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Abstract

Background and Objective Afatinib is an oral irreversible

ErbB-Family Blocker indicated for treatment of patients

with EGFR mutation positive advanced non-small cell lung

cancer. This trial assessed whether renal impairment

influences the pharmacokinetics and safety of afatinib.

Methods This was an open-label, single-dose study.

Pharmacokinetic parameters after afatinib 40 mg were

investigated in subjects with moderate (n = 8) or severe

(n = 8) renal impairment (estimated glomerular filtration

rate 30–59 mL/min/1.73 m2 and 15–29 mL/min/1.73 m2,

respectively) and healthy matched controls (n = 14).

Plasma and urine samples were collected before and up to

14 days after dosing for pharmacokinetic and plasma pro-

tein-binding assessment. Primary endpoints were area

under the plasma concentration–time curve from time zero

to the last quantifiable concentration (AUClast) and maxi-

mum plasma concentration (Cmax) between subjects with

renal impairment and healthy matched controls.

Results Pharmacokinetic profiles and plasma protein

binding were similar in all groups. The extent of exposure,

as indicated by AUClast and Cmax, was generally similar

between the matched treatment groups, with the exception

of the geometric mean ratio of AUClast for subjects with

severe renal impairment, which showed a trend towards a

higher value compared with matched healthy subjects

(150.0 % [90 % CI 105.3–213.7]) Inter-individual vari-

ability was moderate (geometric mean coefficient of vari-

ation 28–39 % for moderate impairment, 34–42 % for

severe impairment). Afatinib was well tolerated and uri-

nary excretion was minimal.

Conclusion Moderate-to-severe renal impairment had a

minor influence on the pharmacokinetics of afatinib that

was within the observed inter-individual variability, sug-

gesting that afatinib treatment can be considered in this

patient population.

Registered at ClinicalTrials.gov as NCT02096718.

Key Points

For subjects with moderate renal impairment, there

was no clinically relevant change in the

pharmacokinetics of afatinib.

For subjects with severe renal impairment, the mean

exposure [maximum plasma concentration (Cmax)

and area under the plasma concentration–time curve

from time zero to time of last quantifiable

concentration (AUClast)] values of afatinib were

increased by 22 and 50 %, respectively. Inter-

individual variability was moderate (geometric mean

coefficient of variation 34–42 %).

Renal impairment had no effect on the plasma

protein binding of afatinib, and urinary excretion of

afatinib was minimal.
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1 Introduction

Afatinib is a potent and selective, irreversible blocker of

the ErbB-Family of transmembrane tyrosine kinase recep-

tors, which includes epidermal growth factor receptor

(EGFR), and human epidermal growth factor receptors 2,

3, and 4 (HER2, HER3, and HER4) [1, 2]. It has activity in

a wide range of tumour cell lines that harbour a hyperac-

tivated ErbB signalling network.

Afatinib has been studied in patients with various

solid tumours, including advanced non-small cell lung

cancer (NSCLC), squamous cell carcinoma of the lung,

and metastatic head and neck cancer [3–6]. It is

approved in many countries for treatment of patients

with EGFR mutation positive NSCLC [7], and is

undergoing regulatory review for treatment of patients

with advanced NSCLC of squamous cell histology [8].

In patients with solid tumours, afatinib is absorbed with

maximum plasma concentration (Cmax) achieved at

2–5 h, and is eliminated with an apparent terminal

elimination half-life of about 37 h at steady state [9].

Afatinib exposure (Cmax and area under the plasma

concentration–time curve [AUC]) values increase slightly

more than proportionally over the dose range 20–50 mg

[9]. Following a high-fat/high-caloric meal, afatinib

exposure is reduced by *39–50 % [10], it is, therefore,

recommended that patients take afatinib fasted [7]. The

major route of elimination of afatinib is via the faeces

(85 %) as unchanged drug, with less than 5 % eliminated

through the renal pathway [11]. Afatinib shows moder-

ate-to-high binding to plasma proteins (*95 %) in pre-

vious studies [12].

Because cancer patients with severe renal impairment

(i.e. creatinine clearance [CLCR] of\30 mL/min) were not

included in the previous clinical trials, treatment with

afatinib in this population has not been recommended to

date [7, 13]. The rationale for performing the current trial

was to be able to include the treatment of such patients in

the dosing recommendations.

2 Methods

This was a single-centre, open-label, sequential-group,

single-dose study (ClinicalTrials.gov identifier:

NCT02096718) using a matched-group design. The study

protocol was approved by an independent ethics com-

mittee (Ethikkommission der Landesärztekammer Sch-

leswig–Holstein, Bad Segeberg, Germany) and competent

authority (BfArM, Bonn, Germany), and conducted in

accordance with the Declaration of Helsinki. Written

informed consent was obtained from all subjects before

study entry.

2.1 Subjects

Male or female non-smoker subjects with renal impair-

ment, aged 18–79 years, and with a body mass index

(BMI) between 18.5 and 34.0 kg/m2, were enrolled into

two pre-specified groups based on their estimated

glomerular filtration rate (eGFR), calculated using the

Modification of Diet in Renal Disease (MDRD) formula

[14]: (a) moderate renal impairment, eGFR of 30–59 mL/

min/1.73 m2, and (b) severe renal impairment, eGFR of

15–29 mL/min/1.73 m2. Each individual was matched with

a healthy control (eGFR C90 mL/min/1.73 m2) of the

same gender, age (±10 %), race, and BMI (±10 %)

(Table 1). Healthy subjects were eligible based on the lack

of clinically relevant history or physical examination and

electrocardiography (ECG) findings, vital signs, and clini-

cal laboratory tests.

The main exclusion criteria in renally impaired subjects

were severe cardiovascular disorders in the preceding

6 months; significant or recent acute gastrointestinal dis-

orders with diarrhoea as a major symptom; interstitial lung

disease; changes in usual medication in the 4 weeks prior

to trial drug administration (other than discontinuation of

medications known to interact with P–glycoprotein); his-

tory of photosensitivity or recurrent rash (also excluded in

healthy subjects); and haemoglobin \9 g/dL indicating

severe anaemia. For all study participants, treatment with

any medication with a half-life of C24 h in the month

before or during the trial, or potent P-glycoprotein inhibi-

tors or inducers in the 2 weeks before or during the trial

was prohibited. Women who were pregnant, breast-feed-

ing, or those of child-bearing potential not using adequate

contraception for 3 months before and during the study

were excluded. Males unwilling to use adequate contra-

ception for 3 months after afatinib administration were

excluded.

2.2 Study Design and Treatments

After an overnight fast (C10 h), subjects received a single

40 mg dose of afatinib (Giotrif�, Gilotrif�, Boehringer

Ingelheim Pharma GmbH & Co. KG, Germany), admin-

istered as a film-coated tablet with 240 mL of water in the

sitting or standing position. Water was allowed ad libitum

except 1 h before and 2 h after dosing, and standardised

meals were served at least 4 h after dosing. Subjects were

closely observed in the clinic for at least 48 h (healthy

subjects and subjects with moderate renal impairment) or at

least 72 h (subjects with severe renal impairment) after

dosing until discharge, and, subsequently, returned to the

clinic for follow-up blood sampling and urine tests. A final

safety follow-up visit was arranged 15–17 days post-

dosing.
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2.3 Pharmacokinetic Evaluation

Venous blood samples were collected into potassium-

EDTA-anticoagulant tubes before and 0.5, 1, 1.5, 2, 2.5, 3,

4, 5, 6, 7, 8, 9, 12, 24, 36, 48, 60, 72, 96, 120, 144, 192,

240, and 312 h after dosing. For pharmacokinetic assess-

ments, approximately 2.7 mL of blood was collected at

each time point. All samples were centrifuged within

30 min of collection at *2000 to 4000 9 g (4 �C) for

10 min. Plasma was transferred to two separate tubes and

frozen immediately and stored at -20 �C until analysis. A

15 mL sample for determination of plasma protein binding

was also collected in 3 9 4.9 mL vials (monovettes coated

with EDTA) on day 1 before dosing and centrifuged at

4000 rpm for 10 min at 4 �C. Plasma samples were stored

at -20 �C until analysis. Urine was collected in containers

before and 0–4, 4–8, 8–12, 12–24, 24–48, and 48–72 h

after dosing. To prevent adsorption losses of afatinib, a

detergent (Tween 20) was added to the containers before

urine collection. For each collection, the urine was weighed

and homogenised, and aliquots were stored at -20 �C until

analysis.

Plasma and urine concentrations of the free base of

afatinib (BIBW 2992 BS) were analysed using validated

high-performance liquid chromatography–tandem mass

spectrometry methods (Nuvisan GmbH, Neu-Ulm, Ger-

many) [12]. Plasma concentrations within the validated

concentration range (0.100–50.0 ng/mL for plasma,

5.00–1000 ng/mL for urine) were used to calculate the

pharmacokinetic parameters. Assay performance was

assessed by back-calculation of calibration standards, tab-

ulation of the standard curve fit function parameters, and

measurement of quality control samples. Quality control

samples spiked at three concentrations were analysed for

each matrix. Mean assay accuracy [deviation from nominal

value (%)] ranged from 3.0 to 3.9 % for plasma and from

-0.4 to 1.1 % for urine. Mean precision [coefficient of

variation (CV) %] was B8.8 % for plasma and B5.8 % for

urine, respectively. Incurred samples re-analysis confirmed

the initial value in 96.3 and 100 % for plasma and urine,

thereby demonstrating good assay reproducibility.

In vitro plasma protein binding of afatinib was deter-

mined in pre-dose plasma samples after spiking of

150 nmol/L (=72.9 ng/mL) [14C]-radiolabelled afatinib

using equilibrium dialysis. Previous in-house studies

demonstrated the suitability of this method (Boehringer

Ingelheim, Biberach, Germany) [12].

2.4 Safety Evaluation

The safety of afatinib was assessed by 12-lead ECG, vital

signs (pulse, blood pressure), routine laboratory assess-

ments, physical examination, adverse event (AE) reporting,

and assessment of global tolerability by the investigator.

AEs were graded according to the National Cancer Institute

Common Terminology Criteria for Adverse Events

(CTCAE) Version 3.0.

For safety reasons, individuals with renal impairment

were treated sequentially, with moderate renally impaired

subjects treated first. Dosing of subjects with renal

impairment was performed following a 3 ? 5 scheme: with

three subjects being initially treated (1 subject dosed per

day). Dosing of the remaining 5 subjects was only allowed

in the absence of drug-related toxicity of CTCAE grade C3

in the first 3 subjects. The decision to proceed with further

afatinib administration in the severe renal impairment

group was based on a combined assessment of drug-related

AEs and interim pharmacokinetic measurements after

dosing of subjects in the moderate renal impairment group

and their respective controls to more accurately predict

exposure and half-life of afatinib in subjects with severe

renal impairment. At least 7 days separated dosing of the

moderate and severe renal impairment groups. Dosing was

continued if no subject had a drug-related AE of CTCAE

grade C3, or less than 2 subjects had a drug-related AE of

CTCAE grade C2 within 3 days after dosing. Afatinib

Table 1 Baseline characteristics of the study population included in pharmacokinetic analysis

Characteristic Normal renal

function (n = 14)a
Moderate renal

impairment (n = 8)

Severe renal

impairment (n = 8)

Male [no. (%)] 7 (50.0) 3 (37.5) 6 (75.0)

Age (years) 62.1 ± 11.4 68.6 ± 11.0 61.0 ± 11.9

White race [no. (%)] 14 (100.0) 8 (100.0) 8 (100.0)

BMI (kg/m2) 26.0 ± 3.2 26.1 ± 4.6 27.6 ± 3.4

eGFR (mL/min/1.73 m2) 100.9 ± 10.9 44.1 ± 11.1 20.0 ± 3.9

All data are mean ± SD unless stated otherwise. eGFR calculated using the Modification of Diet in Renal Disease Formula [15]

BMI body mass index, eGFR estimated glomerular filtration rate, SD standard deviation
a Matched to subjects with moderate and severe renal impairment. Two healthy subjects were matched both to subjects with severe impairment

and to subjects with moderate impairment
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40 mg was used in this study, because it is the daily dose

approved for continuous treatment of NSCLC [7].

2.5 Statistical and Pharmacokinetic Analysis

The study planned to recruit up to 32 subjects with the aim

of entering 8 subjects with moderate renal impairment, 8

subjects with severe renal impairment, and 8–16 healthy

subjects matched individually to the subjects with renal

impairment. A total of 32 subjects receiving 40 mg afatinib

for the primary analysis were judged an adequate sample

size, in agreement with regulatory guidance of pharma-

cokinetic studies in subjects with impaired renal function

[15–17].

Standard non-compartmental methods were used to

calculate plasma pharmacokinetic parameters. Area under

the plasma concentration–time curve was calculated using

the log-linear trapezoidal rule from time zero (pre-dose) up

to the time of the last quantifiable concentration (AUClast)

and extrapolated to infinity (AUC?). AUC? was calcu-

lated by the following equation: AUClast ? C0
last/Ke, where

C0
last is the concentration of afatinib predicted by the

regression line for the time of last quantifiable measure-

ment and Ke is the terminal rate elimination constant

obtained by log-linear regression of the terminal elimina-

tion phase data. Terminal half-life was calculated from the

terminal rate constant, and renal clearance (CLR,0–72) was

calculated as the amount of afatinib excreted in urine/-

plasma AUC over 72 h.

The aim of the study was to estimate the relative

bioavailability of afatinib in subjects with renal impairment

compared with subjects with normal renal function. The

primary pharmacokinetic endpoints were AUClast and

Cmax; AUC? was a secondary endpoint. The log-trans-

formed AUC and Cmax values for afatinib were compared

between groups using an analysis of variance (ANOVA).

The model included ‘renal function group’ as fixed effect.

For the pairwise comparison between the groups, the dif-

ference between the expected means was estimated by the

difference in the corresponding least-square means (point

estimate); the 90 % two-sided confidence interval (CI,

corresponding to a two-sided alpha level of 10 %) based on

the t-distribution and P value were also computed. The

difference and CI were then back-transformed to the

original scale to provide the point estimate (geometric

mean) and interval estimates for the ratio of renal impaired

subjects and matched healthy subjects. The main focus of

the study was to estimate the magnitude of effects; as such,

no hypothesis was tested and no equivalence range was

specified. CIs and P values were computed, but were

interpreted in the context of the exploratory nature of the

study; that is, CIs were considered as interval estimates for

effects, while P values were considered as an exploratory

measure of evidence for effects in the data (though a

P value\0.1 indicates formal significance).

Other parameters were presented as descriptive statistics

(arithmetic and geometric means [gMean], standard devi-

ation, and gCV). Non-compartmental analysis of plasma

concentration–time data was performed using the Phoenix

WinNonlin� version 6.3 software (Pharsight Corporation,

Cary, NC, USA). Statistical analyses were performed using

SAS�, version 9.4 (SAS Institute Inc., Cary, NC, USA).

3 Results

Thirty subjects were enrolled and completed the study (14

healthy subjects, 8 subjects with moderate renal impair-

ment, and 8 with severe renal impairment). Two healthy

subjects were matched both to subjects with severe

impairment and to subjects with moderate impairment. All

30 subjects were included in the pharmacokinetic and

safety analyses. All participants were Caucasian. Baseline

characteristics of the volunteers are given in Table 1. As

the healthy controls were matched to their respective

patients, no relevant differences in baseline characteristics

existed between the groups.

3.1 Pharmacokinetics of Afatinib

There were no notable differences in the plasma concen-

tration–time profiles between subjects with moderate or

severe renal impairment and their matched healthy controls

(Fig. 1). Afatinib showed a biphasic disposition profile,

and a long terminal phase was detected extending out to the

last sampling point of 312 h. The extent of exposure, as

indicated by AUClast and Cmax, was generally similar

between the matched treatment groups (Table 2), with the

exception of the gMean ratio of AUClast for subjects with

severe renal impairment, which showed a trend towards a

higher value compared with matched healthy subjects

(two-sided P value\0.1, Table 3). The secondary endpoint

AUC? showed similar results to AUClast.

In subjects with moderate renal impairment, the gMean

AUClast of 948 ng�h/mL was slightly increased compared

with the value of 776 ng�h/mL in matched healthy controls;

gMean Cmax values were similar at 28.7 and 28.4 ng/mL,

respectively. Inter-individual variability in exposure

(AUClast and Cmax) was moderate (gCV 33–44 %) in

subjects with moderate renal impairment and slightly less

(gCV 23–32 %) in matched healthy controls. In subjects

with severe renal impairment, the gMean AUClast of

952 ng�h/mL was moderately increased compared with the

value of 634 ng�h/mL in healthy matched controls. Geo-

metric mean Cmax was also moderately higher in subjects
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with severe renal impairment, at 28.2 ng/mL compared

with 23.2 ng/mL in healthy controls. Inter-individual

variability in exposure (AUClast and Cmax) was low-to-

moderate in subjects with severe renal impairment (gCV

25–31 %) and moderate in matched healthy controls (gCV

42–51 %; Table 2).

Graphical representations of the individual and gMean

values for the primary endpoints for subjects with moderate

renal impairment demonstrated a wider spread of values for

both AUClast and Cmax compared with matched healthy

controls, but displaying a large amount of overlap between

the two groups (Fig. 2). Compared with subjects with

severe renal impairment, matched healthy controls had

slightly lower values overall for AUClast and Cmax,

although the spread of values was of relatively equal

magnitude. There was also considerable overlap between

values of subjects with severe renal impairment and mat-

ched healthy controls (Fig. 2).

The median time-to-peak plasma concentration (tmax)

(6 h in subjects with moderate renal impairment, 5 h in

their healthy matched controls, 5 h in subjects with severe

renal impairment, and 5.5 h in their healthy matched

controls) and tmax range were similar between all subject

groups. The gMean terminal half-life ranged from 73 to

82 h and was comparable for subjects with renal impair-

ment and normal renal function (Table 2).

There were quantifiable urinary concentrations of afa-

tinib over the entire sampling interval (up to 72 h post-

dose) in all measured subjects. In subjects with moderate

renal impairment, renal clearance over 72 h was 63 % of
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Fig. 1 Arithmetic mean (± standard deviation [SD]) plasma con-

centration–time profiles for afatinib following a single 40 mg dose in

subjects with moderate (n = 8) (a) and severe (n = 8) (b) renal

impairment compared with matched healthy controls (linear scale).

For clarity, data points have been shifted on the x-axis to avoid

overlap of error bars and only one whisker of SD is shown per group

(renal impairment ?SD, healthy subjects -SD)
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that of matched healthy controls (CLR,0–72 of 16.1 and

25.4 mL/min, respectively). In subjects with severe renal

impairment, renal clearance over 72 h was 29 % of that of

matched healthy controls (CLR,0–72 of 8.7 and 29.6 mL/

min, respectively). The total cumulative fraction of afatinib

excreted in the urine (fe0–72) in subjects with renal

impairment was generally low and comparable with mat-

ched controls (gMean values between 0.91 and 2.39 %;

Table 2).

3.2 Effect of Renal Impairment on Protein Binding

The arithmetic mean ± SD fraction of [14C] afatinib bound

to plasma proteins in pre-dose plasma samples spiked

ex vivo (target concentration 72.9 ng/mL) was high

([94 %) and comparable across all groups (Table 2). The

overall mean percentage protein binding was

94.6 ± 0.7 %. As such, renal impairment did not appear to

influence plasma protein binding of afatinib.

Table 2 Geometric mean pharmacokinetic parameters after a single dose of 40 mg afatinib for subjects with moderate or severe renal

impairment and matched healthy controls (as grouped by eGFR)

Parameter

and unit

Moderate renal

impairment (n = 8)

Matched controls to

moderate renal impairment (n = 8)

Severe renal

impairment (n = 8)

Matched controls to

severe renal impairment (n = 8)

Primary endpoints

AUClast (ng�h/mL) 948 (32.9) 776 (22.9) 952 (31.3) 634 (50.8)

Cmax (ng/mL) 28.7 (44.0) 28.4 (32.2) 28.2 (24.5) 23.2 (42.1)

Secondary endpoint

AUC? (ng�h/mL) 976 (32.5) 797 (22.7) 980 (31.9) 653 (49.8)

Other endpoints

tmax (h) 6.0 (5.0 to 8.0) 5.0 (5.0 to 6.0) 5.0 (3.0 to 7.0) 5.5 (5.0 to 7.0)

t1/2 (h) 73.4 (21.6) 81.7 (19.4) 80.2 (15.9) 75.5 (28.5)

CLR,0–72 (mL/min) 16.1 (26.8) 25.4 (46.7)a 8.7 (46.6)a 29.6 (25.8)b

fe0–72 (%) 1.65 (26.7) 2.12 (44.2)a 0.91 (18.5)a 2.39 (33.5)b

Protein binding (%) 94.7 ± 0.7 94.8 ± 0.2 94.4 ± 1.0 94.7 ± 0.6

Data are presented as geometric mean (geometric CV %) or mean ± SD for protein binding or median (range) for tmax

AUClast area under the drug plasma concentration–time curve from time 0 to the time of the last quantifiable data point, AUC? area under the

drug plasma concentration–time curve from time 0 to infinity, Cmax maximum drug concentration in plasma, CLR,0-72 renal clearance over 72 h,

CV % coefficient of variation (%), fe0–72 fraction of oral dose observed in urine over 72 h, t1/2 terminal elimination half-life, tmax time to reach

Cmax

a n = 7
b n = 5

Table 3 gMean ratios (%) for AUC and Cmax of afatinib 40 mg

(subjects with renal impairment versus controls), with 90 % confi-

dence intervals (CIs) in each renal impairment group based on

estimated glomerular filtration rate (eGFR) according to the Modi-

fication of Diet in Renal Disease formula [15]

Parameter Renal impairment group gMean ratio % (90 % CI)a Inter-individual gCV [%]b P value

AUClast Moderate 122.2 (95.7–156.0) 28.3 0.17

Severe 150.0 (105.3–213.7) 41.9 0.06c

Cmax Moderate 101.2 (72.9–140.3) 38.5 0.95

Severe 121.7 (90.8–163.2) 34.2 0.26

AUC? Moderate 122.4 (96.1–155.9) 28.0 0.16

Severe 150.1 (105.6–213.3) 41.5 0.06c

AUClast area under the drug plasma concentration–time curve from time 0 to the time of the last quantifiable data point, AUC? area under the

drug plasma concentration–time curve from time 0 to infinity, CI confidence interval, Cmax maximum drug concentration in plasma, gCV

geometric coefficient of variation (%), gMean geometric mean
a Ratio of gMeans (renal impairment subjects to healthy subjects). Statistical assessment of differences in pharmacokinetic parameters between

subjects with moderate and severe renal impairment and healthy subjects was performed using separate ANOVA models
b See Table 2 for the individual group means for each treatment group
c Two-sided P values\0.1 indicate formal significance
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3.3 Safety and Tolerability

Single-dose afatinib 40 mg was well tolerated, with few

AEs. None of the subjects experienced serious AEs or dis-

continued the study due to an AE. AEs were reported in two

(13 %) subjects with renal impairment (two moderate) and

four (29 %) healthy control subjects. All AEs were of Grade

1 severity on the CTCAE v 3.0 scale. Two subjects had AEs

that were considered treatment-related. A headache occur-

red in a healthy subject and diarrhoea in one subject with

moderate renal impairment. All AEs had resolved by the

end of the trial. There were no other clinically relevant

changes in laboratory parameters, vital signs or ECG.

4 Discussion

Following administration of a single dose of 40 mg afa-

tinib, exposure levels were similar in subjects with mod-

erate or severe renal impairment compared with matched

healthy controls. The pharmacokinetic characteristics of

afatinib either in healthy subjects or in subjects with

moderate/severe renal impairment within this trial were

consistent with the pharmacokinetic characteristics of

afatinib in the previous trials of cancer patients with vari-

ous advanced solid tumours [9]. Although afatinib expo-

sure was increased in subjects with severe renal

impairment, this change was well within the observed

moderate inter-individual variability (mean gCV *42 %

for AUC). Thus, moderate-to-severe renal impairment has

only a minor influence on the pharmacokinetics of afatinib.

This result is important, since afatinib is often administered

to elderly people who may have impaired renal function.

Absolute afatinib exposure values (Cmax and AUC) were

comparable in moderate and severely renally impaired

subjects. Subjects with moderate renal impairment had

approximately 20 % higher total exposure to afatinib when

compared with matched healthy controls. Peak exposure

between the two groups was similar. In subjects with severe

renal impairment, total afatinib exposure was approxi-

mately 50 % higher than that for healthy matched controls,

whereas peak exposure was increased by approximately

20 %. The higher relative total exposure in subjects with

severe renal impairment was largely due to the lower

exposure in the matched healthy controls for this analysis

(i.e. AUClast 634 ng�h/mL in severe renal impairment

controls versus 776 ng�h/mL in moderate impairment con-

trols), since exposure in the two renal impairment groups

was essentially the same (AUClast 952 and 948 ng�h/mL,

respectively). A similar trend was observed for Cmax. A

possible explanation for the lower exposure in the severe

renal impairment controls was the higher proportion of male

subjects in this group compared with moderate renal

impairment controls (75 versus 38 %, respectively). In a

population pharmacokinetic analysis of patients with

advanced solid tumours receiving continuous doses of

afatinib [18], it was found that male patients had a 15 %

lower exposure compared with females after accounting for

all other covariate effects (in particular weight).

As expected, renal clearance rates of afatinib and frac-

tional renal excretion appeared to be inversely related to

renal function; in comparison with matched healthy control

subjects, subjects with moderate renal impairment had a

moderate decrease in renal clearance and fraction renally

excreted, while subjects with severe renal impairment had

marked decreases. However, because renal excretion of

afatinib plays only a small role in elimination (that is, less
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(b) in subjects with moderate and severe renal impairment and

matched healthy controls. AUClast area under the drug plasma
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quantifiable data point, Cmax maximum drug concentration in plasma,

gMean geometric mean
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than 5 % of afatinib is eliminated by the kidneys), these

decreases resulted in only minor changes in total and peak

afatinib exposure.

Renal impairment had a relatively minor effect on the

absorption, distribution, and/or elimination of afatinib. The

terminal half-life of afatinib in all treatment groups was

similar, although the gMean value was about twice that

previously reported (73–82 h in the current study versus a

mean of 27 h for a single 40 mg dose in previous trials) [9].

This was most likely due to the longer sampling period

(312 h) in this trial compared with that in other trials (24 or

72 h) [9]. In addition, the lower limit of quantification for

afatinib in this study (0.1 ng/mL) was lower than that in the

previous studies (0.5 ng/mL) [9]. Similar findings were

observed in another study in subjects with hepatic

impairment [12], where sampling up to 312 h after dosing

extended the terminal elimination phase and was consid-

ered to be negligible. In addition, renal impairment had no

effect on the plasma protein binding of afatinib, which was

moderate-to-high in all treatment groups. The results were

consistent with the previous ex vivo and in vitro plasma

protein-binding results of afatinib [12].

The single-dose trial design was chosen, because pre-

vious trials have demonstrated that single-dose data accu-

rately describe afatinib pharmacokinetics and, thus, can be

extrapolated to steady-state conditions [9], and thus, simi-

lar effects on exposure can be expected after multiple

dosing, as observed in this trial. As a multiple-dosing trial

would not be ethically justifiable in subjects with renal

impairment, a single-dose design was planned, which is

also in accordance with the regulatory guidelines for the

conduct of such studies [15–17]. The matched groups were

considered appropriate to perform comparisons between

exposure and degree of renal impairment, while consider-

ing factors known to impact renal function (sex, race, age,

and BMI). The open-label design was considered appro-

priate, because evaluation of exposure was based on

pharmacokinetic assessments, which were not expected to

be influenced by the investigator’s or subject’s knowledge

of the treatment group. In addition, the same dose of afa-

tinib was administered to all subjects. The sequential

dosing of subjects was important to minimise risk to sub-

jects with renal impairment; time effects resulting from

sequential treatment were expected to be minimal. Inclu-

sion of 8 subjects with renal impairment per renal function

group was considered to be sufficient for the exploratory

evaluation of afatinib pharmacokinetics.

The current analysis showing that moderate and severe

renal impairment had a minimal effect on the pharma-

cokinetics of a single-afatinib dose is consistent with data

from a population pharmacokinetic analysis of patients

with advanced solid tumours receiving continuous doses of

afatinib [18]. In this analysis, renal impairment, as

measured by a decrease in CLCR levels, was a statistically

significant covariate influencing afatinib exposure. How-

ever, predicted increases in total exposure were only mild-

to-moderate: it was estimated that compared with a popu-

lation with CLCR of 79 mL/min (mild renal impairment),

exposure at steady-state (AUC) would be increased to

113 % in a population with CLCR of 60 mL/min (moderate

renal impairment), and to 142 % in a population with CLCR

of 30 mL/min (severe renal impairment), consistent with

the results seen in this study.

The single 40 mg dose of afatinib was well tolerated by

most subjects. All AEs were of mild intensity. The overall

frequency of AEs was lower in subjects with renal

impairment compared with healthy subjects, and no events

were observed in the severe renal impairment group. The

overall proportion of subjects reporting AEs was in keeping

with the previous healthy volunteer trials [12, 19].

Clinical studies show that the inter-individual variability

in afatinib total exposure is high (gCV *67–85 %) [3].

The high inter-individual variability in exposure (AUC;

gCV 60–92 %) was also demonstrated in a meta-analysis

of patients with advanced solid tumours who received

afatinib doses ranging between 20 and 50 mg [9]. Simi-

larly, a population pharmacokinetic analysis of patients

with solid tumours treated with afatinib 40 mg estimated a

90 % prediction interval for AUC in a typical patient of

45–220 % [18]. Thus, the mean exposure increase of 50 %

in subjects with severe renal impairment is well within the

range of previously reported inter-individual variability of

afatinib and is not likely to be clinically relevant, as this

patient population should have a similar risk of experi-

encing AEs as patients with normal renal function receiv-

ing afatinib treatment. Based on this, treatment with

afatinib can be considered in patients with severe renal

impairment. However, patients should be closely moni-

tored for AEs and, if required, managed according to the

well-established dose adaptation schedule [3].

5 Conclusion

A single dose of 40 mg of afatinib was well tolerated, and

had a minor influence on total and peak exposure for

subjects with moderate or severe renal impairment com-

pared with matched healthy controls. The pharmacokinetic

and tolerability findings suggest that afatinib treatment can

be considered in subjects with moderate or severe renal

impairment.
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