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ABSTRACT 
Background: Epidermal growth factor receptor (EGFR) tyrosine kinase inhibitors (TKI) are a standard of 
care treatment options in non-small cell lung cancer (NSCLC). The present study investigated real- 
world EGFR TKI use and patient outcomes in NSCLC.
Material and methods: We collected all the patients who had reimbursement for EGFR TKIs in Finland 
2011–2020 and had data available at Finnish Cancer Registry. Survival and time-on-treatment (ToT) were 
analyzed from the first EGFR TKI purchase and patients were stratified according to the TKIs.
Results: Whole patient cohort consisted of 1498 individuals who were treated with erlotinib (n¼ 998), 
afatinib (n¼ 258), or gefitinib (n¼ 238). In the EGFR mutant cohort (all gefitinib users and afatinib 
users with non-squamous histology; n¼ 466), survival was comparable to registrational trials while 
patients treated with afatinib had improved survival (HR 0.67 CI 95% 0.53–0.85) and longer ToT (13.9 
vs 11.9 months, NS) compared to those treated with gefitinib. Females treated with afatinib had 
improved survival (HR 0.61 CI 95% 0.44–0.83) and longer ToT (15.1 vs 12.5 months, NS) compared to 
gefitinib while similar was not observed in males. Later line osimertinib treatment was applied for 78 
patients. Approximately 20% of the individuals treated with previous gefitinib or afatinib had later line 
osimertinib treatment. Efficacy analysis of osimertinib treated showed similar ToT and survival regard
less of the first line EGFR TKI.
Conclusions: EGFR mutants treated with afatinib have improved outcomes compared to gefitinib 
while later-line osimertinib was applied only for around 20% of the individuals. The study further high
lights the good real-world performance of EGFR TKIs and sheds light on therapy sequencing.
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Background

Targeted therapy directed at the epidermal growth factor 
receptor (EGFR) is one of the treatment options for non-small 
cell lung cancer (NSCLC). EGFR tyrosine kinase inhibitors (TKIs) 
were initially used in the treatment of NSCLCs without 
molecular selection [1,2]. Later, molecular characterization has 
led to the identification of EGFR mutated NSCLC in which 
EGFR TKIs yield a superior response rate, progression-free sur
vival (PFS), and quality-of-life scores when compared to 
chemotherapy [3–5]. Recent studies with mutation specific 
EGFR TKI osimertinib have shown that the agent improves PFS 
and overall survival (OS) compared to the 1st generation TKIs 
(gefitinib and erlotinib) in the first-line setting and chemother
apy in acquired T790Mþ resistance mutation patients [6–9].

EGFR TKIs are generally well tolerated and permanent treat
ment discontinuations because of treatment related adverse 

events (TRAEs) are rare. Acneiform rash is the most frequent 
TRAE (approximately 50 to 80%) of EGFR TKIs. The frequency 
and severity of the rash are higher with the 1st and 2nd gener
ation TKIs compared to the 3rd generation TKI osimertinib 
[6,10]. Good tolerability of osimertinib has been the main rea
son why it is considered the treatment of choice in the first-line 
setting. However, osimertinib has not formally been compared 
to 2nd generation TKIs such as afatinib or dacomitinib.

We have previously shown that combining data from 
nationwide registries can be used to investigate treatment 
outcomes of EGFR TKIs in NSCLC [11,12]. However, the treat
ment landscape of EGFR TKIs is ever-changing with the use 
of novel drugs. Unanswered clinically relevant issues remain, 
such as the optimal therapy sequencing and real-world ther
apy access. Since our previous studies [11,12], the number of 
afatinib treated has increased markedly and osimertinib 
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treatment in EGFR T790Mþ resistance setting has become 
available.

The current study was initiated to investigate the real- 
world EGFR TKI use and performance in non-small cell lung 
cancer. We specifically aimed to explore the usability of drug 
reimbursement and purchase registry data in the generation 
of cohort and to study treatment outcomes according to dif
ferent TKIs and patient subgroups.

Materials and methods

Cohort

We collected data on patients who had received special 
reimbursement for EGFR TKIs (gefitinib, erlotinib, afatinib, 
and/or osimertinib) in the Special Reimbursement Register of 
the Social Insurance Institution (SII) of Finland in 2011–20. 
The EGFR mutational status is not registered in any of the 
used registries and is not available. Therefore, indirect meth
ods were used to separate patients from EGFR mutant 
cohort. During the study period, TKIs were reimbursed 
according to the following criteria: 1) gefitinib: the presence 
of activating EGFR mutations; 2) afatinib: the presence of 
activating EGFR mutations or 2nd or later treatment in squa
mous cell carcinoma; 3) erlotinib: 2nd or later line treatment 
or presence of activating EGFR mutations; 4) osimertinib: the 
presence of EGFR T790M. Using personal identity codes, we 
linked data for the patients from the Prescription database of 
SII (EGFR TKIs), Finnish Cancer Registry (FCR), and the Causes 
of Death Statistics of Statistics Finland from 2011 until the 
end of June 2021. Pseudonymization was carried out by 
Findata (the data permit authority for the social and health
care sector which activities are based on the Act on the 
Secondary Use of Health and Social Data (552/2019)) before 
the data analysis and all the analysis was done using secure 
portal platform Kapseli (Findata-provided secure operating 
environment for the processing of data on individuals).

Outcomes

Survival was analyzed from the 1st EGFR TKI purchase date 
to death or end-of follow-up and death counted as an event. 
Survival for the osimertinib treated was analyzed from the 
first osimertinib or EGFR TKI purchase date to death or end- 
of follow-up and death counted as an event. The time-on- 
treatment (ToT) was analyzed from the date of the 1st EGFR 
TKI or osimertinib purchase to the last purchase date plus 
days on the treatment according to the number of tablets in 
the last purchase; treatment discontinuation before 30.6.2021 
was counted as an event. However, a gap of 10 days 
between purchases was allowed to account for a continu
ation of the treatment.

Statistics

Survival was studied using the Kaplan–Meier analyses with 
log-rank tests to compare survival differences. Cox regression 
models were used to conduct univariate and multivariate 

analyses for survival. In a multivariate setting, proportional 
hazard models were used to adjust for sex, tumor histology 
(adenocarcinoma or other), later line osimertinib use, and/or 
the selected first-line EGFR TKI. The results are reported with 
a 95% confidence level. IBM SPSS Statistics 25.0.0.0 for 
Windows was applied for statistical analysis.

Permits

Data collection was carried out according to national legisla
tion and under a permit from Findata (THL/6637/14.05.00/ 
2021). Informed consent was not required due to the regis
tered nature of the study.

Results

Patients

All the patients who had received reimbursement for EGFR 
TKIs (gefitinib, erlotinib, afatinib, osimertinib) in NSCLC in 
Finland 2011-20 were identified from the national reimburse
ment registry. Indication of use or mutational status are not 
gathered in the reimbursement registry and, therefore, this 
data is not available. The final analysis was carried out on 
patients (n¼ 1498) who had EGFR TKI reimbursement, had 
purchases of EGFR TKIs, and had data available in FCR.

Patient demographics are presented in Table 1. In brief, 
erlotinib was the most common TKI used (n¼ 998, 66.6%), 
followed by afatinib (n¼ 258, 17.2%), and gefitinib (n¼ 238, 
15.9%). We also generated an EGFR mutant cohort which 
consisted of 1) all gefitinib-treated patients and 2) a sub
group of afatinib-treated patients without squamous cell 
histology. With squamous cell histology excluded, the afati
nib cohort size was 228 patients and the whole EGFR mutant 
cohort was altogether 466 patients. Osimertinib was the first 
TKI in four patients and these were excluded from further 
analysis, while later line osimertinib was present in 78 
patients (5.2%) (Table 1). None of the afatinib treated with 

Table 1. Demographics.

n (%)
All 1498 (100)

Sex
Female 787 (52.5)
Male 711 (47.5)

Stage
Local 68 (4.5)
Advanced 1020 (68.1)
Unknown 410 (27.4)

Histology
Adenocarcinoma 1103 (73.6)
Squamous cell carcinoma 129 (8.6)
Other/unknown 266 (17.8)

First EGFR TKI
Gefitinib 238 (15.9)
Erlotinib 998 (66.6)
Afatinib 258 (17.2)
Osimertinib 4 (0.3)

Later line Osimertinib 78 (5.2)
First EGFR TKI gefitinib 14 (0.9)
First EGFR TKI erlotinib 27 (1.8)
First EGFR TKI afatinib 37 (2.5)

Median follow-up time (time-on-treatment) 4.8 mo
Median follow-up time (survival) 10.7 mo
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Figure 1. Kaplan-Meier analysis for time-on-treatment and overall survival. A) Time-on-treatment in the whole cohort. B) Overall survival of the whole cohort. C) 
Time-on-treatment in the EGFR mutant cohort D) overall survival in the EGFR mutant cohort. E) Time-on-treatment in the EGFR mutant cohort for males. F) Time- 
on-treatment in the EGFR mutant cohort for females. G) Overall survival in the EGFR mutant cohort for males. H) Overall survival in the EGFR mutant cohort for 
females. The survival endpoints were calculated from the date of the first EGFR TKI purchase and stratified according to the first purchased TKI. Crosses mark cen
sored events.
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squamous cell histology had later-line osimertinib treatment 
present (not shown).

Time-on-treatment and survival according to the 
selected first EGFR TKI in the whole cohort

We analyzed the survival measures according to the first 
EGFR TKI purchased. For the whole cohort, the median fol
low-up for time-on-treatment (ToT) treatment, a surrogate 
marker for progression-free survival, was 4.8 months, and for 
survival, 10.7 months. Next, we analyzed the cohort for ToT 
according to the first EGFR TKI purchased. In Kaplan-Meier 
analysis, afatinib and gefitinib had very similar ToTs (median 
of 12.2 vs. 11.9 months) while ToT for erlotinib was signifi
cantly shorter (median of 3.2 months, p< 0.001) (Figure 1A, 
Table 2). In univariate analysis for ToT, HR for afatinib was 
0.462 (CI 95% 0.391–0.717) and gefitinib 0.573 (CI 95% 
0.495–0.664) compared to erlotinib. In multivariate analysis, 
including sex, histology, and later line osimertinib, treatment 
duration benefit for afatinib (HR 0.519 CI 95% 0.437–0.616) 
and gefitinib (HR 0.617 CI 95% 0.531–0.717) retained (Table 
2). Even though the use of osimertinib in the later line is a 
time-dependent factor, we felt that it behaves more as a 
baseline factor (describes EGFR mutation) and was included 
in the models.

Kaplan-Meier analysis for overall survival showed that 
patients treated with afatinib had the best survival followed 
by gefitinib, and erlotinib (p< 0.001) (Figure 1B). In univari
ate analysis for overall survival, HR for afatinib was 0.459 (CI 
95% 0.318–0.478) and gefitinib 0.620 (CI 95% 0.530–0.724) 
compared to erlotinib. In multivariate analysis for overall 
survival including sex, histology, and later line osimertinib, 
the survival benefit for afatinib (HR 0.492 CI 95% 0.400– 
0.605) and gefitinib (HR 0.693 CI 95% 0.581–0.801) retained 
(Table 2).

We also carried out analysis for ToT and overall survival 
for the erlotinib users according to time of therapy initiation. 
There was an improved ToT and survival based on the treat
ment initiation (<2015 vs �2015), however, the difference 
was small (HR 0.950; 0.925) suggesting that time division 
could not truly divide erlotinib users for EGFR wild-type and 
mutants (Supplementary Table 1). 

Time-on-treatment and survival according to the 
selected first EGFR TKI in EGFR mutants

We focused further analysis on the EGFR mutant cohort con
sisting of gefitinib and afatinib treated without squamous 
cell histology. In the ToT analysis, patients treated with afati
nib had non-significantly longer treatment duration than 
gefitinib treated (median of 13.9 vs. 11.9 months, HR 0.845 CI 
95% 0.688–1.037) but the difference was non-significant 
(Figure 1C, Table 3). In the survival analysis, afatinib showed 
increased survival benefit compared to gefitinib (Figure 1D, 
Table 3). In a multivariate analysis including sex, and later 
line osimertinib, survival benefit for afatinib (HR 0.771 CI 95% 
0.604–0.984) was retained (Table 3). Even though the use of 
osimertinib in the later line is a time-dependent factor, we 
felt that it behaves more as a baseline factor (describes 
T790M resistance related to a more indolent disease course) 
and was included in the models.

We also carried out time-on-treatment and survival 
analysis according to the patient’s sex. In females, the 
survival was improved (HR 0.606 CI 95% 0.442–0.832) and 
longer ToT was observed (15.1 vs. 12.5 months, HR 
0.806 CI 95% 0.621–1.046) in afatinib treated compared to 
gefitinib (Table 4, Figure 1F, 1H). In contrast, a similar dif
ference was not observed in males (OS HR 0.756 CI 95% 
0.518–1.104, ToT HR 0.930 CI 95% 0.665–1.209) (Table 4. 
Figure 1(E, G)

Later line osimertinib treatment

Second or later line osimertinib reimbursement based on the 
presence of T790M was received in Finland on 1 February 
2019. In our cohort, 78 patients had received osimertinib 

Table 2. Univariate and multivariate analysis for time-on-treatment for the 
first TKI and survival in the whole cohort.

Univariate Multivariate

HR CI (95%) HR CI (95%)

Time-on-treatment
Sex

Female vs. Male 0.753 0.677–0.838 0.818 0.734–0.911
Histology

Adenocarcinoma vs. other 0.688 0.609–0.778 0.830 0.732–0.942
First TKI

Gefitinib vs. Erlotinib 0.573 0.495–0.664 0.617 0.531–0.717
Afatinib vs. Erlotinib 0.462 0.391–0.717 0.519 0.437–0.616

2nd line osimertinib
Yes vs. No 0.525 0.415–0.663 0.606 0.479–0.768

Survival
Sex

Female vs. Male 0.737 0.658–0.825 0.790 0.705–0.868
Histology

Adenocarcinoma vs. other 0.681 0.599–0.774 0.837 0.734–0.954
First TKI

Gefitinib vs. Erlotinib 0.620 0.530–0.724 0.693 0.590–0.814
Afatinib vs. Erlotinib 0.459 0.318–0.478 0.492 0.400–0.605

2nd line osimertinib
Yes vs. No 0.153 0.100–0.231 0.182 0.119–0.279

Table 3. Univariate and multivariate analysis for time-on-treatment for the 
first TKI and survival in the EGFR mutant cohort.

Univariate Multivariate

HR CI (95%) HR CI (95%)

Time-on-treatment
Sex

Female vs. Male 0.863 0.701–1.063 0.852 0.691–1.049
First TKI

Afatinib vs. Gefitinib 0.845 0.688–1.037 0.857 0.697–1.055
2nd line osimertinib

Yes vs. No 0.828 0.611–1.122 0.842 0.619–1.147
Survival
Sex

Female vs. Male 0.827 0.654–1.046 0.756 0.597–0.956
First TKI

Afatinib vs. Gefitinib 0.669 0.526–0.853 0.771 0.604–0.984
2nd line osimertinib

Yes vs. No 0.198 0.111–0.353 0.204 0.114–0.366
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after previous TKI treatment (Table 1). To characterize the 
estimated percentages of EGFR TKI treated who received osi
mertinib in the later line setting, we limited the analysis to 
the patients who had previous EGFR TKI discontinued 
between 1.1.2019 and 31.6.2021 (n¼ 62, 80.8% of all osimer
tinib users). Of the gefitinib, erlotinib, and afatinib treated, 
20.2%, 16.0%, and 19.2% received osimertinib as a later line 
treatment, respectively.

Among all the osimertinib users, the median ToT on osi
mertinib was 13.8 months (95% CI 11.0–16.6). The median 
survival from the first osimertinib purchase was not reached 
and the estimated mean survival was 20.8 months (95% CI 
18.2–23.5) (Figure 2A–B). Overall survival analysis from the 

Table 4. Univariate analysis for time-on-treatment and survival according to 
gender in the EGFR mutant cohort.

Univariate

HR CI (95%)

Time-on-treatment
Afatinib vs. Gefitinib 0.845 0.688–1.037

Females
Afatinib vs. Gefitinib 0.806 0.621–1.046

Males
Afatinib vs. Gefitinib 0.930 0.665–1.299

Survival
Afatinib vs. Gefitinib 0.669 0.526–0.853

Females
Afatinib vs. Gefitinib 0.606 0.442–0.832

Males
Afatinib vs. Gefitinib 0.756 0.518–1.104

Figure 2. Kaplan-Meier analysis for overall survival and time on treatment for osimertinib treated. A) Time-on-treatment with osimertinib. B) Overall survival on osi
mertinib C) time-on-treatment with osimertinib according to the first EGFR TKI. D) Overall survival according to the first EGFR TKI. The survival endpoints were cal
culated from the first date of later line osimertinib purchase. Crosses mark censored events.
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first EGFR TKI purchase showed a median survival of 
63.9 months (95% CI 45.1–82.8) (not shown).

Next, we analyzed the survival and treatment duration 
according to the selected first line TKI. Longer osimertinib 
ToT was observed with erlotinib pre-treated (15.8 months 
95% CI 10.9–20.7) compared to afatinib (8.8 months 95% CI 
6.9–10.6) but this was not statistically significant. The overall 
survival from the first osimertinib purchase did not differ 
according to the first selected EGFR TKI (Figure 2(C–D)).

Discussion

In this study, we investigated the use of EGFR TKIs and treat
ment outcomes in RWE settings using a large nationwide 
cohort. We were able to show that the outcomes in the 
EGFR mutant population were better for afatinib than gefiti
nib treated patients which was presumably driven by the 
improved survival of females. Furthermore, excellent out
comes were observed among the later line osimertinib 
treated patients.

Due to national legislation changes in Finland, most of 
the retrospective studies require a permit from the Finnish 
Social and Health Data Permit Authority, Findata. With a sin
gle permit, Findata can grant access to various nationwide 
registries maintained by different national authorities and 
combine data with personal identity codes, while the final 
analysis is done with anonymized data in a secure portal 
(Kapseli). The current study is one of the first to test the 
feasibility of the system to study cancer drug use. We were 
able to show that the new system is feasible for studying 
EGFR TKIs in the RWE setting. Such studies enable verifica
tion of drug performance in real-world setting, comparison 
of different drugs that have not been evaluated in random
ized studies and studying outcomes over the entire length of 
care pathways using a larger patient pool.

The main focus of this study was to investigate EGFR TKI 
RWE outcomes in the EGFR mutant population. Even though 
EGFR TKIs were previously used in EGFR mutation non- 
selected populations, the current use is exclusively limited to 
EGFR mutant patients. Since the national reimbursement 
registry does not collect data on EGFR mutations, varying 
indications for reimbursements need to be taken into consid
eration to artificially generate mutational data. Gefitinib is 
reimbursed only when EGFR mutations are present, and this 
represents a true EGFR mutant population. Afatinib, however, 
is reimbursed in two different indications and purchase of 
the drug does not characterize a sole EGFR mutant popula
tion. Since the other indication for afatinib requires squa
mous cell histology, which is usually mutually exclusive with 
EGFR mutations, we do believe that using a squamous cell 
histology exclusion criterion, a true EGFR mutant population 
was generated. This was further supported by the observa
tion that none of the patients treated with afatinib in squa
mous cell histology had later line osimertinib treatment. 
Using the available data, EGFR mutant and EGFR wild type 
populations cannot be artificially separated among the erloti
nib users. The outcomes in different EGFR mutations vary, 

but since this data is lacking in our cohort, it cannot be fur
ther studied.

According to the results, RWE performance of gefitinib 
and afatinib was favorable. mTOT was 13.9 and 11.9 months 
for afatinib and gefitinib users which was similar to PFS 
observed in the LUX-lung 7 trial (11.0 and 10.9 months). 
Furthermore, the median OS also followed closely to the 
ones observed in LUX-lung 7 (26 and 23 months vs. 27.9 and 
24.5 months) [13]. The findings suggest that the performance 
of EGFR TKIs in real world setting follows very closely the 
results observed in randomized trials.

When comparing the first line EGFR TKI treatments, the 
survival of afatinib treated was superior to gefitinib. Since 
the tolerability of afatinib is worse compared to gefitinib, 
one could speculate that afatinib is more frequently 
selected over gefitinib to good performance status 
patients. However, we also observed that mToT was longer 
in afatinib treated, and that the survival benefit was 
retained in multivariate analysis which suggests that there 
is a true treatment benefit with afatinib over gefitinib. 
Afatinib has been shown to outperform gefitinib in a 
randomized trial using PFS as a performance measure [13]. 
Furthermore, another second-generation EGFR TKI, dacomi
tinib, has shown improved PFS and OS compared to gefiti
nib [14,15].

Another interesting observation in our study is that afa
tinib is more efficient in females. We did not observe any 
difference in survival of gefitinib treated according to gen
der. A similar phenomenon has been observed in sub
group analysis of two randomized trials comparing 
second-generation TKIs afatinib or dacomitinib to gefitinib 
[13,14]. We do not have an explanation for the observed 
gender driven outcome difference, but it may represent a 
true finding since this has also been observed in previous 
trials.

Our study included a small cohort of second or later-line 
osimertinib treated patients. Considering that the presence 
of T790M mediated resistance is shown to be present in 
about half of the patients [16], only about 20% of the 
patients received osimertinib therapy. There are numerous 
reasons which could explain the observation, such as the 
infeasibility of a second tumor biopsy or decline in perform
ance status. This observation implies that osimertinib as the 
first-line therapy would be preferred if it is considered super
ior to the first or second generation TKIs. Outcomes of osi
mertinib treated were comparable to registrational trials with 
mTOT and mean OS of 13.1 and 20.8 months (AURA3 mPFS 
and mOS of 10.1 and 26.8 months in osimertinib treated) 
[8,9]. Furthermore, median survival from the first TKI pur
chase to the survival event surpassed the mOS of first line 
osimertinib trial FLAURA (63.9 vs. 36.8 months) [7]. This could 
be explained by 1) the patient selection in RWE setting such 
as a higher likelihood of better performance status patients 
to receive later line therapy, 2) osimertinib reimbursement 
occurring during the study period and increased probability 
of selecting slowly progressing patients to the therapy who 
progressed before the reimbursement, and/or by 3) 
improved outcomes of afatinib therapy sequence. Since the 
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2nd generation TKIs have not been compared in a random
ized fashion to osimertinib, it is still unclear whether the 
first-line 2nd generation TKI and later line osimertinib 
sequence compared to the first-line osimertinib could result 
in non-inferior or even improved survival. Some retrospective 
studies have investigated first-line afatinib and osimertinib 
and have not been able to establish the superiority of osi
mertinib [17,18].

Our study had some obvious limitations. The retrospective 
nature possesses confounding factors compared to prospect
ive randomized trials. Furthermore, due to the registry nature 
of the base data, some potentially important stratification or 
confounding factors such as specific mutational status, per
formance score, or a true line of therapy were missing. Our 
study was based on drug purchases only, but it is likely that 
the purchased oncological drugs were used with a very high 
frequency. The number of the second or later line osimerti
nib users was limited and, therefore, caution is needed when 
interpreting these results. During the study period, the first 
line osimertinib was not reimbursed and it couldn’t be com
pared to other EGFR TKIs in that indication.

In conclusion, the current study evaluated RWE use of 
EGFR TKIs and treatment outcomes in NSCLC. We were able 
to show using national drug reimbursement and purchase 
registries as a source data and combining this to other regis
tries, that an RWE cohort can be generated. The main find
ings of the study were that afatinib outperforms gefitinib in 
EGFR mutants especially in females and outcomes of the 
second or later line osimertinib were excellent.
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