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At the time of acquired resistance to the first generation 
epidermal growth factor receptor (EGFR) tyrosine kinase 
inhibitors (TKIs), gefitinib, erlotinib or afatinib (1), 50–
60% of EGFR mutant non-small cell lung cancer (NSCLC) 
patients have developed the secondary gatekeeper T790M 
point mutation on exon 20 of the EGFR gene (2,3). 
Osimertinib (AZD9291) is a third-generation EGFR TKI 
that targets EGFR mutant (including T790M positive) 
tumors (4). It was initially evaluated in EGFR mutant 
NSCLC patients who had disease progression after 
previous treatment with an EGFR TKI, in the phase I part 
of the phase I/II AURA study (5). A response rate of 51% 
was achieved for all patients treated across all dose levels. 
Among the 222 patients of the expansion cohorts, the 
response rate to osimertinib was 61% for EGFR T790M-
positive patients while the EGFR T790M-negative patients 
were not able to achieve a response rate greater than 21% 
(Table 1). No dose limiting toxicities were observed at 
any dose level and, based on tumor growth inhibition, the 
dose of 80 mg once daily was selected for being further 
evaluated for the treatment of EGFR T790M-positive 
NSCLC patients (5). On November 13th 2015, and on 
February 3rd 2016, FDA and EMA approved osimertinib 
80 mg once daily for the treatment of EGFR T790M-
positive NSCLC patients, respectively, based on the data 
from two phase II studies (AURA extension and AURA2) 
and the AURA phase I expansion study. Sixty-three EGFR 
T790M-positive, dose expansion cohort patients receiving 

80 mg of osimertinib once daily in the phase I part of the 
AURA study demonstrated an objective response rate 
(ORR) of 71% [95% confidence interval (CI), 57–82] and 
a median progression-free survival (PFS) of 9.7 months 
(95% CI, 8.3–13.6). In a pre-planned pooled analysis of the 
AURA extension phase II study and the AURA2 phase II 
study with a total of 411 EGFR T790M-positive patients, 
ORR was 66% and median PFS was 11.0 months (95% CI, 
9.6–12.4) (6).

Goss et al., published in Lancet Oncology the final results 
of the phase II, open-label, single-arm AURA2 study, which 
assessed the efficacy and safety of osimertinib in patients 
with EGFR T790M-positive NSCLC, who had progressed 
after previous therapy with EGFR TKIs. In less than  
6 months, more than 472 patients were screened, 210 
EGFR T790M-positive patients were treated with 
osimertinib and 199 patients were evaluable for response 
analysis in the AURA II study (7). The FDA approved 
Cobas EGFR mutation test v2 was used for the central 
confirmation of the EGFR T790M mutation. An ORR 
of 70% and a disease control rate of 92% were achieved, 
as evaluated by blinded independent central review. Six 
(3%) patients achieved complete response with osimertinib 
treatment and 134 (67%) achieved partial response. The 
median duration of response was 11.4 months (95% CI, 9.0–
not calculable). There was a high concordance between the 
responses obtained by investigator assessment and by the 
blinded independent central review. The median PFS was 
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9.9 months (95% CI, 8.5–12.3) (7). The treatment was well 
tolerated with the most common treatment related grade 
3–4 adverse events being prolonged electrocardiogram 
QT, decreased neutrophil count, and thrombocytopenia. 
Interstitial lung disease occurred in 2% of the patients. 

Only 2 months after the publication of the AURA2 study, 
the results of the phase III AURA3 clinical trial became 
available (8). In this study, 419 EGFR T790M-positive 
NSCLC patients who had progressed during first-line were 
assigned in a 2:1 ratio to receive osimertinib or platinum-
pemetrexed chemotherapy. Median PFS was significantly 
longer with osimertinib compared with chemotherapy [10.1 
vs. 4.4 months; hazard ratio (HR) 0.30; 95% CI, 0.23–0.41; 
P<0.001] (8). Osimertinib-treated patients achieved an ORR 
of 71% (95% CI, 65–76) in comparison to an ORR of 31% 
(95% CI, 24–40) for those who received chemotherapy 
(odds ratio for objective response, 5.39; 95% CI, 3.47–8.48; 
P<0.001) (8). 

It was previously demonstrated that patients with the 
T790M mutation detected by plasma ctDNA respond 
equally to osimertinib as those whose mutation is detected 
in a tumor tissue biopsy (9-11). Similar findings were 
reported in the AURA3 trial (8). On September 29th, 2016, 
the FDA approved an expansion of the Cobas EGFR 
blood mutation test v2 to include testing of the T790M 
mutation in order to confirm the presence of the EGFR 
T790M mutation and qualify patients for treatment with 
osimertinib. Due to the relatively high false negative rates 
with plasma T790M testing, it is highly recommended that 
patients with a negative liquid biopsy for the presence of 

the T790M to be reevaluated for the feasibility of a tissue 
biopsy (10).

More than 30% of EGFR mutant NSCLC patients, 
whose disease progressed during or after first line EGFR 
TKI, have brain metastases (12). In comparison with other 
EGFR TKIs, including gefitinib, rociletinib or afatinib, 
osimertinib has demonstrated greater blood-brain barrier 
penetration in preclinical models (13). In the AURA2 trial, 
patients with brain metastases obtained an ORR of 69% 
(95% CI, 58–79) and a median PFS of 9.2 months (95% CI, 
7.7–11.1) (7). In the AURA3 study, among the 144 patients 
who had central nervous system (CNS) metastases, median 
PFS was 8.5 months (95% CI, 6.8–12.3) for those treated 
with osimertinib and 4.2 months (95% CI, 4.1–5.4) for 
those who received chemotherapy (HR 0.32; 95% CI, 0.21–
0.49) (8). Interestingly, due to the high risk of development 
CNS metastases in EGFR mutant NSCLC, an agent with 
high blood-brain barrier penetration, AZD3759, has been 
recently developed and is currently being evaluated in a 
phase I clinical trial (14). Unavoidably, as happens with the 
first generation EGFR TKIs, osimertinib treated patients 
develop resistance to treatment after less than one year (8).  
An additional EGFR mutation, the C797S, can cause 
resistance to third generation EGFR TKIs and its allelic 
context can define sensitivity to subsequent treatments 
(15,16) (Figure 1).

Osimertinib is now being evaluated in the first line 
setting of EGFR mutant NSCLC patients. According 
to the results of two (80 and 160 mg) phase I expansion 
cohorts of the AURA study including 6 EGFR mutant 

Table 1 AURA clinical trials

Trial No. of patients PFS months (95% CI) RR%, [95% CI] OS Ref.

AURA 253; from the 222 of the expansion 
cohort, 138: T790M (+), 62: T790M 

(−), 22: unknown T790M status

T790M (+): 9.6 (8.3–NR); 
T790M (−): 2.8 (2.1–4.3)

T790M (+): 61, [52–70]; 
T790M (−): 21, [12–34]

– (5)

AURA; expansion cohort 
treated with 80 mg of 
osimertinib once daily

63 9.7 (8.3–13.6) 71, [57–82] – (6)

AURA2 210 9.9 (8.5–12.3) 70, [64–77] 1-year OS rate: 
81% (95%  
CI, 75–86)

(7)

AURA3 416; 279, osimertinib arm;  
140, platinum pemetrexed arm

10.1 (8.3–12.3) vs. 4.4 
(4.2–5.6); HR 0.30; 95%  
CI, 0.23–0.41; P<0.001

71, [65–76] vs. 31, [24–40];  
Odds ratio 5.39; 95% CI, 

3.47–8.48; P<0.001

– (8)

NR, not reached; DoR, duration of response; Ref., reference; vs. versus; HR, hazard ratio; OS, overall survival.
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patients, an overall median PFS of 19.3 months (95% 
CI, 13.7–not reached) and an ORR of 77% (95% CI, 
64–87) were obtained (17). The phase III FLAURA study 
(NCT02296125) compares osimertinib with gefitinib 
or erlotinib in treatment-naïve EGFR mutant NSCLC 
patients. PFS in patients with tumors harboring T790M 
is a key secondary objective of the study (18). The 
coexistence of the pretreatment T790M mutation has 
been under appreciated, in spite of accumulative evidence 
that it is present in a frequency of 35–60%, using different 
detection methods (19-21). In the Spanish Lung Cancer 
Group (SLCG) and the European Thoracic Oncology 
Platform (ETOP) BELIEF trial, pretreatment T790M 
mutations were centrally identified in 34% of the patients 

who reached a median PFS of 16 months (95% CI, 13.1–
not reached) with the combination of erlotinib plus 
bevacizumab (21). We have recently started the AZENT 
study (NCT02841579), an investigator initiated study that 
explores the safety and efficacy of osimertinib as first line 
therapy for patients with metastatic EGFR mutant NSCLC 
and concomitant pretreatment T790M mutation (Figure 1).

Without any doubt, osimertinib has made a breakthrough 
in lung cancer therapy. Other third generation EGFR 
TKIs are in clinical development, including olmutinib 
(Hanmi Pharmaceutical Company), EGF816 (Novartis 
Pharmaceuticals), naquotinib (Astellas Pharma Global 
Development), PF06747775 (Pfizer) and avitinib (Hangzhou 
ACEA Pharmaceutical Research) (22,23). Still, there are 

Figure 1 Therapeutic approach for advanced NSCLC with EGFR mutations. NSCLC, non-small cell lung cancer; EGFR, epidermal 
growth factor receptor; TKIs, tyrosine kinase inhibitors. 
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several issues to be resolved in the treatment of EGFR 
mutant patients. One important issue is the discovery of the 
best therapeutic approach, besides chemotherapy, for those 
patients who are not EGFR T790M-positive at the time 
of progression to first and second generation EGFR TKIs. 
A second issue is that, even if osimertinib is an efficient 
treatment for T790M driven acquired resistance to initial 
EGFR inhibition, still the number of complete responses 
reported in the phase II and III clinical trials is very small, 
indicating that we are far from the cure of this disease. We 
have shown that co-targeting STAT3 and Src with EGFR 
can more efficiently abrogate tumor growth than EGFR 
inhibition alone (24). Resistance to first, second and third 
EGFR TKIs are heterogeneous and complex, evolving 
dynamically under the pressure of each generation’s 
inhibitor and is a challenge for the development of novel 
targeted combinations.
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