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Abstract 
Background:  The role of tyrosine kinase inhibitors (TKIs) in early-stage and metastatic oncogene-driven non–small cell lung cancer (NSCLC) 
is established, but it remains unknown how best to integrate TKIs with concurrent chemoradiotherapy (cCRT) in locally advanced disease. The 
phase 2 ASCENT trial assessed the efficacy and safety of afatinib and cCRT with or without surgery in locally advanced epidermal growth factor 
receptor (EGFR)-mutant NSCLC.
Patients and Methods:  Adults ≥18 years with histologically confirmed stage III (AJCC 7th edition) NSCLC with activating EGFR mutations 
were enrolled at Mass General and Dana-Farber/Brigham Cancer Centers, Boston, Massachusetts. Patients received induction afatinib 40 mg 
daily for 2 months, then cisplatin 75 mg/m2 and pemetrexed 500 mg/m2 IV every 3 weeks during RT (definitive or neoadjuvant dosing). Patients 
with resectable disease underwent surgery. All patients were offered consolidation afatinib for 2 years. The primary endpoint was the objective 
response rate (ORR) to induction TKI. Secondary endpoints were safety, conversion to operability, progression-free survival (PFS), and overall 
survival (OS). Analyses were performed on the intention-to-treat population.
Results:  Nineteen patients (median age 56 years; 74% female) were enrolled. ORR to induction afatinib was 63%. Seventeen patients received 
cCRT; 2/9 previously unresectable became resectable. Ten underwent surgery; 6 had a major or complete pathological response. Thirteen 
received consolidation afatinib. With a median follow-up of 5.0 years, median PFS and OS were 2.6 (95% CI, 1.4-3.1) and 5.8 years (2.9-NR), 
respectively. Sixteen recurred or died; 6 recurrences were isolated to CNS. The median time to progression after stopping consolidation TKI was 
2.9 months (95% CI, 1.1-7.2). Four developed grade 2 pneumonitis. There were no treatment-related deaths.
Conclusion:  We explored the efficacy of combining TKI with cCRT in oncogene-driven NSCLC. Induction TKI did not compromise subsequent 
receipt of multimodality therapy. PFS was promising, but the prevalence of CNS-only recurrences and rapid progression after TKI discontinuation 
speak to unmet needs in measuring and eradicating micrometastatic disease.
Key words: lung cancer; radiation oncology; surgical oncology; EGFR-mutant; stage III; oncogenes.

Implications for Practice
It remains unclear how best to combine TKIs and local therapy in stage III EGFR-mutant NSCLC. ASCENT is a single-arm phase 2 study 
of afatinib and cCRT with/without surgery in stage III EGFR-mutant NSCLC. Though a small study, ASCENT shows that some patients 
can have long-term disease control and even cure with ≤2 years of afatinib. Of note, a phase 3 trial has been completed in which similar 
patients receive cCRT and indefinite consolidation osimertinib. Our findings could help guide shared decision-making between patients 
and providers about whether and when to stop EGFR TKIs after cCRT.
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Introduction
Local and distant tumor recurrences have been a major chal-
lenge in the treatment of locally advanced, stage III non–
small cell lung carcinoma (NSCLC), but the introduction of 
immune checkpoint inhibitors improved outcomes. In unre-
sectable disease, immunotherapy is added after definitive 
concurrent chemoradiation therapy (cCRT) based on the 
PACIFIC study,1,2 and in resectable disease, immunotherapy is 
added with chemotherapy pre- or perioperatively.3-8 However, 
the benefits of immune checkpoint inhibition have not gen-
erally extended to patients with oncogene-driven NSCLC, 
such as those harboring epidermal growth factor receptor 
(EGFR) mutations and anaplastic lymphoma kinase (ALK) 
rearrangements.9,10 Indeed, patients with EGFR or ALK 
alterations were excluded from most perioperative immuno-
therapy trials by design, given the known lack of durable ben-
efit in oncogene-driven metastatic cases. In particular, EGFR 
patients treated with the PACIFIC strategy do not appear to 
benefit.1,11,12

Tyrosine kinase inhibitors (TKIs) have improved outcomes, 
including overall survival, in both metastatic and early-stage 
oncogene-driven lung adenocarcinoma.13-20 However, it 
remains unclear how best to combine TKIs and local ther-
apy (ie, cCRT and/or surgery) in locally advanced NSCLC. A 
large-scale trial (LAURA) is ongoing in which patients with 
stage III unresectable EGFR-mutant lung cancer receive cCRT 
followed by indefinite consolidation osimertinib.21 In early 
2024, a press release announced that LAURA had shown a 
significant progression-free survival (PFS) benefit.22 A few 
more years will likely be needed for overall survival (OS) 
data to mature. In the interim, this is the final report of the 
ASCENT study, which was designed in the pre-osimertinib 
era to assess whether afatinib, a second-generation, irrevers-
ible, pan-ERBB TKI could be safely incorporated both before 
and after trimodality therapy or definitive cCRT in patients 
with locally advanced EGFR-mutant lung adenocarcinoma.

Patients and methods
Patient selection
This multi-institutional phase 2 trial (NCT01553942) 
enrolled patients aged ≥18 years with histologically con-
firmed locally advanced, stage III (AJCC 7th edition) NSCLC. 
Tumors were required to have an activating EGFR mutation 
confirmed by next-generation sequencing or PCR-based assay 
on tumor tissue. For further eligibility and details, see Study 
Protocol in Supplementary Data. The study protocol was 
approved by our local institutional review board, all patients 
provided written, informed consent, and the study was funded 
by Boehringer Ingelheim Pharmaceuticals, Inc.

Study design and treatment
Required staging included fluorodeoxyglucose-positron emis-
sion tomography, computed tomography (CT) of the chest, 
abdomen, and pelvis, and brain magnetic resonance imaging, 
and all participants were assessed for surgical resectability 
by a multidisciplinary team including a thoracic surgeon. 
Induction afatinib was administered at 40 mg orally per 
day for two 4-week cycles. In the absence of progression on 
post-afatinib CT scan, patients proceeded to cCRT either 
with preoperative or definitive dosing (45-54 Gy or up to 
72 Gy, respectively), which was the standard practice at our 

institutions at the time. Cisplatin 75 mg/m2 and pemetrexed 
500 mg/m2 were administered intravenously concurrent with 
RT for 2 cycles if RT was preoperative and up to 4 cycles if 
RT was given with definitive intent. Unless there was a lack 
of response to induction, afatinib was continued as consoli-
dation for up to 2 years after cCRT with or without surgery.

Endpoints and statistics
The primary endpoint was the objective response rate (ORR) 
to induction afatinib, assessed using RECIST.23 Notably, 
no RECIST-defined confirmatory scans were possible with 
our study design because patients with partial or complete 
response proceeded directly to cCRT without waiting 4 
weeks to obtain a second scan to confirm the response. A 
sample size of 30 patients was predicted to provide 87% 
power to detect the hypothesized ORR of 65%, which 
was chosen based on afatinib’s activity in the metastatic  
setting.24-26 Secondary endpoints included safety assessments, 
graded using the Common Terminology Criteria for Adverse 
Events version 4.0,27 conversion to operability following 
induction afatinib, PFS, and overall survival (OS). Pathologic 
responses were evaluated in resected specimens. The study 
closed early for slow accrual. All analyses were performed 
on the intention-to-treat population unless specifically noted. 
Time-to-event analyses were performed using the Kaplan-
Meier method.

Results
Study population
Nineteen patients were enrolled and initiated on protocol 
therapy from September 2012 to January 2020 (Figure 1). 
Patient and tumor characteristics are summarized in Table 1. 
Of note, eligibility criteria were based on 7th edition AJCC 
staging, but conversion to 8th edition staging is reported 
here to better inform current clinical decision-making.28,29 
There were 14 females, and the median age was 56 years. 
Activating EGFR mutations were exon 19 deletions in 12 
cases and L858R mutations in 6 cases. One patient had a 
NSCLC with an EGFR exon 18 deletion delE709_T710insD. 
At the time of diagnosis, the cancer in 10 patients was clas-
sified as potentially resectable, while in 9 it was classified as 
unresectable.

Treatments
All 19 patients completed 2 months of induction afatinib 
(Figure 1). Upon restaging, 2 patients initially characterized 
as having potentially resectable tumor developed disease pro-
gression or exhibited findings that clarified their initial pre-
sentation as metastatic and did not continue to cCRT. Ten 
patients underwent neoadjuvant cCRT followed by surgery 
(including 2 with disease initially deemed unresectable who 
exhibited dramatic responses to afatinib), and 7 patients 
underwent definitive cCRT. For patients proceeding to sur-
gery, the median radiation dose was 54 Gy (range, 45-66 Gy) 
and the median number of chemotherapy cycles was 2 (range 
1-2; Supplementary Figure S1). For patients receiving defin-
itive cCRT, the median radiation dose was 66.6 Gy (range, 
63-72 Gy) and the median number of chemotherapy cycles 
was 3 (range 2-4).

Among the 17 patients who received cCRT, 13 proceeded 
to consolidation afatinib, 3 opted for surveillance off of TKI, 
and 1 patient came off-protocol to receive consolidation 
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erlotinib instead of afatinib. Seven out of 13 patients com-
pleted the planned 2-year course of consolidation afatinib, 
while 5 discontinued early for toxicity and one discontinued 
for progressive disease (median time on afatinib was 1.73 
years, 95% CI 0.76-1.65; Supplementary Figure S1). In total, 
3 patients received EGFR TKIs off-protocol prior to any evi-
dence of recurrence: 2 were treated with consolidation erlo-
tinib (one transitioned to erlotinib after discontinuing afatinib 
due to toxicity, and the other started immediately after cCRT 
as mentioned above), and 1 extended consolidation afatinib 
for an additional 4.5 years beyond the planned 2-year course. 
Post-progression therapies are summarized in Supplementary 
Table S1.

Efficacy and characteristics of recurrent cancers
By ITT analysis, the ORR to afatinib induction was 63% 
(12/19 patients; 95% CI 38%-84%; Figure 2A). Among 10 
patients who underwent lobectomy and nodal dissection 
after induction TKI and cCRT, a major pathologic response 
(defined as <10% viable tumor cells in resected lung mass) 
was noted in 5 patients, and a pathologic complete response 
(pCR) was seen in 1 patient (Figure 2B). Of note, the single 
pCR was observed in one of the patients who was initially 
deemed to have unresectable disease. The other patient with 
previously unresectable disease who underwent surgery had a 
major pathological response. Mediastinal nodal sterilization 
(ypN0) was seen in 50% (5/10) of operable patients.
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Figure 1. Modified CONSORT diagram.
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At the time of analysis, 8/19 patients are alive, and 3 of 
these 8 remain progression-free on their most recent scans 
(Figure 3A). With a median follow-up of 5.04 years (range, 
3 months-11.15 years), the median PFS and OS were 2.63 
years (95% CI, 1.41-3.07) and 5.76 years (95% CI, 2.45-
NR), respectively (Figure 2C, 2D). Three patients remained 
alive and without evidence of recurrent disease now more 
than 7 years since trial enrollment, but one of these patients 
(third bar down in the swimmer’s plot, Figure 3A) elected to 
no longer undergo scans soon after coming off-protocol.

One patient had disease progression during consolidation 
afatinib therapy, after 12 months of treatment. The recurrent 
disease was biopsied and was negative for acquired T790M. 
Among the 12 patients who received only consolidation afa-
tinib and no other consolidation TKI, all but one had pro-
gression after stopping afatinib, with a median PFS from 
the time of afatinib discontinuation of 2.9 months (95% CI 
1.08-7.20 months; Figure 3B). Reasons for afatinib discontin-
uation included (a) toxicity (n = 5 total, note: one of these is 
excluded from the post-afatinib PFS analysis due to switching 

immediately to erlotinib consolidation) and (b) completion 
of the planned 2-year course (n = 7). One patient continued 
afatinib off-protocol for an additional 4.5 years beyond the 
protocol-planned 2 years before ultimately experiencing dis-
ease progression. Importantly, the trend of progression after 
stopping TKI was also seen among the 2 patients who elected 
to take consolidation erlotinib; one patient had progression 
1 month after stopping erlotinib, and the other while still 
on erlotinib after ~14 months. Among the 15 total patients 
who recurred, 6 (40%) experienced isolated CNS recurrences 
(Figure 3C), 4 of which occurred within 8 months from stop-
ping consolidation TKI. Of the patients who received cCRT, 
only one had an isolated locoregional recurrence at the time 
of first recurrence (Supplementary Figure S1). Eleven of 19 
received osimertinib after recurrence (Supplementary Table 
S1).

Safety
During the induction afatinib course, 7/19 patients required 
afatinib dose reduction from 40 to 30 mg once daily 
(Supplementary Figure S1). Overall, 5 patients had to discon-
tinue consolidation TKI due to toxicity. Adverse events were 
consistent with prior observed side effects of afatinib and 
cCRT; no obvious synergistic toxicity was seen (Figure 4).  
The grade 3 side effects observed were GI symptoms (diar-
rhea, nausea, and vomiting; n = 6), mucositis (n = 2), febrile 
neutropenia (n = 1), and skin symptoms (rash and parony-
chia; n = 3). One patient had mediastinoscopy wound dehis-
cence during induction afatinib. CCRT was well tolerated, 
with 4 patients experiencing grade 2 pneumonitis (22.2%) 
and 3 grade 2 esophagitis (16.7%) events. One patient devel-
oped hypotension and hypoxemia requiring a brief ICU stay 
in the perioperative setting, but there were no other serious 
perioperative adverse events. There were no grade 4-5 events.

Discussion
Over time, a series of clinical advances have iteratively pro-
longed the median survival for stage III NSCLC, from 16 
months in the late 1990s,30,31 to 25 months in the 2010s with 
more modern chemotherapy and radiation techniques,32 to 47 
months (after cCRT) with contemporaneous immune check-
point inhibitor consolidation.2 Meanwhile, targeted TKIs 
have become the standard of care in metastatic oncogene- 
driven NSCLCs,13-16,19 and they have begun to demonstrate 
PFS and OS benefits in the adjuvant setting,17,18,33 but there 
are still no randomized trials to guide their use in locally 
advanced (stage III) disease. Here, we share the final results 
of the ASCENT trial, a nonrandomized phase 2 clinical study 
testing a strategy to introduce EGFR TKI induction and con-
solidation into the treatment paradigm for stage III NSCLC 
harboring an activating EGFR mutation. Patients received 2 
months of induction afatinib, followed by definitive cCRT 
(with or without surgery) and then up to 2 years of consoli-
dation afatinib.

Patients with EGFR-mutant NSCLC tend not to benefit 
from immunotherapy. In the PACIFIC trial, the subset of 
patients with EGFR mutations (n = 43) derived no benefit 
from consolidation durvalumab; in that study, the control 
arm showed a median PFS of 5.6 months and median OS 
of 29.1 months after completion of cCRT.1,2 While the con-
trol arm of PACIFIC may not generalize to EGFR-positive 
cancers overall given the small size of the EGFR cohort, a 

Table 1. Patient and tumor characteristics in the ITT population.

Characteristic n = 19, No. (% or range)

Age 56 (34-75)

Gender

  Female 14 (74)

  Male 5 (26)

Race

  White 13 (68)

  Asian 6 (32)

Tobacco use history

  Never 9 (47)

  Former 10 (53)

Histology

  Adenocarcinoma 19 (100)

  Other 0 (0)

EGFR mutation

  Exon 19 deletion 11 (58)

  L858R 7 (37)

  Other 1 (5)

Clinical AJCC stage (8th edition)

  IIIA (T1-4 N0-2) 4 (21)

   T1N2 1 (5)

   T2N2 3 (16)

  IIIB (T1-4 N2-3) 11 (58)

   T2N3 3 (16)

   T3N2 7 (37)

   T4N2 1 (5)

  IIIC (T3-4 N3) 4 (21)

   T3N3 2 (10)

   T4N3 2 (10)

Deemed resectable at diagnosis

  Yes 10 (53)

  No 9 (47)

Abbreviations: ITT, intention to treat; AJCC, American Joint Committee 
on Cancer.
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recent retrospective study of 136 stage III unresectable EGFR-
mutant lung cancer showed similar PFS outcomes in patients 
receiving cCRT with and without consolidation durvalumab 
(12.7 months vs 9.7 months, respectively, from the time of 
cCRT initiation; P = .083), whereas they derived a signifi-
cant PFS benefit with consolidation osimertinib (median PFS 
not reached).12 In ASCENT, the median PFS was 2.63 years 
(95% CI, 1.41-3.07) and the median OS was 5.76 years (95% 
CI 2.45-NR) from the start of induction afatinib. Though 
ASCENT is a much smaller and nonrandomized study and 
was designed in the pre-osimertinib and pre-immunotherapy 
era, the improvement in median PFS and OS relative to these 
other studies is noteworthy.

In the modern era, the benefit of neoadjuvant cCRT com-
pared to chemotherapy alone is not defined in oncogene- 
driven cancers. Unfortunately, in the ASCENT trial, this 
aggressive multimodal treatment regimen with cCRT was not 
curative for most patients despite excellent local outcomes. 
Fourteen of 17 patients who underwent induction afatinib 
and cCRT with or without surgery ultimately recurred or 
died, with only 3 demonstrating long-term clinical benefit 
(these patients remain alive and without evidence of disease 
at 7-10 years since enrolling on trial). In light of these obser-
vations, the median PFS of 2.63 years appears to reflect that 

patients spent approximately 2 years on some form of treat-
ment per our study design, and that many patients (n = 8) 
progressed shortly after stopping consolidation TKI (median 
~3 months). In the ADAURA trial, the PFS curves similarly 
show a clear decrement after patients discontinued adjuvant 
osimertinib at 36 months. Taken together, these findings sug-
gest that adjuvant or consolidation TKI prolongs disease con-
trol but does not reliably eradicate micrometastatic disease. 
This is consistent with the low pCR rate observed here (1/10) 
and in a recent study of neoadjuvant osimertinib (0/27).34

If targeted TKIs are rarely curative, how can they be most 
effectively combined with other treatment modalities to 
achieve cure? Are TKIs most effective in the neoadjuvant/
induction setting or the adjuvant/consolidation setting? 
ASCENT was not designed to test the independent contribu-
tions of induction versus consolidation TKI, but its findings 
nonetheless establish important starting points for future trial 
design.

First, we observed that induction TKI can sometimes trans-
form unresectable stage III disease to being amenable to 
resection, typically when a centrally located tumor exhibited 
a strong response. In our cohort, disease in 2 of 9 patients 
was converted from unresectable to resectable, and one of 
these (cT4N2 at diagnosis, pCR following induction, and 
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declined consolidation) still has no evidence of disease more 
than 6 years after completing treatment. This trial is too small 
to measure how often induction TKI can convert unresect-
able disease to resectable, but it provides proof-of-concept to 
motivate a future trial of induction TKI and confirms other 
similar case series.35-37 Subsequent work could also assess 
whether these “converted” patients have better outcomes 
with surgery or with definitive cCRT alone. A phase 2 trial 
(NEOLA, NCT06194448) is planned to open in 2024 that 
will assess outcomes with 8 weeks of induction osimertinib 
followed by cCRT and indefinite consolidation osimertinib 
in patients with unresectable stage III EGFR-mutant NSCLC. 
The NEOLA trial—along with the forthcoming LAURA trial 
(discussed in more detail below) of consolidation osimertinib 

after cCRT and the ongoing NeoADAURA trial of neo-
adjuvant osimertinib prior to surgery—will also provide 
insights into the role of induction TKI before definitive local 
therapy21,38 Additional work needs to be done to determine 
whether short-course induction TKI improves radiation out-
comes through reducing target volumes, thereby decreasing 
dose to normal organs at risk such as lungs.36,39,40

Second, induction TKI could inform adjuvant or consolida-
tion treatment. For example, 2 of the 3 patients who remain 
without evidence of disease recurrence had strong responses 
to induction therapy (one pCR and one near-pCR, with <1% 
residual tumor) and elected to forego consolidation TKI. 
Determining how to tailor adjuvant/consolidation treatment 
is even more important now that preliminary findings from 
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LAURA reportedly show an improvement in PFS with indef-
inite osimertinib after definitive cCRT.22 We need to see the 
results from LAURA to judge if indefinite TKI is feasible and 
affordable, but the results from ASCENT confirm that not all 
patients require indefinite TKI as some patients can be cured 
without indefinite therapy. Identifying which patients can 
safely stop or even forego consolidation TKI will be a chal-
lenge, as both ASCENT and ADAURA show substantial rates 
of recurrence shortly after stopping TKI, but this personaliza-
tion is critical for quality of life.41,42 Circulating tumor DNA 
is a potential tool for risk stratifying patients—for example, 
assessing residual disease after induction TKI and/or after 
cCRT.36,43 A similar approach could be used for guiding adju-
vant treatment for patients with earlier-stage resectable dis-
ease.44 Other novel biomarkers should also be studied.

Of note, many patients who recurred in the ASCENT 
trial did so only in the CNS (6/15), and most of these (4/6) 
occurred after stopping consolidation TKI. Interestingly, this 
phenomenon was also observed in ADAURA, with many 
post-TKI recurrences occurring in the CNS.45,46 Our study is 
too small to offer meaningful insights into the relative CNS 
efficacy of afatinib and osimertinib, although both are known 
to have excellent CNS activity.45-47 Together, these observa-
tions are consistent with the known predilection of EGFR-
mutant NSCLC for the brain and/or the blood-brain barrier 
reducing CNS penetrance of anti-cancer therapy and point to 
a need for increased CNS surveillance in patients with locally 
advanced EGFR-mutant lung cancer.48

Sequential afatinib and cCRT did not produce unexpected 
toxicities. Most notably, treatment-related pneumonitis was 
not a pervasive side effect, and the 4 patients who devel-
oped it had only moderate (grade 2) cases. The most severe 
side effects were consistent with previous afatinib reports, 

including diarrhea, mucositis, and rash.25,26,49,50 But impor-
tantly, treatment with induction afatinib did not prevent any 
patients from proceeding to definitive local therapy. These 
findings are similar to those in 2 other small prospective trials 
of induction EGFR TKI prior to thoracic radiotherapy36,51 as 
well as a meta-analysis of 16 prospective clinical trials using 
both thoracic radiotherapy and anti-EGFR TKI for non- 
biomarker selected advanced NSCLC, which showed that that 
the addition of TKI does not significantly increase toxicity.52

Limitations of the study include the small sample size as 
well as the use of afatinib, an older TKI that has since been 
supplanted by the third-generation EGFR TKI osimertinib. 
However, despite enrolling only 19 patients, to our knowl-
edge, ASCENT represents the largest prospective clinical trial 
combining TKI with definitive cCRT in a cohort of patients 
with locally advanced, oncogene-driven cancer. One smaller 
study of erlotinib combined with cCRT in locally advanced 
EGFR-mutant NSCLC suggested this combination was safe, 
but with only 7 patients receiving erlotinib throughout treat-
ment, the findings must be interpreted with caution.53

The observations described here have important impli-
cations not only for EGFR-mutant lung cancer but also for 
all oncogene-driven lung cancer. We await the results of the 
LAURA trial, which will guide our use of osimertinib as con-
solidation after cCRT. In the meantime, however, we can use 
the results of the ASCENT trial to begin thinking about how 
best to tailor induction and consolidation TKI for each of our 
patients.
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