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Abstract
Purpose Resistance to HER2 (ErbB2)-targeted therapy may be mediated by other members of the ErbB family. We investi-
gated the efficacy and safety of the irreversible ErbB family blocker, afatinib, alone as first-line therapy in the advanced setting 
and in combination with vinorelbine or paclitaxel for those who progressed on afatinib monotherapy, in female patients with 
metastatic breast cancer who had failed or progressed on prior HER2-targeted therapy in the early disease setting.
Methods In this phase II, single-arm, two-part study (ClinicalTrials.gov: NCT01271725), patients in part A received afatinib 
40 mg/day in 21-day cycles until disease progression or intolerable adverse events (AEs). Patients with progressive disease 
could then receive afatinib plus weekly vinorelbine 25 mg/m2 or paclitaxel 80 mg/m2 until disease progression or intolerable 
AEs (part B). The primary endpoint was confirmed objective response rate (RECIST v1.1).
Results Eighty-seven patients were enrolled and 74 were treated in part A (median age: 51 years [range 27–76]; 31 [42%] 
estrogen receptor-positive, 26 [35%] progesterone receptor-positive). Of these, 39 (53%) patients went on to receive afatinib 
plus vinorelbine (13 patients) or paclitaxel (26 patients) in part B. Thirteen (18%) and 12 (31%) patients achieved an objec-
tive response in parts A and B, respectively. The most common treatment-related AEs with afatinib monotherapy (any/
grade ≥ 3) were diarrhea (68%/8%) and rash (49%/4%). Combination therapy was generally well tolerated, with no additive 
toxicity observed.
Conclusion Afatinib treatment, alone or in combination with vinorelbine or paclitaxel, was associated with objective 
responses in ≥ 18% of patients with metastatic breast cancer for whom prior HER2-targeted therapy has failed. Treatment-
related AEs were generally manageable, with few grade ≥ 3 AEs reported.
Trial registration ClinicalTrials.gov, NCT01271725, registered 1 July 2011.
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Introduction

The human epidermal growth factor receptor 2 (HER2/
Neu/ErbB2) is amplified and/or overexpressed in approxi-
mately 15% of human breast cancers [1] and plays a direct 

role in tumor development [2, 3]. In patients with breast 
cancer, HER2 amplification/overexpression is a significant 
predictor of shorter overall survival and time to relapse [4, 
5]. Targeted [6–8] treatment against HER2 with the mono-
clonal antibodies trastuzumab and pertuzumab, the small 
molecule tyrosine kinase inhibitors lapatinib, neratinib, and 
tucatinib, and the antibody-chemotherapy conjugates trastu-
zumab emtansine and trastuzumab deruxtecan has markedly 
improved outcomes in patients with HER2-positive breast 
cancer [9–13]. These treatments are now approved and rec-
ommended for use in this setting [14, 15].
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Despite the availability of anti-HER2 therapies, primary 
and acquired resistance to these treatments frequently occur 
and represent a significant clinical challenge [16–18]. Novel 
agents to treat patients with HER2-positive breast cancer 
who have exhausted all current options are therefore urgently 
needed. Diverse mechanisms of resistance to anti-HER2 
therapy, mediated by aberrations in numerous alternative 
pathways, have been identified, including those involving 
other receptors in the ErbB family, such as the epidermal 
growth factor receptor ([EGFR]/ErbB1), HER3 (ErbB3), and 
HER4 (ErbB4) [16, 17, 19, 20]. Some evidence suggests that 
targeting multiple members of the ErbB family improves 
outcomes compared with targeting one receptor alone [12, 
21], although not all studies support these findings [22].

Afatinib, an irreversible ErbB family blocker, is a spe-
cific, potent inhibitor of HER2, EGFR, and HER4, which 
blocks signaling from all homo- and heterodimers formed 
by ErbB family members [23]. We hypothesized that broad 
inhibition of multiple ErbB family members may help to 
overcome resistance to prior HER2-targeted therapy and 
findings from previous phase I and II trials of afatinib in 
HER2-positive metastatic breast cancer were encouraging 
[24–27]. In one phase II study, four of 35 evaluable patients 
(11%) experienced a partial response to afatinib monother-
apy after progression on trastuzumab and 15 patients (43%) 
had stable disease [25]. In the neoadjuvant setting, single-
agent afatinib demonstrated clinical activity comparable to 
that of trastuzumab and lapatinib in HER2-positive patients 
with locally advanced breast cancer [27].

The present trial aimed to investigate the use of afatinib, 
both alone and in combination with chemotherapy, in a 
larger population of patients with HER2-positive metastatic 
breast cancer who had failed previous HER2-targeted ther-
apy. Previous studies of afatinib and vinorelbine in patients 
with breast cancer suggested that these two agents could be 
safely combined, with potential clinical benefit [24, 26]. In 
keeping with current use of trastuzumab [28], afatinib was 
to be continued beyond the point of disease progression.

Material and methods

Patients and study design

In this open-label, phase II, single-arm, two-part study, 
patients were enrolled at 27 sites across Asia and Europe 
(Russia, the United Kingdom, Poland, Hong Kong, Tai-
wan, and India). At two sites, including the site in Poland, 
patients were enrolled but not treated. In part A, patients 
received afatinib monotherapy; in part B, patients with dis-
ease progression on monotherapy during part A were eligi-
ble to receive combination therapy with afatinib and either 
vinorelbine or paclitaxel.

The study enrolled female patients aged 18 years or over 
with histologically confirmed HER2-overexpressing meta-
static breast cancer. Patients must have failed or progressed 
on prior trastuzumab or lapatinib or trastuzumab and lapat-
inib combination therapy, in the neoadjuvant and/or adjuvant 
setting. Other inclusion criteria included at least one measur-
able lesion according to the Response Evaluation Criteria in 
Solid Tumors version 1.1 (RECIST v1.1) [29], an Eastern 
Cooperative Oncology Group (ECOG) performance status 
of 0–2, life expectancy of at least 6 months, and an archived 
tissue sample available for central re-assessment of HER2 
status. Patients eligible for part B must also have progressed 
on afatinib monotherapy in the first-line metastatic setting 
(part A) and be eligible for treatment with vinorelbine or 
paclitaxel.

Key exclusion criteria were as follows: presence of active 
brain metastases, prior first-line therapy for metastatic 
breast cancer; radiotherapy (except short-course palliative 
radiotherapy to non-target lesions), chemotherapy, immuno-
therapy, any investigational drug, trastuzumab or lapatinib 
treatment, or surgery (other than biopsy) within 4 weeks 
prior to trial treatment; hormone therapy for breast can-
cer within 2 weeks prior to trial treatment; or prior EGFR/
HER2-targeted treatment other than trastuzumab or lapatinib 
in the neoadjuvant and/or adjuvant setting (parts A and B) 
or afatinib in the first-line setting (part B).

All patients provided written informed consent. The 
trial was carried out in accordance with the Declaration of 
Helsinki and the protocol was approved by the independent 
ethics committees and/or institutional review boards of the 
participating centers. The study is registered with Clinical-
Trials.gov (NCT01271725).

Study treatment

In part A, afatinib was administered orally at a dose of 
40 mg/day until disease progression or intolerable adverse 
events (AEs). Once disease progression occurred, patients 
received weekly intravenous infusions of either vinorelbine 
25 mg/m2 or paclitaxel 80 mg/m2 in addition to daily afatinib 
until disease progression or intolerable AEs. The choice of 
chemotherapeutic agent was made by the investigator, pro-
viding patients were eligible for either treatment. Treatment 
cycles were 21 days.

For the first instance of disease progression in part A 
patients could receive short-course palliative radiother-
apy if necessary, while continuing afatinib monotherapy. 
Patients could enter part B 3 ؘ–4 weeks after completion of 
radiotherapy.

In the event of any grade ≥ 3 treatment-related AE, grade 
2 diarrhea persisting for ≥ 2 consecutive days despite ade-
quate anti-diarrheal medication/hydration, grade ≥ 2 nausea 
and/or vomiting persisting for ≥ 7 consecutive days despite 
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antiemetic treatment/hydration, or grade ≥ 2 worsening of 
renal function, afatinib treatment was paused until the AE 
had recovered to grade ≤ 1 or baseline. Treatment was then 
resumed at a 10-mg lower dose, with a minimum dose of 
20 mg (treatment was discontinued if the patient was already 
receiving a dose of 20 mg).

Endpoints

The primary endpoint was confirmed objective response, 
defined as complete response (CR) plus partial response 
(PR). Secondary endpoints were as follows: best overall 
response (objective response with and without confirma-
tion) during each treatment period; duration of objective 
response (without confirmation), defined as the time from 
first objective response to time of progression, death, or cen-
soring; progression-free survival (PFS), defined for three 
time intervals: from the start of monotherapy to the time of 
first disease progression/death, from the start of combination 
therapy to time of second disease progression/death, and 
from the start of monotherapy to the time of second disease 
progression/death; and safety.

Assessments

Efficacy was evaluated according to RECIST v1.1; response 
was evaluated by the investigator. Tumor assessment by 
computed tomography (CT) scan was performed at baseline, 
every 6 weeks (two courses) after the start of treatment, and 
before the commencement of combination therapy in part B. 
Tumor assessment was not required prior to the start of com-
bination therapy if a CT scan detecting progressive disease 
on afatinib monotherapy was conducted within 3 weeks prior 
to the commencement of combination treatment. However, 
if radiotherapy had been given prior to commencing combi-
nation therapy, a tumor assessment had to be performed to 
document the baseline status of combination therapy. Dis-
ease progression was determined based solely on clinical 
assessment or on both clinical judgment and tumor imag-
ing. AEs and laboratory parameters were graded according 
to the Common Terminology Criteria for Adverse Events 
Version 3.0.

Statistical analysis

Based on a binomial probability distribution and an assumed 
underlying objective response rate (ORR) of 10%, a total 
sample size of 80 patients would be expected to give an 82% 
probability of observing at least six responders. All analyses 
were descriptive and exploratory. PFS was assessed based on 
the Kaplan–Meier method for each part separately, and point 
estimates together with confidence intervals (CIs; based on 
Greenwood’s method) were calculated for median PFS.

Results

Patients

Between July 4, 2011 and October 16, 2013, 87 patients 
were enrolled, of whom 74 were treated in part A (Fig. 1). 
Of the 74 patients treated in part A, 39 (53%) went on 
to receive combination treatment in part B; 13 patients 
received afatinib and vinorelbine and 26 patients received 
afatinib and paclitaxel. While the study was ongoing, the 
data monitoring committee of a related trial, LUX-Breast 
1, recommended termination of the afatinib and vinorel-
bine combination treatment arm in that study due to insuf-
ficient clinical benefit and higher rates of discontinuations, 
dose reductions, serious AEs, and deaths, relative to the 
comparator arm, trastuzumab, and vinorelbine [30]. As a 
precautionary measure, no further patients were enrolled 
into the afatinib and vinorelbine arm of this study from 
May 3, 2013. Later on, further enrollment into part A was 
also stopped. Patients who were receiving and benefitting 
from afatinib plus vinorelbine before May 3, 2013 were 
permitted to continue. Ongoing treatment in part A and 
treatment with afatinib plus paclitaxel in part B was not 
affected.

Fig. 1  Patient disposition. AE adverse event, RECIST Response Eval-
uation Criteria in Solid Tumors
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Table 1  Baseline characteristics

BMI body mass index, ECOG PS Eastern Cooperative Oncology Group performance status, NE not evalu-
ated, SD standard deviation
a Data missing for one patient

Characteristic Afatinib (part A; N = 74) Afatinib + vinorelbine or 
paclitaxel (part B; N = 39)

Median age, years (range) 51 (27–76) 52 (27–73)
Race, n (%)
 Asian 47 (64) 22 (56)

  Indian 16 (22) 5 (13)
  Taiwanese or Chinese 31 (42) 17 (44)

 White 27 (36) 17 (44)
Smoking status, n (%)
 Never smoked 69 (93) 37 (95)
 Ex-smoker 2 (3) 1 (3)
 Current smoker 3 (4) 1 (3)

Alcohol status, n (%)
 Non-drinker 63 (85) 32 (82)

Mean BMI, kg/m2 (SD) 25.8 (4.5) 27.1 (4.8)
ECOG PS, n (%)
 0 46 (62) 21 (54)
 1 27 (36) 18 (46)
 2 1 (1) 0

Menopausal status, n (%) NE
 Premenopausal 16 (22)
 Perimenopausal 3 (4)
 Postmenopausal 55 (74)

Median time from first diagnosis, years (range) 2.4 (0.6–8.8) NE
Estrogen receptor status at first diagnosis, n (%) NE
 Positive 31 (42)
 Negative 43 (58)

Progesterone receptor status at first  diagnosisa, n (%) NE
 Positive 26 (35)
 Negative 47 (64)

HER2 status at first diagnosis, n (%) NE
 Positive 72 (97)
 Negative 2 (3)

Previous HER2-targeted therapy NE
 Trastuzumab 64 (86)
 Lapatinib 6 (8)
 Trastuzumab and lapatinib 4 (5)

Metastatic sites at baseline, n (%) NE
 1 23 (31)
 2 24 (32)
 3 17 (23)
 ≥ 4 10 (14)

Location of metastases, n (%) NE
 Lung 43 (58)
 Liver 32 (43)
 Skin 7 (9)
 Pleura 3 (4)
 Bone 14 (19)
 Lymph nodes 42 (57)
 Contralateral breast cancer 8 (11)
 Brain 1 (1)
 Other 8 (11)
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Baseline characteristics for patients in part A and part B 
are shown in Table 1. In total, 63 (85%) patients had infil-
trating ductal carcinoma, six (8%) patients had infiltrating 
lobular carcinoma, one (1%) patient had tubular carcinoma, 
one (1%) patient had inflammatory breast cancer, and five 
(7%) patients had other tumor histology (multiple tumor 
types were reported for some patients).

Over the whole study (part A and part B combined), 
median exposure to afatinib was 166.0  days (range 
1–1562 days). Median exposure to study medication was 
83.5 days (range 1–1491 days) during part A, 92.0 days 
(range 29–266 days) in patients who received afatinib and 
vinorelbine in part B, and 128.5 days (range 1–1205 days) 
in patients who received afatinib and paclitaxel in part B.

Efficacy

Thirteen (18%) patients had a confirmed objective response 
to afatinib monotherapy (part A), including one (1%) patient 
with a confirmed CR and 12 patients (16%) with a confirmed 
PR. Thirty-three (45%) patients had stable disease (Table 2). 
The patient with a confirmed CR was a 48-year-old Asian 
patient with moderately differentiated infiltrating ductal 
carcinoma. She had received prior treatment with lapatinib 
and tamoxifen and six courses of cyclophosphamide, doxo-
rubicin, and 5-fluorouracil. CR was sustained for 211 days. 
Further two patients had an unconfirmed PR. Median dura-
tion of objective response (regardless of confirmation) was 
168.5 days.

In part B, 12 (31%) patients had a confirmed PR during 
combined therapy with afatinib and vinorelbine or paclitaxel 
and a further five patients had an unconfirmed PR. Eighteen 
(46%) patients had stable disease. Median duration of objec-
tive response regardless of confirmation was 125.0 days.

Median PFS was 86 days (95% CI 72–127) in part A 
(Fig. 2a), 135 days (95% CI 95–224) in part B (Fig. 2b), and 
267 days (95% CI 207–360) when considering the entire 
study (Fig. 2c).

Safety

In total, 64 (86%) patients experienced treatment-related 
AEs in part A (Table 3). In part B, rates of treatment-related 
AEs were higher in patients receiving combination therapy 
with vinorelbine (92%) than with paclitaxel (85%). In total, 
30 (41%) patients experienced an AE necessitating a reduc-
tion in the dose of afatinib during part A; fewer patients 
required dose reductions during part B (afatinib plus vinorel-
bine: 15%; afatinib plus paclitaxel: 27%; Table 3).

The most common treatment-related AEs in patients 
receiving afatinib monotherapy in part A were (any/grade 
3/4) diarrhea (68%/8%) and rash (49%/8%). In patients 
receiving afatinib with vinorelbine in part B, the most com-
mon treatment-related AE of any grade and of grade 3/4 was 
neutropenia (62%/38%). Among patients receiving afatinib 
with paclitaxel, the most common any grade treatment-
related AEs were anemia (42%), alopecia (38%), and neu-
tropenia (31%) and the most common grade 3/4 treatment-
related AE was neutropenia (19%) (Table 4).

Four patients experienced treatment-related serious 
adverse events (SAEs) in part A: diarrhea (two patients), 
herpes zoster, and interstitial lung disease (one patient 
each). Among the patients receiving afatinib and vinorel-
bine in part B, two patients had a total of three treatment-
related SAEs: abdominal pain, febrile neutropenia, and 
pyrexia. Two patients receiving afatinib and paclitaxel 
experienced a total of four treatment-related SAEs: 
azotemia, blood creatinine increased, diarrhea, and nausea.

Across parts A and B, 12 patients experienced fatal AEs, 
none of which were considered to be related to study treat-
ment by the investigators. All fatal AEs represented disease 
progression and/or its complications.

Discussion

When this study was conceived, options for patients with 
HER2-positive metastatic breast cancer who had failed treat-
ment with taxanes and targeted agents were limited. We 
therefore investigated whether afatinib, given alone and in 
combination with vinorelbine or paclitaxel, could be a fur-
ther treatment option for these patients. Despite the encour-
aging clinical activity seen in prior studies, enrollment was 
stopped after 74 patients had entered the study, following the 
discontinuation of a similar trial, LUX-Breast 1 [30]. This 
phase III study was terminated after a benefit–risk assess-
ment indicated a low likelihood of improved PFS and lower 

Table 2  Confirmed ORR

CR complete response, ORR objective response rate, PD progressive 
disease, PR partial response, SD stable disease
a CR/PR ≥ 35 days from first study drug administration in part A but 
not confirmed ≥ 28 days later

Patients, n (%) Afatinib 
(part A; 
N = 74)

Afatinib + vinorelbine or 
paclitaxel (part B; N = 39)

Disease control 
(CR + PR + SD)

46 (62) 30 (77)

 Objective response 13 (18) 12 (31)
  CR 1 (1) 0
  PR 12 (16) 12 (31)

 SD 33 (45) 18 (46)
  Unconfirmed CR/PRa 2 (3) 5 (13)

PD 21 (28) 4 (10)
Not evaluable 7 (9) 5 (13)
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tolerability, with afatinib and vinorelbine versus trastuzumab 
and vinorelbine. Similarly, in the phase II LUX-Breast 3 
study, which enrolled patients with HER2-positive meta-
static breast cancer with progressive brain metastases after 
trastuzumab, lapatinib, or both, no benefit and higher tox-
icity were seen with afatinib ± vinorelbine compared with 
investigators’ choice of treatment [31].

Despite the negative results seen in previous tri-
als, findings from the present study suggest that afatinib 

monotherapy may be of clinical benefit to some patients 
with metastatic HER2-positive breast cancer who have failed 
prior HER2-targeted treatment. Overall, 62% of patients on 
afatinib monotherapy had a period of disease control, includ-
ing one CR that was sustained for 211 days. Further, our data 
suggest that the combination of afatinib with vinorelbine 
or paclitaxel was also of clinical benefit to some patients 
who had progressed on afatinib monotherapy, with disease 
control achieved in 77% of patients.

The tolerability of afatinib and vinorelbine was gener-
ally comparable to that seen with afatinib and paclitaxel, 
with similar proportions of patients experiencing treatment-
related grade ≥ 3 AEs in both treatment arms. Indeed, the 
incidence of treatment-related grade ≥ 3 AEs was only 
slightly higher in the afatinib combination arms than in the 
afatinib monotherapy group and the incidence of grade 1–2 
events was lower AEs which were consistent with previous 
studies [25, 32–34] and no apparent adverse interactions 
between afatinib and vinorelbine or afatinib and paclitaxel 
were observed.

With phase III studies showing the clinical benefits of 
the newer anti-HER2 agents, pertuzumab, and trastuzumab 
emtansine [12, 13], the future role of afatinib for the treat-
ment of HER2-positive patients who have previously been 
treated with trastuzumab appears to be limited. However, 
afatinib has shown some activity in other populations of 
patients with metastatic breast cancer, including patients 
with triple-negative breast cancer who had progressed fol-
lowing three or fewer lines of chemotherapy [35] and in 
combination with letrozole in patients with estrogen recep-
tor-positive metastatic breast cancer who had progressed on 
letrozole monotherapy [36]. Further investigation into the 
use of afatinib in these settings may therefore be warranted; 
however, no further development of afatinib for HER2-pos-
itive breast cancer is currently planned. The findings from 
this study show that broad ErbB blockade may be of benefit 
in overcoming resistance to prior HER2-targeted therapy in 
only a small number of patients and suggest that, for most 
patients, novel agents targeting different oncogenic proteins 
and pathways are needed. Furthermore, now that we have 
entered the era of precision medicine and personalized medi-
cine, there is still an ongoing urgent need for further specific 
markers for us to select the most optimal anti-HER2 therapy 
for this group of patients, as reflected by the achievement of 
a durable CR in a patient treated with single-agent afatinib 
in part A.

Conclusion

Treatment with afatinib alone provided an objective response 
of 18% in patients with metastatic breast cancer who had 
previously failed or progressed on HER2-targeted therapy 

Fig. 2  Progression-free survival during a part A (from the start 
of afatinib monotherapy to the time of the first disease progres-
sion or death); b part B (from the start of combined treatment with 
afatinib and vinorelbine or paclitaxel to the time of second disease 
progression or death); c the entire study (from the start of afatinib 
monotherapy to the time of second disease progression or death). 
Afatinib + V/P afatinib combination therapy with either vinorelbine or 
paclitaxel, CI confidence interval



Breast Cancer Research and Treatment 

1 3

Table 3  Summary of adverse 
events in part A (afatinib) and 
part B (afatinib and vinorelbine 
or paclitaxel)

AE adverse event
a Most common: diarrhea (17 [23%]) and mucosal inflammation (3 [4%])
b Diarrhea and neutropenia
c Most common: diarrhea (4 [15%]) and neuropathy peripheral (2 [8%])
d Most common: diarrhea and neoplasm progression (2 [3%] each)
e Two patients experienced a total of three AEs: malignant neoplasm progression, neutropenia, and leuko-
penia
f Most common: asthenia, leukopenia, and vomiting (2 [8%] each)

Patients, n (%) Part A Part B

Afatinib (N = 74) Afatinib + vinorelbine 
(N = 13)

Afatinib + pacli-
taxel (N = 26)

Any AE 71 (96) 13 (100) 25 (96)
Treatment-related AE 64 (86) 12 (92) 22 (85)
AE leading to dose reduction 30 (41)a 2 (15)b 7 (27)c

AE leading to discontinuation 13 (18)d 2 (15)e 8 (31)f

Serious AE 18 (24) 5 (38) 10 (38)
Grade ≥ 3 AE 32 (43) 8 (62) 17 (65)

Table 4  Most common treatment-related AEs

AEs are presented by preferred term. No patient experienced a grade 5 treatment-related AE. Includes events reported for at least 10% of patients 
(grades 1–2) in any treatment group or any grade 3 or 4 event that was reported in more than one patient. Additional grade 3 AEs affecting one 
patient each in the afatinib monotherapy group were herpes zoster, interstitial lung disease, dermatitis acneiform, and skin ulcer. Additional 
grade 3 AEs affecting one patient each in the afatinib and paclitaxel group were skin fissures, skin ulcer, weight decreased, blood creatinine 
increased, and white blood cell count decreased. An additional grade 3 AE affecting one patient in the afatinib and vinorelbine group was 
pyrexia
AEs adverse events, ALT alanine aminotransferase, AST aspartate aminotransferase

Number of patients, n (%) Part A Part B

Afatinib (N = 74) Afatinib + vinorelbine (N = 13) Afatinib + paclitaxel (N = 26)

Grade 1–2 Grade 3 Grade 4 Grade 1–2 Grade 3 Grade 4 Grade 1–2 Grade 3 Grade 4

Treatment-related AEs 44 (59) 20 (27) 0 6 (46) 4 (31) 2 (15) 12 (46) 9 (35) 1 (4)
Diarrhea 44 (59) 6 (8) 0 2 (15) 1 (8) 0 8 (31) 2 (8) 0
Neutropenia 1 (1) 0 0 3 (23) 3 (23) 2 (15) 3 (12) 5 (19) 0
Rash 33 (45) 3 (4) 0 2 (15) 0 0 3 (12) 0 0
Anemia 3 (4) 0 0 1 (8) 0 0 10 (38) 1 (4) 0
Alopecia 2 (3) 0 0 1 (8) 0 0 10 (38) 0 0
Fatigue 4 (5) 0 0 0 0 0 5 (19) 0 0
Asthenia 3 (4) 0 0 2 (15) 0 0 5 (19) 0 0
Leukopenia 0 0 0 3 (23) 0 0 5 (19) 0 0
Mucosal inflammation 13 (18) 1 (1) 0 0 0 0 1 (4) 0 0
Palmar-plantar erythrodysesthe-

sia syndrome
10 (14) 2 (3) 0 1 (8) 0 0 2 (8) 1 (4) 0

Paronychia 9 (12) 0 0 2 (15) 0 0 1 (4) 0 0
Peripheral sensory neuropathy 0 0 0 0 0 0 4 (15) 0 0
Mouth ulceration 7 (9) 0 0 2 (15) 0 0 2 (8) 0 0
Nausea 5 (7) 0 0 0 0 0 3 (12) 1 (4) 0
Dermatitis 3 (4) 1 (1) 0 2 (15) 0 0 1 (4) 0 0
Neuropathy peripheral 0 0 0 0 0 0 3 (12) 0 0
Vomiting 3 (4) 0 0 0 0 0 2 (8) 0 1 (4)
AST increased 3 (4) 0 0 0 0 0 2 (8) 0 0
ALT increased 2 (3) 0 0 0 0 0 2 (8) 1 (4) 0
Erythema multiforme 0 2 (3) 0 0 0 0 0 0 0
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and objective response increased to 31% in patients whose 
disease progressed on afatinib monotherapy and were treated 
with afatinib in combination with vinorelbine or paclitaxel. 
These findings indicate that afatinib may provide some clini-
cal benefit in this patient group. The AEs observed were 
in line with the known safety profile of afatinib. However, 
enrollment for this study was stopped early, following 
discontinuation of LUX-Breast 1 [30], for which a bene-
fit–risk assessment favored trastuzumab in combination with 
vinorelbine over afatinib in combination with vinorelbine. 
No new trials for afatinib in HER2-positive breast cancer 
are planned; however, as afatinib has shown activity in other 
populations of patients with metastatic breast cancer [35, 
36], further investigation in different specific indications 
together with companion biomarkers may be warranted.
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