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Background: This phase Ib study evaluated afatinib plus vinorelbine in patients with advanced solid tumours overexpressing
epidermal growth factor receptor (EGFR) and/or human EGFR 2 (HER2).

Methods: Maximum tolerated doses (MTDs) were determined for afatinib (20, 40 or 50 mg, once daily) combined with standard
intravenous vinorelbine (part A; 25 mg m� 2 per week) or oral vinorelbine (part B; 60 mg m� 2 per week, increased to 80 mg m� 2

per week at week 3). Secondary end points for expanded MTD cohorts included assessments of safety, pharmacokinetics, tumour
response and progression-free survival (PFS).

Results: The afatinib MTD was 40 mg with intravenous (MTDA) and oral (MTDB) vinorelbine. The most frequent cycle 1 dose-
limiting toxicities were febrile neutropenia and diarrhoea, consistent with individual safety profiles of vinorelbine and afatinib.
Common treatment-related adverse events included: diarrhoea (92.7%), asthenia (76.4%), nausea (63.6%), neutropenia (56.4%) and
vomiting (54.5%). No notable pharmacokinetic interactions were observed. Best overall tumour response was stable disease in
part A (16 out of 28 patients), and partial response in part B (3 out of 27 patients). Median PFS was 14.6 and 15.9 weeks for patients
treated at the MTDA and MTDB, including dose-escalation and expansion cohorts.

Conclusions: Afatinib in combination with intravenous or oral vinorelbine demonstrated a manageable safety profile and
antitumour activity at the MTD of 40 mg per day.

The ErbB receptor family of tyrosine kinases, comprising epidermal
growth factor receptor (EGFR; ErbB1), human EGFR 2 (HER2;
ErbB2), HER3 (ErbB3) and HER4 (ErbB4), plays a central role in cell
proliferation and survival, and dysregulation of ErbB receptor
signalling promotes tumour progression, metastasis and angiogenesis
(Salomon et al, 1995; Lurje and Lenz, 2009; Yarden and Pines, 2012).

Abnormalities of ErbB family function and expression are common
in epithelial tumours such as breast cancer and lung cancer (Burstein,
2005; Hynes and Lane, 2005; Doebele et al, 2010). For instance,
B20% of breast cancers overexpress HER2, and as many as 75% and
35% of non-small cell lung cancers (NSCLCs) overexpress EGFR and
HER2, respectively (Owens et al, 2004; Yaziji et al, 2004; Soria et al,
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2012; Wong and Lee, 2012; Garrido-Castro and Felip, 2013). Further,
EGFR mutations are found in 10% to 20% of Caucasian and up to
50% of Asian NSCLC patients (Rosell et al, 2009; Shi et al, 2014). In
this context, the ErbB receptors have been extensively studied as
targets for selective anticancer therapies, particularly in lung and
breast cancer, with numerous such agents currently in clinical use or
development (Yarden and Pines, 2012).

Afatinib is an irreversible ErbB family blocker that covalently
binds to EGFR, HER2 and HER4, and inhibits signalling from all
ErbB family homo- and heterodimers (Li et al, 2008; Solca et al,
2012). In two pivotal phase III studies, afatinib significantly
improved progression-free survival (PFS) and patient-reported
outcomes vs standard platinum-based doublet chemotherapy in
treatment-naı̈ve patients with EGFR mutation-positive NSCLC
(Sequist et al, 2013; Yang et al, 2013a; Wu et al, 2014; Geater et al,
2015), and improved overall survival (OS) in patients with EGFR
Del19 mutation-positive disease (Yang et al, 2015). More recently,
afatinib significantly improved PFS, objective response rate and
time to treatment failure compared with gefitinib in a phase IIb
trial in this setting (Park et al, 2016). Furthermore, in a recent
phase III trial in patients with advanced squamous cell carcinoma
(SCC) of the lung who had progressed after receiving platinum-
based chemotherapy, afatinib significantly improved PFS and OS
vs erlotinib (Soria et al, 2015). Based on these data, afatinib is
approved for first-line treatment of patients with EGFR mutation-
positive NSCLC, as well as second-line treatment of patients with
SCC of the lung following first-line chemotherapy.

Afatinib has also demonstrated clinical activity in breast cancer
(Lin et al, 2012) and head and neck squamous cell carcinoma
(HNSCC) (Seiwert et al, 2014; Machiels et al, 2015). Preclinical
antitumour activity with afatinib has been observed in several other
cancer types with ErbB network dysfunction, such as pancreatic
cancer and colorectal cancer (Modjtahedi et al, 2014). In preclinical
studies, afatinib combined with vinorelbine, an antimitotic che-
motherapeutic agent registered in Europe for the treatment of
metastatic breast cancer and NSCLC (medac GmBH, 2014, 2017;
Pierre Fabre Ltd, 2011), demonstrated significantly enhanced
antitumour activity compared with either afatinib or vinorelbine
alone in a trastuzumab-resistant model (Bahleda et al, 2011). It was
thus hypothesised that the addition of vinorelbine may enhance the
antitumour activity of afatinib in tumour types exhibiting ErbB family
signalling abnormalities. In addition, the combination of afatinib and
vinorelbine is of particular interest due to the potential for combined
oral administration, and the largely non-overlapping safety profiles of
the drugs, including common adverse events (AEs) of rash/acne and
diarrhoea for afatinib (European Medicines Agency, 2013; Food and
Drug Administration, 2013), and bone marrow depression and
gastrointestinal toxicity, most notably including constipation, for
vinorelbine (intravenous or oral) (medac GmbH, 2014, 2017).

The phase Ib study reported here evaluated the maximum
tolerated doses (MTDs) of daily oral afatinib in combination with
either intravenous or oral vinorelbine in patients with advanced,
non-resectable and/or metastatic solid tumours, historically known
to overexpress EGFR and/or HER2. For both treatment combina-
tions, expansion cohorts were planned at the MTD to further
assess pharmacokinetics (PKs) and safety.

PATIENTS AND METHODS

Patient selection. Eligible patients were aged 18 years or older
with histologically or cytologically confirmed advanced, non-
resectable and/or metastatic solid tumours that were historically
known to overexpress EGFR and/or HER2. Further eligibility
criteria included an Eastern Cooperative Oncology Group
performance status of 0 or 1; adequate liver, kidney, cardiac and

bone marrow function; recovery from previous surgery; and recovery
from toxicities of previous chemotherapy, hormone therapy,
immunotherapy or radiotherapy to National Cancer Institute
Common Toxicity Criteria for Adverse Events (NCI CTCAE; version
3.0) grade 1 or below. Key exclusion criteria included untreated or
symptomatic brain metastases, pre-existing interstitial lung disease
and HER2-directed therapy, chemotherapy, immunotherapy, radio-
therapy, biological therapies or investigational therapy during the
trial or within 4 weeks before first trial treatment (2 weeks for EGFR-
directed therapy and hormone therapy for breast cancer, and 6 weeks
for mitomycin C or nitrosoureas).

Study design and dosing regimens. This was a phase Ib, open-
label dose-escalation study conducted at two centres in France. A
standard 3þ 3 dose-escalation design was used, wherein patients
were sequentially allocated to treatment cohorts of escalating doses
of afatinib. Successive cohorts received afatinib 20, 40 or 50 mg
once daily, in combination with a fixed dose of vinorelbine
25 mg m� 2 intravenously weekly in part A, or vinorelbine
60 mg m� 2 oral weekly (increased to 80 mg m� 2 oral weekly at
week 3) in part B; enrolment to parts A and B was consecutive. The
administered doses for vinorelbine in parts A and B were based on
recommendations in the summary of product characteristics.
Treatment cycles were 28 days in duration, with vinorelbine
administered on days 1, 8, 15 and 22 of each cycle, and afatinib
administered daily from day 2 of the first cycle onwards, in order
to allow for appropriate PK assessment of each agent.

Three patients were initially enrolled to each cohort. In the
event of one out of three patients experiencing dose-limiting
toxicity (DLT) during the first treatment cycle, another three
patients were to be treated at the same dose level. If 0 out of 3 or 1
out of 6 patients experienced DLT, dose escalation could proceed.
Dose escalation was stopped if X2 out of 3 or out of 6 patients
experienced DLT. The following treatment-related AEs were
defined as DLTs: grade 4 neutropenia that was uncomplicated
(not associated with fever 438.5 1C) for 47 days; neutropenia of
any duration associated with fever 438.5 1C; platelets o25 000/ml
or grade 3 thrombocytopenia associated with bleeding requiring
transfusion; grade 3 or 4 non-haematologic toxicity (except
alopecia, incompletely treated nausea, untreated vomiting or
untreated diarrhoea); grade X2 decrease in cardiac left ventricular
function; grade X2 worsening of renal function (as measured by
serum creatinine, newly developed proteinuria or newly developed
decrease in glomerular filtration rate); grade X2 diarrhoea, nausea
and/or vomiting persisting for 7 or more days, despite supportive
treatment (loperamide or other antidiarrhoeal medication for
diarrhoea, and antiemetic treatment for nausea and/or vomiting).
Grade 3 neutropenia related to vinorelbine during cycle 1 was also
defined as a DLT, and administration of vinorelbine had to be
postponed until recovery from the DLT to grade o1. If one of four
doses of vinorelbine was missed, this was not considered to be a
DLT. If 41 dose of vinorelbine was postponed or missed during
cycle 1 for any reason, the event was considered to be a DLT. The
MTD was defined as the dose at which r1 of six patients
experienced DLT during cycle 1. Maximum tolerated dose
expansion cohorts for parts A and B included an additional 12
patients to obtain further PK data for the drug combination; safety
and antitumour activity was also assessed.

Patients continued therapy at the same dose level until disease
progression, DLTs or unacceptable AEs. Afatinib treatment was
discontinued or stopped for recovery from the AE and continued
at a reduced dose. A maximum of two dose reductions of 10-mg
decrements to a minimum dose of 20 mg were allowed. In general,
treatment was discontinued if a DLT did not resolve to NCI
CTCAE grade r1 within 14 days of treatment suspension.
Vinorelbine was either dose-reduced or doses were omitted
according to the summary of product characteristics until recovery
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of the AE to NCI CTCAE grade o1. If vinorelbine had to be
stopped due to an AE, patients were allowed to continue afatinib
monotherapy in case of clinical benefit and absence of progressive
disease (PD).

The study was conducted and reported in accordance with the
Declaration of Helsinki, the International Conference on Harmo-
nization-Good Clinical Practice guidelines and approved by the
relevant regulatory authority (Agence Nationale de Sécurité du
Médicament et des Produits de Sante (ANSM), Saint Denis Cedex,
France) and an independent ethics committee (Comité de
Protection des Personnes Sud Ouest et Outre Mer I, Toulouse,
France). All patients provided written, informed consent before
study participation.

End points and assessments. The primary trial end point was to
determine the MTD of afatinib in combination with intravenous or
oral vinorelbine based on the occurrence of DLTs during cycle 1.
Secondary end points included safety, PK assessment, best overall
tumour response, objective tumour response (OR; including
complete response (CR) and partial response (PR)), disease control
(combining CR, PR and stable disease (SD)), duration of disease
control, best percentage change in tumour size and PFS.

Safety was assessed throughout the study by monitoring AEs,
with intensity graded according to the NCI CTCAE version 3.0.
Antitumour activity was evaluated according to Response Evalua-
tion Criteria in Solid Tumours version 1.0 (Therasse et al, 2000)
every two cycles (8 weeks) during study conduct. A CR or PR had
to be confirmed 4 weeks after initial assessment. The duration of an
SD was determined to be at least 6 weeks. Disease control was
defined as confirmed CR, confirmed PR and/or confirmed SD.

Pharmacokinetic blood sampling (4 ml aliquots of venous
blood) was performed immediately before and during the 24 h
after the start of administration of vinorelbine (intravenous or oral)
on days 1/2, 15/16 and 21/22 of the first treatment cycle.
Concentrations of afatinib in plasma and vinorelbine in whole
blood were analysed using validated high-performance liquid
chromatography tandem mass spectrometry methods. Pharmaco-
kinetic assessments for vinorelbine (day 1/2 and day 15/16)
included determination of the area under the plasma
concentration–time curve over 24 h (AUC0–24 h), maximum
measured plasma concentration (Cmax) and time from dosing to
the maximum plasma concentration (tmax). For afatinib, PK
assessments (day 15/16 and day 21/22) included area under the
plasma–concentration–time curve at steady state over the dosing
interval t (AUCt,ss), minimum and maximum measured plasma
concentration at steady state (Cmax,ss) and time from dosing to the
minimum and maximum plasma concentration at steady state
(tmax,ss). Pharmacokinetic parameters with and without cotreat-
ment were subjected to intraindividual comparisons to assess the
effect of afatinib of the PKs of vinorelbine, and the effect of
vinorelbine on afatinib.

Statistical analyses. All efficacy and safety analyses were con-
ducted in the treated set (all patients who received at least one dose
of study drug); PK analyses were conducted in all patients who
received at least one dose of study drug and provided at least one
blood sample following drug administration. Descriptive statistics
were applied for all efficacy and safety analyses, and Kaplan–Meier
estimates and 95% confidence intervals (CIs) were tabulated for
analysis of PFS. For PK assessments, analysis of variance
(ANOVA) was used for AUC and Cmax values. No formal
statistical testing was planned.

RESULTS

Patients. Between 17 June 2009 and 11 January 2013, 67 patients
were screened and 55 were eligible to participate in the trial.

Twenty-eight patients were enrolled into part A and 27 into part B
(Table 1). Patient baseline characteristics are shown in Table 2.
Overall, the median age of patients in the trial was 54 years and
43.6% of patients were male. The most frequent tumour types
among the patients were NSCLC (n¼ 14, 25%), HNSCC (n¼ 5,
9%) and breast cancer (n¼ 5, 9%). The majority of patients
(85.5%) had been diagnosed with EGFR-positive tumours; 12.7%,
3.6% and 3.6% of patients had HER2 tumour scoring of 1þ , 2þ
or 3þ , respectively. The study population was heavily pre-treated,
with the majority of patients (67%) having received more than two
lines of chemotherapy before study entry.

MTDs and DLTs. Dose-limiting toxicities for each cohort in parts
A and B are displayed in Table 3. In part A, no DLTs were reported
in the initial three patients enrolled in either the afatinib 20 or
40 mg cohorts. When one of three patients had DLTs (febrile
neutropenia and mucosal inflammation) in the 50 mg cohort, the
cohort was expanded to six patients. As all of these additional
patients had DLTs, dose escalation was stopped and the 40 mg
afatinib cohort was expanded accordingly, with one of six patients
experiencing DLT. The MTDA was defined as 40 mg afatinib with
intravenous vinorelbine 25 mg m� 2 per week.

In part B, no DLT was observed in four patients at afatinib
20 mg (Table 3). One patient had to be replaced due to PD in cycle
1. When one of three patients had DLTs (febrile neutropenia and
mucosal inflammation) in the 40 mg cohort, the cohort was
expanded without additional DLTs observed, and afatinib was
subsequently escalated to 50 mg. After one of three patients had
DLTs (febrile neutropenia and stomatitis) at afatinib 50 mg,

Table 1. Patient disposition in the overall study population
(dose escalation plus expansion phases)

Part A: vinorelbine
25 mg m�2 i.v. weekly

Part B: vinorelbine
60 mg m�2 p.o. weeklya

Afatinib QD Afatinib QD

20 mg 40 mg 50 mg 20 mg 40 mg 50 mg
Treated in
cycle 1, n (%)

3 (100.0) 19b (100.0) 6 (100.0) 4c (100.0) 18 (100.0) 5 (100.0)

Discontinued
during cycle
1,
n (%)

0 5 (26.3) 0 1 (5.6) 3 (16.7) 0

DLT 0 5 (26.3) 0 0 1 (5.6) 0
Other AE 0 0 0 0 1 (5.6) 0
Disease
progression

0 0 0 1 (25.0) 0 0

Consent
withdrawn

0 0 0 0 1 (5.6) 0

Treated in
and beyond
cycle 2, n (%)

3 (100.0) 14 (100.0) 6 (100.0) 3 (100.0) 15 (100.0) 5 (100.0)

Discontinued
in or beyond
cycle 2, n (%)

3 (100.0) 14 (100.0) 6 (100.0) 3 (100.0) 15 (100.0) 5 (100.0)

DLT 0 1 (7.1) 0 0 0 0
Other AE 0 0 2 (33.3) 0 3 (20.0) 1 (20.0)
Disease
progression

3 (100.0) 12 (85.7) 4 (66.7) 3 (100.0) 12 (80.0) 4 (80.0)

Consent
withdrawn

0 0 0 0 0 0

Other
reasonsd

0 1 (7.1) 0 0 0 0

Abbreviations: AE¼ adverse event; DLT¼dose-limiting toxicity; i.v.¼ intravenous; MTD¼
maximum tolerated dose; p.o.¼oral; QD¼once daily.
aIncreased to 80 mg m� 2 p.o. weekly at week 3.
bEnrolment occurred simultaneously for two patients during the expansion period; an
additional patient was entered in the MTD i.v. vinorelbine cohort.
cOne of the three patients had tumour progression during cycle 1; therefore, an additional
patient (who completed course 1 without DLT) was treated at this dose level.
dIncluding non-compliance, lost to follow-up and other reasons excluding disease
progression (e.g. non-existent medical benefit).
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Table 2. Patient baseline characteristics

Part A: vinorelbine 25 mg m�2 i.v. weekly Part B: vinorelbine 60 mg m�2 p.o. weeklya

Afatinib QD Afatinib QD

Characteristic 20 mg (n¼3) 40 mg (n¼19) 50 mg (n¼6) 20 mg (n¼4) 40 mg (n¼18) 50 mg (n¼5) Total (N¼55)
Gender, n (%)

Male 2 (66.7) 8 (42.1) 2 (33.3) 4 (100.0) 7 (38.9) 1 (20.0) 24 (43.6)
Female 1 (33.3) 11 (57.9) 4 (66.7) 0 11 (61.1) 4 (80.0) 31 (56.4)

Median age, years
(range)

68.0 (42–69) 57.0 (35–70) 62.0 (54–69) 55.0 (48–63) 51.5 (34–72) 52.0 (40–63) 54.0 (34–72)

ECOG PS, n (%)
0 0 8 (42.1) 1 (16.7) 2 (50.0) 7 (38.9) 2 (40.0) 20 (36.4)
1 3 (100) 11 (57.9) 5 (83.3) 2 (50.0) 11 (61.1) 3 (60.0) 35 (63.6)

Tumour type, n (%)
NSCLC 1 (33.3) 6 (31.6) 1 (16.7) 0 4 (22.2) 2 (40.0) 14 (25.5)
Genitourinary
cancersb

0 4 (21.1) 3 (50.0) 0 3 (16.7) 1 (20.0) 11 (20.0)

Gastrointestinal
cancersc

0 5 (26.3) 0 2 (50.0) 3 (16.7) 0 10 (18.2)

Head and neck 1 (33.3) 2 (10.5) 0 1 (25.0) 0 1 (20.0) 5 (9.1)
Breast cancer 0 0 0 0 5 (27.8) 0 5 (9.1)
Otherd 1 (33.3) 2 (10.5) 2 (33.3) 1 (25.0) 3 (16.7) 1 (20.0) 10 (18.2)

Prior therapies, n (%)
Surgery 2 (66.7) 13 (68.4) 4 (66.7) 1 (25.0) 11 (61.1) 3 (60.0) 34 (61.8)
Chemotherapy, n (%) 3 (100.0) 18 (94.7) 6 (100.0) 4 (100.0) 18 (100.0) 5 (100.0) 54 (98.2)

0 lines 0 1 (5.3) 0 0 0 0 1 (1.8)
1 line 0 0 1 (16.7) 0 2 (11.1) 0 3 (5.5)
2 lines 0 5 (26.3) 1 (16.7) 0 7 (38.9) 1 (20.0) 14 (25.5)
42 lines 3 (100.0) 13 (68.4) 4 (66.7) 4 (100.0) 9 (50.0) 4 (80.0) 37 (67.3)

Radiotherapy, n (%) 3 (100.0) 9 (47.4) 4 (66.7) 2 (50.0) 9 (50.0) 5 (100.0) 32 (58.2)
Other, n (%) 1 (33.3) 3 (15.8) 0 0 6 (33.3) 2 (40.0) 12 (21.8)

Abbreviations: ECOG PS¼Eastern Co-operative Oncology Group performance status; i.v.¼ intravenous; NSCLC¼ non-small cell lung cancer; p.o.¼oral; QD¼once daily.
aIncreased to 80 mg m� 2 p.o. weekly at week 3.
bIncludes bladder cancer, cervical cancer, endometrial cancer, uterine cancer and ovarian cancer.
cIncludes colorectal cancer, oesophageal cancer, stomach cancer, biliary tree cancer and pancreatic cancer.
dIncludes endocrine cancer, melanoma, pleural cancer, soft tissue/osteosarcoma and cancer of unknown origin.

Table 3. Occurrence of DLTs during the dose escalation and expansion phases

Part A: vinorelbine 25 mg m�2 i.v. weekly Part B: vinorelbine 60 mg m�2 p.o. weeklya

Afatinib QD Afatinib QD

20 mg 40 mg 50 mg 20 mg 40 mg 50 mg

MTD determination (dose escalation cohort)
n¼3 n¼ 6 n¼6 n¼4b n¼6 n¼5

Cycle 1 DLT first three
patients, n (%) (event)

0 0 1 (33.3) (febrile neutropenia
and mucosal inflammation,
n¼1)

0 1 (16.7) (febrile
neutropenia and
mucosal
inflammation, n¼1)

1 (20.0) (febrile
neutropenia and
stomatitis, n¼1)

Cycle 1 DLT; second three
patients, n (%) (event)

NA 1 (16.7) (asthenia, febrile
neutropenia and increased lipase,
n¼ 1)

3 (100.0) (diarrhoea, n¼2;
febrile neutropenia, n¼1)

NA 0 2 (40.0)
(diarrhoea, n¼2)

Total 0/3 1/6c 4/6 0/4b 1/6c 3/5

MTD expansion cohort
NA n¼ 13d NA NA n¼12 NA

Cycle 1 DLT, n (%) (event) NA 7 (53.8) (cholestasis and
hepatocellular injury, n¼1;
diarrhoea, n¼1; dyspnoea, n¼ 1;
febrile neutropenia, n¼ 1; febrile
neutropenia and leukopenia,
n¼ 1; diarrhoea and fatigue,
n¼ 1; diarrhoea, hypokalaemia
and stomatitis n¼ 1

NA NA 2 (16.7) (decreased
blood phosphatase
and hypokalaemia,
n¼1; febrile
neutropenia, n¼1)

NA

Abbreviations: DLT¼dose limiting toxicity; i.v.¼ intravenous; MTD¼maximum tolerated dose; NA¼ not applicable; p.o.¼oral; QD¼once daily.
aIncreased to 80 mg m� 2 p.o. weekly at week 3.
bOne of the three patients had tumour progression during cycle 1; therefore, an additional patient (who completed cycle 1 without DLT) was treated at this dose level.
cThe MTD was determined at this dose level because this was the highest at which the rule applied that at least six patients had been treated and at most one patient experienced DLT.
dEnrolment occurred simultaneously for two patients during the expansion period resulting in an additional patient being entered into the MTD IV vinorelbine cohort.
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followed by two additional patients with DLTs (diarrhoea), the
MTDB was defined as 40 mg afatinib with oral vinorelbine
(60 mg m� 2 per week, increased to 80 mg m� 2 per week at
week 3).

The MTDA and MTDB cohorts were expanded with 13 and 12
patients, respectively, for further PK analysis, particularly assess-
ment of drug–drug interactions. An additional seven patients in
the expanded MTDA expansion cohort and two patients in the
MTDB expansion cohort had AEs qualifying as DLTs during cycle
1 (Table 3). Observed AEs were consistent with the known safety
profiles of afatinib and vinorelbine, the most frequent events being
febrile neutropenia (n¼ 8, 14.5%) and diarrhoea (n¼ 7, 12.7%)
(Supplementary Table 1), and were generally manageable with
afatinib or vinorelbine dose reduction or omission of vinorelbine
doses. As shown in Table 1, DLTs led to permanent treatment
discontinuation in five patients in the MTDA expansion cohort
(grade 3 asthenia, grade 3 febrile neutropenia and grade 4 lipase
increase (n¼ 1); grade 3 cholestasis and grade 4 hepatic cytolysis
(n¼ 1); grade 3 dyspnoea (n¼ 1); grade 3 oral mucositis (n¼ 1);
grade 3 febrile neutropenia and grade 3 leucopoenia (n¼ 1)). The
patient with grade 3 cholestasis and grade 4 hepatic cytolysis was
rechallenged with vinorelbine alone (as standard medical treatment)
following recovery from the DLT and hepatic cytolysis recurred,
suggesting this event was related to vinorelbine. In the MTDB

expansion cohort, one patient experienced DLT leading to
permanent treatment discontinuation (grade 4 febrile neutropenia).
In both the dose escalation and expansion cohorts of parts A and B, a
further five patients experienced DLT during cycle 2 or later, with
one patient in part A discontinuing due to grade 3 asthenia occurring
156 days after first intake of the trial drugs.

Overall safety. All 55 patients had treatment-related AEs during the
course of the study (Table 4). Diarrhoea (n¼ 51, 92.7%), asthenia
(n¼ 42, 76.4%) nausea (n¼ 35, 63.6%), neutropenia (n¼ 31, 56.4%)
and vomiting (n¼ 30, 54.5%) were most frequently reported. Grade
3 and 4 AEs were reported in 28 (50.9%) and 14 (25.5%) patients,
respectively, with neutropenia (n¼ 14, 25.5%) and diarrhoea (n¼ 13,
23.6%) being the most frequently observed grade 3 AEs, and
neutropenia the most frequent grade 4 AE (n¼ 8; 14.5%).

Overall, 32 patients (58.2%) had at least one serious AE (SAE;
16 patients each in parts A and B). The most frequently reported
SAEs, which occurred in at least 5% of patients, were diarrhoea
(n¼ 7, 12.7%), febrile neutropenia (n¼ 5, 9.1%), dyspnoea (n¼ 4,
7.3%), vomiting (n¼ 4, 7.3%), neutropenia (n¼ 3, 5.5%), dehydra-
tion (n¼ 3, 5.5%) and general physical health deterioration (n¼ 3,
5.5%). Five patients died during the trial due to general physical
health deterioration (n¼ 3), pneumonia (n¼ 1) and acute
respiratory failure (n¼ 1). All five deaths were deemed related to
disease progression and occurred during the treatment period.
None of the deaths was considered to be related to study drug.
Adverse events were the reason for permanent discontinuation of
afatinib in 19 patients (34.5%; 10 in part A and 9 in part B).
Twenty-six patients (47.3%; 12 in part A and 14 in part B)
permanently discontinued vinorelbine due to AEs. Asthenia,
neutropenia, diarrhoea, nausea, vomiting and febrile neutropenia
were the most frequent reasons for drug discontinuation.

Pharmacokinetics. No notable differences in key PK parameters
for afatinib and vinorelbine were observed in the presence or
absence of the other agent (Table 5). In part A, afatinib exposure in
terms of gMean values was slightly higher in the presence of
intravenous vinorelbine based on AUCt,ss and Cmax,ss, compared
with afatinib exposure as monotherapy. In contrast, vinorelbine
exposure was slightly lower in the presence of afatinib in terms of
AUC0–24 h and Cmax, compared with vinorelbine exposure in the
absence of afatinib (Table 5). In part B, exposure to both oral afatinib
and vinorelbine was slightly lower in the presence of the other drug,
compared with their respective monotherapy exposures. The variability

of the PK parameters was moderate to high for both afatinib and
vinorelbine (intravenous or oral). Results of the exploratory statistical
analysis by ANOVA are shown in Supplementary Table 2. In all cases,
the 90% CIs for the AUC and Cmax ratios were not located within the
defined bioequivalence range of 80–125% but were overlapping, and
intraindividual variability was moderate to high. Overall, these PK
analyses suggested no relevant interaction between afatinib and
vinorelbine in the treatment schedules evaluated.

Antitumour activity. Objective response and duration of therapy
for individual patients are shown in Figure 1. The best overall
response observed in part A was SD, achieved by 16 of 28 patients
(57%). Of these 16 patients, 4 had unconfirmed CR or PR. Median
(range) duration of disease control (CRþPRþ SD) was 167 (94–
351) days among patients treated at the 40 mg MTDA and 168 (81–
202) days in the 50 mg cohort. Only one patient exhibited disease
control for 110 days in the 20 mg cohort. Median PFS of patients
treated at the MTDA was 14.6 weeks (95% CI: 7.1–31.9).

In part B, the best overall tumour response observed was PR in 3
of 27 patients (11%; two patients with breast cancer and one with
NSCLC). The median (range) duration of OR was 114.0 (113–151)
days, with a median (range) time to response of 55.0 (55–343)
days. The disease control rate was 52% (14 of 27 patients). Median
(range) duration of disease control was 162 (50–493) days among
patients treated at the 40 mg MTDB and 120 (54–230) days in the
50 mg cohort. All patients in the 20 mg cohort had PD at the first
tumour assessment. Patients treated at the MTDB had a median
PFS of 15.9 weeks (95% CI: 7.6–23.1).

DISCUSSION

In this phase I study of heavily pre-treated patients with advanced
solid tumours, historically known to overexpress EGFR and/or
HER2, the MTD of afatinib in combination with standard dose
intravenous (part A) or oral (part B) vinorelbine was 40 mg per
day. The most frequently occurring DLTs in parts A and B were
febrile neutropenia and diarrhoea, consistent with the established
safety profiles of single-agent vinorelbine and afatinib, respectively
(European Medicines Agency, 2013; Food and Drug Adminis-
tration, 2013; medac GmbH, 2014, 2017). Prophylactic treatment
with granulocyte-colony-stimulating factors (G-CSFs), such as
filgrastim (including approved biosimilars), lenograstim or pegfil-
grastim is known to reduce the risk of chemotherapy-induced
neutropenia, but its use varies widely in clinical practice (Aapro
et al, 2011). The overall high incidence of treatment-related febrile
neutropenia observed in this study (16.4%; with all occurrences of
grade 3 severity, apart from one that was grade 4) may reflect the
fact that prophylactic G-CSF supportive therapy (Aapro et al,
2011) was not used. Diarrhoea is a recognised but manageable side
effect of afatinib, usually occurring during the first 2 weeks of
therapy (European Medicines Agency, 2013; Food and Drug
Administration, 2013; Yang et al, 2013b). Although management
of diarrhoea in the current study was according to standard
procedures for afatinib, the incidence of grade 3 diarrhoea
observed with the combination (23.6%) was higher than observed
for afatinib alone (Sequist et al, 2013; Wu et al, 2014).

Overall, the AE profile observed in the current study was
consistent with the types of AEs previously reported for afatinib
and vinorelbine, with no new or unexpected events reported.
Although AEs led to a number of dose interruptions, the majority
of patients remained on study, indicating that effective manage-
ment of AEs allowed for treatment continuation. In addition, PK
assessments indicated no clinically relevant drug–drug interactions
between afatinib and either intravenous or oral vinorelbine. These
findings are consistent with those from a previously reported phase
I study in Japanese patients with advanced solid tumours (Mukai
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Table 4. Frequency of treatment-related AEs occurring in X10% of patients in the overall (parts A þ B) study population by dose
cohorta

Part A: vinorelbine 25 mg m�2 i.v. weekly Part B: vinorelbine 60 mg m�2 p.o. weeklya Part A þ B

Afatinib QD Afatinib QD

20 mg (n¼3) 40 mg (n¼19) 50 mg (n¼6) 20 mg (n¼4) 40 mg (n¼18) 50 mg (n¼5) Total (N¼55)

All
grades

Grade
3/4b

All
grades

Grade
3/4b

All
grades

Grade
3/4b

All
grades

Grade
3/4b

All
grades

Grade
3/4b

All
grades

Grade
3/4b

All
grades

Grade
3/4b

Any AE 3 (100.0) 3 (100.0) 19
(100.0)

15
(78.9)

6
(100.0)

5 (83.3) 4
(100.0)

1 (25.0) 18
(100.0)

11
(61.1)

5
(100.0)

5
(100.0)

55 (100.0) 40
(72.7)

Diarrhoea 3 (100.0) 0 19
(100.0)

3 (15.8) 6
(100.0)

3 (50.0) 1 (25.0) 0 17
(94.4)

4 (22.2) 5
(100.0)

3 (60.0) 51 (92.7) 13
(23.6)

Asthenia 2 (66.7) 1 (33.3) 17
(89.5)

3 (15.8) 5 (83.3) 0 3 (75.0) 0 11
(61.1)

1 (5.6) 4 (80.0) 0 42 (76.4) 5 (9.1)

Nausea 0 0 12
(63.2)

0 5 (83.3) 1 (16.7) 3 (75.0) 0 11
(61.1)

0 4 (80.0) 0 35 (63.6) 1 (1.8)

Neutropenia 2 (66.7) 2 (66.7) 12
(63.2)

6 (31.6) 4 (66.7) 3 (50.0) 1 (25.0) 1 (25.0) 8 (44.4) 6 (33.3) 4 (80.0) 4 (80.0) 31 (56.4) 22
(40.0)

Vomiting 0 0 8 (42.1) 0 4 (66.7) 1 (16.7) 1 (25.0) 0 13
(72.2)

1 (5.6) 4 (80.0) 1 (20.0) 30 (54.5) 3 (5.5)

Decreased
appetite

0 0 12
(63.2)

1 (5.3) 3 (50.0) 0 2 (50.0) 0 5 (27.8) 2 (11.1) 1 (20.0) 0 23 (41.8) 3 (5.5)

Anaemia 1 (33.3) 1 (33.3) 9 (47.4) 1 (5.3) 3 (50.0) 0 1 (25.0) 0 6 (33.3) 1 (5.6) 2 (40.0) 0 22 (40.0) 3 (5.5)

Mucosal
inflammation

0 0 8 (42.1) 0 4 (66.7) 1 (16.7) 0 0 6 (33.3) 1 (5.6) 2 (40.0) 1 (20.0) 20 (36.4) 3 (5.5)

Rash 1 (33.3) 0 6 (31.6) 0 1 (16.7) 0 0 0 8 (44.4) 0 3 (60.0) 0 19 (34.5) 0

Stomatitis 1 (33.3) 0 7 (36.8) 2 (10.5) 2 (33.3) 0 0 0 7 (38.9) 0 2 (40.0) 1 (20.0) 19 (34.5) 3 (5.5)

Folliculitis 0 0 7 (36.8) 0 2 (33.3) 0 0 0 7 (38.9) 0 2 (40.0) 0 18 (32.7) 0

Paronychia 0 0 5 (26.3) 0 2 (33.3) 0 0 0 5 (27.8) 0 3 (60.0) 1 (20.0) 15 (27.3) 1 (1.8)

Constipation 1 (33.3) 0 6 (31.6) 0 2 (33.3) 0 2 (50.0) 0 2 (11.1) 0 0 0 13 (23.6) 0

Paraesthesia 0 0 4 (21.1) 0 4 (66.7) 0 1 (25.0) 0 2 (11.1) 0 1 (20.0) 0 12 (21.8) 0

Epistaxis 0 0 4 (21.1) 0 4 (66.7) 0 0 0 3 (16.7) 0 0 0 11 (20.0) 0

Muscle
spasms

0 0 3 (15.8) 0 2 (33.3) 0 0 0 4 (22.2) 0 2 (40.0) 0 11 (20.0) 0

Skin fissures 0 0 3 (15.8) 0 2 (33.3) 0 0 0 3 (16.7) 0 3 (60.0) 0 11 (20.0) 0

Abdominal
pain

1 (33.3) 0 2 (10.5) 0 2 (33.3) 0 1 (25.0) 0 4 (22.2) 0 0 0 10 (18.2) 0

Dermatitis
acneiform

1 (33.3) 0 4 (21.1) 0 2 (33.3) 0 0 0 2 (11.1) 0 1 (20.0) 0 10 (18.2) 0

Dysgeusia 1 (33.3) 0 4 (21.1) 0 2 (33.3) 0 0 0 1 (5.6) 0 2 (40.0) 0 10 (18.2) 0

Weight
decreased

0 0 4 (21.1) 0 3 (50.0) 0 1 (25.0) 0 1 (5.6) 0 1 (20.0) 0 10 (18.2) 0

Dry skin 0 0 4 (21.1) 0 1 (16.7) 0 0 0 4 (22.2) 0 0 0 9 (16.4) 0

Febrile
neutropenia

0 0 3 (15.8) 3 (15.8) 2 (33.3) 2 (33.3) 0 0 3 (16.7) 3 (16.7) 1 (20.0) 1 (20.0) 9 (16.4) 9 (16.4)

Pyrexia 0 0 4 (21.1) 0 0 0 1 (25.0) 0 2 (11.1) 0 2 (40.0) 0 9 (16.4) 0

Dyspnoea 1 (33.3) 0 7 (36.8) 1 (5.3) 0 0 0 0 0 0 0 0 8 (14.5) 1 (1.8)

Aphthous
stomatitis

0 0 4 (21.1) 0 1 (16.7) 0 0 0 1 (5.6) 0 2 (40.0) 0 8 (14.5) 0

Rhinitis 0 0 2 (10.5) 0 2 (33.3) 0 0 0 3 (16.7) 0 0 0 7 (12.7) 0

Hepatocellular
injury

0 0 6 (31.6) 1 (5.3) 0 0 0 0 1 (5.6) 0 0 0 7 (12.7) 1 (1.8)

Dyspepsia 2 (66.7) 0 1 (5.3) 0 1 (16.7) 0 1 (25.0) 0 1 (5.6) 0 0 0 6 (10.9) 0

Rhinorrhoea 0 0 0 0 1 (16.7) 0 1 (25.0) 0 4 (22.2) 0 0 0 6 (10.9) 0

Erythema 0 0 4 (21.1) 0 1 (16.7) 0 0 0 1 (5.6) 0 0 0 6 (10.9) 0

Abbreviations: AE¼ adverse event; i.v.¼ intravenous; p.o.¼oral; QD¼once daily.
aIncreased to 80 mg m� 2 p.o. weekly at week 3.
bThere were no treatment-related grade 5 AEs.
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et al, 2015). Although this study was not designed to evaluate
antitumour activity, three ORs were observed and B50% of
patients in parts A and B achieved disease control, with a median
duration ranging from 110.0 to 168.0 days. These findings are
noteworthy both in terms of disease control and long-term
tolerability of the combination.

To date, phase I clinical findings have suggested that the
combination of afatinib and vinorelbine is feasible, with a
manageable safety profile, and may provide clinical benefit in
patients with advanced cancers (Mukai et al, 2015). However,
further evaluation of this combination in phase II/III trials,
including two studies in patients with advanced breast cancer, have

50 mg afatinib +
vinorelbine p.o.

PR

#

#

#

#

#

#

+

+

+
*

+

*

*

SD

PD

NE

NSCLC

Breast

Pancreas

Stomach
HNSCC

Other

40 mg afatinib +
vinorelbine p.o.

20 mg afatinib +
vinorelbine p.o.

50 mg afatinib +
vinorelbine i.v.

40 mg afatinib +
vinorelbine i.v.

20 mg afatinib +
vinorelbine i.v.

0 100 200 300 400 500

Duration of therapy (days)

600 700 800 900

Figure 1. Duration of therapy in individual patients by dose, objective response and tumour type. HNSCC¼head and neck squamous cell
carcinoma; i.v.¼ intravenous; NE¼not estimable; NSCLC¼non-small cell lung cancer; PD¼progressive disease; p.o.¼oral; PR¼partial
response; SD¼ stable disease.

Table 5. Geometric mean PK parameters of afatinib (at steady state) and IV or PO vinorelbine

Part A: afatinib 40 mg þ vinorelbine 25 mg m�2i.v. Part B: afatinib 40 mg þ vinorelbine 60 mg m�2p.o.a

Afatinib PK parameters

In the presence of
vinorelbine, n¼14

In the absence of
vinorelbine, n¼8

In the presence of
vinorelbine, n¼12

In the absence of
vinorelbine, n¼18

gMean gCV (%) gMean gCV (%) gMean gCV (%) gMean gCV (%)
AUCt,ss (ng �h ml�1) 892 87.3 683 375b 872 39.8 1070 33.8

Cmax,ss (ng ml� 1) 62.0 97.9 42.7 425b 55.1 35.6 67.2 29.4

tmax,ss (h), median (range) 3.16 (2.00–6.00) 2.00 (1.00–4.03) 3.54 (2.00–5.03) 3.00 (1.00–6.00)

Vinorelbine PK parameters

In the presence of afatinib,
n¼9

In the absence of afatinib,
n¼8

In the presence of afatinib,
n¼15

In the absence of afatinib,
n¼25

gMean gCV (%) gMean gCV (%) gMean gCV (%) gMean gCV (%)
AUC0–24 (ng � h ml� 1) 512 41.4 655 26 258 79.8 334 70.9

Cmax (ng ml� 1) 822 56.2 941 55.1 52.8 80.8 65.0 63.9

tmax (h), median (range) 0.166 (0.150–0.167) 0.167 (0.150–0.233) 1.50 (1.00–6.00) 1.50 (0.917–3.17)

Abbreviations: AUC0–24¼ area under the plasma concentration–time curve over 24 h; AUCt,ss¼ area under the plasma-concentration–time curve at steady state over the dosing interval t;
Cmax¼maximum measured plasma concentration; Cmax,ss¼maximum measured plasma concentration at steady state; gCV¼geometric coefficient of variation; gMean¼geometric mean;
i.v.¼ intravenous; PK¼pharmacokinetic; p.o.¼oral; tmax¼ time from dosing to the maximum plasma concentration; tmax,ss¼ time from dosing to the minimum and maximum plasma
concentration at steady state.
aIncreased to 80 mg m� 2 PO weekly at week 3.
bExtreme gCV values were caused by one single outlier profile.
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yielded less favourable results. In the phase II LUX-Breast 3 trial in
patients with HER2-overexpressing breast cancer and progressive
brain metastases following trastuzumab and/or lapatinib-based
therapy, afatinib in combination with vinorelbine did not provide
improved efficacy over investigator’s choice of therapy and
appeared to be less well tolerated (Cortes et al, 2015). Further,
the afatinib plus vinorelbine combination compared unfavourably
with trastuzumab plus vinorelbine in the LUX-Breast 1 trial, a
pivotal phase III trial in patients with HER2-positive metastatic
breast cancer whose disease progressed on/after one prior
trastuzumab-based treatment, which was stopped early (Harbeck
et al, 2016). The combination of afatinib plus vinorelbine was also
evaluated in the LUX-Breast 2 trial in patients with HER2-
overexpressing breast cancer who failed HER2-targeted treatment
in the neoadjuvant or adjuvant setting, as well as in Study 1200.89
in HER2-overexpressing inflammatory breast cancer (Goh et al,
2016). However, recruitment to all trials of this combination was
halted following the results of LUX-Breast 1. Although there are
little clinical data available for other EGFR tyrosine kinase
inhibitors in combination with vinorelbine, conventional and
metronomic dosing schedules of oral vinorelbine plus once-daily
erlotinib were recently explored in a phase I study in patients with
advanced NSCLC (Sutiman et al, 2016). Both dosing schedules
were reported to be feasible and well tolerated, and demonstrated
preliminary antitumour activity, leading the investigators to
conclude that further investigations are warranted in this setting.
In an earlier phase II study in Chinese patients with lung
adenocarcinoma, once-daily gefitinib in combination with a lower
dose of intravenous vinorelbine (15 mg m� 2 every 2 weeks)
demonstrated an improved 1-year PFS rate (P¼ 0.008) compared
with gefitinib alone. Three of six evaluable patients in the Chinese
study were reported an exon 19 deletion, although few patients had
qualified samples for mutation analysis (Chen et al, 2007). The
combination of afatinib and vinorelbine has not yet been further
explored in other distinct indications, such as NSCLC; however,
the manageable safety profile and antitumour activity consistently
observed in phase I trials of this combination may lend support for
future studies.

In summary, this phase I trial established the MTD of afatinib as
40 mg per day in combination with standard doses of intravenous or
oral vinorelbine. In this study, both combination regimens demon-
strated generally manageable safety profiles consistent with those
known for single-agent afatinib and vinorelbine. The treatment
combination showed signs of clinical activity in heavily pre-treated
patients with advanced solid tumours. Pharmacokinetic analyses
suggest no clinically relevant drug–drug interactions between afatinib
and vinorelbine in the evaluated treatment schedules.
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