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Objective: Two recent non-interventional trials, GioTag and UpSwinG, demonstrated encouraging time-to-treatment failure (TTF) 
and overall survival (OS) in patients with epidermal growth factor receptor (EGFR) mutation-positive non-small cell lung cancer 
(NSCLC) (Del19 or L858R) who received sequential afatinib/osimertinib, especially in Asians. Here, we have undertaken a combined 
analysis of Asian patients from both studies.
Materials and Methods: Existing medical/electronic records were identified for consecutive EGFR-tyrosine kinase inhibitor 
(TKI)-naïve patients who received first-line afatinib/second-line osimertinib in “real-world” practice (all T790M-positive). 
Patients with active brain metastases were excluded. The primary objective was TTF. OS was a key secondary objective.
Results: One hundred and sixty-eight patients were analyzed. Most patients were recruited from South Korea or Japan (52/21%). At the 
start of afatinib, median age (range) was 61.5 years (35–88), 58% were female, Eastern Cooperative Oncology Group Performance Status 
(ECOG PS) (0/1/≥2) was 29/62/9%, 17% had brain metastases, and EGFR mutation status (Del19/L858R) was 65/35%. At the start of 
osimertinib, ECOG PS (0/1/≥2) was 22/61/17% and 14% had brain metastases. Median TTF and OS were 30.0 months (95% CI: 24.5–32.5) 
and 45.2 months (95% CI: 41.7–71.1), respectively. Median OS was 63.5 months in patients with a Del19 mutation. Median OS in patients 
with brain metastases or ECOG PS ≥2 was 26.4 and 33.1 months, respectively.
Conclusion: Sequential afatinib/osimertinib showed encouraging activity in Asian patients with EGFR mutation-positive NSCLC and 
T790M-mediated acquired resistance, especially those with Del19-positive disease. Activity was observed across “real-world” patients 
including those with poor ECOG PS and/or brain metastases. ECOG PS and incidence of brain metastases remained stable prior to, 
and after, afatinib.
Keywords: EGFR, afatinib, osimertinib, sequential, T790M

Introduction
Three generations of epidermal growth factor receptor (EGFR) tyrosine kinase inhibitor (TKI) are available for the first- 
line treatment of patients with EGFR mutation-positive non-small cell lung cancer (NSCLC): the first-generation 

OncoTargets and Therapy 2022:15 873–882                                                                   873
© 2022 Miura et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

OncoTargets and Therapy                                                                    Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 18 March 2022
Accepted: 12 July 2022
Published: 22 August 2022

O
nc

oT
ar

ge
ts

 a
nd

 T
he

ra
py

 d
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0002-7666-313X
http://orcid.org/0000-0003-1846-1027
http://orcid.org/0000-0002-5586-5138
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


reversible EGFR TKIs (erlotinib and gefitinib), the second-generation ErbB family blockers (afatinib and dacomitinib) 
and the third-generation irreversible EGFR TKI, osimertinib.1 The head-to-head randomized trials, LUX-Lung 7,2 

ARCHER-1050,3 and FLAURA4 have shown that afatinib, dacomitinib and osimertinib confer significant clinical benefit 
versus first-generation EGFR TKIs. However, second- and third-generation EGFR TKIs have never been directly 
compared in prospective trials. Accordingly, optimal treatment in individual patients is still open to debate. This is 
particularly the case in Asian patients, as no second- or third-generation agent has shown a survival advantage over first- 
generation agents in this setting, probably reflecting the wide implementation of subsequent treatment options beyond 
acquired resistance.5

As the emergence of the gatekeeper EGFR mutation, T790M, is the predominant mechanism of resistance to afatinib, 
occurring in up to 50‒70% of cases6,7 (~75% in patients with Del19-positive disease),8 many patients could potentially go on to 
receive subsequent osimertinib (which is active against T790M)9 after afatinib. Several recent non-interventional trials have 
assessed clinical outcomes in EGFR-TKI-naïve NSCLC patients treated with sequential afatinib and osimertinib in real-world 
clinical practice. The global GioTag study (NCT03370770) analyzed 203 such patients and reported median time-to-treatment 
failure (TTF) and overall survival (OS) of 27.7 months and 37.6 months, respectively. For Asian patients, median TTF was 37.1 
months and median OS was 44.8 months.10 Likewise, the global UpSwinG study (NCT04179890) analyzed 193 patients and 
reported median TTF and OS of 27.7 months and 36.5 months, respectively (28.8 and 42.3 months in Asians).11 In a real-world 
study of 126 patients treated in South Korea, median TTF was 35.4 months. Median OS was not reached; 2- and 3-year survival 
rates were 86% and 69%, respectively.12 In another recent real-world study in Japan, sequential afatinib and osimertinib 
conferred median OS of over 5 years, albeit on a small dataset.13 Together, these findings suggest that sequential afatinib and 
osimertinib could be a particularly promising regimen in Asian patients with EGFR mutation-positive NSCLC.

Here, in order to increase cohort size and facilitate subgroup analysis, we have undertaken a combined analysis of 
Asian patients from GioTag and UpSwinG.

Materials and Methods
Study Design
Both GioTag and UpSwinG were non-interventional, global, multicenter studies. GioTag was conducted across ten 
countries (Austria, Canada, Israel, Italy, Japan, Singapore, Slovenia, Spain, Taiwan, United States of America). 
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UpSwinG was conducted across nine countries (Austria, France, Germany, Italy, Japan, South Korea, Spain, Taiwan, 
United Kingdom). Medical and electronic health records of consecutive patients treated in a real-world practice were 
retrospectively reviewed between November 2019 and July 2020 (UpSwinG) and December 2017 to December 2019 
(GioTag). The studies were mutually exclusive.

Patients were aged ≥18 years with EGFR mutation-positive (Del19 or L858R), TKI-naïve, advanced NSCLC 
treated with first-line afatinib and, following detection of T790M, second-line osimertinib. Patients who received 
any drugs other than afatinib as a first-line treatment and patients with active brain metastases or treated as part of 
a clinical trial were excluded (treatment with osimertinib within an expanded access/compassionate use program was 
permitted). EGFR mutation detection (activating mutations and T790M) was undertaken locally using different 
methodologies as per standard care. In both studies, patients must have started osimertinib treatment at least 10 
months prior to data entry but did not need to still be on treatment. A maximum of 15 consecutive patients were 
enrolled per site.

Both studies were undertaken in compliance with the principles laid down in the Declaration of Helsinki, in 
accordance with the International Conference on Harmonisation (ICH) Harmonized Tripartite Guideline for Good 
Clinical Practice, Good Epidemiological Practice and Good Pharmacoepidemiology Practice, and relevant local 
regulations. Informed and privacy consent signatures were obtained depending on local regulations.

Outcomes and Assessments
In both studies, the primary outcome was TTF, defined as the time from the first dose of afatinib to the last dose of osimertinib, or 
death by any cause. Secondary objectives included OS and time on treatment with first- and second-line treatment.

Statistical Analyses
TTF and OS were estimated using the Kaplan–Meier method. Medians and two-sided 95% confidence intervals (CIs) 
were calculated using Greenwood’s variance estimate. In both studies, the following subgroup analyses were 
prespecified: EGFR mutation type (Del19 or L858R); Eastern Cooperative Oncology Group performance status 
(ECOG PS); presence or absence of brain metastasis, and starting dose of afatinib. Subgroup analyses were limited 
to descriptive statistics.

Results
Patients
Fifty of 203 patients (24.6%) from GioTag and 118 of 191 patients (61.8%) from UpSwinG were Asian. All of these 
patients (n = 168) were analyzed in this study. Most patients were treated in South Korea (n = 88; 52.3%) or Japan 
(n = 35; 20.8%). The remainder of patients were treated in the USA (n = 19; 11.3%), Taiwan (n = 17; 10.1%), UK 
(n = 4; 2.4%), Italy (n = 2; 1.2%), Canada, Singapore, and Austria (all n = 1). Baseline characteristics were 
generally similar across the two studies (Table 1). Overall, the median age at the start of afatinib treatment was 61.5 
years (range 35–88), 58% were female and most had a Del19 EGFR mutation (65%). The patient cohort reflected 
real-world clinical practice with 16.7% having brain metastases and 9.0% of those with known ECOG PS having 
a score of ≥2. Notably, the incidence of brain metastases, and ECOG PS were largely stable prior to, and following 
afatinib treatment (Table 1).

Clinical Outcomes
Overall, median TTF was 30.0 months (95% CI: 24.5–32.5; Figure 1A, Table 2). Median time on afatinib was 14.5 
months (95% CI: 13.3–16.7) and median time on osimertinib was 11.1 months (95% CI: 9.3–14.6). TTF was largely 
consistent across patient subgroups (Table 2). Median TTF was 31.2 months (95% CI: 25.8–38.2; Figure 2A) in 
patients with a Del19 EGFR mutation (n = 109) and 25.1 months (95% CI: 20.5–30.4; Figure 2A) in patients with 
the L858R EGFR mutation (n = 59).

OncoTargets and Therapy 2022:15                                                                                                 https://doi.org/10.2147/OTT.S362535                                                                                                                                                                                                                       

DovePress                                                                                                                         
875

Dovepress                                                                                                                                                            Miura et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Median OS was 45.2 months (95% CI: 41.7–71.1; Figure 1B, Table 2). OS rates at 24, 30, and 36 months were 81.4%, 
70.4%, and 62.8%, respectively. OS was also generally consistent across subgroups. Median OS was 63.5 months (95% CI: 
42.3–71.1) and 39.1 months (95% CI: 29.3–48.5), respectively, in patients with a Del19 or the L858R EGFR mutation 
(Figure 2B, Table 2). In patients with brain metastases (n = 28) or ECOG PS ≥2 (n = 15) median OS was 26.4 months (95% 
CI: 19.1–29.6) and 33.1 months (95% CI: 17.1–NR), respectively (Table 2). In patients with a Del19 EGFR mutation treated 
in Asian countries (n = 93) median OS was 63.5 months (95% CI: 41.7–71.1).

Outcomes were also analyzed in Asian patients who received the approved starting dose of afatinib of 40 mg/day. 
TTF and OS in the overall Asian dataset (n = 147) and in patient subgroups are shown in Supplementary Table 1 and 
Supplementary Figures 1 and 2.

Discussion
Previous observational studies in a real-world clinical setting have demonstrated promising outcomes in patients 
with EGFR mutation-positive NSCLC treated with sequential afatinib and osimertinib.7,10,12,14–16 Outcomes with 
this sequential approach appeared to be particularly encouraging in Asian patients.10,11 This combined study of 
UpSwinG and GioTag facilitated a detailed analysis of 168 Asian patients treated with sequential afatinib and 

Table 1 Baseline Characteristics

GioTag (n = 50) UpSwinG (n = 118) Total (N = 168)

Median age (years, range) 60.5 (35–78) 62.0 (35–88) 61.5 (35–88)

Female (n, %) 33 (66.0) 64 (54.2) 97 (57.7)

Brain metastases (at start of afatinib) (n, %)

Yes 8 (16.0) 20 (16.9) 28 (16.7)
No 42 (84.0) 96 (81.4) 138 (82.1)

Unknown 0 2 (1.7) 2 (1.2)

Brain metastases (at start of osimertinib) (n, %) 10 (20.0) 14 (11.9) 24 (14.3)

ECOG PS (at start of afatinib) (n, %)
0 16 (32.0) 26 (22.0) 42 (25.0)

1 29 (58.0) 60 (50.8) 89 (53.0)

≥2 3 (6.0) 10 (8.5) 13 (7.7)
Unknown 2 (4.0) 22 (18.6) 24 (14.3)

ECOG PS (at start of osimertinib) (n, %)
0 13 (26.0) 18 (15.3) 31 (18.5)

1 28 (56.0) 59 (50.0) 87 (51.8)

≥2 6 (12.0) 19 (16.1) 25 (14.9)
Unknown 3 (6.0) 22 (18.6) 25 (14.9)

Mutation type (n, %)
Del19 31 (62.0) 78 (66.1) 109 (64.9)

L858R 19 (38.0) 40 (33.8) 59 (35.1)

Starting dose of afatinib (mg)

<40 4 (8.0) 16 (13.6) 20 (11.9)

40 46 (92.0) 101 (85.6) 147 (87.5)
50 0 1 (0.8) 1 (0.6)

Starting dose of osimertinib (mg)
60 1 (2.0) 0 1 (0.6)

80 49 (98.0) 118 (100.0) 167 (99.4)

Abbreviation: ECOG PS, Eastern Cooperative Oncology Group performance status.
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osimertinib. In these patients, median TTF was 2.5 years and median OS was nearly four years; the three-year 
survival rate was 63%. Almost two thirds of patients had a Del19 EGFR mutation. In these patients, median OS was 
over 5 years. Moreover, OS was encouraging even in patients with poor prognostic features, such as poor ECOG PS 
and presence of brain metastases, although patient numbers were small. Another interesting observation was that 
ECOG PS and the incidence of brain metastases were largely stable prior to, and after, treatment with afatinib, 
although patients with active brain metastases were excluded from the study. These observations imply that overall 
patient fitness might not be negatively impacted by treatment with afatinib prior to osimertinib and there was no 
evidence of significant central nervous system (CNS) progression, consistent with afatinib’s CNS activity.17 

Notwithstanding the inherent limitations of retrospective observational studies, and the potential for selection bias, 

Figure 1 TTF (A) and OS (B) in Asian patients receiving sequential Afatinib and osimertinib (n = 168). 
Abbreviations: CI, confidence interval; OS, overall survival; TTF, time-to-treatment failure.
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these are interesting findings and suggest that sequential afatinib and osimertinib could be considered in Asian 
patients, especially in those with a Del19 EGFR mutation. These patients demonstrated particularly favorable 
outcomes and are known to have high rates of T790M-mediated acquired resistance to first- and second- 
generation EGFR TKIs.8,18 Therefore, a high proportion of patients, perhaps up to 75%,8 with a Del19 mutation 
could be eligible to receive subsequent osimertinib, which has demonstrated strong activity in a second-line setting 
in Asian patients.9

As well as being a second-line option in patients with T790M-positive disease, osimertinib is a first-line 
treatment option in patients with EGFR mutation-positive NSCLC. In the global Phase III FLAURA trial, first- 
line osimertinib significantly improved both progression-free survival (PFS) and OS versus gefitinib/erlotinib in this 
setting,4,19 with a favorable tolerability profile reflecting its wild-type EGFR sparing mechanism of action. Notably, 
however, in an Asian subanalysis of FLAURA, there was no evidence of OS benefit with osimertinib over gefitinib/ 
erlotinib (median OS 37.1 months vs 35.8 months; hazard ratio (HR) 1.0; 95% CI: 0.75–1.32).5 Indeed, in Japanese 
patients, there was a trend towards lower OS with osimertinib than with gefitinib/erlotinib (median 39.3 months vs 
not reached; HR 1.39; 95% CI: 0.83–2.34).5 These observations could reflect high rates of subsequent therapy in 
Asian countries, especially those, like Korea and Japan, with advanced healthcare systems.5 Such countries are 
associated with high rates of tumor rebiopsy and/or liquid biopsies at the point of acquired resistance, thus 
facilitating routine testing for T790M.20,21 While treatment with sequential afatinib and osimertinib is dependent 
on the availability of T790M testing, there may be other factors that underlie apparent favorable outcomes in Asian 
patients treated with sequential afatinib and osimertinib. In both GioTag (44.8 versus 36.7 months)10 and UpSwing 
(42.3 and 31.3 months)11 median OS was higher in Asian patients than non-Asian patients, indicating that ethnic 
factors could contribute to efficacy. In addition to socioeconomic factors and differences in healthcare systems, 
background biological/genetic factors in Asians might explain this phenomenon.5

In the absence of prospective data, it is unclear whether sequential afatinib and osimertinib could elicit an OS 
advantage compared with first-line osimertinib. Currently, despite intensive clinical development of treatment possibi-
lities including fourth-generation EGFR TKIs and MET, HER2, JAK1, AXL and BRAF V600E inhibitors,22,23 no 
targeted treatment options are approved for use post-osimertinib yet. This reflects the observation that resistance 
mechanisms to osimertinib are highly heterogeneous and encompass both EGFR-dependent and EGFR-independent 
mechanisms.22,23 Accordingly, at the moment, most patients who receive subsequent therapy after osimertinib are given 
platinum-doublet chemotherapy.24 Therefore, sequential afatinib and osimertinib in patients with T790M-positive disease 
could potentially help maximize net time on targeted treatment and delay chemotherapy compared with first-line 
osimertinib. On the other hand, some patients treated with first-line afatinib may never have the opportunity to benefit 

Table 2 TTF and OS in Patient Subgroups

Median TTF  
(Months, 95% CI)

Median OS  
(Months, 95% CI)

All patients (n = 168) 30.0 (24.5–32.5) 45.2 (41.7–71.1)

Mutation type
Del19 (n = 109) 31.2 (25.8–38.2) 63.5 (42.3–71.1)

L858R (n = 59) 25.1 (20.5–30.4) 39.1 (29.3–48.5)

Brain metastases present

No (n = 138) 30.4 (25.1–33.5) 45.2 (41.7–71.1)
Yes (n = 28) 23.9 (20.3–NR) 26.4 (19.1–29.6)

ECOG PS
<2 (n = 131) 30.6 (25.1–36.0) 48.5 (41.8–71.1)

≥2 (n = 13) 29.6 (15.6–NR) 33.1 (17.1–NR)

Abbreviations: CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance status; NR, 
not reached; OS, overall survival; TTF, time- to-treatment failure.
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Figure 2 TTF (A) and OS (B) in Asian patients receiving sequential Afatinib and osimertinib according to EGFR mutation type (Del19 or L858R). 
Abbreviations: CI, confidence interval; OS, overall survival; TTF, time-to-treatment failure.

OncoTargets and Therapy 2022:15                                                                                                 https://doi.org/10.2147/OTT.S362535                                                                                                                                                                                                                       

DovePress                                                                                                                         
879

Dovepress                                                                                                                                                            Miura et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


from osimertinib if they develop T790M-negative acquired resistance and other treatment options would have to be 
considered in this scenario.25 For this reason, it would be extremely useful to be able to predict patients who would be 
most likely to develop T790M-mediated resistance to first-line therapy. In addition to the presence of an EGFR Del19 
mutation, other emerging patient- and disease-related factors seem to have the potential as T790M predictive biomarkers 
including age, white blood cell count, liver metastases, lactate dehydrogenase and cytokeratin 19 fragment levels.26 

Further research and validation of these biomarkers are required. Ultimately, head-to-head trials are required to compare 
sequential EGFR TKI regimens, with OS as the key endpoint. A randomized Phase II trial that compares initial treatment 
with afatinib versus osimertinib in patients with EGFR mutation-positive NSCLC is currently ongoing in Japan.27

This study has several limitations. As a retrospective study, it was prone to selection bias. For example, the study was restricted 
to sites that had access to osimertinib at the time, which probably excluded some patients, especially those treated in smaller 
regional centers. Furthermore, many patients treated with first-line afatinib could not be considered for inclusion in the study, such 
as those who developed T790M-independent acquired resistance, those who died during afatinib treatment, those who were unfit 
or unwilling to receive second-line treatment and those with active brain metastases. Conversely, patients with long-term benefits 
from afatinib had a lower likelihood of being included in the study. Another group of patients who could not be included in the 
study were those who had progression in tissues that were not amenable to testing for T790M, eg, the brain. Ultimately, therefore, 
the study is not generalizable to all patients treated with first-line afatinib, with the cohort possibly representing a fitter group of 
patients than generally encountered in real-world practice. It was notable, for example, that only three patients had baseline ECOG 
PS ≥2. Despite these inherent weaknesses of the study, we tried to limit selection bias by restricting enrollment from individual 
centers (maximum of 15 patients). Furthermore, in order to avoid early censoring, patients must have initiated osimertinib 
treatment at least 10 months prior to data entry. Finally, there was no comparator arm in this study. Accordingly, these real-world 
observations do not substitute for prospective data but do provide important hypothesis-generating observations.

Conclusions
In conclusion, this observational study suggests that withholding osimertinib for second-line use after afatinib could be a possible 
strategy in patients with EGFR mutation-positive NSCLC with T790M-positive disease. This seems to be particularly the case in 
Asian patients, given that sequential lines of therapy, and monitoring of the molecular evolution of tumors are commonplace in 
everyday clinical practice in several Asian countries. Sequential regimens of EGFR TKIs require prospective evaluation in Asian 
patients to help identify optimal treatment in terms of maximizing survival, tolerability, and quality of life.

Abbreviations
CI, confidence interval; CNS, central nervous system; HR, hazard ratio; ECOG PS, Eastern Cooperative Oncology Group 
performance status; EGFR, epidermal growth factor receptor; OS, overall survival; NR, not reached; NSCLC, non-small 
cell lung cancer; PFS, progression-free survival; TKI, tyrosine kinase inhibitor; TTF, time-to-treatment failure.
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