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Central Picture Legend:

Estimates of disease-free survival in patients with pathologic stage IB to IIIA disease.

Central Message:

The ADAURA trial of adjuvant osimertinib in completely resected pstage IB-IIIA, EGFR-mutant 

lung adenocarcinoma is the first “positive” adjuvant trial since doublet chemotherapy 15 years 

ago.
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The increasing use of next-generation sequencing to better understand oncogenic drivers 

in lung cancer has revolutionized the care of patients with locoregionally advanced and 

metastatic disease. In lung adenocarcinoma (LUAD), these include alterations in KRAS, 
MET, BRAF, ROS1, and fusions in NTRK, ALK and RET. However, the most well studied 

remain the oncogenic activating mutations found in the EGFR gene on chromosome 7. The 

majority of targeted therapies for genomic perturbations identified in LUAD have focused 

on the inhibition of selected tyrosine kinases, which are corrupted in cancer and drive 

cell growth, proliferation, and cell survival. Specifically, for EGFR-driven tumors, exon 19 

deletions and the exon 21 L858R point mutation are most predictive of response to tyrosine 

kinase inhibitor (TKI) therapies. Clinical use of TKIs for these EGFR mutations began with 

FDA approval of gefitinib in 2003 as second-line therapy for metastatic disease. In 2018, 

osimertinib, a third-generation TKI that selectively inhibits both EGFR-TKI–sensitizing and 

EGFR p.Thr790Met–resistance mutations and has excellent central nervous system (CNS) 

penetration, was approved as first-line therapy for stage IV disease.1
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Complete surgical resection is the standard of care for patients with stage I-IIIA LUAD. 

However, even in patients with pathologic node-negative disease, distant recurrence of 

disease remains all too frequent, occurring in 11% of patients with pT1b tumors and 

47% of patients with pT2b/3 LUAD.2 Recurrence rates are even higher for pathologic node­

positive disease, particularly pN2 disease. To address this problem, multiple international 

randomized phase III clinical trials were performed in the late 1990s to examine adjuvant 

cisplatin-based doublet chemotherapy after complete resection. The pooled analysis of 

these studies by the Lung Adjuvant Cisplatin Evaluation demonstrated improved overall 

survival (OS) with adjuvant chemotherapy, particularly for pathologic stage II or III 

and node-positive disease.3 The overall hazard ratio (HR) of death was 0.89 (95% CI, 

0.82–0.96; P=0.005), which corresponded to a 5-year absolute benefit of 5.4% from 

adjuvant chemotherapy.3 Despite this relatively modest benefit, adjuvant cisplatin-based 

chemotherapy has been the standard of care in this population for the past 15 years.

Adjuvant EGFR-targeted therapy clinical trials

Given the near universal testing for selected tumor mutations, such as EGFR, in metastatic 

LUAD and the development of newer TKI therapies with superior patient outcomes (with 

or without chemotherapy), it was logical to examine whether the benefits observed in stage 

IV disease could be translated to adjuvant-therapy care paradigms in patients with EGFR­

mutant LUAD with surgically resectable disease. The first robust study to examine adjuvant 

TKI therapy was the phase III randomized RADIANT trial, which compared adjuvant 

erlotinib for 2 years to placebo in pathologic stage IB-IIIA LUAD, with disease-free survival 

(DFS) the primary endpoint.4 Eighty percent of accrued patients were white; 17% were 

of Asian descent. Patients were not stratified by EGFR mutational status—only EGFR 

immunohistochemistry and mRNA levels by FISH analysis. Unsurprisingly, no benefit for 

adjuvant erlotinib after complete surgical resection was observed.

EVAN was a small phase II trial from China that investigated whether adjuvant erlotinib 

improves 2-year DFS, compared with doublet-based chemotherapy, in EGFR mutation–

positive stage IIIA NSCLC.5 Two-year DFS was 81% (95% CI, 69.6%−93.1%) in the 

erlotinib group versus 45% (95% CI, 26.9%−62.4%) in the chemotherapy group (relative 

risk, 1.82 [95% CI, 1.194–2.784]; P=0.0054). Moreover, erlotinib was better tolerated than 

4 cycles of adjuvant chemotherapy. Using a similar study design, the North American phase 

II SELECT compared adjuvant erlotinib (2 years) to historic controls and reported a 2-year 

DFS of 86%.6 Dose reductions occurred in 40% of the erlotinib group, and 45% of patients 

in the entire 100-patient cohort had pathologic stage I disease.

More recently, the randomized, open-label, phase III ADJUVANT/CTONG1104 clinical 

trial results were reported.7 In this study from China, only patients with node-positive stage 

II or III LUAD were randomized to adjuvant gefitinib (2 years) or 4 cycles of cisplatin and 

vinorelbine. The primary endpoint was DFS, which was significantly longer with gefitinib 

(28.7 months [95% CI, 24.9–32.5]) than with vinorelbine plus cisplatin (18.0 months [95% 

CI, 13.6–22.3]; HR, 0.60 [95% CI, 0.42–0.87]; P=0.0054). Serious toxicities occurred less 

often in the gefitinib group than in the chemotherapy group. The CTONG1104 data were 

recently updated—at a median follow-up of 80 months, median OS was 75.5 months in 
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the gefitinib group versus 62.8 months in the chemotherapy group (HR, 0.92; P=0.674).8 

Thus, the ADJUVANT/CTONG1104 trial, using a first-generation TKI, failed to show an 

OS advantage for adjuvant TKI therapy, compared with adjuvant cytotoxic chemotherapy, in 

locally advanced, surgically resected EGFR-mutant LUAD.

ADAURA

The phase III FLAURA trial demonstrated osimertinib was superior to gefitinib or erlotinib 

in terms of progression-free survival1 and OS,9 supporting osimertinib as the standard-of­

care first line therapy for untreated EGFR mutation–positive (Ex19del or L858R) advanced 

NSCLC. Given these observations and the need to improve outcomes in surgically resected 

LUAD, ADAURA was conceived (https://www.clinicaltrials.gov/ct2/show/NCT02511106). 

ADAURA is a phase III, double-blind, randomized international trial designed to assess 

the efficacy and safety of osimertinib, compared with placebo, in patients with completely 

resected stage IB-IIIA (7th Edition, Cancer Staging Manual of the American Joint 

Committee on Cancer) EGFR mutation–positive (Ex19del or L858R) LUAD.9 The primary 

endpoint is DFS in pathologic stage II and IIIA disease. Secondary endpoints are OS, DFS 

in all disease stages (including pathologic stage IB), health-related quality of life, and safety. 

Patients were stratified according to disease stage, EGFR mutational status (Ex19del or 

L858R), and race (Asian or non-Asian) and were randomly assigned (1:1) to receive either 

oral osimertinib (80 mg once daily) or placebo. Screening and randomization occurred after 

patients had undergone surgery and received adjuvant chemotherapy (60% in both arms). 

Patients are planned to receive osimertinib or placebo for 3 years or until disease recurrence 

or fulfillment of a criterion for discontinuation. Postoperative radiation therapy was not 

allowed in the study.10

The trial began in 2015, and after randomization of 682 patients, enrollment closed in 2019. 

Following a planned review by the independent data monitoring committee in April 2020, 

the committee recommended the trial be unblinded at the trial level 2 years early because 

of evidence of an efficacy benefit. Of the 470 patients with stage II-IIIA disease, 156 (33% 

maturity) experienced disease recurrence or died. Median follow-up for DFS was 22 months 

in the osimertinib group versus 15 months in the placebo group. The percentage of patients 

who were alive and disease-free at 24 months was 90% in the osimertinib group versus 

44% in the placebo group (overall HR for disease recurrence or death, 0.17 [99.06% CI, 

0.11–0.26]; P<0.001). This equates to an 83% reduction in the risk of disease recurrence 

or death, indicating a significantly longer DFS among patients in the osimertinib group. 

Although a secondary endpoint, DFS was better in patients with stage IB disease who 

received osimertinib: 2-year DFS was 88% in the osimertinib group versus 71% in the 

placebo group (HR, 0.39 [95% CI, 0.18–0.76]). While the ADAURA data will continue 

to mature, these dramatic improvements in DFS are contrasted with the DFS results from 

the LACE analysis trial, which favored adjuvant chemotherapy (HR, 0.84), with absolute 

benefits of 5.8% at both 3 and 5 years. While one may postulate that the benefits of adjuvant 

osimertinib would impact only rates of distant recurrence, there was also a notable decrease 

in rates of locoregional recurrence. Locoregional-only recurrence was observed in 23 of 

339 patients (7%) in the osimertinib group versus 61 of 343 patients (18%) in the placebo 

group. Finally, a major clinical problem in EGFR-mutant LUAD is the development of brain 

Jones et al. Page 3

J Thorac Cardiovasc Surg. Author manuscript; available in PMC 2022 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.clinicaltrials.gov/ct2/show/NCT02511106


metastases. In ADAURA, CNS recurrence was found in 45 patients (osimertinib, 6; placebo, 

39) at a median follow-up of 22 months. The conditional probability of CNS recurrence at 

12 months was <1% with osimertinib versus 7% with placebo. Thus, to date, there is an 82% 

reduction in the risk of CNS disease recurrence with osimertinib after complete resection of 

EGFR-mutant LUAD. OS data were not reported, secondary to limited follow-up.

The median duration of treatment was 22 months (range, 0–38) in the osimertinib group 

versus 19 months (range, 0–36) in the placebo group. Adjuvant osimertinib was well 

tolerated in general, with adverse events of grade ≥3 observed in 68 patients (20%) in 

the osimertinib group and 46 patients (13%) in the placebo group. The most common 

toxicities were diarrhea, paronychia, and dry skin. Importantly, suspected treatment-related 

interstitial lung disease was mild to moderate in severity, with no deaths. Dose interruptions, 

dose reductions, and discontinuation of osimertinib owing to adverse events occurred in 80 

(24%), 29 (9%), and 37 (11%) patients, respectively.

The published surgical-specific results of the study are limited. It is important to note that 

all patients had a lobectomy (94%−97%) or greater resection—no patient had a sublobar 

resection, including segmentectomy. We have no data on surgical approach (minimally 

invasive or open) or the quality of the intraoperative nodal dissections performed, and 

contemporary classification of adenocarcinoma histologic subtypes is limited. On the basis 

of the results of ADAURA, the FDA approved osimertinib as adjuvant therapy for EGFR­

mutant (Ex19 Del or L858R) lung cancer in December 2020.

Remaining Issues

While the use of adjuvant osimertinib in patients with completely resected EGFR-mutant 

LUAD is paradigm changing, several unanswered questions remain. First, although the 

improvement in DFS with osimertinib is profound, will these DFS benefits translate to an 

improvement in OS? In ADJUVANT/CTONG1104, this was not the case. Other studies, 

such as OPTIMAL in EGFR-mutant LUAD11 and trials in solid tumors,12 have failed to see 

improvements in DFS translate to similar benefits in OS. However, there are several reasons 

to suspect the benefit may translate in the ADAURA trial. To begin, the magnitude of 

improvement in DFS is very significant, and given that most patients with disease recurrence 

die of disease, there is optimism that OS will also be improved with osimertinib, compared 

with placebo, although likely not at the magnitude of the increase in DFS reported to 

date. In addition, an improvement in OS was observed in the clinical trials of osimertinib 

in the metastatic disease setting, suggesting that this may also occur in the adjuvant 

setting. Finally, in earlier-stage disease, where there are fewer tumor cells and less tumor 

heterogeneity, the potential for cure with an EGFR inhibitor may be higher. Notwithstanding 

these observations, we do not yet know the impact of adjuvant osimertinib on OS in this 

population.

Second, do patients also need adjuvant cytotoxic chemotherapy, or would osimertinib 

alone suffice? As surgeons, we frequently hear from our patients about the lingering, 

and sometimes debilitating, longer-term side effects of chemotherapy—particularly the 

neuropathy. In ADAURA, the decision to offer adjuvant chemotherapy was left to the 
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discretion of the physician. Sixty percent of both cohorts received adjuvant chemotherapy 

(delivered first and in sequential fashion), administered to approximately 75% and 25% of 

patients with pathologic stage II/IIIA and IB disease, respectively. There was no observed 

difference in DFS if the patient received adjuvant chemotherapy or not, although these 

results are immature, and longer follow-up is required. At present, it is expected that 

clinical guidelines will continue category I recommendations for adjuvant platinum-based 

chemotherapy, even in EGFR-mutant LUAD, until more-rigorous data suggest adjuvant TKI 

therapy alone is noninferior.

Third, 3 years of adjuvant osimertinib therapy seems quite long and expensive. In the trial, 

the median duration of osimertinib therapy was 22 months, and DFS was excellent for 

all disease stages. How much more does an additional year (or 2) of adjuvant osimertinib 

improve these already outstanding outcomes? Similar to the question regarding OS, we will 

need to wait to see, as only 10%−12% of the entire cohort has received 3 years of treatment. 

While the side effects of osimertinib are low-grade, diarrhea, paronychia, and stomatitis 

did occur in 46%, 25%, and 18% of patients, respectively. Such adverse effects, even if 

low-grade, can be challenging when a therapy is given over several years.12 However, 3 

years of adjuvant osimertinib may be a moot topic, as patients may elect to discontinue 

the drug and follow-up visits after 1–2 years. Alternatively, advances in the detection of 

minimal residual disease with ctDNA technologies may help more accurately guide our 

driver-directed targeted-therapy adjuvant-therapy algorithms and avoid the possibility of 

overtreatment, which remains a relevant consideration in all adjuvant-therapy trials.13

Beyond ADAURA

ADAURA opened several exciting possibilities for thoracic surgeons and their patients. 

While adjuvant-therapy algorithms could be perceived by thoracic surgeons to be the 

“responsibility” of our medical oncology colleagues, that is incorrect. We must ensure that 

our patients have reflex testing of their resected NSCLC for actionable EGFR alterations, 

as well as other relevant genomic perturbations. Smeltzer and colleagues14 recently showed 

that EGFR mutational assessment occurs very commonly worldwide, but there is no specific 

data on early-stage, surgically resected disease. Additional opportunities related to the 

identification and targeting of selected driver mutations to improve the care of our patients 

are rapidly unfolding. More adjuvant TKI trials that exploit other targetable driver mutations 

are currently being explored. Results will be slower to mature, given the relatively low 

frequency of these genomic alterations in LUAD, but the trials will be performed. It may 

be suspected that the primary reason thoracic surgeons have not focused on tumor genomic 

profiling is that, heretofore, no data have existed to support adjuvant targeted therapies for 

R0 resected LUAD. ADAURA has changed that, and the contemporary thoracic surgical 

oncologist needs to increase their understanding of these emerging therapies.

Similar to the adjuvant osimertinib paradigm is the rapid transition of targeted therapies, 

which have demonstrated efficacy in advanced-stage disease, to the neoadjuvant setting in 

patients with surgically resectable disease. Leading this effort is the NEOADAURA trial, 

an international randomized (1:1:1) phase III trial examining neoadjuvant chemotherapy 

alone, chemotherapy plus osimertinib, or osimertinib alone for 9 weeks followed by surgical 
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resection for patients with clinical stage II and IIIB disease and EGFR-mutant LUAD. 

The primary outcome is major pathologic response; secondary outcomes are pathologic 

complete response, DFS, and OS. Additional targeted-therapy neoadjuvant trials are soon 

to open as part of a joint multi-institutional clinical trial effort from the Lung Cancer 

Mutation Consortium, Lung Cancer Research Foundation, and AATS Thoracic Surgery 

Oncology Group. Using an umbrella trial design, this study has the goal to screen for 

10 actionable driver mutations in 1000 patients with lung cancer who are candidates for 

neoadjuvant therapy. Subsequently, the efficacy and safety of driver-specific neoadjuvant 

targeted therapies will be examined in a series of industry-supported clinical trials.

Conclusions

Tumor genomic profiling in early-stage LUAD has heretofore been primarily associated 

with prognosis and, more recently, prediction of disease recurrence.15 ADAURA is the 

first “positive” adjuvant clinical trial in surgically resected lung cancer since the trials 

of adjuvant cytotoxic doublet chemotherapy were reported more than 15 years ago. 

The questions of impact on OS, duration of therapy, and the role of current guideline­

concordant chemotherapy remain relevant, and answers will come with maturation of the 

ADAURA data. Finally, we can expect more clinical trials in earlier-stage disease—adjuvant 

and neoadjuvant—and these will be based on tumor-specific oncogenic driver genomic 

perturbations identified through reflex testing.
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