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A B S T R A C T

Objectives: Patients with head and neck squamous cell carcinoma (HNSCC) can experience severe symptom
burden and/or difficulty swallowing, leading to problems with treatment adherence/administration. In LUX-
Head and Neck 1 (LH&N1; NCT01345682), second-line afatinib improved progression-free survival (PFS) versus
methotrexate in patients with recurrent/metastatic HNSCC. We report adherence and safety across pre-specified
and additional subgroups potentially linked to afatinib PFS benefit in LH&N1 (p16 status, smoking history), and
afatinib adherence, safety and efficacy by administration (oral versus feeding tube; post-hoc analysis).
Methods: Patients were randomized (2:1) to afatinib (40 mg/day) or intravenous methotrexate (40 mg/m2/
week).
Results: Among 320 afatinib-treated and 160 methotrexate-treated patients, 83–92% and 76–92% (of patients
with data available) across all subgroups took ≥80% of treatment. Across p16 status and smoking history
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subgroups, the most common treatment-related adverse events (AEs) were diarrhea (70–91%), rash/acne
(72–84%), stomatitis (34–73%) with afatinib; and included stomatitis (39–100%), fatigue (22–50%), nausea
(19–36%) with methotrexate. Dose reduction decreased AE incidence/severity. Baseline characteristics were
generally similar between oral/feeding tube (n = 276/n = 46) groups. 89%/89% (of patients with data avail-
able) took ≥80% of assigned afatinib. Median PFS was 2.6 versus 2.7 months (hazard ratio: 0.997; 95% con-
fidence interval: 0.72–1.38). The most common afatinib-related AEs were: rash/acne (74% versus 74%), diar-
rhea (73% versus 65%), stomatitis (40% versus 30%).
Conclusion: Subgroup analyses of LH&N1 demonstrate that afatinib has predictable and manageable safety
across patient subgroups, with high treatment adherence, and is effective via oral and feeding tube adminis-
tration.

Introduction

There are a number of potential challenges in the management of
locally recurrent and metastatic head and neck squamous cell carci-
noma (HNSCC). Common challenges for patients include severe
symptom burden, and, specifically, impaired swallowing function
caused by previous treatment (e.g. surgical resection, radiotherapy) and
local tumor morbidity, and associated with an overall poor prognosis
[1,2]. These issues can lead to a poor quality of life (QoL), as well as
problems with treatment administration and adherence, particularly in
patients with locally recurrent disease [3]. Ideally, any emerging
treatment option for HNSCC should not increase the morbidity of these
common challenges.

In the Phase III LUX-Head and Neck 1 trial (LH&N1;
NCT01345682), afatinib, an oral irreversible ErbB family blocker,
significantly improved progression-free survival (PFS) compared with
methotrexate as second-line treatment for patients with recurrent/
metastatic (R/M) HNSCC who had progressed on or after platinum-
based therapy. PFS was improved with afatinib in the overall study
population (median 2.6 versus 1.7 months, hazard ratio [HR]: 0.80
[95% confidence interval (CI): 0.65–0.98], p = 0.030) and across most
patient subgroups, particularly in patients who had not previously been
treated with an epidermal growth factor receptor (EGFR)-targeted
antibody [4]. In post-hoc analyses, marked improvements in PFS were
observed with afatinib in patients with baseline characteristics poten-
tially linked to human papillomavirus (HPV) negativity, including p16
negative disease (afatinib versus methotrexate, HR [95% CI]: 0.69
[0.50–0.96]) and smoking history ≥10 pack-years (HR [95% CI]: 0.71
[0.56–0.90]) [4]. Further, in combined analyses of tumor biomarkers,
marked differences in objective response rates were observed with
afatinib versus methotrexate in patients with p16-negative and
EGFR-amplified HNSCC (17.7% versus 0%) and also in those with
p16-negative and EGFR monoclonal antibody (mAb)-naïve HNSCC
(27.5% versus 4.8%) [5]. With regard to QoL in the overall LH&N1
afatinib population, time to deterioration curves of global health status,
pain and swallowing were representative of the PFS curves, suggesting
an association between prolonged control of QoL and symptoms, and
PFS [4].

The treatment adherence rate with afatinib in LH&N1 (89% of pa-
tients took ≥80% of the assigned afatinib treatment) [4] was en-
couraging given the generally poor adherence to oral anticancer
treatment in this setting [6]. This was likely, in part, owing to the
predictable and manageable safety profile of afatinib. The most
common afatinib-related adverse events (AEs) in LH&N1 were rash/
acne and diarrhea (primarily of grade 1–2) [4]. A total of 103 (32%)
patients had a dose reduction due to afatinib-related AEs, facilitated by
the availability of multiple different doses of afatinib, and the estab-
lished dose-reduction protocol for afatinib. Afatinib dose reduction has
been assessed among patients with EGFR mutation-positive non-small
cell lung cancer (NSCLC) in the Phase III LUX-Lung 3 and 6 studies. In
these studies, tolerability-guided dose reduction from 40 mg, which was
found to be more likely in patients with higher afatinib plasma con-
centrations, reduced the incidence and severity of AEs without

compromising efficacy [7]. The impact of afatinib dose reduction on
AEs and efficacy has not, however, been assessed in HNSCC.

Keeping in mind the impact that HNSCC can have on a patient’s
QoL, and the subgroup-specific improvements in PFS observed in LH&
N1 [4], it is important to consider whether other clinical outcomes with
afatinib may differ across HNSCC patient subgroups. Of clear interest
are subgroups that have a specific relevance to HNSCC, such as those
defined by: p16 status, given the association between p16-negativity
and poor prognosis in oropharyngeal squamous cell carcinoma (SCC)
[8–11]; smoking history (smoking being a well-known independent risk
factor) [12]; and mode of afatinib administration. The latter is of par-
ticular importance to patients with locally recurrent HNSCC and an
impaired swallowing mechanism. This is often the result of the location
of the tumor, and radiation- and chemoradiation therapy-induced tissue
damage [13,14], resulting in a reliance on a feeding tube (gastric tube)
for the drug delivery.

In further analyses of the LH&N1 study, we evaluate adherence to
and safety of afatinib in the LH&N1 study population across pre-spe-
cified and additional subgroups of interest. Further, we evaluate the
impact of dose reduction on the incidence of common AEs. In a post-hoc
analysis, we also compare treatment adherence, efficacy and safety in
patients who received afatinib via oral administration compared with
via feeding tube in LH&N1.

Materials and methods

Study design and patients

In this global, Phase III, open-label trial, which enrolled patients
with second-line R/M HNSCC progressing following ≥2 cycles of pla-
tinum-based therapy, patients were randomized (2:1) to oral afatinib
(40 mg/day) or intravenous methotrexate (40 mg/m2/week), stratified
by Eastern Cooperative Oncology Group performance status (ECOG PS)
of 0/1 and prior EGFR mAb therapy (yes/no). Dose adjustment schemes
were permitted for both afatinib and methotrexate [4]. For afatinib-
treated patients, in the event of drug-related grade ≥3 or selected grade
≥1–2 AEs, treatment was paused until the AE returned to grade ≤1,
returned to the grade present at baseline, or completely resolved. Pro-
viding the AE returned to the appropriate grade or resolved within
14 days, afatinib was resumed at a lower dose. Afatinib dose reductions
were permitted in 10-mg decrements to a minimum of 20 mg. In both
study arms, treatment continued until disease progression, un-
acceptable toxicity or other reasons necessitating withdrawal. Full de-
tails of the LH&N1 (NCT01345682) trial design have been published
[4].

Afatinib tablets could be swallowed (with ∼250 ml of water or
following dispersion) or administered via a feeding tube (e.g. gastro-
stomy-tube [G-tube]) following dispersion. Afatinib tablets were dis-
persed as follows: the tablet was placed in a ∼100 ml glass of non-
carbonated drinking water or isotonic sodium chloride solution, stirred
occasionally until the tablet was broken up into very small particles and
then immediately drunk or administered via feeding tube. Another
100 ml of water was used to rinse the glass and allow the patient to
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receive any remaining drug [15]. The investigator or other study per-
sonnel monitored treatment compliance by counting the pills remaining
in each patient’s current bottle when a new bottle was dispensed.
Treatment adherence was calculated based on pill count, days since last
pill count, and cumulative number of treatment interruption days due
to AEs.

The study was conducted in accordance with the Declaration of
Helsinki and International Conference on Harmonisation guidelines on
Good Clinical Practice. The protocol was approved by local ethics
committees at each center. Written informed consent was obtained for
each patient.

Objectives of this analysis

This analysis of the LH&N1 study had several objectives. Firstly, we
aimed to evaluate adherence to and safety of afatinib in the LH&N1
study population across pre-specified and additional subgroups of in-
terest: age (< 65 or ≥65 years), gender (male or female), alcohol
consumption (> 7 or ≤7 units/week), prior EGFR-mAb treatment (yes
or no), prior CRT (yes or no), p16 status (positive or negative), and
smoking history (< 10 or ≥10 pack-years).

To evaluate the safety of afatinib, any-cause AEs and treatment-re-
lated AEs (i.e. AEs considered related to the administration of each
study drug) were analyzed. In addition, we investigated the impact of
dose reduction on the incidence of common any-cause AEs (diarrhea,
rash/acne and stomatitis). Finally, we conducted a post-hoc analysis to
compare treatment adherence, efficacy and safety in patients who re-
ceived afatinib via oral administration compared with via feeding tube.

Assessments

Treatment adherence and safety of afatinib and methotrexate were
assessed in pre-specified subgroups of interest (as described above);
post-hoc analysis in additional subgroups of interest (according to p16
status and smoking pack-years) was also conducted.

In the afatinib treatment arm, post-hoc analysis compared the im-
pact of dose reduction on the incidence and severity of AEs of special
interest before and after dose reduction from 40 mg. Further, post-hoc
analyses of treatment adherence, efficacy (PFS, overall survival [OS],
response rate and tumor shrinkage) and safety were conducted for oral
versus feeding tube groups.

Safety was monitored weekly, with the incidence and intensity of
AEs graded according to the National Cancer Institute-Common
Terminology Criteria for Adverse Events (version 3.0). Tumor response
was assessed by the investigators and independent central review

(RECIST v1.1) every 6 weeks for the first 24 weeks, and every 8 weeks
thereafter [4]. Tumor shrinkage was defined as the maximum decrease
in the sum of diameters of the target lesions.

Statistical analyses

Detailed methods for statistical analyses (SAS, version 9.2) for LH&
N1 have been reported [4]. Treatment adherence and safety data for all
groups were characterized using descriptive statistics. The percentage
of medication taken was defined as: (total doses of medication taken)/
(total prescribed) × 100%. For afatinib, medication taken/missed/
prescribed was counted as the number of tablets or days, and for
methotrexate, as the number of infusions or weeks. PFS and OS for oral
and feeding tube groups were estimated using Kaplan–Meier analysis,
and HRs were derived using a Cox proportional hazards model.

Results

Treatment adherence and safety across patient subgroups

Of 320 patients treated with afatinib and 160 patients treated with
methotrexate, 306 and 160 patients, respectively, were included in
treatment adherence analyses (14 patients in the afatinib group did not
have data available for calculation of adherence). Treatment adherence
by patient subgroup is presented in Table 1. The proportion of patients
who took ≥80% of the assigned medication was 83–92% across all
subgroups in the afatinib arm, and 76–92% across all subgroups in the
methotrexate arm.

p16-negativity and a smoking history of ≥10 pack-years are po-
tentially linked to HPV-negativity [16,17], and in LH&N1, patients with
these baseline characteristics exhibited particularly pronounced PFS
benefit with afatinib (afatinib versus methotrexate, p16 negative: HR
[95% CI]: 0.69 [0.50–0.96]; smoking history ≥10 pack years: 0.71
[0.56–0.90]) [4]. Samples for p16 analysis could not be obtained for
almost half of all randomized patients in both arms of the study. In
general, patient baseline characteristics were balanced between the
known and unknown p16 status subgroups, although there were some
differences in race, geographical region, Veristrat status and best re-
sponse to prior platinum-based therapy (known vs unknown p16 status:
Caucasian 143 [56%] vs 178 [79%]; West Europe 195 [76%] vs 133
[59%]; Veristrat good 142 [55%] vs 54 [24%]; CR/PR/SD 157 [61%]
vs 104 [46%]). In both the afatinib and methotrexate treatment arms,
there were fewer patients with p16-positive disease (n = 31 and
n = 18) than p16-negative disease (n = 140 and n = 67; Table 2), and
with a smoking history of < 10 pack-years (n = 56 and n = 31) than

Table 2
Treatment-related AEs according to p16 status (≥20% incidence in any subgroup).

Afatinib (N = 320) Methotrexate (N = 160)

All grades Grade ≥3 All grades Grade ≥3

p16 status Positive
(n = 31)

Negative
(n = 140)

Missing
(n = 149)

Positive
(n = 31)

Negative
(n = 140)

Missing
(n = 149)

Positive
(n = 18)

Negative
(n = 67)

Missing
(n = 75)

Positive
(n = 18)

Negative
(n = 67)

Missing
(n = 75)

Any related AE,
n (%)

30 (97) 134 (96) 139 (93) 7 (23) 60 (43) 60 (40) 18 (1 0 0) 57 (85) 62 (83) 7 (39) 18 (27) 32 (43)

Rash/acnea 26 (84) 101 (72) 111 (74) 1 (3) 10 (7) 20 (13) 3 (17) 3 (4) 7 (9) 0 0 0
Diarrhea 27 (87) 99 (71) 105 (70) 2 (6) 13 (9) 15 (10) 3 (17) 8 (12) 8 (11) 1 (6) 1 (1) 1 (1)
Stomatitisa 17 (55) 54 (39) 54 (36) 1 (3) 6 (4) 13 (9) 13 (72) 27 (40) 29 (39) 2 (11) 5 (7) 6 (8)
Paronychiaa 8 (26) 20 (14) 18 (12) 0 1 (< 1) 2 (1) 0 0 0 0 0 0
Nausea 6 (19) 36 (26) 22 (15) 1 (3) 0 4 (3) 4 (22) 15 (22) 17 (23) 0 0 1 (1)
Fatiguea 5 (16) 46 (33) 28 (19) 2 (6) 10 (7) 6 (4) 4 (22) 26 (39) 21 (28) 0 1 (1) 4 (5)
AST increased 2 (6) 1 (< 1) 1 (< 1) 0 0 0 4 (22) 6 (9) 5 (7) 1 (6) 1 (1) 2 (3)
Anemia 1 (3) 15 (11) 6 (4) 0 3 (2) 1 (< 1) 3 (17) 11 (16) 16 (21) 1 (6) 3 (4) 6 (8)
Neutropenia 0 0 1 (< 1) 0 0 1 (< 1) 3 (17) 12 (18) 16 (21) 0 1 (1) 10 (13)

AE, adverse event; AST, aspartate aminotransferase.
a Grouped terms.
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≥10 pack-years (n = 253 and n = 125; Table 3). In this analysis, the
incidence of any treatment-related AE was similar across the p16 status
and smoking history subgroups (range across subgroups, all grades
[grade ≥3], afatinib: 91–97% [23–43%]; methotrexate: 83–100%
[0–43%]; Tables 2 and 3).

Consistent with the primary analysis of the overall afatinib popu-
lation [4], the most common afatinib-related AEs across all p16 status
and smoking history subgroups were diarrhea (range across subgroups,
all grades [grade ≥3]: 70–91% [4–27%]), rash/acne (72–84%
[0–13%]) and stomatitis (34–73% [0–9%]). Afatinib-related diarrhea,
rash/acne, stomatitis and paronychia (of any grade) were more
common in the p16-positive group, and fatigue was more common in
the p16-negative group; grade ≥3 diarrhea, rash/acne, and stomatitis
were only very marginally more common in the p16-negative group.
While afatinib-related rash/acne (of any grade) was more common in
the < 10 pack-year group, and fatigue was more common in the ≥10
pack-year group, the incidence of grade ≥3 common AEs was not no-
tably different between the smoking history groups.

In the methotrexate arm, stomatitis (range across subgroups, all
grades [grade ≥3]: 39–100% [0–11%]), fatigue (22–50% [0–5%]) and
nausea (19–36% [0–1%]) were among the most common treatment-
related AEs in all subgroups analyzed, in addition to increased aspartate
transaminase (AST) in p16-positive patients, and anemia and neu-
tropenia in patients with a known smoking history. Methotrexate-re-
lated stomatitis, rash/acne and increased AST were found to be more
common in p16-positive patients, whereas fatigue was more common in
the p16-negative group. Methotrexate-related nausea and rash/acne
were more common in the patients with a < 10 pack-year smoking
history. There were however, no notable differences in the incidence of
these grade ≥3 AEs across the p16 status or smoking history subgroups.

In the primary analysis [4], the incidence of treatment-related
tumor hemorrhage and interstitial lung disease was low in both the
afatinib and methotrexate arms, and this was also the case in all p16
status and smoking history subgroups (data not shown).

The overall frequency of any-cause AEs was generally similar across
all pre-specified subgroups, and the p16 and smoking status subgroups
in both the afatinib (range across subgroups, all grades [grade ≥3]:
98%–100% [58–82%]) and methotrexate (97%–100% [42–68%])
treatment arms (Supplementary Tables 1–7). However, of note, there
was a lower incidence of any-cause grade ≥3 AEs among female pa-
tients (42%) in the methotrexate arm, when compared with other
subgroups (Supplementary Table 2).

Dose reductions and treatment discontinuations with afatinib for AEs of
special interest

Across all patient subgroups assessed, three of the most frequently
occurring any-cause and treatment-related AEs in afatinib-treated pa-
tients were diarrhea, rash/acne and stomatitis (Supplementary Tables
1–7, Tables 2 and 3). These AEs were further investigated as AEs of
special interest.

Diarrhea
A total of 249 afatinib-treated patients had diarrhea of any caus-

ality. Diarrhea led to dose reduction of afatinib in 34 (14%) of these
patients and to treatment discontinuation in 3 (1%) of these patients.
All 3 patients who discontinued treatment were < 65-year old males
and current/ex-smokers with ≥10 pack-years smoking history, who
received afatinib via oral administration. For one of these patients, a
protocol violation was recorded, and two patients had gastrointestinal
disorders at baseline.

In LH&N1, 95 afatinib-treated patients had a dose reduction from
40 mg. Of these, 81 patients had diarrhea before dose reduction (17
with grade ≥3), and 45 patients had diarrhea after dose reduction (5
with grade ≥3; Fig. 1).

Rash/acne
A total of 247 afatinib-treated patients had rash/acne of any caus-

ality. Rash/acne led to dose reduction in 32 (13%) of these patients.
There were no treatment discontinuations due to rash/acne.

Of the 95 patients in LH&N1 who had a dose reduction to afa-
tinib < 40 mg, 72 patients had rash/acne before dose reduction (18
with grade ≥3) and 54 patients had rash/acne after dose reduction (8
with grade ≥3; Fig. 1).

Stomatitis
A total of 143 afatinib-treated patients had stomatitis of any caus-

ality. Stomatitis led to dose reduction in 14 (10%) of these patients and
to treatment discontinuation in 5 (3%) patients. Two of the patients
who discontinued treatment had a protocol violation, including the one
described above under diarrhea. All patients who discontinued treat-
ment were current/ex-smokers with ≥10 pack-years smoking history.

Of the 95 patients in LH&N1 who had a dose reduction of afatinib,
48 patients had stomatitis before dose reduction (10 with grade ≥3)
and 27 patients had stomatitis after dose reduction (6 with grade ≥3;
Fig. 1).

Table 3
Treatment-related AEs according to smoking history (≥20% in any subgroup).

Afatinib (N = 320)a Methotrexate (N = 160)b

All grades Grade ≥3 All grades Grade ≥3

Smoking pack-years* < 10 (n = 56) ≥10 (n = 253) < 10 (n = 56) ≥10 (n = 253) < 10 (n = 31) ≥10 (n = 125) < 10 (n = 31) ≥10 (n = 125)

Any related AE, n (%) 51 (91) 242 (96) 17 (30) 106 (42) 27 (87) 106 (85) 10 (32) 47 (38)
Rash/acnec 46 (82) 183 (72) 5 (9) 26 (10) 6 (19) 6 (5) 0 0
Diarrhea 42 (75) 179 (71) 2 (4) 25 (10) 2 (7) 17 (14) 1 (3) 2 (2)
Stomatitisc 19 (34) 98 (39) 3 (5) 17 (7) 13 (42) 52 (42) 0 13 (10)
Nausea 10 (18) 52 (21) 1 (2) 4 (2) 11 (36) 24 (19) 0 1 (< 1)
Fatiguec 8 (14) 65 (26) 3 (5) 14 (6) 10 (32) 39 (31) 1 (3) 4 (3)
Anemia 1 (2) 19 (8) 0 4 (2) 5 (16) 25 (20) 3 (10) 7 (6)
ALT increased 0 1 (< 1) 0 0 2 (7) 12 (10) 0 3 (2)
Neutropenia 0 1 (< 1) 0 1 (< 1) 4 (13) 26 (21) 2 (7) 9 (7)

AE, adverse event; ALT, alanine aminotransferase.
a Data missing for 11 patients.
b Data missing for 4 patients.
c Grouped terms.
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Treatment adherence, efficacy and safety by afatinib mode of administration
(oral versus feeding tube)

A total of 276 patients randomized to the afatinib treatment arm
received afatinib via oral administration and 46 patients randomized to
afatinib received the drug via feeding tube (all via G-tube). Baseline
characteristics were generally similar between the two groups
(Supplementary Table 8).

Median (range) time on treatment for 274 patients who received
afatinib via oral administration was 83.5 days (2.0–546.0) and for 46
patients treated via feeding tube was 74.5 days (15.0–512.0).

Treatment adherence data were available for 261 patients in the oral
administration group and 45 patients in the feeding tube group; of these
patients, 89% of patients in each group took ≥80% of the afatinib doses
assigned.

Eighty-three (30%) patients who received treatment via oral ad-
ministration had afatinib dose reduction, compared with 12 (26%)
patients who received treatment via feeding tube. In the oral adminis-
tration group, median (range) exposure to the reduced dose of 30 mg/
day (n = 81) was 28.0 days (1.0–428.0) and to 20 mg/day (n = 18) was
29.0 days (7.0–165.0). In the feeding tube group, median (range) ex-
posure to 30 mg/day (n = 12) was 71.5 days (7.0–489.0) and to 20 mg/
day (n = 2) was 250.0 days (110.0–390.0).

Median PFS was similar between the oral administration and
feeding tube subgroups (2.62 [95% CI: 1.77–2.73] versus 2.66 [95% CI:
1.54–3.65] months; HR: 0.997 [95% CI: 0.72–1.38]; Fig. 2A). Median
OS was longer in the oral administration subgroup compared with the
feeding tube subgroup (7.46 [95% CI: 6.74–8.28] versus 5.16 [95% CI:
3.81–6.05] months; HR: 1.41 [95% CI: 1.03–1.95]; Fig. 2B). Within
both administration groups, landmark OS rates were generally higher in
patients with baseline ECOG PS 0, compared with ECOG PS 1 (at all
time-points in the feeding tube group, and until ∼21 months in the oral
administration group; Fig. 2C). However, very few patients with ECOG
PS 0 at baseline received afatinib via feeding tube (n = 6). Response
rates were comparable between the subgroups (Table 4). In the oral
administration subgroup, 28 (10%) patients achieved an objective
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response (all partial responses [PRs]) and 84 (30%) patients had stable
disease (SD). In the feeding tube subgroup, 5 (11%) patients achieved
an objective response (all PRs) and 14 (30%) patients had SD. Overall a
similar benefit with regard to tumor shrinkage was observed for the oral
administration and feeding tube subgroups (Supplementary Fig. 1).

AEs of any cause occurred in 272 (99%) patients who received
afatinib via oral administration (181 [66%] grade ≥3) and 46 (100%)
patients treated with afatinib via feeding tube (34 [74%] grade ≥3).
The most common AEs in both administration subgroups were rash/
acne (oral versus feeding tube; 78% versus 74%), diarrhea (79% versus
70%), fatigue (45% versus 41%) and stomatitis (46% versus 35%), and
the majority of cases were grade 1–2.

Treatment-related AEs occurred in 260 (95%) patients treated with
afatinib via oral administration (108 [40%] grade ≥3) and 43 (93%)
patients treated with afatinib via feeding tube (19 [41%] grade ≥3;
Table 5). In both oral and feeding tube groups, the most common
treatment-related any-grade AEs were rash/acne (75% and 74%),
diarrhea (73% and 65%) and stomatitis (40% and 30%), and the ma-
jority were grade 1–2. Thirty-seven (13%) patients in the oral group
experienced a treatment-related serious AE (32 [12%] grade ≥3) and 7
(15%) patients in the feeding tube group (5 [11%] grade ≥3). Dis-
continuations due to treatment-related AEs were observed in 18 (7%)
patients in the oral group versus 5 (11%) patients in the feeding tube
group.

Discussion

In this additional analysis of patients with R/M HNSCC from LH&N1
[4], the proportion of patients who took ≥80% of medication across
pre-specified subgroups (age, gender, alcohol consumption, prior EGFR
mAb use and prior CRT) and additional subgroups of interest (p16
status and smoking history) ranged between 83 and 92% for afatinib
and 76–92% for methotrexate. As adherence with oral medication can
be a challenge for cancer patients [18], the high percentage of patients
across these subgroups who took ≥80% of the assigned afatinib is
noteworthy.

In subgroup analyses of safety, three of the most frequently occur-
ring any-cause and treatment-related AEs across all pre-specified and
additional subgroups assessed were diarrhea, rash/acne and stomatitis
with afatinib, and stomatitis, fatigue and nausea with methotrexate.
These findings are consistent with those reported for the overall afa-
tinib- and methotrexate-treated populations [4]. We observed only
small differences in the incidence and severity of individual any-cause
AEs across the pre-specified subgroups.

p16 status and smoking history were selected as additional sub-
groups of interest for this analysis based on the relevance in HNSCC,
and the increased PFS benefit seen among patients in LH&N1 with
baseline p16-negativity and smoking history of ≥10 pack years [4].
The p16 protein is a surrogate biomarker for HPV infection, and

increasing data in oropharyngeal SCC suggest it is associated with im-
proved prognosis in the curative and R/M settings [8–11]. It is also well
known that smoking is an independent risk factor for head and neck
cancer [12], and a history of heavy smoking has been linked to HPV
negativity [17]. Retrospective analyses of patients with oropharyngeal
SCC have also reported differences in oncological treatment tolerability
according to smoking history and p16 status of the disease, with HPV-
positivity and no smoking history correlating with more severe oral
mucositis [19,20]. In this analysis of LH&N1, while several afatinib-
related AEs, including diarrhea and rash/acne, were more common
overall in patients with p16-positive disease, conversely, there were no
notable differences in such grade ≥3 occurrences across p16 status
subgroups. In the methotrexate arm, stomatitis and fatigue were most
common in patients with p16-positive and p16-negative disease, re-
spectively, but there were no notable differences between the p16-po-
sitive and -negative groups in grade ≥3 frequency of these AEs.

In addition, while there were differences in the overall incidence of
some treatment-related AEs across smoking history subgroups (e.g. with
both afatinib and methotrexate, treatment-related rash/acne was more
common in patients with a smoking history of < 10 pack-years), there
were no notable differences across the smoking history groups in grade
≥3 occurrences of these AEs. It should be noted that, in both the afa-
tinib and methotrexate treatment arms, patient numbers were much
lower in both the p16-positive and < 10 pack-year smoking history
groups than in the p16-negative and ≥10 pack-year groups.

Diarrhea, rash/acne and stomatitis were identified as AEs of special
interest in the afatinib arm due to the frequent occurrence (any-cause
and treatment-related) across the investigated patient subgroups.
Tolerability-guided dose reductions of afatinib from the recommended
starting dose of 40 mg reduced the incidence and severity of each of
these AEs. Further, few patients discontinued treatment due to these
AEs (diarrhea, < 1%; rash/acne, 0%; stomatitis, 2%) and, among those
who did, there were no particular patterns in patient characteristics,
except that all were current or ex-smokers with a ≥10 pack-years
smoking history; some protocol violations were also noted. These
findings demonstrate that, consistent with studies of afatinib in EGFR
mutation-positive NSCLC [7], protocol-defined tolerability-guided dose
adjustment of afatinib is an effective strategy in the management of AEs

Table 4
Best overall response to afatinib by independent review according to mode of
administration.

Feeding tube
(N = 46)

Oral administration
(N = 276)

Disease control, n (%) 25 (54) 133 (48)
Objective response (PR only) 5 (11) 28 (10)
SD 14 (30) 84 (30)
Non-CR/Non-PDa 6 (13) 21 (8)

PD, n (%) 15 (33) 113 (41)
Not evaluable, n (%) 6 (13) 30 (11)
Durable PR, SD or non-CR/non-PD

(PFS > 12 weeks), n (%)
20 (43) 104 (38)

CR, complete response; PD, progressive disease; PFS, progression-free survival;
PR, partial response; SD, stable disease.

a Applicable to patients who did not have target lesions at baseline.

Table 5
Treatment-related AEs in patients who received afatinib via oral administration
versus feeding tube (≥5% in any treatment arm).

Oral administration
(n = 274)

Feeding tube (n = 46)

All grades Grade ≥3 All grades Grade ≥3

Any treatment-related
AE, n (%)

260 (95) 108 (39) 43 (93) 19 (41)

Rash/acnea 204 (74) 26 (9) 34 (74) 5 (11)
Diarrhea 201 (73) 28 (10) 30 (65) 2 (4)
Stomatitisa 109 (40) 16 (6) 14 (30) 3 (7)
Nausea 54 (20) 5 (2) 10 (22) 0
Paronychiaa 36 (13) 3 (1) 10 (22) 0
Fatiguea 70 (26) 15 (5) 9 (20) 3 (7)
Vomiting 32 (12) 4 (1) 9 (20) 0
Anemia 15 (5) 3 (1) 7 (15) 1 (2)
Dry skin 29 (11) 0 7 (15) 0
PPE syndrome 11 (4) 2 (< 1) 6 (13) 0
Conjunctivitisa 14 (5) 1 (< 1) 4 (9) 1 (2)
Abdominal pain 10 (4) 1 (< 1) 3 (7) 1 (2)
Dyspepsia 20 (7) 0 3 (7) 0
Epistaxis 14 (5) 0 3 (7) 0
Headache 3 (1) 0 3 (7) 0
Decreased appetite 41 (15) 10 (4) 2 (4) 0
Pruritus 25 (9) 3 (1) 1 (2) 1 (2)
Weight decreased 25 (9) 2 (< 1) 1 (2) 0

AE, adverse event; PPE, palmar–plantar erythrodysesthesia.
a Grouped terms.
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across patient subgroups. With regard to QoL, published data for the
overall LH&N1 population demonstrated significantly improved pa-
tient-reported outcomes of disease-related symptoms and QoL with
afatinib compared with methotrexate [4].

In LH&N1, around half of patients treated with afatinib had received
previous curatively intended CRT [4]. Patients undergoing radiation or
chemoradiation therapy for head and neck cancer may experience an
impaired swallowing mechanism due to the location of the targeted
tumor, and may therefore receive enteral nutrition by means of a
feeding tube [13,14]. This is a particularly relevant challenge for pa-
tients with locally recurrent HNSCC, and data suggest that enteral
feeding can induce long-term tube dependence, continuing after CRT
[21]. There are limited data available comparing oral versus feeding
tube administration of oral anticancer therapies in HNSCC. Findings
from a Phase II trial of the oral kinase inhibitor, dasatinib, in patients
with R/M advanced HNSCC after platinum-based therapy, showed
greater drug exposure, decreased half-life and greater maximum con-
centration of dasatinib in the feeding tube versus oral administration
group [22]. Conversely, in a Phase II study in which patients with R/M
HNSCC were randomized to receive afatinib 40 mg/day or cetuximab
250 mg/m2/week, afatinib plasma concentrations were similar across
different administration routes (oral tablet, gastric feeding tube and
dispersion) [23].

In this analysis of afatinib administration mode in LH&N1, treat-
ment adherence was similar between patients who received afatinib via
oral administration versus feeding tube (89% of patients with data
available in both groups took ≥80% of the assigned afatinib, respec-
tively). Safety findings based on either method (oral versus feeding
tube) were consistent with those of the overall study population [4],
with diarrhea, rash/acne and stomatitis as the most commonly reported
any-cause and treatment-related AEs, regardless of the route of ad-
ministration. Similarly, the incidence and severity of other treatment-
related AEs was generally consistent between administration routes and
resulted in few patients discontinuing treatment (oral versus feeding
tube; 7% versus 11%).

The safety findings for afatinib across pre-specified and additional
patient subgroups, as well as mode of administration groups, are con-
sistent with those previously reported with afatinib for the treatment of
lung cancer. The safety profile of afatinib has been explored extensively
across its approved settings in first-line EGFR mutation-positive NSCLC
and second-line advanced SCC of the lung following platinum-based
chemotherapy. In the LUX-Lung studies, rash/acne and diarrhea were
the most frequently observed afatinib-related AEs, along with stomatitis
and paronychia [24–26].

With regard to efficacy in patients who received afatinib via oral
administration versus feeding tube, we observed no difference in PFS,
response rate or tumor shrinkage between the groups, which is perhaps
not surprising given the small size of the feeding tube subgroup and the
post-hoc nature of the analysis. Regardless, the finding of comparable
treatment efficacy in patients receiving afatinib via feeding tube sug-
gests that it may be prudent to permit patients who are experiencing
difficulty taking afatinib orally to transition to a feeding tube (specifi-
cally, a G-tube) in future clinical trials.

In contrast, OS was lower in patients who received afatinib via
feeding tube compared with oral administration. It should be noted that
in the primary analysis, afatinib did not improve OS compared with
methotrexate [4], and that the difference observed between afatinib
administration groups in the current analysis may be explained by the
worse health status of the feeding tube patients at baseline. For ex-
ample, 30% versus 13% of patients in the oral versus feeding tube
groups had an ECOG PS of 0. Furthermore, in both the feeding tube and
oral administration groups, landmark OS rates were generally higher in
patients with baseline ECOG PS 0, compared with ECOG PS 1. A key
limitation of this analysis however, is that only a very small number of
patients had ECOG PS 0 at baseline and received afatinib via feeding
tube (n = 6). Nevertheless, these data may have implications for

survival estimates in future studies that enroll patients with feeding
tubes, since such patients appear to have a generally worse prognosis at
baseline.

Taken together, the findings from this analysis demonstrate that
afatinib has a predictable and manageable safety profile that is con-
sistent across key patient subgroups, and is an effective treatment op-
tion via both oral and feeding tube administration. Dose reduction of
afatinib effectively reduced the incidence and severity of key AEs,
suggesting that this strategy is effective in helping to limit the impact of
treatment-related AEs in patients for whom high symptom burden is a
common challenge.
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