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Somatic epidermal growth factor receptor (EGFR) mutations are present in around 50% 
of Asian patients and in 10–15% of Caucasian patients with metastatic non-small cell lung 
cancer (NSCLC) of adenocarcinoma histology. The first-generation EGFR-tyrosine kinase 
inhibitors (TKIs) gefitinib and erlotinib have demonstrated improved progression-free 
survival (PFS) and response rates but not overall survival (OS) benefit in randomized 
phase III trials when compared with platinum-doublet chemotherapy. All patients treated 
with EGFR-TKIs will eventually develop acquired resistance to these agents. Afatinib, an 
irreversible ErbB family blocker, has shown in two randomly controlled trials in patients 
with EGFR-activating mutations, a significant improvement in PFS and health-related 
quality of life when compared to platinum-based chemotherapy. Afatinib improved OS in 
patients with Del19 mutations. In patients having progressed on first-generation EGFR-
TKIs, afatinib did lead to a clinical benefit. A randomly controlled trial showed that PFS 
was significantly superior with afatinib vs. erlotinib in patients with squamous NSCLC 
in the second-line setting. A phase IIb trial comparing afatinib and gefitinib in first-line 
EGFR positive NSCLC showed significantly improved PFS with afatinib but OS was not 
significantly improved.

Keywords: non-small cell lung cancer, epidermal growth factor receptor, tyrosine kinase inhibitor, afatinib, 
gefitinib, erlotinib

inTRODUCTiOn

The advent of targeted therapy has had a dramatic effect on the treatment of cancer. Few treatment 
landscapes have shifted more in recent years than in metastatic non-small cell lung cancer (NSCLC). 
The identification of several oncogenic driver mutations has led to the development of targeted 
agents (1). The principal targets identified include rearrangements in the anaplastic lymphoma 
kinase gene and mutations of the epidermal growth factor receptor (EGFR) (1–4).

Epidermal growth factor receptor is a receptor that is part of the ErbB family (5, 6). This family of 
receptors includes four members; human epidermal growth factor 1 (HER1; EGFR, ErbB1), HER2 
(Neu, ErbB2), HER3 (ErbB3), and HER4 (ErbB4) (5, 6). The physiological role of these receptor 
tyrosine kinases is to regulate cellular proliferation (5). Somatic EGFR mutations are present in 
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around 50% of patients in Asia and in 10–15% of Caucasian 
patients with metastatic NSCLC with adenocarcinoma histology 
(7). Most of these mutations are caused by deletions on the exon 
19 or L858R point mutations on exon 21 (8). EGFR-activating 
mutations lead to aberrant constitutive signaling by EGFR and its 
associated cell signaling pathways. As a consequence, prolifera-
tion often becomes completely dependent on EGFR activation 
in a phenomenon known as oncogene addiction. Because of 
this, inhibition of EGFR interrupts proliferation and induces 
apoptosis (9).

Epidermal growth factor receptor inhibition with oral tyrosine 
kinase inhibitors (TKIs) has shown proven clinical benefit in 
patients with NSCLC harboring activating EGFR mutations. The 
first-generation EGFR-TKIs gefitinib and erlotinib have demon-
strated improved progression-free survival (PFS) and response 
rates but not overall survival (OS) in randomized phase III trials 
when compared with platinum-doublet chemotherapy (10–16).

FiRST-GeneRATiOn eGFR TKis: 
GeFiTiniB AnD eRLOTiniB

The first-generation EGFR-TKIs, gefitinib and erlotinib, bind 
reversibly to the kinase domain of the receptor. This leads to the 
inhibition of both mutant and, to a lesser extent, wild-type EGFR 
(17). In the early phase III trials of gefitinib conducted in Asia, 
IPASS, and First SIGNAL (Table 1) (10, 13), patients were not ini-
tially selected for their EGFR mutation status. Several subgroup 
analyses of these trials in addition to smaller subsequent trials, 
however, showed that the presence of EGFR-activating mutations 
was a strong predictor of clinical benefit with gefitinib when 
compared with platinum-doublet chemotherapy (10, 13, 18, 19). 
As a result, subsequent phase III trials of EGFR-TKIs included 
exclusively patients with activating EGFR mutations (11, 12, 14, 
16). Two additional phase III trials, NEJ002 and WJTOG3405, 
also showed significant PFS advantages of first-line gefitinib when 
compared to chemotherapy, this time in a Japanese EGFR-mutant 
population (Table 1) (11, 12).

The benefit of EGFR-TKIs was also demonstrated in a 
European population with advanced NSCLC and EGFR-activating 
mutations. The phase III EURTAC trial compared erlotinib with 
platinum-based chemotherapy. Erlotinib was associated with a 
significant benefit in PFS and was better tolerated than chemo-
therapy (Table 1) (14). The OPTIMAL trial also showed similar 
results with erlotinib in a Chinese population (16).

Gefitinib and erlotinib have also shown efficacy in second and 
third line treatment of NSCLC (2). Erlotinib may be an option 
in both EGFR mutated and wild-type patients. This is based 
on the results of NCIC BR21 placebo-controlled phase III trial 
in which patients were not selected for EGFR status. The trial 
demonstrated a PFS advantage with docetaxel (27). When com-
pared with docetaxel, however, erlotinib did not appear to benefit 
patients with wild-type EGFR tumors in two phase III trials. In 
the TAILOR trial, PFS was significantly longer in wild-type EGFR 
NSCLC patients treated with second line docetaxel (28). In the 
DELTA trial, no PFS or OS improvement was shown in an EGFR-
unselected population treated in the second or third line (29).

Unfortunately, NSCLC with EGFR-activating mutations 
treated with first-generation EGFR-TKIs inevitably develop resist-
ances (30). Several resistance mechanisms have been described. 
The development of a T790M missense mutation in exon 20 is 
the most common of these and has been described in 50–60% of 
patients (31–33). This mutation causes steric hindrance, which 
obstructs binding of EGFR-TKIs to their target receptor (34). 
Other reported resistance mechanisms include alterations to the 
MET receptor (35–37) and amplification of HER2 (35–37) and 
HER3 (38).

AFATiniB

Afatinib irreversibly inhibits the tyrosine kinase activity of EGFR, 
HER2, and ErbB4 by forming covalent bonds to the receptors (39). 
Although ErbB3 lacks intrinsic kinase activity, it does form active 
heterodimers by interacting with ErbB family receptors and with 
HER2 in particular (40). Afatinib suppresses the activity of all 
four ErbB family members (39). Its irreversible inhibition is also 
more potent and prolonged than the reversible first-generation 
EGFR-TKIs (17, 39, 41).

FiRST-Line AFATiniB in PATienTS wiTH 
nSCLC AnD ACTivATinG eGFR 
MUTATiOnS: LUX-LUnG 3 (LL3) AnD 
LUX-LUnG 6 (LL6)

The largest randomized phase III trials in treatment-naive 
advanced NSCLC with EGFR-activating mutations were the 
LL3 and LL6 trials. The LL3 trial was a global trial, which 
recruited 345 patients while the LL6 trial recruited 364 patients 
in Asia (15, 21, 25). Patients were randomized (2:1) to afatinib 
(40  mg/day) or up to six cycles of platinum-doublet chemo-
therapy. LL3 used cisplatin and pemetrexed as a control group 
while LL6 used cisplatin and gemcitabine (42). The primary 
endpoint of these trials was PFS by prespecified independ-
ent central review. The trials also included comprehensive 
patient-reported outcomes (PROs) related to functional health 
status/quality of life (QoL) and lung cancer-related symptoms 
(Table 2) (15, 25, 43).

Both trials demonstrated a significant median PFS benefit 
with first-line afatinib [11.1 vs. 6.9  months; hazard ratio (HR) 
0.58 p = 0.001 in LL3 and 11.0 vs. 5.6 months; HR 0.28; p = 0.0001 
in LL6; Table 1] (15, 25). A preplanned analysis indicated that 
the PFS advantage was greater in patients with common EGFR 
mutations (Del19 and/or L858R). However, afatinib also showed 
activity in some patients with select uncommon EGFR-activating 
mutations. A pooled analysis of LL3, LL6, and the phase II 
LUX-Lung 2 (44) trials showed a median PFS of 10.7  months 
in 38 patients with uncommon mutations of EGFR (45). The 
pooled analysis also demonstrated particularly poor outcomes 
with afatinib in patients with exon 20 insertions (median PFS 
2.7 months, n = 23).

Afatinib also showed clinical benefit in patients with brain 
metastases (46). A subgroup analysis of 35 patients in LL3 dem-
onstrated a trend toward improved median PFS when compared 
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TABLe 1 | Randomized phase iii trials comparing eGFR TKis to standard platinum-based chemotherapy for first-line treatment of advanced EGFR mutation-positive nSCLC [adapted from Ref. 
(20)].

TKi Reference Study Geography Comparator no. 
of 

ptsa

RR (%) Median PFSb 
(months)

Difference in PFS, HR 
(95% Ci); p-value

Median OS 
(months)

Difference in OS, HR 
(95% Ci); p-value

Difference in OS—
Del19 mutation, HR 
(95% Ci); p-value

Gefitinib (13, 21, 22) IPASS East Asia Carboplatin + paclitaxel 261 71 vs. 47 9.5 vs. 6.3d 0.48 (0.36–0.64); 
p < 0.001

21.6 vs. 21.9 1.00 (0.76–1.33); 
p = n.s.

0.79 (0.54–1.15)c 
p = n.s.

(10)c First-
SIGNALc

South Korea Cisplatin + gemcitabine 42 85 vs. 38 8.0 vs. 6.3d 0.54 (0.27–1.1);  
p = n.s

27.2 vs. 25.6b 1.04 (0.50–2.18)e 
p = n.s.

n/a
p = n.s.

(12) WJTOG 
3405f

Japan Cisplatin + docetaxel 177 62 vs. 32 9.2 vs. 6.3d 0.49 (0.34–0.71); 
p < 0.0001

34.8 vs. 37.3b 1.25 (0.88–1.78)e 
p = n.s.

n/a
p = n.s.

(11, 23) NEJGSG 
002c

Japan Carboplatin + paclitaxel 230 74 vs. 31 10.8 vs. 5.4g 0.30 (0.22–0.41); 
p < 0.001

27.7 vs. 26.6 0.89 (0.63–1.24); 
p = n.s.

0.83 (0.52–1.34)e

p = n.s.
Erlotinib (16, 24) OPTIMAL China Carboplatin + gemcitabine 154 83 vs. 36 13.1 vs. 4.6d 0.16 (0.10–0.26); 

p < 0.0001
22.7 vs. 28.9b 1.04 (0.69–1.58); 

p = n.s.
n/a

p = n.s.
(14) EURTAC France, Italy, 

Spain
Cisplatin or 
carboplatinh + docetaxel or 
gemcitabine

173 58 vs. 15 9.7 vs. 5.2g 0.37 (0.25–0.54); 
p < 0.0001

19.3 vs. 19.5b 1.04 (0.65–1.68); 
p = n.s.

0.94 (0.57–1.54)e 
p = n.s.

Afatinib (21, 25) LL3 Global Cisplatin + pemetrexed 345 56 vs. 23 13.6 vs. 6.9g 0.47 (0.34–0.65); 
p = 0.001

31.6 vs. 28.2b 0.78 (0.58–1.06); 
p = n.s.

0.54 (0.36–0.79); 
p = 0.0015

(21, 26) LL6 China, South 
Korea

Cisplatin + gemcitabine 364 67 vs. 23 11.0 vs. 5.6g 0.28 (0.20–0.39); 
p < 0.0001

23.6 vs. 23.5b 0.83 (0.62–1.09); 
p = n.s.

0.64 (0.44–0.94); 
p = 0.023

CI, confidence interval; EGFR, epidermal growth factor receptor; EURTAC, European tarceva vs. chemotherapy; First-SIGNAL, First-line single-agent iressa vs. gemcitabine and cisplatin trial in never-smokers with adenocarcinoma of 
the lung; HR, hazard ratio; IPASS, Iressa Pan-Asia study; n/a, not available; n.s., not significant; NEJGSG, North East Japan Gefitinib Study Group; LL3, LUX-Lung 3; LL6, LUX-Lung 6; NSCLC, non-small cell lung cancer; OS, overall 
survival; PFS, progression-free survival; RR, response rate; TKI, tyrosine kinase inhibitor; WJTOG, West Japan Thoracic Oncology Group.
aNumber of patients enrolled with EGFR mutations.
bIn patients with common activating mutations (Del19 and/or L858R).
cPatients with EGFR mutations were a subgroup of all enrollees.
dBased on investigator assessment.
eNo p-value reported.
fIncluding patients with either postoperative recurrent or stage IIIb/IV NSCLC.
gBased on independent central review.
hCarboplatin plus docetaxel or gemcitabine was allowed for patients for whom cisplatin was contraindicated.
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TABLe 2 | Patient-reported outcome assessments in first-line EGFR mutation-positive clinical trials vs. platinum-doublets [adapted from Ref. (20)].

Trial Treatments QoL assessments Methodology Outcomes

IPASS (13) Gefitinib vs. 
carboplatin + paclitaxel

FACT-L and FACT-TOI Randomization, week 1, every 
3 weeks until day 127, once every 
6 weeks from day 128 until disease 
progression, and when the study drug 
was discontinued

Significantly more patients in the gefitinib group than in 
the carboplatin + paclitaxel group had a clinically relevant 
improvement in QoL and by scores on the FACT-TOI. Rates of 
reduction in symptoms were similar

EURTAC (14) Erlotinib vs. 
cisplatin + docetaxel or 
gemcitabine

Completion of the 
lung cancer symptom 
scale

Baseline, every 3 weeks, end of 
treatment visit, and every 3 months 
during follow-up

Insufficient data collected for any analysis to be done—due to 
low compliance

LL3 (25, 43) Afatinib vs. 
cisplatin + pemetrexed

EORTC QLQ-C30, 
EORTC

Baseline, every 3 weeks until disease 
progression

Afatinib improved lung cancer-related symptoms and QoL 
and delay of deterioration of symptoms compared with 
chemotherapyQLQ-LC13

LL6 (26) Afatinib vs. 
gemcitabine + cisplatin

EORTC QLQ-C30, 
EORTC

Baseline, every 3 weeks until disease 
progression

Afatinib improved lung cancer-related symptoms of cough, 
dyspnea, and pain and global health status/QoL compared 
with chemotherapyQLQ-LC13

EGFR, epidermal growth factor receptor; EURTAC, European tarceva vs. chemotherapy; EORTC, QLQ European Organization for Research and Treatment of Cancer Quality of Life 
Questionnaire; FACT-L, Functional Assessment of Cancer Therapy—Lung; FACT-TOI, Functional Assessment of Cancer Therapy—Trial Outcome Index; IPASS, Iressa Pan-Asia 
study; LL3, LUX-Lung 3; LL6, LUX-Lung 6; QLQ-LC13, Quality of Life Questionnaire—Lung Cancer Module; QoL, quality of life.
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to chemotherapy [11.1 vs. 5.4  months (HR 0.52 p  =  0.13)]. 
For 10 patients with intracranial progression, median time to 
progression was 11.6 months with afatinib and 5.5 months with 
chemotherapy (46).

The median OS results of both trials did not show significant 
statistical differences between afatinib and chemotherapy. The 
LL3 trial had a median follow-up of 41 months. Median OS was 
28.2 months in the afatinib arm and 28.2 months in the chemo-
therapy arm (HR 0.88, p  =  0.39). In LL6, the median OS was 
23.1 months for afatinib and 23.5 months for chemotherapy (HR 
0.93, p = 0.61). However, in a preplanned analysis including only 
patients harboring Del19 mutations in both trials, a significant 
median OS advantage was shown in favor of afatinib (33.3 vs. 
21.1 months; HR 0.54, p = 0.0015 in LL3 and 31.4 vs. 18.4 months; 
HR 0.64, p = 0.0229; Table 1) (21).

Both the LL3 and the LL6 trials integrated comprehensive 
PRO evaluation, including both the EORTC QLQLC12 and 
QLQ-C30 questionnaires, to determine the effect of afatinib 
on QoL (47). This differed from the past trials such as IPASS 
(which used Functional Assessment of Cancer Therapy indices) 
and EURTAC (analysis of PROs was not possible due to insuf-
ficient data). This showed that prespecified lung cancer-related 
symptoms, including cough, dyspnea, and pain were improved 
with afatinib. In addition, time to deterioration was longer with 
afatinib when compared to the chemotherapy arms. LL3 dem-
onstrated statistically significant delayed time to deterioration 
and improved mean scores over time for cough and dyspnea 
(25, 43). Pain was not statistically different. Similar results were 
seen in LL6 with the addition that both time to deterioration and 
mean score over time were improved for pain. Overall, afatinib 
was associated with statistically significant improvements from 
baseline in global health status/QoL in both trials (26).

In comparison to platinum-based chemotherapy, afatinib was 
relatively well tolerated in both LL3 and LL6. Common grade 
3 or higher treatment-related adverse events (AEs) of afatinib  
(LL3/LL6) included diarrhea (14/5%), rash and acne (16/15%), 
stomatitis and mucositis (9/5%), and paronychia (11/0%). 
There were more treatment discontinuations due to AEs in the 

chemotherapy arm than in the afatinib arm in both trials (12 vs. 
8% in LL3 and 40 vs. 6% in LL6). No patient discontinued treat-
ment due to diarrhea as a lone AE.

The relatively low rate of treatment discontinuations of 
afatinib in both trials may be due to effective symptom control 
and/or protocol defined dose reductions (25, 26). The trials rec-
ommended dose reductions in 10 mg decrements to a minimum 
dose of 20 mg for grade 3 AEs or grade 2 AEs lasting a prolonged 
length of time (25, 26). These reductions were shown to decrease 
excessive plasma concentrations of afatinib and, therefore, 
reduced toxicity without compromising efficacy. In fact, dose 
reduction was not associated with an inferior PFS (25).

AFATiniB in PATienTS wiTH ReLAPSeD/
ReFRACTORY nSCLC: LUX-LUnG 1 (LL1) 
AnD LUX-LUnG 5 (LL5)

The phase IIb/III trial LL1 compared afatinib at a dose of 50 mg/day 
to placebo in 585 patients with stage IIIb/IV NSCLC. It included 
patients who had failed up to two lines of chemotherapy and had 
been exposed to at least 12 weeks of a first generation EGFR-TKI 
(gefitinib and/or erlotinib) (48, 49). Although a positive EGFR 
mutation status was not required, EGFR status was known for 
141 patients and, of these, 68% were EGFR positive. Patients were 
randomly assigned to afatinib or placebo. Afatinib did not lead 
to a benefit in the primary endpoint of median OS. The median 
OS was 10.8 months for afatinib and 12.0 months for the placebo 
arm (HR 1.08, p = 0.74). Despite the absence of benefit in OS, 
an improvement in median PFS was seen with afatinib (3.3 vs. 
1.1 months; HR 0.38, p < 0.0001) (49). The prolongation of PFS 
was also associated with an overall improvement in lung cancer-
related symptoms and EORTC global health status (48).

Another phase III trial, LL5, included 202 EGFR mutation-
positive patients with progressive disease on a prior EGFR-TKI 
(gefitinib, erlotinib, or afatinib) (46). Patients were randomly 
assigned to a combination of afatinib and paclitaxel or to 
investigator’s choice of chemotherapy without an EGFR-TKI. 
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The trial achieved its primary endpoint of PFS. The median 
PFS was 5.6 months with afatinib and paclitaxel and 2.8 months 
with chemotherapy alone (HR 0.60, p = 0.003). The secondary 
endpoint of objective response rate (ORR) was also significantly 
improved (32.1 vs. 13.2%, p <  0.005), but median OS was not 
significantly different (12.2 vs. 12.2 months, HR 1.00, p = 0.994). 
The results of LL5 demonstrated prospective evidence of the ben-
efit of maintaining EGFR blockade beyond disease progression in 
oncogene-addicted lung cancer.

COMPARinG ReveRSiBLe AnD 
iRReveRSiBLe eRBB FAMiLY BLOCKADe: 
LUX-LUnG 7 (LL7)

Lux-Lung 7 was an open-label trial comparing first-line afatinib 
(40 mg/day) to gefitinib (250 mg/day) in 319 EGFR mutation-
positive advanced NSCLC patients. This was an exploratory phase 
IIb trial. In the primary analysis, afatinib significantly improved 
the co-primary endpoints of PFS and time-to-treatment failure 
(TTF) when compared to gefitinib. At a median follow-up of 
27.3  months, the median PFS was 11.0  months with afatinib 
and 10.9 months with gefitinib (HR 0.73, p = 0.017). TTF was 
13.7  months with afatinib and 11.5  months with gefitinib (HR 
0.73, p = 0.007). The key secondary endpoint of ORR was also 
significantly improved (p = 0.008). The treatment discontinua-
tion rate was 6% in both arms (50). The OS data were recently 
updated with a median follow-up of 42.6 months. The median 
OS was 27.9 vs. 24.5  months with a non-significant trend in 
favor of afatinib (HR 0.86, p = 0.2580). Analysis by EGFR muta-
tion subtype showed a median OS of 30.7  months for afatinib 
compared to 26.4 months for gefitinib (HR 0.83, p = 0.2841) in 
patients with exon 19 deletion. In patients with a L858R mutation, 
there was a median OS of 25.0 months for afatinib compared to 
21.2 months for gefitinib (HR 0.91, p = 0.6585) (51). LL7 again 
demonstrated that dose reductions of afatinib reduced drug-
related AEs without compromising efficacy. Overall, irreversible 
ErbB family blockade with afatinib provided improved clinical 
benefit over the reversible EGFR-TKI gefitinib for patients with 
EGFR mutation-positive NSCLC (50).

AFATiniB in SeCOnD-Line TReATMenT 
FOR nSCLC OF SQUAMOUS CeLL (SCC) 
HiSTOLOGY: LUX-LUnG 8 (LL8)

Approximately 30% of NSCLC are of squamous histology 
(52). Platinum-doublet chemotherapy remains recommended 
first-line treatment for the majority of these patients. The phase 

III LL8 trial compared second-line afatinib (40  mg/day) and 
erlotinib (150 mg/day) in 795 patients with stage IIIb/IV SCC 
of the lung that were EGFR-TKI-naïve and had failed treatment 
after four or more cycles of platinum-based chemotherapy. The 
primary endpoint of PFS by independent radiological review 
was significantly improved with afatinib. The median PFS 
was 2.6  months with afatinib compared to 1.9  months with 
erlotinib (HR 0.81, p  =  0.010). In addition, the secondary 
endpoint of OS was also significantly improved with afatinib 
(7.9 vs. 6.8 months; HR 0.81, p = 0.008). Furthermore, results 
for disease-control rate (50.5 vs. 39.5%, p = 0.002), ORR (5.5 
vs. 2.8%, p  =  0.055), and global health status/QoL (35.7 vs. 
28.3%, p = 0.041) were all also in favor of afatinib (53). Overall, 
the benefit of EGFR-TKIs in squamous cell NSCLC has been 
limited. Immune-checkpoint inhibitors are now the preferred 
second-line option or even first-line option for patients with 
positive PD-L1 expression (54).

COnCLUSiOn

The development of ErbB-family blockers has significantly 
improved patient outcomes for patients with metastatic NSCLC. 
This is particularly true in patients with EGFR-activating driver 
mutations where three EGFR-TKIs, gefitinib, erlotinib, and 
afatinib were shown to have significant survival advantage over 
first-line platinum-based chemotherapy. Afatinib, an irrevers-
ible ErbB family blocker, was designed to decrease resistance to 
reversible EGFR-TKIs and, therefore, prolong response in the 
first-line setting. Afatinib remains the only EGFR-TKI to have 
demonstrated a significant OS advantage in comparison to chem-
otherapy in patients with EGFR Del19 mutations. Furthermore, 
head-to-head data of LL7 trial demonstrated an improvement 
in PFS and PROs with afatinib regardless of mutation type. The 
results of afatinib in brain metastases have also been promising. 
There continues to be significant developments in the field of 
EGFR mutation-positive NSCLC, a third-generation of EGFR-
TKIs is already seeking to improve outcomes, especially with 
osimertinib in patients resistant to EGFR-TKIs due to T790M 
mutations.
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