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ABSTRACT

Background. Afatinib, an irreversible ErbB family blocker,
demonstrated superiority to chemotherapy as first-line treat-
ment in patientswith EGFR-mutated non-small cell lung cancer
(NSCLC). Afatinib is also active in patients progressing on EGFR
tyrosine kinase inhibitors (EGFR-TKIs). We report the results
of a large cohort of NSCLC patients receiving afatinib within
a compassionate-use program (CUP).
Patients andMethods. Patientswith advancedNSCLCprogress-
ingafteronelineormoreofchemotherapyandonelineormoreof
EGFR-TKItreatmentwitheitheranEGFRmutationordocumented
clinical benefit were enrolled. Data collectionwas notmonitored
or verified by central review. The intention of this CUP was to
provide controlled preregistration access to afatinib for patients
with life-threatening diseases and no other treatment option.
Results. From May 2010 to October 2013, 573 patients (65%
female;medianage:64years[range:28–89years])wereenrolled,

with strong participation of community oncologists. Comor-
bidities were allowed, including second malignancies in 11%
of patients. EGFR mutation status was available in 391
patients (72%), and 83% tested mutation positive. Median
time to treatment failure (TTF) of 541 patients treated with
afatinib was 3.7 months (range: 0.0 to.29.0months). Median
TTF was 4.0 and 2.7 months in patients with adenocarcinomas
and squamous cell carcinomas, respectively, and 4.6 months in
patients with EGFR-mutated NSCLC. Adverse events were
generally manageable.
Conclusion. Afatinibwasable tobegiven inareal-worldsetting
to heavily pretreated patients with EGFR-mutated or EGFR-
TKI-sensitive NSCLC. Acknowledging the constraints of data
collection in a CUP, afatinib appears to be safe and to confer
some clinical benefit in this population. The Oncologist 2014;
19:1–10

Implications forPractice: This analysis of a large cohort of patients treatedmainly in the communityoncology setting confirms the
activity of afatinib, an irreversible ErbB family blocker, in heavily pretreated metastatic non-small cell lung cancer. In particular,
patientswith tumors harboring somatic EGFRmutations derive a clinicalmeaningful benefit fromafatinib, despite progressing on
prior treatmentswith reversible EGFR inhibitors gefitinib orerlotinib. In somepatients receivingmultiple EGFR-targeting lines, the
second and third lines provided prolonged disease control.Maintaining ErbB blockadeby afatinib is an attractive strategy in EGFR-
dependent lung cancer with acquired resistance to gefitinib or erlotinib.

INTRODUCTION

Lung cancer is the leading cancer fatality, with an annual death
toll of at least 1.4 million persons on a global scale [1]. The
majority of lung cancers are histologically grouped as non-small
cell lung cancer (NSCLC), with pulmonary adenocarcinoma
evolving as the predominating subtype. Recently, morphology-
based classification of lung cancer has been complemented by
additional parameters to better discriminate distinct lung

cancer biologies and corresponding clinical entities. Compre-
hensive genomic analyses of NSCLC have revealed multiple
subgroups that are characterized by recurring somatic gene
aberrations [2–4].Thishasbeenparalleledbythedevelopment
of pharmacotherapies to specifically treat biologically defined
tumors. Somaticmutations of the geneencoding the epidermal
growth factor receptor (EGFR), in particular those clustering in
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EGFR exons 19 and 21, result in the expression of a structurally
altered receptor with oncogenic properties. Lung cancers
expressing mutant EGFR depend on its oncogenic signal and
thus are exquisitely sensitive to reversible ATP-competitive
inhibitors of the EGFR tyrosine kinase [5, 6]. Several prospective
randomized clinical trials in patients with metastatic EGFR-
mutated NSCLC have proven that reversible EGFR tyrosine
kinase inhibitors (EGFR-TKIs) gefitinib and erlotinib are
more effective thanplatinum-based chemotherapy in terms
of response rate, progression-free survival, and patient-
reported outcomes [7–10]. Despite their impressive activity,
EGFR-TKIs provide only transient disease control, with
acquisition of gatekeeper mutations of the drug target and
activation of surrogate signaling pathways being the main
causes of treatment failure [11]. Pharmacologic strategies to
improve treatment of EGFR-dependent cancers include the
development ofmorepotent and covalently binding inhibitors
andmutation-specific inhibitors [12–14]. Afatinib, an irrevers-
ibleErbB familyblocker, has shownpreclinical activity in cancer
models resistant to EGFR-TKIs. Based on the LUX-Lung 3 trial,
afatinib has recently gained approval for treatment of patients
with advanced or metastatic EGFR-mutated NSCLC [15, 16].
Afatinib has also demonstrated activity in NSCLC patients
progressing after pretreatment with reversible EGFR-TKIs
gefitinib or erlotinib [17, 18].This suggests a distinct or clinically
more potent mechanism of action of afatinib on lung cancers
depending on mutant EGFR. It is now established that, next to
pivotal clinical trials, additional sources of information are
required to better value the safety and clinical utility of a novel
drug. This is particularly important in oncology because newly
registered anticancer agents will very likely be prescribed in
settings and for clinical indications that do not always comply
with the strict guidance and inclusion and exclusion criteria of
a pivotal clinical trial.To this end, we analyzed a comprehensive
clinical database including 541 patients with heavily pretreated
NSCLC who were treated with afatinib in the German
compassionate-use program (CUP) for afatinib.

METHODS

Compassionate-Use Program
The afatinib CUP was initiated by Boehringer Ingelheim GmbH
(Ingelheim, Germany, http://www.boehringer-ingelheim.com)
inMay2010afterpublic reportingof the resultsof the LUX-Lung
1 trial [17, 19]. Patients with advanced NSCLC who were
ineligible to participate in one of the actively accruing afatinib
phase III trials were offered afatinib treatment within the CUP.
Key inclusion criteriawere failureof at least one lineofcytotoxic
chemotherapy and disease progression after clinical benefit
from erlotinib or gefitinib. Clinical benefit was defined as
complete or partial response or stable disease for at least 6
months [20]. Alternatively, somaticmutationsofEGFRorHER2
had tobedocumented.Additional inclusion criteria comprised
age$18years, absenceofanestablishedtreatmentoption, and
written informedconsent.Afatinibwasgivenas continuousoral
treatment at a starting dose of 50mg/day. Lower starting doses
of 40mg or 30mgwere allowedat thediscretionof the treating
physician. Dose modifications (10-mg steps, maximum dose
50 mg/day) and de-escalations (10-mg steps, minimum dose
30 mg/day) were allowed. One treatment cycle was defined as

30 days. The protocol was approved by the responsible ethics
committee (Medical Board of the State Rhineland-Palatine,
837.105.10[7114]), and the required regulatory authorities
(Federal Institute for Drugs and Medical Devices and regional
authorities) were informed. As required by law, the CUP was
stopped with market availability of afatinib (Gilotrif/Giotrif;
Boehringer Ingelheim).

Clinical Database
Participatingphysicianswereaskedto reportapseudonymized
clinical data set for each patient including sex, age, comorbid-
ities, disease stage, prior therapies, and EGFRmutation status
to control CUP eligibility criteria. Reporting of adverse events,
including tumor progression, was mandatory.

Statistical Analyses
Patient demographics were analyzed descriptively. Time to
treatment failure (TTF) was defined as time from start of
afatinib treatment to the endof treatment for any cause. If the
exact start date was not reported, it was set as 7 days after
shipment of afatinib to the site. If the end date was not
reported, itwas setas thedayof the lastdrugorder.The clinical
database was locked on December 31, 2013. Patients re-
maining on treatment (n5 95)were censored. Survival curves
were estimated using the Kaplan–Meier method for TTF and
overall survival. A Cox proportional hazardsmodelwas applied
to estimate hazard ratios (HRs) and 95% confidence intervals
(CIs). The significance level was set at p , .05. Patients
receiving less than 2months of afatinib before stopping due to
progressive disease or death were classified as “progressive
disease” as best response. Patients receiving afatinib for more
than 4 months were classified as “stable disease” as best
response if not reporteddifferently.Analyseswereundertaken
using MedCalc version 12.1.4.0 (MedCalc Software bvba,
Ostend, Belgium, http://www.medcalc.org).

RESULTS

Patient Characteristics and Pretreatments
In total, 573 patients (65% female; median age: 64 years
[range: 28–89 years]) (Table 1) from 118 sites (27 university
hospitals, 64 hospitals, 27 oncology practices) (supplemental
online Table 1) were registered in the CUP betweenMay 2010
and October 2013. The majority of patients (92%) had
pulmonary adenocarcinomas, and 11% of patients had
a history of one other malignancy or more (Table 1). Median
timefromprimarydiagnosisof lungcancer toenrollment in the
CUP was 27.2 months. Due to rapid disease deterioration, 32
patients received no afatinib treatment, resulting in 541
evaluable patients. The most frequently applied first-line
treatments included platinum doublets (66%) or EGFR-TKIs
(30%). The most abundant second-line treatments were an
EGFR-TKI (56%) or chemotherapy (42%).Third-line treatments
comprised single-agent chemotherapy (pemetrexed 17%,
gemcitabine 15%, docetaxel 12%) or an EGFR-TKI (42%). The
majority of patients were enrolled in the CUP for third- or
fourth-line treatment, but individual patients with up to 12
prior treatment lines were registered. A group of 31 patients
(6%) with documented contraindications for chemotherapy
were enrolled after failure of first-line gefitinib or erlotinib
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treatment. Median duration of prior EGFR-TKI therapy was 10
months in first-line treatment, 11 months in second-line
treatment, and 10 months in third-line treatment. Seven
patients had been pretreated with afatinib within controlled
clinical trials (Table 2).

EGFRMutation Testing
Documentation of EGFR mutation status from local testing
using assay methodology accepted by the German Society of
Pathologywas available for 391 patients (72%). Of those, 327
patients (83%) tested EGFR mutation positive, and 63
patients had EGFR wild-type tumors. The majority of EGFR
aberrations were common mutations (in-frame deletion at
EGFR exon 19, point mutation at EGFR exon 21 leading to
L858R amino acid substitution). EGFR testing rates were
highest inoncologypracticesanduniversityhospitals (.70%)
(supplemental online Table 1). Interestingly, the lowest rates
for EGFR testing were reported from lung hospitals, five of
which were specialized lung cancer centers certified by the
German Cancer Society. The use of EGFR mutation testing
increased over time. In patients registered in 2011 or later,
EGFR mutation status was known in 95% of cases. Still, only
51% of those patients received an EGFR-TKI as first-line
treatment (Fig. 1).

Efficacy of Afatinib Treatment
The majority of patients (74%) were registered in the CUP for
third- or fourth-line treatmentwith afatinib. Clinical efficacyof
afatinib was determined by calculating the TTF for each
patient. Median TTF for the entire population was 3.7months
(range: 0.0 to ongoing at 29.0 months) (Fig. 2A). Median
survival of the cohort was 16.0 months (range: 0.0 to ongoing
at 29.0months). However, follow-up reports after progression
on afatinib were not mandatory, and death was reported in
only 23%ofpatients. Hence, overall survival data fromtheCUP
are less robust than TTF results.

Patients with adenocarcinoma exhibited a median TTF of
4.0months, whichwas comparable to patients with large cell
carcinomas (3.6 months) but numerically longer than in
patients with squamous cell carcinomas (2.7 months)
(Fig. 2B). Differences in number of prior treatment lines
could not explain the longer median TTF in patients with
adenocarcinoma (median prior treatment lines: 3 [range:
1–12 lines]) than squamous cell carcinoma (median prior
treatment lines: 3 [range: 2–6 lines]). Median TTF in patients
with documented EGFR-mutated NSCLC was 4.6 months
(range: 0.0 to ongoing at 27.7 months) compared with 2.9
months (range: 0.1 to ongoing at 17.1 months) in patients
with EGFR wild-type lung cancers (HR: 0.63; 95% CI:
0.44–0.90; p5 .0024) (Fig. 2C).

Data regarding best response, as described in the patients’
routine radiology reports, were retrieved for 193 patients;
a further 164 patients were classifiedwith progressive disease
as best response or stable disease by applying the described
criteria (end of treatment due to progression or deathwithin 2
months or receiving treatment for more than 4 months,
respectively). In addition, 15% (n5 52) had a partial or mixed
response, 55% (n5196) had stabledisease, and31% (n5109)
had progressive disease as best response.

Safety and Tolerability
Reportedadverseeventsof anygrade includeddiarrhea (29%),
skin or mucosal toxicity (31%), nausea or vomiting (6%), and
fatigue (5%). Serious adverse events were reported in 79
patients (15%), two of which were fatal (one case of diarrhea
and one case of renal failure). One case of life-threatening
supraventricular tachycardiawas reported.Afatinib treatment
was discontinued in 59 patients (13%) due to side effects

Table 1. Patient characteristics

Characteristic Result

Sex

Female 353 (65)

Male 189 (35)

Age, years, median (range) 64 (28–89)

Histology

Adenocarcinomaa 459 (92)

Squamous cell carcinoma 30 (6)

Large cell carcinoma 10 (2)

Medical history

Cardiac comorbidity 271 (50)

Pulmonary comorbidity 57 (11)

Metabolic comorbidity 99 (18)

Impaired renal function 24 (5)

History of prior malignancy 54 (11)

Breast cancer 18

Genitourinary cancer 10

Gynecologic cancer 8

Hematologic cancer 7

Head and neck squamous cell carcinoma 5

Gastrointestinal cancer 3

Skin cancer 3

Other comorbidities 66 (13)

Time from initial diagnosis, months,
median (range)

27.2 (3.0–148.7)

EGFRmutational status

EGFRmutational status unknown 150 (28)

EGFRmutational status known 391 (72)

EGFRwild type 60 (16)

EGFRmutated (including 23 cases
reported EGFRmutated but not
documented)

324 (83)

EGFR del19/L858R 242 (81)

Afatinib treatment line

Second line (patients ineligible
for chemotherapy)

30 (6)

Third line 223 (43)

Fourth line 159 (31)

Fifth line 59 (11)

Sixth line 30 (6)

Seventh line 13 (2)

8th to 13th line 7 (1)

Data are n (%) except as otherwise indicated.
aIncluding bronchioloalveolar carcinoma.
Abbreviation: EGFR, epidermal growth factor receptor.
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(supplemental online Table 2). The majority of treatment
discontinuations (61%) occurred in cycle 1 or 2. Dose re-
ductions were attempted in only 4 of these patients (7%).
The most important reasons for permanent treatment dis-
continuation were disease progression (51%), death (19%),
and loss to follow-up (17%). At the time of closure of the CUP
due tomarket availability of afatinib, 28%of patientswere still
on active treatment.

The starting dose of the CUP was defined as 50 mg/day
afatinib; however, theactual startingdose couldbe variedby
the treating physician depending on the individual patient’s
tolerability of prior EGFR-TKI treatment and general per-
formance status. Accordingly, starting doses were un-
evenly distributed from 50 mg (66%) to 40 mg (23%) to 30 mg
(11%). Afatinib dose was escalated by one step in 9% and by
two 10-mg increments in 1% of patients. The rate of dose
reductions clearly depended on the afatinib starting dose
(Fig. 3A). Main reasons for dose reductions were diarrhea
(70% of dose reductions) and skin adverse events (24%).
Dose reductions from a starting dose of 50 mg to 40 mg
were required in 42% of patients. Moreover, 10% required
two reduction steps to 30 mg. In contrast, 73% of patients
starting on 40 mg afatinib maintained this dose level,
whereas only 18% required reduction to 30 mg. Patients
starting on 30 mg afatinib maintained this dose level in 69%
of cases,whereas 31%were escalated to 40mg (22%) or 50mg
(18%).

The wide range and frequency of dose modifications in
this CUP prompted us to study the impact of afatinib dose
on treatment outcome. To exclude bias from early pro-
gression, which should be numerically over-represented in
the group of patients starting with 50 mg (66% of patients)
and under-represented in the groups starting at 40 mg

(23%) and 30 mg (11%), we calculated the median TTF per
dose level for each of the first 7 treatment cycles. This
analysis revealed no difference in efficacy among the three
dose levels (Fig. 3B).

Impact of Immediate Pretreatment Type on Efficacy
of Afatinib
It has beenpostulated that cancer subclones dependingon the
initially predominating mutant EGFR may repopulate the
tumor once the selective pressure of EGFR-TKI treatment is
relieved [21]. In line with such theoretical considerations and
experimental evidence, the concepts of “rapid cycling” and
“EGFR-TKI rechallenge”havebeendeveloped [22–24]. Against
this background, we analyzed the potential impact of the
treatment type immediately prior to enrollment into the
afatinib CUP. In 250 patients, afatinib was used as salvage
treatment directly after chemotherapy (C→A), whereas 289
patients went on afatinib at progression on EGFR-TKI (T→A).
There was no difference (HR: 0.93) (Fig. 4A) in median TTF
betweengroupC→A(3.6months [range:0.0 toongoingat27.7
months]) andgroupT→A (3.8months [range: 0.0 toongoingat
29.0 months]). When this analysis was restricted to patients
with confirmed EGFR-mutant NSCLC, a different picture
emerged. The median TTF of 134 patients with EGFR-
mutant tumors belonging to the C→A group amounted to
only 2.6 months (range: 0.0 to ongoing at 21.1 months),
which was significantly shorter (HR: 0.77; 95% CI [range:
0.59–1.0]; p 5 .048) than the median TTF of 151 patients
with EGFR-mutant NSCLC belonging to the T→A group (3.7
months [range: 0.0 to ongoing at 23.3 months]) (Fig. 4B).
More patients in the C→A group received afatinib at sixth
line or higher (second or third line: 22%; fourth or fifth line:
25%; sixth line or higher: 53%) than patients in the T→A
group (second or third line: 13%; fourth or fifth line: 51%;
sixth line or higher: 36%).

Intraindividual TTF of Reversible EGFR-TKI and Afatinib
Overall, 80 patients (15%) were enrolled in the afatinib CUP
following pretreatment with both reversible EGFR-TKIs,
gefitinib and erlotinib. This provided an opportunity to
compare the individual TTF of each drug in those individual
patients. Because the probability of treatment response
decreases with the number of prior EGFR-targeting therapies,
this analysis was purely exploratory and hypothesis generat-
ing. Only 34% of these patients had received chemotherapy
between the two EGFR-TKI treatment lines. In patients
switched from gefitinib to erlotinib or vice versa, 82% went
directly to the other EGFR-TKI.The duration of disease control
with the next EGFR-targeting agent was classified as shorter
than, equal to (61 month), or longer than the time of disease
control with the first EGFR-TKI. The predominant treatment
sequence was gefitinib followed by erlotinib (49%), whereas
25% of patients were rechallenged with erlotinib after prior
treatmentwitherlotinib,21%receivedgefitinib followingprior
treatment with erlotinib, and 5%were re-exposed to gefitinib
after prior treatmentwith gefitinib.When the reversible EGFR-
TKI was changed (56 of 80 patients, 70%), the individual TTF
with the second EGFR-TKIwas equal to or longer than TTFwith
the first EGFR-TKI in 38% (15 of 39) to 47% (8 of 17) of patients
(Fig. 5A, 5B). In contrast, rechallenge with the same EGFR-TKI

Table 2. Pretreatments

Pretreatment

First
line
(100%)

Second
line
(94%)

Third
line
(52%)

Fourth
line
(22%)

Chemotherapy (%)

Platinum doublet 66 23 18 12

Single-agent
pemetrexed

1 9 17 17

Docetaxel (single-agent
or combinations)

1 5 12 16

Gemcitabine (single-agent
or combinations)

2 8 15 33

Etoposide, vinorelbine
(single-agent or
combinations)

1 2 3 4

Others 0 2 3 4

EGFR-targeting therapy (%)

Afatinib 0 0 2 2

Erlotinib 10 42 36 19

Gefitinib 20 15 6 8

Median duration of
EGFR-TKI treatment
(months)

10.0 11.0 9.0 9.0

Abbreviations: EGFR, epidermal growth factor receptor; TKI, tyrosine
kinase inhibitor.
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resulted in equal or longer individual TTF in only 20% (4 of 20)
to 25% (1 of 4) of patients (Fig. 5C, 5D).

Next, we studied in these patients the duration of disease
controlwith afatinib. Again,we classified the individual timeof
diseasecontrolwithafatinibasshorter than,equal to,or longer
than the TTF with the prior reversible EGFR-TKI. Despite the
fact that all patients had been pretreated with at least two
independent lines of gefitinib and/or erlotinib, the duration of
disease control with afatinib as the third or higher EGFR-
targeting agent was equal to or longer than TTF with the prior
EGFR-TKI in69%(20of29) (Fig.5E),79%(11of14) (Fig.5F),56%
(10 of 18) (Fig. 5G), or 50% (1 of 2) (Fig. 5H) of patients.

DISCUSSION

The introduction and validation of biomarker-guided treat-
ment of patients with EGFR-mutatedmetastatic lung cancers
with gefitinib and erlotinib has been one of the greatest
recent achievements in thoracic oncology. It is an epidemi-
ologically most relevant clinical application of the personal-
ized oncology paradigm in metastatic cancer and can be
placed next to treatments targeting the estrogen receptor
and HER2 in metastatic breast cancer. However, the clinical
response of EGFR-mutated NSCLC to reversible EGFR-TKIs
is variable, and disease is only transiently controlled. In
particular, acquired resistance to EGFR-TKIs is intensely
studied at the preclinical, translational, and clinical levels.
Still, there is no formal consensus as to which is the optimal
current treatment option for patients with EGFR-mutated
NSCLC progressing on gefitinib or erlotinib. Most oncologists
agree that clinically progressing patients who have received
first-line EGFR-TKI treatment should be exposed to platinum-
doublet chemotherapy if feasible. In current practice,
multiple alternative or complementing strategies are applied,
such as the addition of locally ablative therapies in patients
with single-site progression [25], switching patients to the
alternative EGFR-TKI [26], and combining EGFR-TKIs with
chemotherapy [27]. Current National Comprehensive Cancer
Network guidelines include afatinib as another treatment
option in this setting [28], although this is not in compliance
with the current label. Until the actual value of some of these
strategies has been determined by ongoing controlled clinical

trials, everyday treatmentdecisions have to bemadebasedon
the best available evidence.

To this end, we have undertaken a comprehensive analysis
of the clinical database of a large national CUP of afatinib [12,
29]. Afatinib recently received approval by the U.S. Food and
Drug Administration and the European Medicines Agency for
its strong activity in first-line treatment of patients with
advanced or metastatic EGFR-mutated NSCLC [15, 16]. This
CUP, however, enrolled heavily pretreated patients enriched
forbenefit fromprior treatmentwithgefitiniband/orerlotinib,
based on EGFR mutation status, objective response, or
prolonged disease control. The intention of the afatinib CUP
was to provide a treatment option for patients with no further
established therapeutic option. Consequently, only a minimal
and unconfirmed data set was required for inclusion, no
structured data collection was rolled out, and no source data
verification was performed. This limits the quality and gen-
eralizability of the data obtained by this analysis. Neverthe-
less,highly relevantclinical information canbedrawn fromthis
database, which includes 541 patients treated with afatinib.
For example, 11%of patients had a second primary cancer and
thus would have been excluded from participation of pivotal
trials, which usually form the basis for regulatory approval.
Becausepatientswithsecondcancersarecommon inoncology
practice, it is reassuring to know that the treatment and safety
outcomes of this subgroup did not differ from those of the
entire CUP population.

Themain findingofouranalysis is thatafatinibmayprovide
a clinically meaningful benefit to NSCLC patients that have
progressed after pretreatment with chemotherapies and at
least one reversible EGFR-TKI. Bearing all limitations in mind,
these results support, under real-world conditions, the result
of the LUX-Lung1 study [19],whichdemonstrated significantly
prolonged progression-free survival but not overall survival
with afatinib treatment compared with placebo in a clinically
enriched patient population. Although under-reporting, es-
pecially of lower grade adverse events, can be assumed, the
CUP safety data add to the evidence gathered by the pivotal
trials of afatinib.Themedian TTFs of 3.7 months for the entire
CUP population and 4.6 months for patients with EGFR-
mutated NSCLC compare favorably with the results from

Figure 1. Fraction of patientswith first-line treatmentwith gefitinib or erlotinib (patientswith EGFR-mutated cancer) and overall rate of
EGFR testing. The actual numbers of tested patients and patients diagnosed per year are also given.

Abbreviation: EGFR, epidermal growth factor receptor.
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prospectively controlled trials of chemotherapy [30, 31] or
targeted agents, which were studied mainly in second-line
treatment [17,32–37].TheCUPsafetydataadd totheevidence
gathered by the pivotal trials of afatinib, which were con-
ducted for regulatory approval. Importantly, these results
havebeenobtained largely inacommunityoncology setting, in
which the vast majority of lung cancer patients are treated. By
exploratory subgroup analysis, we interrogated the potential

impact of a “treatment holiday” from EGFR-TKI on the out-
come of re-exposure to a second or third EGFR-targeting
agent. Rather unexpectedly, we observed that patients with
EGFR-mutatedNSCLC faredbetterwhen theywereputdirectly
on afatinib following progression on gefitinib or erlotinib.
Another surprising observation was made in the subgroup of
80 patients that had received at least three lines of EGFR-
targeting therapy. In 41% (23 of 56) of patients who switched

Figure 2. Time to treatment failure with afatinib for the entire cohort (A), in relation to lung cancer histology (B), and in relation to EGFR
mutational status (C).

Abbreviation: EGFR, epidermal growth factor receptor.
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from gefitinib to erlotinib or vice versa, the time on treatment
was equal or longer on the second reversible inhibitor than on
the previous one. Moreover, 67% (42 of 63) of patients
receiving afatinib as their third EGFR-targeting treatment
experiencedTTFequal toor longer thanTTFwith theirprevious
EGFR-TKI. Certainly, this may be biased by both the patient’s
and the physician’s attitudes toward the next EGFR-targeting
therapy based on the positive experience of a prior clinical
benefit, which would have been disregarded by the formal
definition of progressive disease based on sum diameter
calculations from imaging data. However, our results may

actually better reflect the treatment outcome as assessed by
the patient and the treating physician, which are among the
most relevant endpoints in palliative cancer therapy.

Finally, the CUP enabled us to gain insights into con-
temporary clinical practice in Germany, which is the most
highly populated country in Western and Central Europe. It is
reassuring that while the CUP was active from 2010 to 2013,
the fraction of patients thatwere ever tested for somatic EGFR
mutations increased from 45% to 100%; however, a much
smaller fraction of patients actually received gefitinib or
erlotinib as first-line treatment. This might also have been

Figure 3. Prevalence and impact of afatinib dose modifications. (A): Relative distribution of afatinib dose per cycle (cycles 1–12). (B):
Median time to treatment failure in relation to afatinib dose calculated for each cycle (cycles 1–7).

Figure 4. Time to treatment failure in relation to immediate pretreatment (chemotherapy followed by afatinib versus TKI followed by
afatinib).

Abbreviations:C→A:afatinibdirectlyafterchemotherapy;EGFR,epidermalgrowthfactor receptor; T→A:afatinibonprogressionwith
EGFR-TKI; TKI, tyrosine kinase inhibitor.
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influenced by the lack of full reimbursement for molecular
testing in the German health care system.

CONCLUSION
This analysis of observational data provides important real-
world evidence in support of further exploration of the activity
and safety of afatinib-based treatment strategies for patients
with EGFR-mutated NSCLC progressing after prior EGFR-
targeting therapy.
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Supplemental Tables for:  
Experience With Afatinib in Patients With Non-Small-Cell Lung Cancer Progressing After Clinical Benefit From Gefitinib and 
Erlotinib  
Martin Schuler et al.  

Table S1. Treatment sites, enrolment and EGFR mutation testing 

University 
hospital 

Community 
hospital 

Lung 
hospital 

Oncology 
practice 

Certified 
lung cancer 
centers 

Sites, n (%) 27 (23) 56 (47) 8 (7) 27 (23) 25 (21) 

Patients, n (%) 208 (38) 175 (32) 87 (16) 71 (13) 190 (35) 

Patients/site 7.7 3.1 10.9 2.6 7.6 

Patients tested for 
EGFR mutation (%) 

70 63 53 73 67 

Table S2. Adverse events 

Advers eEvents n (%) 

Treatment-related adverse events (>5%, any grade) 

Diarrhea  159 (29) 

Skin and mucosal effects 168 (31) 

Nausea/vomiting 32 (6) 

Fatigue/exhaustion 27 (5) 

Serious adverse events 

Patients with serious adverse events 79 (15) 

Treatment-related deaths 2 (0.37) 

Life-threatening serious adverse events 1 (0.19) 




