
RESEARCH ARTICLE

Real-world outcomes of first- and second-

generation tyrosine kinase inhibitors first-line

in patients with epidermal growth factor

receptor mutation-positive non-small cell lung

cancer: A retrospective observational cohort

study

Wei-Wei Ng1, Chen-Chun Lin1,2, Ching-Yuan Cheng1, Jiunn-Song Jiang1,3, Shang-

Jyh Kao1,3, Diana Yuwung Yeh1,2*

1 Division of Chest Medicine, Department of Internal Medicine, Shin Kong Wu-Ho-Su Memorial Hospital,

Taipei, Taiwan, 2 School of Medicine, Fu Jen Catholic University, New Taipei City, Taiwan, 3 School of

Respiratory Therapy, Taipei Medical University, Taipei, Taiwan

* m004917@ms.skh.org.tw

Abstract

The sequencing of epidermal growth factor receptor tyrosine kinase inhibitors (EGFR-TKIs)

in patients with EGFR mutation-positive (EGFRm+) non-small cell lung cancer (NSCLC)

remains a matter of controversy. This cohort study analyzed the overall survival (OS) and

progression-free survival (PFS) of afatinib compared with erlotinib and gefitinib first-line.

EGFRm+, advanced NSCLC patients treated with either afatinib, erlotinib or gefitinib were

retrospectively analyzed. A total of 107 patients were included. There was no statistically

significant difference in PFS among the 3 groups. In the� 60 years age group, the afatinib

group had longer survival compared to the gefitinib group (p = 0.01). Median OS were 19.1,

22.9, and 35.6 months for gefitinib, erlotinib, and afatinib groups, respectively, with statistical

significance between the gefitinib and afatinib groups (p = 0.009). Patients on afatinib also

had longer median OS than erlotinib and gefitinib pooled together (35.5 versus 21.4 months;

hazard ratio = 0.54, p = 0.016), despite similar median PFS. In conclusion, afatinib is a better

choice compared to gefitinib or erlotinib for EGFRm+ patients. The OS obtained with afatinib

is just 3 months shorter than osimertinib in the FLAURA trial. Direct comparison studies with

osimertinib are still needed to determine optimal sequencing.

1. Introduction

Lung cancer is the second most prevalent cancer in both men and women, also the leading

cause of cancer death in the United States [1]. It is also the most common cause of cancer

deaths worldwide [2]. In a cancer-based epidemiology and survival analysis, the average 5-year

survival rate for NSCLC from 1973 to 2010 was only 5.6% [3]. In comparison to conventional
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cytotoxic chemotherapy, epidermal growth factor receptor tyrosine kinase inhibitors

(EGFR-TKIs) provide significantly improved objective response rates and progression-free

survival (PFS) for patients with advanced cases of NSCLC with EGFR mutations [4–6]. The

frequency of EGFR mutations varies considerably among different populations and have been

reported to occur in only around 10%–15% of patients in Western countries in comparison to

approximately 50% of patients in Asian countries [7]. Therefore, the optimal choice of

EGFR-TKI is of particular concern in countries with high prevalence of EGFR mutations.

In patients with “common” EGFR mutations, exon 19 deletions and L858R mutation, the

two first-generation EGFR-TKIs, erlotinib and gefitinib, reversibly inhibit the kinase activity

of EGFR. On the other hand, the second-generation EGFR-TKIs afatinib and dacomitinib

bind irreversibly to the intracellular tyrosine kinase domain, inhibiting intracellular phosphor-

ylation and, in turn, causing cancer cell deaths. These different mechanisms of action may

result in different levels of efficacy [8]. In the CTONG0901 trial, the two first-generation TKIs

erlotinib and gefitinib achieved similar progression free survival (PFS) and overall survival

(OS) with similar toxicity [9, 10]. In the LUX-LUNG 7 trial, on the other hand, the second-

generation TKI afatinib significantly improved PFS (11.0 vs. 10.9 months, P = 0.017) com-

pared with first-generation gefitinib. However, OS remained similar in both groups [11, 12].

The ARCHER 1050 study further showed that dacomitinib is superior to gefitinib in both PFS

and OS, but patients with brain metastases were excluded from this study, which greatly limits

the application of the study conclusion in many clinical settings [13, 14]. On the other hand,

some patients do not carry “common” mutations but rather harbor “rare” mutations, which

were not well represented in most trials of EGFR-TKIs. For instance, a study by Krawczyk

et al. found no significant differences in the efficacy (in terms of the median OS, PFS, and

treatment response) of afatinib, erlotinib, and gefitinib in patients with either common or rare

EGFR mutations. However, they noted that patients with common mutations had longer PFS

but similar OS on TKIs [15].

The recent phase III FLAURA study showed that the use of osimertinib, a third-generation

irreversible EGFR-TKI that selectively inhibits both common EGFR mutations as well as

EGFR T790M mutation, a common acquired resistance to first-generation TKIs, is associated

with significantly longer PFS and OS than erlotinib and gefitinib in the first-line setting [16,

17]. Although this led to a change in clinical practice in most Western countries in the first-

line treatment of NSCLC, it is worthy of note that second-generation TKIs were not used in

this trial. Therefore, there is up to now still no definitive answer to the question of how to best

sequence the three generations of EGFR-TKIs.

As the reports of the efficacy of the reversible EGFR-TKIs (erlotinib and gefitinib) and the

irreversible EGFR-TKIs (afatinib, dacomitinib, and osimertinib) are conflicting, and the cost

of each TKI varies greatly from country to country, based on each country’s unique reimburse-

ment system, not all three generations of TKIs are widely available for use in all countries.

Many clinicians have had to adopt a trial-and-error approach, not necessarily able to follow

published clinical guidelines. Their previous experiences with a drug often inform future clini-

cal decisions. Therefore, to help clarify this issue for clinical practice, we conducted this hospi-

tal-based cohort study to compare the OS and PFS outcomes for afatinib, erlotinib, and

gefitinib as the first-line treatment in patients with EGFR mutation-positive NSCLC.

2. Methods

2.1. Study design and patient demographics

The present study was conducted in patients with advanced NSCLC treated at a 921-bed, ter-

tiary teaching medical center in Taipei, Taiwan. All EGFR mutation-positive patients with
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NSCLC who were treated at the hospital from June 2014 to May 2019 were screened for inclu-

sion into the study. All patients underwent a bone scan, chest computed tomography (CT)

scan, and brain imaging (CT or magnetic resonance imaging) scan for staging based on the

tumor, node, metastasis (TNM) classification proposed by the American Joint Committee on

Cancer, 7th and later 8th edition. Stage I–IIB patients were then excluded, and only advanced-

stage patients were ultimately included in the analysis. A total of 107 patients were included,

divided into 3 treatment groups based on the choice of 1st line TKI used according to physi-

cian’s clinical decision: 27 in the gefitinib group, 33 in the erlotinib group, and 47 in the afati-

nib group. Patient data were accessed and prepared by a non-author between June and

August, 2019. In line with the Declaration of Helsinki, the file was fully anonymized with all

identifying information removed prior to data analysis by the investigators.

Patient characteristics data were collected, including age, sex, mutation subtype, perfor-

mance status, and TNM stage. All patients received either a reversible EGFR-TKI (gefitinib or

erlotinib) or an irreversible EGFR-TKI (afatinib) as their first-line treatment at the discretion

of the treatment providers. Data on all concurrent and subsequent treatment modalities pro-

vided to the patients, including the aforementioned initial and any subsequent TKI therapies

such as third-generation osimertinib, radiation therapy, and cytotoxic chemotherapy were also

collected. Based on radiographic evidence, the Response Evaluation Criteria in Solid Tumors

(RECIST), version 1.1, was used to determine the occurrence of disease progression.

2.2. EGFR mutation analysis

Tumor tissues were obtained from the primary lung tumors or metastatic lesions of the

patients for EGFR mutation analysis. Only tissue samples consisting of>80% tumor content,

as evaluated via microscopy, were used for this purpose. For each sample, DNA was extracted

using the QIAcube automated extractor (Qiagen, Hilden, Germany) with the QIAamp DNA

Formalin-Fixed Paraffin-embedded (FFPE) Tissue Kit (Qiagen) and then eluted in ATE

(QIAmp Tissue Elution) buffer (Qiagen) according to the manufacturer’s instructions. The

EGFR PCR Kit (EGFR RUO Kit) and the Therascreen EGFR RGQ PCR Kit (EGFR IVD Kit,

Qiagen, Manchester, UK) were then used in combination with the Scorpions and amplifica-

tion-refractory mutation system (ARMS) technologies to detect the presence of EGFR muta-

tions by real-time quantitative PCR.

2.3. Statistical analysis

ANOVA model was used to compare the difference of continuous variables between treatment

groups. Kruskal-Wallis test was used if normally distributed assumption was violated. Normal

distribution was examined by the Kolmogorov-Smirnov test. Categorical variables were com-

pared by chi-square test or the Fisher’s exact test (if the expected value is smaller than 5). Sur-

vival analysis was conducted by the Kaplan-Meier method and the difference between groups

was tested by the log-rank test. Cox proportional regression model was conducted to obtain

the hazard ratio of the covariates.

The chi-squared test or Fisher’s exact test was used to compare the categorical demographic

and clinical variables of the patients, while Student’s t-test was used to compare the continuous

demographic and clinical variables of the patients. The PFS and OS of the patients were esti-

mated by the Kaplan–Meier method and compared using the log-rank test. Cox proportional

hazards regression analyses were also performed to ascertain the determinants of the PFS and

OS of the patients. Possible determinants were selected based on prior studies of the prognostic

factors for survival [18, 19]. The factors ultimately selected as possible prognostic factors were

age, sex, smoking history, previous cancer status, other concurrent cancer status, family history
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of lung cancer, family history of cancer in general, Eastern Cooperative Oncology Group Per-

formance Status (ECOG PS), radiotherapy treatment status, clinical stage, nodal involvement,

and EGFR mutation subtype. The analyses were performed using the Statistical Analysis Sys-

tem software version 9.4 (SAS Institute, Cary, North Carolina, USA). All the reported p-values

are two-sided, and a p-value of less than 0.05 was considered to indicate statistical significance.

3. Results

3.1. Characteristics of patients in the two treatment groups

A total of 107 patients were included in the study. Of these patients, 47 received afatinib as

their first-line treatment, 60 received erlotinib or gefitinib. (33, 27, respectively)

Comparing the pooled 1st generation TKI with the 2nd generation TKI groups, the demo-

graphic and baseline clinical characteristics of the patients in the erlotinib/gefitinib versus afa-

tinib groups are shown in Table 1. Compared with the afatinib group, a significantly larger

proportion of the patients in the erlotinib/gefitinib group were aged�60 years (90% versus

62%; p = 0.001). In addition, more patients in the erlotinib/gefitinib group had an ECOG PS

�2 (33% versus 9%; p = 0.002) or were clinical stage IV (97% versus 87%; p = 0.003). More

patients in the 1st generation TKI group harbored exon 21 mutations (62% versus 45%;

p = 0.012), whereas more patients on afatinib had uncommon EGFR mutations (10% vs. 2%;

p = 0.012). Furthermore, compared with the erlotinib/gefitinib group, a significantly larger

proportion of the patients in the afatinib group had a family history of cancer (38% versus

18%; p = 0.028).

Table 1. Demographics and baseline characteristics in patients receiving first or second generation TKI therapies.

Variable Afatinib Erlotinib/Gefitinib P value

Patient number 47 60 -

Age�60 years 29 (62) 54 (90) 0.001

Male 19 (40) 27 (45) 0.696

Smoking history 16 (34) 17 (28) 0.535

Previous cancer 3 (6) 5 (8) >0.999

Other concurrent cancer 1 (2) 2 (3) >0.999

Family history of lung cancer 7 (15) 6 (10) 0.554

Family history of cancer 18 (38) 11 (18) 0.028

ECOG PS�2 4 (9) 20 (33) 0.002

Ever received radiotherapy 17 (36) 34 (57) 0.051

Time on TKI treatment, month 15.3 ± 13.4 12.3 ± 10.7 0.197

Clinical stage 0.003

IIIa 0 (0) 2 (3)

IIIb 6 (13) 0 (0)

IV 41 (87) 58 (97)

Nodal involvement (N�1) 40 (85) 45 (75) 0.235

EGFR mutation 0.012

�Wild type 0 (0) 1 (2)

Exon 19 deletion 16 (34) 20 (33)

Exon 21 L858R mutation 21 (45) 37 (62)

Other EGFR mutations 10 (21) 2 (3)

Abbreviation: TKI, tyrosine kinase inhibitor; ECOG PS, Eastern Cooperative Oncology Group Performance Status; EGFR, epidermal growth factor receptor.

Data presented as frequency (percentage) or mean ± standard deviation.

�Wild type: An elderly patient with poor performance status. The patient requested TKI trial and palliative care.

https://doi.org/10.1371/journal.pone.0253335.t001
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3.2. PFS and OS of the patients in the two treatment groups

Fig 1 shows a higher percentage of NSCLC patients were alive at month 12, 24, and 36 on afati-

nib first-line as compared to gefitinib and erlotinib. Median time on treatment was 10.0

months for all 3 treatment groups. However, median overall survival time was 19.1, 22.9, and

35.6 months for gefitinib, erlotinib, and afatinib groups, respectively, with statistical signifi-

cance between the gefitinib and afatinib groups (p = 0.009).

Pooling 1st generation TKI data together, the comparison of the OS of the patients in the

afatinib and erlotinib/gefitinib groups is shown in Fig 2. The median OS of the patients in the

afatinib group was significantly longer than that of the patients in the erlotinib/gefitinib groups

(35.5 months versus 21.4 months; HR 0.54, p = 0.016). In contrast, as shown in Fig 3, the

patients in the afatinib group showed no significant difference of PFS compared to those in the

erlotinib/gefitinib group (12.0 months versus 13.0 months; HR 0.79, p = 0.360).

3.3. Demographic and clinical characteristics significantly associated with

PFS and OS

According to the results of bivariate Cox analyses, the demographic and clinical factors that

were statistically associated with higher hazard ratio of OS were having an ECOG PS�2

(p = 0.001), having a wild-type EGFR mutation (p = 0.002), and receiving afatinib rather than

erlotinib or gefitinib as a first-line treatment (p = 0.016). Further multivariate Cox analyses

showed that the demographic and clinical factors that were significantly associated with higher

hazard ratio of OS were being male (p = 0.039), having an ECOG PS�2 (p = 0.005), and hav-

ing a wild-type EGFR mutation (p = 0.033) (Table 2). In terms of PFS, the bivariate Cox analy-

ses did not reveal any significant demographic or clinical factors (Table 3).

Fig 1. Overall survival of non-small cell lung cancer patients based on first-line TKI therapies. The median

survival times are 35.6, 22.9, and 19.1 months in the afatinib, erlotinib, and gefitinib groups, respectively. Abbreviation:

TKI, tyrosine kinase inhibitor.

https://doi.org/10.1371/journal.pone.0253335.g001
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4. Discussion

Potential variations in efficacy resulting from different treatment sequencing options have sig-

nificant practical implications for patients and clinicians alike. Previous reports of the survival

benefits of the second-generation irreversible EGFR-TKIs afatinib and dacomitinib in com-

parison to those of erlotinib and gefitinib are conflicting [9, 11–15]. In the recent phase III

FLAURA clinical trial, previously untreated, common EGFR mutation-positive NSCLC

patients who received osimertinib were compared with those who received either erlotinib or

gefitinib. The FLAURA data showed that those treated with osimertinib had both a signifi-

cantly longer median PFS (18.9 months versus 10.2 months; HR 0.46) and a significantly

longer OS (38.6 months versus 31.8 months; HR 0.80) than those treated with either of the

Fig 2. Overall survival of non-small cell lung cancer patients based on first-line TKI therapies. Abbreviation: TKI,

tyrosine kinase inhibitor.

https://doi.org/10.1371/journal.pone.0253335.g002

Fig 3. Progression free survival of non-small cell lung cancer patients based on first-line TKI therapies.

Abbreviation: TKI, tyrosine kinase inhibitor.

https://doi.org/10.1371/journal.pone.0253335.g003

PLOS ONE Real-world outcomes of 1st and 2nd generation TKI 1st-line in EGFR mutation+ NSCLC

PLOS ONE | https://doi.org/10.1371/journal.pone.0253335 June 24, 2021 6 / 11

https://doi.org/10.1371/journal.pone.0253335.g002
https://doi.org/10.1371/journal.pone.0253335.g003
https://doi.org/10.1371/journal.pone.0253335


Table 2. Bivariable and multivariable analyses of the association between clinical characteristics and overall survival.

Bivariable analysis Multivariable analysis

Variable HR (95% CI) P HR (95% CI) P
Age�60 years 0.99 (0.57–1.73) 0.965

Male 1.55 (0.97–2.49) 0.070 1.72 (1.03–2.90) 0.039

Smoking history 1.10 (0.66–1.83) 0.713

Previous cancer 1.16 (0.47–2.88) 0.754

Other concurrent cancer 2.42 (0.75–7.80) 0.140 1.54 (0.45–5.20) 0.489

Family history of lung cancer 1.03 (0.51–2.09) 0.926

Family history of cancer 0.77 (0.45–1.32) 0.340

ECOG PS�2 2.46 (1.47–4.11) 0.001 2.35 (1.30–4.27) 0.005

Ever received radiotherapy 1.44 (0.89–2.31) 0.134 1.20 (0.72–2.00) 0.480

Clinical stage IV vs. III 0.93 (0.37–2.31) 0.875

Nodal involvement (N�1) 0.95 (0.54–1.66) 0.848

EGFR mutation

Wild type 34.3 (3.5–337) 0.002 13.17 (1.23–141) 0.033

Exon 19 deletion Reference

Exon 21 L858R mutation 1.02 (0.61–1.69) 0.951 0.88 (0.51–1.51) 0.646

Other EGFR mutations 0.78 (0.32–1.91) 0.593 0.91 (0.37–2.25) 0.841

Afatinib vs. Erlotinib/Gefitinib 0.54 (0.33–0.89) 0.016 1.39 (0.78–2.47) 0.266

Abbreviation: HR, hazard ratio; CI, confidence interval; TKI, tyrosine kinase inhibitor; ECOG PS, Eastern Cooperative Oncology Group Performance Status; EGFR,

epidermal growth factor receptor.

https://doi.org/10.1371/journal.pone.0253335.t002

Table 3. Bivariable and multivariable analyses of the association between clinical characteristics and progression free survival.

Bivariable analysis Multivariable analysis

Variable HR (95% CI) P HR (95% CI) P
Age�60 years 0.81 (0.47–1.39) 0.442

Male 1.55 (0.94–2.54) 0.085 1.57 (0.95–2.61) 0.080

Smoking history 1.01 (0.59–1.71) 0.981

Previous cancer 0.68 (0.21–2.17) 0.513

Other concurrent cancer 2.26 (0.70–7.27) 0.171

Family history of lung cancer 1.11 (0.56–2.17) 0.773

Family history of cancer 0.88 (0.51–1.52) 0.644

ECOG PS�2 0.74 (0.37–1.51) 0.411

Ever received radiotherapy 1.67 (1.02–2.73) 0.042 1.14 (0.68–1.88) 0.622

Clinical stage IV vs. III 3.39 (0.83–13.90) 0.090 1.89 (0.45–7.93) 0.383

Nodal involvement (N�1) 1.65 (0.78–3.45) 0.188

EGFR mutation 0.81 (0.47–1.39) 0.442

Wild type NA NA

Exon 19 deletion Reference Reference

Exon 21 L858R mutation 0.79 (0.47–1.34) 0.381

Other EGFR mutations 1.03 (0.46–2.31) 0.937

Afatinib vs. Erlotinib/Gefitinib 0.79 (0.48–1.30) 0.360

Abbreviation: HR, hazard ratio; CI, confidence interval; TKI, tyrosine kinase inhibitor; ECOG PS, Eastern Cooperative Oncology Group Performance Status; EGFR,

epidermal growth factor receptor; NA, not applicable.

https://doi.org/10.1371/journal.pone.0253335.t003
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first-generation reversible EGFR-TKIs [16, 17]. Several studies of osimertinib either in real-

world European populations or Asian populations have also revealed good responses to those

with T790M mutations, albeit costly [20, 21]. However, the patients in the FLAURA trial did

not have second-generation TKIs as a treatment option either first-line or post-first-line, and

studies comparing osimertinib and second-generation TKIs such as afatinib or dacominitib

are still lacking at present time. It is well-known that resistance patterns differ when the same

drug is used at different time points in the line-up of therapies depending on what medications

the patient has been exposed to prior [22]. This will in turn have an impact on the available

choice, response, and duration of subsequent therapies. In our study, both first- and second-

generation TKIs had similar PFS yet very different OS. Although the differences in perfor-

mance status and age of the patients most likely contributed to the difference in OS between

the afatnib and the gefitnib/erlotinib groups, it is also conceivable that the longer OS in the afa-

tinib group may be the effect of different resistance mechanisms emerging from treatment

with the two different categories of TKIs. With their corresponding range of sensitive muta-

tions, they lead to diverging landscapes of available treatment options and variable response

patterns to therapies down the line. Therefore, as second- and third-generation TKIs have not

been studied together in large-scale clinical trials, the role of first-line second-generation TKIs

in present day treatment of NSCLC has not really been clarified.

The median OS of the afatinib group in the present real-world study (35.6 months) is com-

parable to that obtained by osimertinib in the FLAURA study (38.6 months) under trial set-

tings [17], considering that most of the patients included in our study did not have a chance to

use osimertinib as a subsequent treatment option as osimertinib was not reimbursed by the

National Health Insurance in Taiwan during most of the study period. Only 2 patients in the

gefitinib group and 1 each in the erlotinib and afatinib groups used osimertinib in later-line

treatment. In addition, if we compare our real-world PFS and OS to previously published afati-

nib clinical trial (LUX-LUNG 7) [11], our PFS are slightly longer than those in the trials in

both the afatinib and the erlotinib/gefitinib groups despite worse performance status in both

groups. Our OS in the 1st-generation TKI arm is only 3 mo shorter than the LUX-LUNG 7 OS

(21.4 mo vs. 24.5 mo), with 33% of PS� 2 patients in our study; and 7 mo longer compared to

LUX-LUNG 7 in the afatinib arm (35.6 mo vs. 27.9 mo) despite including 9% of PS� 2

patients. Such patients with poor performance status were excluded in LUX-LUNG 7 and

FLAURA trials. Therefore, our study results indicate that the efficacy of first-line afatinib may

not be inferior to that of osimertinib for some EGFR mutation-positive NSCLC patients.

Given the greater cost of osimertinib, afatinib may be a reasonable choice for first-line treat-

ment in EGFR mutation-positive NSCLC especially in areas where osimertinib is too costly.

For example, under the Taiwan National Health Insurance reimbursement policy, afatinib cur-

rently costs $1,392 USD/mo compared with osimertinib at $5,649 USD/mo. According to the

cost-effectiveness threshold criteria of the World Health Organization, Aguiar et al. reported

that osimertinib is not, in fact, a cost-effective first-line therapy for advanced EGFR mutation-

positive NSCLC [20]. A Dutch study also reached a similar conclusion [21].

From a medical standpoint, the presence of uncommon EGFR mutations is another consid-

eration when deciding between the second- and third-generation TKIs. Both in vitro studies

[23] and in vivo reports have shown that afatinib can inhibit some uncommon EGFR muta-

tions which osimertinib has poor activities against. A previous report has revealed that EGFR

L718V mutation mediates resistance to osimertinib, but retains sensitivity to afatinib, likewise

with the EGFR L718Q mutation [24, 25]. There have been several other reports of incidences

where afatinib has been effective in cases resistant to Osimertinib [25–28]. We also postulate

that the use of afatinib may have affected the emergence of resistant mutations, perhaps con-

tributing to a longer OS in our study than the LUX-LUNG 7 trial, as our afatinib group

PLOS ONE Real-world outcomes of 1st and 2nd generation TKI 1st-line in EGFR mutation+ NSCLC

PLOS ONE | https://doi.org/10.1371/journal.pone.0253335 June 24, 2021 8 / 11

https://doi.org/10.1371/journal.pone.0253335


included 21% of patients with uncommon mutations. As the treatment of cancer has become

more personalized and targeted at the molecular level, treatment choices based on general

guidelines need to be weighed carefully while considering the individual patient’s mutation

profile.

Some limitations of the present study should be noted. Because of the retrospective study

design and analysis of data from a single hospital, the two treatment groups were significantly

different in terms of some baseline clinical and demographic characteristics. The patients in

the erlotinib/gefitinib group were significantly older and had worse ECOG PS than those in

the afatinib group. However, further analysis using the Cox proportional hazard model to

adjust for such potential confounding factors showed that afatinib treatment remained an

independent predictor of better OS in this patient population.

5. Conclusions

In conclusion, first-line afatinib in EGFR mutation-positive NSCLC patients is associated with

longer overall survival despite similar median time on treatment compared to erlotinib and

gefitinib. The OS of afatinib in real-world settings is only 3 months shorter than osimertinib

under trial conditions. Therefore, afatinib may be considered an alternative to osimertinib for

first-line treatment of EGFR-positive NSCLC especially if medical cost is a concern or if

patients have uncommon EGFR mutations. Further large-scale prospective studies are

required to more comprehensively compare the effectiveness of afatinib and osimertinib in

advanced EGFR mutation-positive NSCLC.

Supporting information

S1 Dataset.

(CSV)

Author Contributions

Conceptualization: Wei-Wei Ng, Diana Yuwung Yeh.

Data curation: Wei-Wei Ng, Diana Yuwung Yeh.

Formal analysis: Wei-Wei Ng.

Investigation: Wei-Wei Ng.

Methodology: Wei-Wei Ng.

Project administration: Wei-Wei Ng.

Resources: Wei-Wei Ng, Chen-Chun Lin, Jiunn-Song Jiang, Shang-Jyh Kao, Diana Yuwung

Yeh.

Software: Wei-Wei Ng.

Supervision: Diana Yuwung Yeh.

Validation: Wei-Wei Ng, Ching-Yuan Cheng, Diana Yuwung Yeh.

Visualization: Wei-Wei Ng.

Writing – original draft: Wei-Wei Ng.

Writing – review & editing: Diana Yuwung Yeh.

PLOS ONE Real-world outcomes of 1st and 2nd generation TKI 1st-line in EGFR mutation+ NSCLC

PLOS ONE | https://doi.org/10.1371/journal.pone.0253335 June 24, 2021 9 / 11

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0253335.s001
https://doi.org/10.1371/journal.pone.0253335


References
1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2020. CA: A Cancer Journal for Clinicians. 2020; 70

(1):7–30.

2. World Health Organization cancer statistics [Available from: https://www.who.int/news-room/fact-

sheets/detail/cancer.

3. Lu T, Yang X, Huang Y, Zhao M, Li M, Ma K, et al. Trends in the incidence, treatment, and survival of

patients with lung cancer in the last four decades. Cancer Manag Res. 2019; 11:943–53. https://doi.org/

10.2147/CMAR.S187317 PMID: 30718965

4. Chen G, Feng J, Zhou C, Wu YL, Liu XQ, Wang C, et al. Quality of life (QoL) analyses from OPTIMAL

(CTONG-0802), a phase III, randomised, open-label study of first-line erlotinib versus chemotherapy in

patients with advanced EGFR mutation-positive non-small-cell lung cancer (NSCLC). Annals of Oncol-

ogy. 2013; 24(6):1615–22. https://doi.org/10.1093/annonc/mdt012 PMID: 23456778

5. Verduyn SC, Biesma B, Schramel FMNH, van der Scheer FW, Langenfeld MK, de Peuter MA, et al.

Estimating quality adjusted progression free survival of first-line treatments for EGFR mutation positive

non small cell lung cancer patients in The Netherlands. Health and quality of life outcomes. 2012;

10:108–. https://doi.org/10.1186/1477-7525-10-108 PMID: 22963131

6. Wu YL, Zhou C, Hu CP, Feng J, Lu S, Huang Y, et al. Afatinib versus cisplatin plus gemcitabine for first-

line treatment of Asian patients with advanced non-small-cell lung cancer harbouring EGFR mutations

(LUX-Lung 6): an open-label, randomised phase 3 trial. Lancet Oncol. 2014; 15(2):213–22. https://doi.

org/10.1016/S1470-2045(13)70604-1 PMID: 24439929

7. Chan BA, Hughes BG. Targeted therapy for non-small cell lung cancer: current standards and the prom-

ise of the future. Transl Lung Cancer Res. 2015; 4(1):36–54. https://doi.org/10.3978/j.issn.2218-6751.

2014.05.01 PMID: 25806345

8. Solca F, Dahl G, Zoephel A, Bader G, Sanderson M, Klein C, et al. Target binding properties and cellular

activity of afatinib (BIBW 2992), an irreversible ErbB family blocker. J Pharmacol Exp Ther. 2012; 343

(2):342–50. https://doi.org/10.1124/jpet.112.197756 PMID: 22888144

9. Yang JJ, Zhou Q, Yan HH, Zhang XC, Chen HJ, Tu HY, et al. A phase III randomised controlled trial of

erlotinib vs gefitinib in advanced non-small cell lung cancer with EGFR mutations. Br J Cancer. 2017;

116(5):568–74. https://doi.org/10.1038/bjc.2016.456 PMID: 28103612

10. Urata Y, Katakami N, Morita S, Kaji R, Yoshioka H, Seto T, et al. Randomized Phase III Study Compar-

ing Gefitinib With Erlotinib in Patients With Previously Treated Advanced Lung Adenocarcinoma:

WJOG 5108L. J Clin Oncol. 2016; 34(27):3248–57. https://doi.org/10.1200/JCO.2015.63.4154 PMID:

27022112

11. Park K, Tan EH, O’Byrne K, Zhang L, Boyer M, Mok T, et al. Afatinib versus gefitinib as first-line treat-

ment of patients with EGFR mutation-positive non-small-cell lung cancer (LUX-Lung 7): a phase 2B,

open-label, randomised controlled trial. Lancet Oncol. 2016; 17(5):577–89. https://doi.org/10.1016/

S1470-2045(16)30033-X PMID: 27083334

12. Paz-Ares L, Tan EH, O’Byrne K, Zhang L, Hirsh V, Boyer M, et al. Afatinib versus gefitinib in patients

with EGFR mutation-positive advanced non-small-cell lung cancer: overall survival data from the phase

IIb LUX-Lung 7 trial. Ann Oncol. 2017; 28(2):270–7. https://doi.org/10.1093/annonc/mdw611 PMID:

28426106

13. Wu YL, Cheng Y, Zhou X, Lee KH, Nakagawa K, Niho S, et al. Dacomitinib versus gefitinib as first-line

treatment for patients with EGFR-mutation-positive non-small-cell lung cancer (ARCHER 1050): a ran-

domised, open-label, phase 3 trial. Lancet Oncol. 2017; 18(11):1454–66. https://doi.org/10.1016/

S1470-2045(17)30608-3 PMID: 28958502

14. Mok TS, Cheng Y, Zhou X, Lee KH, Nakagawa K, Niho S, et al. Improvement in Overall Survival in a

Randomized Study That Compared Dacomitinib With Gefitinib in Patients With Advanced Non-Small-

Cell Lung Cancer and EGFR-Activating Mutations. J Clin Oncol. 2018; 36(22):2244–50. https://doi.org/

10.1200/JCO.2018.78.7994 PMID: 29864379

15. Krawczyk P, Kowalski DM, Ramlau R, Kalinka-Warzocha E, Winiarczyk K, Stencel K, et al. Comparison

of the effectiveness of erlotinib, gefitinib, and afatinib for treatment of non-small cell lung cancer in

patients with common and rare EGFR gene mutations. Oncol Lett. 2017; 13(6):4433–44. https://doi.org/

10.3892/ol.2017.5980 PMID: 28599445

16. Soria JC, Ohe Y, Vansteenkiste J, Reungwetwattana T, Chewaskulyong B, Lee KH, et al. Osimertinib in

Untreated EGFR-Mutated Advanced Non-Small-Cell Lung Cancer. N Engl J Med. 2018; 378(2):113–

25. https://doi.org/10.1056/NEJMoa1713137 PMID: 29151359

17. Ramalingam SS, Vansteenkiste J, Planchard D, Cho BC, Gray JE, Ohe Y, et al. Overall Survival with

Osimertinib in Untreated, EGFR-Mutated Advanced NSCLC. New England Journal of Medicine. 2019;

382(1):41–50.

PLOS ONE Real-world outcomes of 1st and 2nd generation TKI 1st-line in EGFR mutation+ NSCLC

PLOS ONE | https://doi.org/10.1371/journal.pone.0253335 June 24, 2021 10 / 11

https://www.who.int/news-room/fact-sheets/detail/cancer
https://www.who.int/news-room/fact-sheets/detail/cancer
https://doi.org/10.2147/CMAR.S187317
https://doi.org/10.2147/CMAR.S187317
http://www.ncbi.nlm.nih.gov/pubmed/30718965
https://doi.org/10.1093/annonc/mdt012
http://www.ncbi.nlm.nih.gov/pubmed/23456778
https://doi.org/10.1186/1477-7525-10-108
http://www.ncbi.nlm.nih.gov/pubmed/22963131
https://doi.org/10.1016/S1470-2045%2813%2970604-1
https://doi.org/10.1016/S1470-2045%2813%2970604-1
http://www.ncbi.nlm.nih.gov/pubmed/24439929
https://doi.org/10.3978/j.issn.2218-6751.2014.05.01
https://doi.org/10.3978/j.issn.2218-6751.2014.05.01
http://www.ncbi.nlm.nih.gov/pubmed/25806345
https://doi.org/10.1124/jpet.112.197756
http://www.ncbi.nlm.nih.gov/pubmed/22888144
https://doi.org/10.1038/bjc.2016.456
http://www.ncbi.nlm.nih.gov/pubmed/28103612
https://doi.org/10.1200/JCO.2015.63.4154
http://www.ncbi.nlm.nih.gov/pubmed/27022112
https://doi.org/10.1016/S1470-2045%2816%2930033-X
https://doi.org/10.1016/S1470-2045%2816%2930033-X
http://www.ncbi.nlm.nih.gov/pubmed/27083334
https://doi.org/10.1093/annonc/mdw611
http://www.ncbi.nlm.nih.gov/pubmed/28426106
https://doi.org/10.1016/S1470-2045%2817%2930608-3
https://doi.org/10.1016/S1470-2045%2817%2930608-3
http://www.ncbi.nlm.nih.gov/pubmed/28958502
https://doi.org/10.1200/JCO.2018.78.7994
https://doi.org/10.1200/JCO.2018.78.7994
http://www.ncbi.nlm.nih.gov/pubmed/29864379
https://doi.org/10.3892/ol.2017.5980
https://doi.org/10.3892/ol.2017.5980
http://www.ncbi.nlm.nih.gov/pubmed/28599445
https://doi.org/10.1056/NEJMoa1713137
http://www.ncbi.nlm.nih.gov/pubmed/29151359
https://doi.org/10.1371/journal.pone.0253335


18. Satouchi M, Negoro S, Funada Y, Urata Y, Shimada T, Yoshimura S, et al. Predictive factors associated

with prolonged survival in patients with advanced non-small-cell lung cancer (NSCLC) treated with gefi-

tinib. British Journal of Cancer. 2007; 96(8):1191–6. https://doi.org/10.1038/sj.bjc.6603710 PMID:

17387341

19. Bajard A, Westeel V, Dubiez A, Jacoulet P, Pernet D, Dalphin JC, et al. Multivariate analysis of factors

predictive of brain metastases in localised non-small cell lung carcinoma. Lung Cancer. 2004; 45

(3):317–23. https://doi.org/10.1016/j.lungcan.2004.01.025 PMID: 15301872

20. Aguiar PN Jr., Haaland B, Park W, San Tan P, Del Giglio A, de Lima Lopes G Jr. Cost-effectiveness of

Osimertinib in the First-Line Treatment of Patients With EGFR-Mutated Advanced Non-Small Cell Lung

Cancer. JAMA Oncol. 2018; 4(8):1080–4. https://doi.org/10.1001/jamaoncol.2018.1395 PMID:

29852038

21. Holleman MS, Al MJ, Zaim R, Groen HJM, Uyl-de Groot CA. Cost-effectiveness analysis of the first-line

EGFR-TKIs in patients with non-small cell lung cancer harbouring EGFR mutations. Eur J Health Econ.

2020; 21(1):153–64. https://doi.org/10.1007/s10198-019-01117-3 PMID: 31541309

22. Roper N, Brown AL, Wei JS, Pack S, Trindade C, Kim C, et al. Clonal Evolution and Heterogeneity of

Osimertinib Acquired Resistance Mechanisms in EGFR Mutant Lung Cancer. Cell Rep Med. 2020; 1

(1). https://doi.org/10.1016/j.xcrm.2020.100007 PMID: 32483558

23. Kohsaka S, Nagano M, Ueno T, Suehara Y, Hayashi T, Shimada N, et al. A method of high-throughput

functional evaluation of EGFR gene variants of unknown significance in cancer. Sci Transl Med. 2017; 9

(416). https://doi.org/10.1126/scitranslmed.aan6566 PMID: 29141884

24. Liu Y, Li Y, Ou Q, Wu X, Wang X, Shao YW, et al. Acquired EGFR L718V mutation mediates resistance

to osimertinib in non-small cell lung cancer but retains sensitivity to afatinib. Lung Cancer. 2018; 118:1–

5. https://doi.org/10.1016/j.lungcan.2018.01.015 PMID: 29571986

25. Yang X, Huang C, Chen R, Zhao J. Resolving Resistance to Osimertinib Therapy With Afatinib in an

NSCLC Patient With EGFR L718Q Mutation. Clin Lung Cancer. 2020; 21(4):e258–e60. https://doi.org/

10.1016/j.cllc.2019.12.002 PMID: 32146032

26. Fang W, Huang Y, Gan J, Zheng Q, Zhang L. Emergence of EGFR G724S After Progression on Osi-

mertinib Responded to Afatinib Monotherapy. Journal of Thoracic Oncology. 2020; 15(3):e36–e7.

https://doi.org/10.1016/j.jtho.2019.09.198 PMID: 32093857

27. Ishii H, Azuma K, Sakai K, Naito Y, Matsuo N, Tokito T, et al. Determination of Somatic Mutations and

Tumor Mutation Burden in Plasma by CAPP-Seq during Afatinib Treatment in NSCLC Patients Resis-

tance to Osimertinib. Sci Rep. 2020; 10(1):691. https://doi.org/10.1038/s41598-020-57624-4 PMID:

31959859

28. Liu J, Jin B, Su H, Qu X, Liu Y. Afatinib helped overcome subsequent resistance to osimertinib in a

patient with NSCLC having leptomeningeal metastasis baring acquired EGFR L718Q mutation: a case

report. BMC cancer. 2019; 19(1):702. https://doi.org/10.1186/s12885-019-5915-7 PMID: 31315676

PLOS ONE Real-world outcomes of 1st and 2nd generation TKI 1st-line in EGFR mutation+ NSCLC

PLOS ONE | https://doi.org/10.1371/journal.pone.0253335 June 24, 2021 11 / 11

https://doi.org/10.1038/sj.bjc.6603710
http://www.ncbi.nlm.nih.gov/pubmed/17387341
https://doi.org/10.1016/j.lungcan.2004.01.025
http://www.ncbi.nlm.nih.gov/pubmed/15301872
https://doi.org/10.1001/jamaoncol.2018.1395
http://www.ncbi.nlm.nih.gov/pubmed/29852038
https://doi.org/10.1007/s10198-019-01117-3
http://www.ncbi.nlm.nih.gov/pubmed/31541309
https://doi.org/10.1016/j.xcrm.2020.100007
http://www.ncbi.nlm.nih.gov/pubmed/32483558
https://doi.org/10.1126/scitranslmed.aan6566
http://www.ncbi.nlm.nih.gov/pubmed/29141884
https://doi.org/10.1016/j.lungcan.2018.01.015
http://www.ncbi.nlm.nih.gov/pubmed/29571986
https://doi.org/10.1016/j.cllc.2019.12.002
https://doi.org/10.1016/j.cllc.2019.12.002
http://www.ncbi.nlm.nih.gov/pubmed/32146032
https://doi.org/10.1016/j.jtho.2019.09.198
http://www.ncbi.nlm.nih.gov/pubmed/32093857
https://doi.org/10.1038/s41598-020-57624-4
http://www.ncbi.nlm.nih.gov/pubmed/31959859
https://doi.org/10.1186/s12885-019-5915-7
http://www.ncbi.nlm.nih.gov/pubmed/31315676
https://doi.org/10.1371/journal.pone.0253335

