients with EGFR-
mutated unresectable LA NSCLC (31). For the EGFR-
mutated LA NSCLC patients, radiotherapy and the 
addition of EGFR-TKIs, rather than chemotherapy, have 
yielded positive and promising survival results.

EGFR-TKIs and CRT

In the early 2000s, EGFR-TKIs were evaluated in 
concurrent and maintenance settings in LA NSCLC. A 
phase I trial of erlotinib combined with CCRT failed to 
demonstrate the benefit of TKI addition (32). Patients 
received erlotinib only during CCRT. The survival results 
were disappointing in the unselected patients, and those 
with EGFR mutation also showed no significant OS 
difference. However, erlotinib was well tolerated and no 
additional radiation pneumonitis was observed. The SWOG 
S0023 trial also failed to prove any survival benefit (33).  
This phase III trial randomized 620 unselected LA 
NSCLC patients after CCRT and docetaxel consolidation 
to receive up to 5 years of gefitinib or placebo. Patients 
receiving gefitinib had unexpectedly decreased survival 
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compared with those receiving placebo (23 vs. 35 months, 
P=0.013). The gefitinib was well-tolerated and thus the 
disappointing survival results might not have resulted from 
treatment toxicity; rather, the poor outcome was ascribed 
to the lack of oncogene selection in patients. The CALGB 
30106 trial randomized 60 unselected patients to receive 
2 cycles of induction paclitaxel–carboplatin chemotherapy 
with concurrent gefitinib followed by gefitinib and 
definitive radiotherapy (66 Gy/33 F) in poor-risk patients 
(performance status 2 or weight loss ≥5%) or gefitinib and 
definitive radiotherapy plus weekly paclitaxel-carboplatin 
chemotherapy in good-risk patients (performance status 
0–1 or weight loss <5%), and gefitinib maintenance (34). 
Similar to the result of the SWOG S0023 trial, the survival 
of good-risk patients receiving CCRT plus gefitinib was 
disappointing and even worse than that of the poor-risk 
patients (13 vs. 19 months). Furthermore, no difference was 
found in median OS and PFS between the EGFR-mutated 
patients and the wild-type patients (8.5 vs. 15.3 months, 
P=0.8834; 6.7 vs. 11.4 months, P=0.8778’ respectively). 
Compared with historical data, acute high-grade infield 
toxicity was not increased.

The CALGB 30605/RTOG 0972 trial focused on poor-
risk patients who do not seem to benefit from standard 
CRT treatment (35). In the previous CALGB 30106 trial, 
poor-risk patients were defined as performance status 
2 or weight loss ≥5%, and the median survival reached 
an unprecedented 19 months (34). The CALGB 30605/
RTOG 0972 trial enrolled poor-risk patients who had 
either performance status 2 or performance status 0–1 and 
≥10% weight loss within 3 months. They received 2 cycles 
of induction nab-paclitaxel-carboplatin chemotherapy 
followed by erlotinib concurrently with radiotherapy  
(66 Gy/33 F). Molecular data were available for 31 out of 
75 patients. Unexpectedly, no EGFR-mutated patients 
were identified. Treatment-related adverse events were well 
tolerated. Grade 3 esophagitis was observed in 4 patients 
and pneumonitis in only 1 patient. The median PFS and 
OS were 11 and 17 months, respectively. The overall 1-year 
OS was 57%, which narrowly missed the prespecified target 
for significance.

The JCOG 0402 trial, however, achieved somewhat 
encouraging survival results, with a 73% objective response 
rate, 28.5 months median OS, and 65.4% 2-year OS (36). In 
this trial, 38 unselected patients received 2 cycles of induction 
vinorelbine-cisplatin chemotherapy followed by gefitinib 
(up to 1 year) and concurrent radiotherapy (60 Gy/30 F). 
Similar to the SWOG S0023 trial, gefitinib maintenance 

did not also increase the rate of pneumonitis. Erlotinib 
also obtained promising survival results in a phase II trial 
reported by Komaki et al. (37). In this trial, 46 unselected 
patients received 7 weekly cycles of paclitaxel-carboplatin 
chemotherapy (every Monday) concurrent radiation (every 
Monday through Friday, 63 Gy/35 F) and erlotinib (every 
Tuesday through Sunday), followed by 2 cycles of paclitaxel–
carboplatin consolidation chemotherapy after a 1-month 
break. Although median PFS time was 14.0 months (failing 
to meet authors’ hypothesis of 15 to 25 months), the median 
OS and 2-year OS satisfactorily reached 36.5 months and 
67.4%, respectively. These findings may suggest a potential 
survival benefit of TKIs, although the EGFR status was 
either unknown or wild type in all trials.

As it was realized that EGFR-TKIs were becoming 
more effective in patients with EGFR mutation, subsequent 
studies more rationally designed the treatment regimens 
according to EGFR mutation status. In a single-arm 
study, 62 EGFR-mutated stage III–IV patients received 4 
cycles of platinum-based doublet chemotherapy followed 
by radiotherapy (60 Gy/30 F) concurrent erlotinib, and 
erlotinib maintenance (38). Of the 62 enrolled patients, 37 
were in stage III and 12 were in stage IV. Median PFS was 
7.4 months, and OS was 12.9 months for stage III disease, 
with tolerable toxicity. Lee et al. conducted 2 parallel 
randomized phase II studies depending on EGFR mutation 
status (39). EGFR-mutated patients received 3 cycles of 
erlotinib first and were randomized to either erlotinib with 
concurrent radiation (60 Gy/30 F) followed by erlotinib for 
consolidation for 6 cycles or just CCRT with irinotecan-
cisplatin. The EGFR unknown or wild-type patients 
were randomized to receive either 3 cycles of irinotecan-
cisplatin before or after CCRT with irinotecan-cisplatin. 
Longer survival was observed in EGFR-mutated patients, 
with an excellent 74.8-month median OS, compared with 
a 25.3-month OS in EGFR wild-type patients (P=0.034). 
Brain metastasis was more common as the first relapse site 
in the EGFR-mutated patients compared to those with 
the EGFR wild-type or unknown mutations, which could 
may indicate that the addition of EGFR-TKI could better 
control the extracranial disease. 

The ongoing phase II LOGIK0902/OLCSG0905 trial 
is aimed at analyzing the survival results of 8-week gefitinib 
followed by docetaxel-cisplatin concurrent radiotherapy 
(60 Gy/30 F) in 21 patients with unresectable LA NSCLC 
harboring EGFR mutation (40). The ongoing phase II 
RTOG 1306 (NCT01822496) trial has randomized EGFR-
mutated patients to receive either erlotinib induction 
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for 3 months followed by CCRT or CCRT only. ALK-
rearrangement patients have also been randomized in 
this trial and are described in the next section. The phase 
III LAURA trial (NCT03521154) will evaluate CCRT 
followed by osimertinib consolidation in EGFR-mutated 
unresectable LA NSCLC, while the ongoing observational 
NCT04304638 trial is exploring the survival differences of 
3 treatment strategies (CRT, radiation plus EGFR-TKI, 
and EGFR-TKI only) based on the real-world data.

ALK-TKIs & CRT

Thus far, only 1 study protocol has begun to explore the 
treatment of unresectable LA-NSCLC harboring ALK 

rearrangement. As mentioned above, the ongoing phase II 
RTOG 1306 (NCT01822496) has also randomized ALK-
positive patients to receive either crizotinib induction for 
3 months followed by chemotherapy (either cisplatin/
etoposide or paclitaxel/carboplatin) plus concurrent 
radiotherapy (60 Gy/30 F) or CCRT only. The primary 
outcome measure is PFS, and the final results are highly 
anticipated.

The data and characteristics from all the published 
studies mentioned in this review are summarized in Table 1.

Conclusions

Currently, the use of TKIs is not recommended in 

Table 1 Study characteristics

Author or 
study

Type of trial
Patient 

numbers
Control 

arm
Chemotherapeutic 

agents
RT 

dose
TKI arm EGFR status

Median OS 
(months)  
TKI/CRT

Median PFS 
(months)  
TKI/CRT

P value

Hsia et al. 
(23)

Retrospective 
study

177 CRT Platinum-based che-
motherapy

≥50 Gy Gefitinib, 
erlotinib,  

or afatinib

EGFR- 
mutated

55% (3-year 
OS)

60%  
(3-year OS)

P=0.51

Okamoto  
et al. (28)

Phase I 9 N/A N/a 60 Gy Gefitinib 
+ RT

Predominantly 
wild-type

N/A N/A N/A

Rothschild 
et al. (29)

Phase I 14 N/A Cisplatin 63 Gy Gefitinib 
+ CRT

Unselected 12.73 6.03 N/A

Xing et al. 
(30)

Phase II 41 CRT Cisplatin-etoposide 64 Gy Erlotinib  
+ RT

EGFR mutated N/A 27.86/6.41 P<0.001

Choong  
et al. (32)

Phase I 17 N/A Cisplatin-docetaxel/
carboplatin-paclitaxel

66 Gy Erlotinib  
+ CRT

Predominantly 
wild type

11 9 N/A

Kelly et al. 
(33)

Phase III 243 CRT Cisplatin-etoposide 
followed by docetaxel

61 Gy CRT + 
gefitinib

Unselected 23/35 8.3/11.7 P>0.05

Ready  
et al. (34)

Phase II 63 N/A Paclitaxel-carboplatin 66 Gy CRT + 
gefitinib

Predominantly 
wild type

19 (poor-risk), 
13 (good-risk)

13.4 (poor-risk), 
9.2 (good-risk)

N/A

Lilenbaum 
et al. (35)

Phase II 78 N/A Carboplatin-nab- 
paclitaxel

66 Gy CRT + 
erlotinib

Wild type 17 11 N/A

Niho et al. 
(36)

Phase I 38 N/A Vinorelbine-cisplatin 60 Gy CRT + 
gefitinib

Unselected 28.5 11.2 N/A

Komaki  
et al. (37)

Phase II 48 N/A Paclitaxel-carboplatin 63 Gy Erlotinib  
+ CRT

Predominantly 
wild type

36.5 14 N/A

Zia et al. 
(38)

Phase II 37 N/A Platinum-based che-
motherapy

60–70 
Gy

CRT + 
erlotinib

EGFR mutated 12.9 7.4 N/A

Lee et al. 
(39)

Phase II 12 CRT Cisplatin-irinotecan 60 Gy CRT + 
erlotinib

EGFR mutated 39.3 11.6 P>0.05

CRT, chemoradiotherapy; EGFR, epidermal growth factor receptor; RT, radiotherapy; N/A, not available; TKI, tyrosine kinase inhibitor; OS, 
overall survival; PFS, progress-free survival.
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any practice guidelines or expert consensus for LA-
NSCLC patients (41,42). The available data thus far has 
demonstrated potential benefit from TKIs in EGFR-
mutated unresectable LA-NSCLC patient, with no data 
available for in ALK-positive patients. However, given 
the lack of strong supporting data, large randomized trials 
with sufficiently powered arms, accurate patient selection, 
appropriate duration of TKI therapy, and effective control 
arms are needed to test whether the benefit of TKIs shown 
in advanced NSCLC is transferrable to LA-NSCLC 
patients, in the same way that endocrine therapy has been 
applied in breast cancer. The addition of TKIs treatment 
indeed bring about the incidence of adverse events includes 
rash, esophagitis, pneumonitis and hematological toxicity, 
but they can be tolerated. For patients safety considerations, 
we think that patients with good pulmonary function and 
good condition may benefit more from TKIs treatment. But 
questions concerning if and when to use chemotherapeutic 
agents, appropriate radiation dose and volume, and the 
timing and modality of TKI treatment need to be solved in 
the future. With the advent of the era of immunotherapy, 
NSCLC patients have gained considerable survival 
improvement, but those patients with EGFR- or ALK-
positive mutations have seen little benefit (43). Similar 
to immunotherapy, pneumonia may also occur in TKI 
treatment, but unlike immunotherapy, TKI treatment has a 
higher objective response rate and does not have immune-
related potentially fatal toxicities. Exploring the efficacy of 
TKI maintenance in comparison with immunotherapy or 
the combination of these 2 drugs will have great clinical 
value. We expect outcomes in the following years will 
make the treatment of LA-NSCLC with oncogene-driven 
mutation more accurate and standardized.
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