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Abstract

Purpose We investigated whether the pharmacokinetics

and tolerability of gefitinib were altered in patients with

hepatic impairment due to cirrhosis or hepatic metastases

in two open, parallel-group, multicenter studies.

Methods In Study 1, subjects with normal hepatic func-

tion or mild, moderate, or severe hepatic impairment

(Child-Pugh criteria) due to cirrhosis received single-dose

gefitinib 250 mg (n = 10 per group). In Study 2, patients

with solid malignant tumors with normal liver biochemis-

try (n = 18), moderate (n = 16), or severe (n = 7) hepatic

impairment (liver biochemistry tests) due to metastases

received gefitinib 250 mg daily for 28 days.

Results In Study 1, the geometric mean area under the

plasma concentration–time curve (AUC) for gefitinib was

significantly higher in patients with hepatic impairment

compared with healthy subjects; hepatic impairment was

associated with reduced gefitinib plasma clearance, longer

half-life, and reduced plasma metabolite levels. In Study 2,

the geometric mean gefitinib steady-state AUC during the

24-h dosing interval was slightly, but not significantly,

higher in patients with moderate hepatic impairment; there

were, however, no significant differences between groups

in gefitinib and metabolite pharmacokinetic parameters. In

both studies, gefitinib was well tolerated across all cohorts.

Conclusions We conclude that the effect of hepatic

impairment on gefitinib pharmacokinetics depends on the

underlying etiology of that impairment and its classification.

Keywords Cirrhosis � Gefitinib � Hepatic impairment �
Liver metastases � Pharmacokinetics

Introduction

Hepatic impairment in patients with advanced cancer is

most commonly due to liver metastases but may also be a

consequence of other liver diseases such as hepatitis, cir-

rhosis, or chemotherapy-induced toxicity. Pathological

changes in the liver may lead to a reduction in hepatic
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blood flow, lower cell permeability, and a decrease in the

activity of metabolic enzymes that may result in alterations

to the pharmacokinetics of drugs [1, 2]. Such changes

could influence the exposure and consequently safety of

anticancer agents that undergo hepatic metabolism or

elimination such as the anthracyclines [1], vinca alkaloids

[1, 3], and taxanes [4–6].

Guidelines produced by the United States Food and

Drug Administration (FDA) [7] and the European Medi-

cines Agency (EMEA) [8] recommend that hepatic

impairment is defined in clinical studies by the Child-Pugh

score, which is generally used to assess the status of

chronic liver diseases, mainly cirrhosis. There is some

concern, however, that studies conducted in patients with

cirrhosis may not be clinically relevant or predictive of

effects in patients with liver metastases [9, 10]. Alternative

methods of classifying liver impairment have been devised

in an attempt to provide a more clinically meaningful

definition of hepatic dysfunction in this population,

including a scoring system based on conventional liver

biochemistry tests [10].

Gefitinib (IRESSATM, AstraZeneca, London, UK) is an

orally active epidermal growth factor receptor (EGFR) tyro-

sine kinase inhibitor with antitumor activity in patients with

advanced non-small-cell lung cancer [NSCLC] [11–14].

Gefitinib undergoes extensive hepatic metabolism, predomi-

nantly by cytochrome P450 CYP3A4 and also by CYP2D6,

and is excreted in bile as parent compound and metabolites,

mostly O-desmethyl gefitinib, which is inactive [15–17]. This

paper describes two studies investigating the pharmacoki-

netics and tolerability of gefitinib in patients with hepatic

impairment due to cirrhosis (Study 1, D7913C00718) or

hepatic metastases (Study 2, 1839IL/0032).

Methods

Study subjects

Both studies were conducted in compliance with Good

Clinical Practice according to the Declaration of Helsinki.

Each study center obtained Ethics Committee approval,

and all volunteers and patients provided written informed

consent.

Study 1 recruited patients aged 18–75 years with con-

firmed liver disease classified by Child-Pugh criteria [18]

and a control group of healthy volunteers selected to match

the moderate hepatic impairment group for sex, age, and

weight. Exclusion criteria included current or recent

treatment with a CYP3A4 inducer or inhibitor, a CYP2D6

inhibitor, or treatment with a hepatotoxic drug within the

past 3 months and fluctuating or rapidly deteriorating

hepatic function. Treatment with a gastric pH modulator

was only allowed in the severe hepatic impairment group

and was discontinued 24 h prior to dosing with gefitinib.

Study 2 recruited patients aged C18 years with a solid

malignant tumor refractory to standard therapy or for which

no standard therapy was available, a World Health Organi-

zation performance status of 0–2 and a life expectancy of

C8 weeks. They had normal or impaired liver function,

according to liver biochemistry tests. Exclusion criteria

included current or recent treatment with a CYP3A4 inhib-

itor and newly diagnosed intracerebral metastases.

Study design

Both studies had an open, parallel-group, multicenter

design. Study 1 was conducted at five centers in the Czech

Republic between November 2004 and October 2005.

Study 2 was conducted at four centers in the UK between

November 2000 and December 2001.

In Study 1, patients with liver disease were assigned to

one of three groups (mild, moderate, and severe hepatic

impairment) according to the Child-Pugh classification

[18]. All patients and healthy volunteers were given a

single oral dose of gefitinib 250 mg on day 1 following an

overnight fast. Concomitant medication was not allowed

unless the investigator had given approval.

In Study 2, patients were assigned to one of three groups

(normal, moderate, and severe hepatic impairment) based

on alanine aminotransferase (ALT), aspartate aminotrans-

ferase (AST), and bilirubin levels [10]. Each parameter was

given a CTC grade of 0–4, and the three values summed to

give a total score ranging from 0 to 12. Hepatic function

was defined as ‘normal’ (scores of 0–2), ‘moderately

impaired’ (3–5), or ‘severely impaired’ (6–12). Patients

with moderate or severe hepatic impairment were required

to have radiologically proven liver metastases. Patients

received two 250 mg doses of gefitinib taken 12 h apart on

day 1, followed by 250 mg once daily on days 2–28.

Concomitant systemic anticancer treatment or radiotherapy

was not permitted, apart from palliative radiotherapy in

patients with isolated symptomatic bone metastases.

For both studies, screening assessments included phys-

ical examination, medical history, hematology and clinical

chemistry, vital signs, 12-lead electrocardiogram, and

clinical evaluation. Tolerability was evaluated during both

studies by monitoring of adverse events, clinical chemistry,

hematology, urinalysis, vital signs, and ophthalmologic

assessments (Study 2 only).

Pharmacokinetic assessment

In Study 1, blood samples were collected before the dose,

at 1, 2, 3, 4, 6, 8, 10, 12, 24, 36, and 48 h after the dose, and

then at 24-h intervals up to 10 days after dosing. For Study
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2, blood samples were collected before the dose on days 2,

8, 15, and 22, and before the dose, and then at 1, 3, 5, 7, 10

and 24 h after the dose on day 28. Plasma samples were

stored at -20�C pending analysis.

Each plasma sample was analyzed for gefitinib and its

metabolite, O-desmethyl gefitinib. Gefitinib was quantified

using high-performance liquid chromatography with tan-

dem mass spectrometric detection (HPLC–MS/MS) by

Eurofins Medinet BV, The Netherlands [19]. O-desmethyl

gefitinib was quantified using reversed phase HPLC by

Eurofins Medinet BV, The Netherlands (Study 1) or the

Drug Metabolism and Pharmacokinetics Department,

AstraZeneca UK (Study 2) (data on file).

Pharmacokinetic analysis

In both studies, pharmacokinetic parameters for gefitinib

and O-desmethyl gefitinib were determined from the

plasma concentration data using non-compartmental

methods (WinNonlin Professional Version 3.1, Pharsight

Corporation, USA). All pharmacokinetic parameters were

calculated after a single dose in Study 1 and at steady state

in Study 2 (day 28). Attainment of steady state was esti-

mated by visual comparison of minimum plasma concen-

trations (Cmin) of gefitinib throughout the dosing period.

The predefined primary pharmacokinetic endpoint

was the gefitinib AUC0–? for Study 1 and the AUC24
SS for

Study 2.

Secondary endpoints were as follows:

Study 1 Gefitinib maximum plasma concentration

(Cmax), tmax, t�, and CL/F; O-desmethyl gefitinib AUC0–?,

Cmax, tmax, and t1/2.

Study 2 Gefitinib Cmax
SS , Cmin

SS , tmax, CL/F; O-desmethyl

gefitinib AUC24
SS, Cmax

SS , Cmin
SS , tmax.

Cmax, Cmin, and tmax were determined by inspection of the

plasma concentration–time profiles. The rate constant of the

slowest disposition phase (kz) was calculated by log-linear

regression of the terminal portion of the concentration–time

profiles where there were sufficient data and t� was calcu-

lated as 0.693/kz. AUC up to the time of the last quantifiable

plasma concentration (AUC0–t) and AUC24
SS were calculated

using the linear trapezoid rule. AUC0–t was extrapolated to

infinity using kz to obtain AUC0–?. CL/F was calculated as

the dose received divided by the AUC0–? or AUC24
SS.

Statistical analysis

Patients were considered evaluable if they received a single

dose of gefitinib in Study 1 or completed the 28-day study

period in Study 2 and if plasma sampling was adequate to

allow determination of gefitinib AUC0–? or AUC24
SS. The

potential impact of all concomitant medications taken

during the study on the pharmacokinetics of gefitinib was

assessed before inclusion of the pharmacokinetic data in

the statistical analysis. Gefitinib AUC0–? or AUC24
SS values

for each of the hepatic impairment groups were compared

with the corresponding normal hepatic function group.

The exception was the severe hepatic impairment group

in Study 2, where the numbers were too small to allow

statistical analysis. After logarithmic transformation, an

analysis of variance model was fitted allowing for the

effects of hepatic impairment. Results are presented in

terms of adjusted gmeans, the ratio of the gmeans (hepatic

impairment:normal function), and the upper bound of the

one-sided 95% CI for this ratio. Hepatic impairment would

be considered to significantly increase exposure to gefitinib

if the CI upper limit lay above 2.0. This magnitude of

change was considered acceptable because a doubling in

exposure following a 250 mg dose would be equivalent to

administration of a 500 mg dose, where clinical experience

has shown good tolerability [12, 13].

Power calculations indicated that 10 (Study 1) or 12

(Study 2) evaluable subjects per group would be required

to ensure at least an 80% chance of detecting a statistically

significant effect.

Results

Hepatic impairment due to cirrhosis (Study 1)

Demography and baseline characteristics

Study 1 recruited 10 healthy volunteers and 30 patients

with cirrhosis (10 each with Child-Pugh mild, moderate

and severe hepatic impairment). All subjects received a

single dose of gefitinib 250 mg and were included in the

pharmacokinetic and tolerability analyses. Demographic

parameters, Child-Pugh scores, and hepatic impairment

scores calculated according to the criteria used in Study 2

are summarized in Table 1.

Pharmacokinetics

Gefitinib Geometric mean (Gmean) plasma concentra-

tion–time profiles of gefitinib following a single 250 mg

dose are shown in Fig. 1. Plasma concentrations of gefiti-

nib declined biphasically beyond the peak with the last

measurable concentration present at around 120 h after

dosing. In patients with hepatic impairment, however,

gefitinib was still quantifiable at 168 h (mild) or 240 h

(moderate and severe).

Pharmacokinetic parameters for gefitinib are summa-

rized in Table 2. Gmean area under the gefitinib plasma

concentration–time curve from zero to infinity (AUC0–?)

was significantly higher for patients with all grades of
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hepatic impairment compared with healthy volunteers.

Estimated gmean AUC0–? ratios (impaired:normal) for the

mild, moderate, and severe hepatic impairment groups

were 1.40, 3.63, and 2.66, respectively, with upper bounds

of the one-sided 95% CI of 2.51, 6.51, and 4.78.

Gefitinib was absorbed moderately slowly, and there

was no apparent change in time to maximum plasma

concentration (tmax) with increased severity of hepatic

impairment. Peak plasma levels of gefitinib were generally

higher in patients with hepatic impairment.

Terminal half-life (t1/2) was approximately doubled in

patients with moderate or severe hepatic impairment

compared with healthy volunteers. Oral plasma clearance

(CL/F) of gefitinib was lower by approximately 30, 70, and

Table 1 Demographic parameters and liver function test results at baseline for healthy volunteers and patients with hepatic impairment due to

cirrhosis (Study 1) and for patients with normal hepatic function or hepatic impairment due to liver metastases (Study 2)

Study 1 Healthy volunteers

(n = 10)

Mild hepatic

impairment (n = 10)

Moderate hepatic

impairment (n = 10)

Severe hepatic

impairment (n = 10)

Demographic parameters

Age, years (mean ± SD [range]) 53.3 ± 7.9 [33–60] 51.3 ± 11.0 [27–61] 52.9 ± 9.3 [33–63] 57.4 ± 3.4 [53–63]

Weight, kg (mean ± SD [range]) 74.6 ± 9.8 [63–94] 77.5 ± 18.5 [53–109] 74.0 ± 12.1 [59–100] 77.1 ± 12.1 [64–99]

Sex (male/female), n 7/3 5/5 7/3 6/4

Race (Caucasian), n 10 10 10 10

Liver function tests

AST (U/L) (mean ± SD) 21.2 ± 3.4 33.9 ± 25.6 61.3 ± 30.0 45.5 ± 16.4

ALP (U/L) (mean ± SD) 79.2 ± 22.4 89.4 ± 31.2 173.7 ± 76.3 102.7 ± 37.1

Bilirubin (lmol/l) (mean ± SD) 11.0 ± 4.7 15.4 ± 5.1 33.6 ± 15.9 52.4 ± 31.4

Child-Pugh score (n)

Mild impairment (5–6) N/A 10 0 0

Moderate impairment (7–9) 0 10 0

Severe impairment (10–15) 0 0 10

Mean ± SD (range) 5.1 ± 0.3 (5–6) 7.2 ± 0.4 (7–8) 11.2 ± 1.6 (10–14)

Hepatic function score (n)a

Normal (0–2) N/A 10 5 5

Moderate impairment (3–5) 0 5 5

Severe impairment (6–12) 0 0 0

Mean ± SD (range) N/A 0.5 ± 0.7 (0–2) 2.6 ± 1.5 (0–4) 2.5 ± 1.2 (0–4)

Study 2 Normal hepatic

function (n = 18)

Moderate hepatic

impairment (n = 16)

Severe hepatic

impairment (n = 7)

Demographic parameters

Age, years (mean ± SD [range]) 58.1 ± 12.0 [32–77] 59.2 ± 9.1 [34–71] 57.7 ± 10.9 [46–72]

Weight, kg (mean ± SD [range]) 68.4 ± 15.9 [44.2–119.0] 69.6 ± 14.1 [47.0–95.7] 61.8 ± 8.2 [53.7–76.3]

Sex (male/female), n 6/12 7/9 2/5

Race (Caucasian/Asian), n 17/1 16/0 7/0

Liver function tests

AST (U/L) (mean ± SD) 33.3 ± 36.9 85.2 ± 31.7 123.0 ± 47.9

ALP (U/L) (mean ± SD) 189.8 ± 99.1 1,066.6 ± 974.4 1,986.7 ± 791.9

Bilirubin (lmol/l) (mean ± SD) 8.1 ± 2.4 16.9 ± 9.4 94.7 ± 103.1

Hepatic function score (n)a

Normal (0–2) 18 0 0

Moderate impairment (3–5) 0 16 0

Severe impairment (6–12) 0 0 7

AST Aspartate aminotransferase, ALP Alkaline phosphatase, SD Standard deviation
a Based on liver biochemistry tests

1488 Cancer Chemother Pharmacol (2011) 68:1485–1495

123



60% in the groups with mild, moderate, and severe hepatic

impairment, respectively.

O-desmethyl gefitinib Pharmacokinetic parameters for

O-desmethyl gefitinib are summarized in Table 2. As the

severity of hepatic impairment increased, the rate of

metabolism to O-desmethyl gefitinib decreased as indi-

cated by the observed increase in tmax and lower peak

concentrations were seen. t1/2 of O-desmethyl gefitinib was

approximately doubled in the group with moderate hepatic

impairment compared with healthy volunteers and patients

with mild hepatic impairment. Very low concentrations of

O-desmethyl gefitinib were detected in patients with severe

hepatic impairment, and the plasma concentration data

were only sufficient to calculate AUC0–? and t1/2 in one

patient in this group. The metabolite:gefitinib AUC0–?

ratio appeared to be lower in patients with moderate

hepatic impairment compared with healthy volunteers and

those with mild hepatic impairment (Fig. 2).

Tolerability

None of the healthy volunteers reported adverse events.

A total of 13 adverse events occurred in eight patients with

hepatic impairment due to cirrhosis (4, 2, and 2 in the mild,

moderate, and severe groups, respectively). All adverse

events were consistent with those expected in patients with

cirrhosis, and none were considered related to gefitinib.

Only one serious adverse event was reported; this was

National Cancer Center Institute Common Toxicity Crite-

ria (CTC) Grade 3 hematemesis in a patient with moderate

hepatic impairment. There were no clinically relevant

changes in hematology, clinical chemistry, urinalysis, or

physical examination in any of the groups.
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Hepatic impairment due to liver metastases (Study 2)

Demography and baseline characteristics

Forty-one patients were included in Study 2, of whom 18

had normal hepatic function, 16 had moderate hepatic

impairment, and seven had severe hepatic impairment

according to pre-defined biochemical criteria and liver

metastases. Six patients (two from each group) did not

complete 28 days of study medication, and a further four

patients (two normal, one moderately impaired, one

severely impaired) had insufficient blood sampling on

day 28 to determine the primary endpoint, area under the

curve during the 24-h dosing interval at steady state

(AUC24
ss ). The pharmacokinetic evaluation included 27

patients (14 normal, 13 moderately impaired). Pharmaco-

kinetic data from the four patients with severe hepatic

dysfunction were summarized but not included in the sta-

tistical analysis due to the small sample size. All 41

patients were evaluable for tolerability.

Five patients missed a dose of gefitinib during the

28-day pharmacokinetic treatment period. Two of these

patients (normal hepatic function) were included in the

statistical analysis since these dose interruptions were not

considered to affect their steady-state pharmacokinetics.

The remaining three patients who missed doses (severe

hepatic impairment) were not, in any case, included in the

statistical analysis.

Demographic parameters and liver biochemistry test

results for the three groups at baseline are summarized in

Table 1. The groups were similar with respect to all the

demographic characteristics, apart from gender. All patients

recruited had solid malignant tumors, predominantly breast,

colorectal, and non-small-cell lung carcinomas. All patients

with hepatic impairment had radiologically confirmed liver

metastases.

Pharmacokinetics

Gefitinib Gmean plasma concentration–time profiles of

gefitinib following the 250 mg dose on day 28 are shown in

Fig. 3 and steady-state pharmacokinetic parameters for

gefitinib are summarized in Table 3. Gmean gefitinib

AUC24
SS was slightly higher for patients with moderate liver

impairment compared with those with normal hepatic

function, although the difference was not statistically sig-

nificant (estimated gmean AUC24
SS ratio: 1.07, upper limit of

the one-sided 95% CI 1.55). Plasma concentrations of

gefitinib tended to be lower in the four patients with severe

hepatic impairment than in normal patients, with a gmean

AUC24
SS value of 6,226 ng h/ml.

Gefitinib steady state was achieved by the time of the

first assessment (day 8) in all patients, irrespective of

hepatic function (data not shown). There were no marked

differences in the pharmacokinetic profile of gefitinib

between patients with normal liver function and moderate

hepatic impairment (Table 3). Although there were only

four patients with severe hepatic impairment, the pharma-

cokinetic parameters for gefitinib in this group were

broadly similar to those seen in patients with normal liver

function. At steady state, peak concentrations of gefitinib

were reached relatively slowly in all groups, with tmax

typically ranging from 3 to 7 h. Similar steady-state peak

and trough plasma concentrations of gefitinib were also

observed in the three patient groups. Oral plasma clearance
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Fig. 3 Gmean (±SD) plasma concentration–time profiles of gefitinib

on day 28 following multiple oral doses of 250 mg gefitinib once

daily in patients with normal hepatic function (n = 18) or moderate

(n = 16) or severe (n = 7) hepatic impairment due to liver metas-

tases (Study 2)
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of gefitinib did not appear to be influenced by hepatic

impairment due to liver metastasis.

O-desmethyl gefitinib Pharmacokinetic parameters for

O-desmethyl gefitinib are summarized in Table 3. The

AUC24
SS for O-desmethyl gefitinib following 28 days of

dosing showed high inter-individual variability in all three

groups of patients, with coefficients of variation of 101,

102, and 115% in patients with normal hepatic function,

moderate impairment, and severe impairment, respectively.

When expressed relative to exposure to parent drug,

O-desmethyl gefitinib AUC24
SS represented 87, 52, and 57%

(mean values) of the gefitinib AUC24
SS exposure in the

normal, moderate, and severely impaired patients, respec-

tively. Comparison of the concentrations present before the

dose and 24 h after the dose on day 28 confirmed steady-

state exposure to O-desmethyl gefitinib.

With such wide variability in the exposure values across

all three groups, there was no discernable difference in

exposure to O-desmethyl gefitinib due to differing degrees

of hepatic function impairment.

Tolerability

No clear differences were seen in the adverse-event profile

between the three patient groups. All 41 patients reported

at least one adverse event, although many of these were

consistent with the underlying disease. Adverse events

considered related to trial medication occurred in 17

patients (94%) with normal hepatic function, 15 (94%)

with moderate hepatic impairment, and six (86%) with

severe hepatic impairment. The most common treatment-

related adverse events were diarrhea (8 [44], 9 [56], and 5

[71%] patients with normal hepatic function, moderate, and

severe hepatic impairment, respectively) and rash (10 [56],

7 [44], and 3 [43%] patients, respectively) (Table 4).

Two patients had CTC Grade 4 adverse events that were

considered related to trial medication; one had a peptic

ulcer that was also attributed to carcinomatosis, and the

other had a pulmonary embolus. The first patient died

following a subsequent gastrointestinal hemorrhage, which

was not considered to be treatment related. The second had

a pulmonary embolus, which was treated with anticoagu-

lants, but did not lead to withdrawal from study medica-

tion. CTC Grade 3 treatment-related adverse events were

reported by a further three patients with normal hepatic

function (diarrhea and hyponatremia; vomiting; increased

ALT; and AST), four patients with moderate hepatic

impairment (diarrhea; vomiting; acne; dry skin), and one

patient with severe hepatic impairment (rash). Three

patients were withdrawn from treatment due to treatment-

related adverse events: one with normal hepatic function

Table 3 Summarized steady-state pharmacokinetic parameters of gefitinib and its metabolite, O-desmethyl gefitinib, after multiple oral doses of

250 mg gefitinib once daily in patients with normal hepatic function or hepatic impairment due to liver metastases (Study 2)

Normal hepatic function Moderate hepatic impairment Severe hepatic impairment

Gefitinib (n = 14) (n = 13) (n = 4)

AUC24
SS, ng h/ml (gmean (CV%) [range]) 8,896 (55) [3,300–26,200] 9,553 (66) [2,320–23,300] 6,226 (24) [4,850–8,550]

Cmax
SS , ng/ml (gmean (CV%) [range]) 466.4 (52.6) 176–1,230] 517.7 (66.5) [138–1,120] 371.8 (23.5) [264–428]

tmax, h [median (range)] 5 (3–7) 3 (1–9) 2 (1–7)

Cmin
SS , ng/ml [gmean (CV%)] 291.2 (66.5) 313.1 (68.0) 184.7 (37.3)

CL/F, ml/min [gmean (CV%)] 472 (55) 445 (64) 669 (24)

O-desmethyl gefitinib (n = 17) (n = 15) (n = 5)

AUC24
SS, ng h/ml [g mean (CV%)] 7,370 (101) [n = 12] 4,170 (102) [n = 11] 3,470 (115) [n = 4]

AUC24
SS as % of gefitinib AUC24

SS [gmean (CV%)] 87.3 (103) [n = 12] 52.3 (127) [n = 11] 57.3 (118) [n = 4]

Cmax
SS , ng/ml (range) 14.8–1,520 (n = 13) 31.3–764 (n = 11) 47.7–434 (n = 4)

tmax, h (range) 0–24 (n = 13) 1–24 (n = 11) 1–24 (n = 4)

Cmin
SS , ng/ml (range)

Day 2 \5–436 \5–243 27.6–67.2

Day 8 \5–663 \5–553 (n = 14) 26.0–519

Day 15 \5–551 (n = 16) \5–691 16.2–389

Day 22 \5–790 (n = 14) \5–624 (n = 13) 19.6–315

Day 28 \5–999 (n = 14) \5–407 (n = 14) 35.0–346 (n = 4)

AUC24
SS Area under the plasma concentration–time curve during the 24-h dosing interval at steady state, CV Coefficient of variation,

Cmax
SS Maximum steady-state plasma concentration during the dosing interval, tmax Time of maximum plasma concentration, Cmin

SS Minimum

steady-state plasma concentration during the dosing interval, CL/F Oral clearance

Patient numbers vary since pharmacokinetic variables were only calculated where sufficient data points were available
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(increased ALT and AST) and two with moderate hepatic

impairment (peptic ulcer and gastrointestinal hemorrhage;

dry skin).

As expected, the three patient groups differed at baseline

with respect to AST, alkaline phosphatase, and bilirubin

(Table 1), and these differences were maintained through-

out the study. There were no other clinically significant

differences between the groups in clinical chemistry,

hematology, urinalysis, vital signs, or ophthalmologic

assessments.

Discussion

Liver metastases are the most common cause of hepatic

dysfunction in patients with advanced cancer. Assessment

of the pharmacokinetic profile of new oncology drugs in

patients with liver metastases is thus clinically relevant

since exposure to the drug may be increased in this

population. Although there is no universally accepted

grading scheme for hepatic impairment in clinical studies,

FDA and EMEA guidelines endorse the use of the

Child-Pugh classification [7, 8, 18]. We investigated the

pharmacokinetics of gefitinib in subjects with hepatic

impairment due to cirrhosis (Study 1) and liver metastases

(Study 2).

Study 1 showed that the pharmacokinetic characteristics

of gefitinib following a single 250 mg dose were signifi-

cantly altered in patients with hepatic impairment due to

cirrhosis compared with healthy volunteers. Although

pharmacokinetic changes were generally greater in patients

with moderate or severe hepatic impairment, a clinically

relevant effect was also seen in patients with mild hepatic

impairment. The presence of cirrhosis resulted in a longer

half-life and reduced plasma clearance, leading to at least a

doubling of exposure to gefitinib. These effects could be

the result of reduced systemic metabolic clearance or a

reduction in first-pass metabolism with a consequent

increase in bioavailability. The changes in systemic han-

dling of gefitinib seen in these patients are consistent with a

drug that is primarily cleared by the liver.

It should be noted that inter-patient variability in the

AUC0–? for healthy volunteers in this study was greater

than that observed in previous studies [20, 21]. This

observation suggests that estimates of mean values may not

be accurate since variability was high and the groups were

small. Since it is known that protein binding can be altered

in patients with hepatic impairment, it is recommended that

consideration be given to the free fraction for drugs that are

highly extracted from the liver and extensively protein

bound [7]. However, gefitinib is approximately 91% bound

to plasma proteins in human plasma [15] and is considered

to be a medium:high extraction ratio compound, and hence,

alterations in protein binding due to hepatic impairment are

unlikely to influence hepatic metabolism to a meaningful

extent [22].

In contrast to the effects seen in patients with cirrhosis,

Study 2 provided no clear evidence of a clinically relevant

increase in exposure to gefitinib when given to patients

with moderate hepatic impairment due to liver metastases.

Although gefitinib AUC24
SS was slightly higher in patients

with moderate hepatic dysfunction compared with those

with normal liver function, this difference was neither

statistically nor clinically significant. Steady state was

reached by the 8th day of treatment with gefitinib in all

patients, irrespective of hepatic status. Peak steady-state

plasma concentrations and plasma clearance of gefitinib

appeared to be unaffected by the presence of liver metas-

tases. There was no evidence of higher exposure to gefiti-

nib in a small number of patients with severe hepatic

impairment. Furthermore, the pharmacokinetic parameters

of gefitinib and the level of variability in gefitinib plasma

levels determined in the present study are broadly consis-

tent with previously published pharmacokinetic data in

cancer patients [21, 23–26]. Although plasma levels of

O-desmethyl gefitinib were also very variable, there were

Table 4 Treatment-related adverse events that were reported by

more than one patient overall in patients with normal hepatic function

or hepatic impairment due to liver metastases (Study 2)

Number of patients

Normal hepatic

function

(n = 18)

Moderate hepatic

impairment

(n = 16)

Severe hepatic

impairment

(n = 7)

Diarrhea 8 9 5

Rash 10 7 3

Dry skin 4 7 0

Nausea 4 6 1

Vomiting 4 3 0

Eye pain 3 1 2

Conjunctivitis 3 2 0

Stomatitis 3 2 0

Asthenia 1 4 0

Taste perversion 1 3 1

Anorexia 3 1 0

Pruritus 3 1 0

Somnolence 3 1 0

Dry eyes 2 1 1

Acne 0 3 1

Dry mouth 0 3 0

Eczema 1 1 0

ALT increased 1 1 0

AST increased 1 1 0

ALT Alanine aminotransferase, AST Aspartate aminotransferase
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no obvious changes due to impaired hepatic function. This

lack of influence on the metabolic clearance of gefitinib is

consistent with a lack of effect on the pharmacokinetics of

the parent compound.

The classification of hepatic dysfunction in the context

of anticancer drug development is complex, and the Child-

Pugh criteria have important limitations. On the one hand,

patients with neither clinical nor biochemical evidence of

liver failure are classified as having ‘mild’ hepatic

impairment. By contrast, anticancer drug therapy would

rarely be appropriate in a patient with severe Child-Pugh

liver impairment as such patients with extensive liver

metastases would usually be close to the end of their lives.

Indeed, it is those patients with no overt clinical signs of

liver failure, but whose liver biochemistry tests are

deranged, who pose the main clinical challenge.

More sophisticated direct measures of liver function

have not proved useful in this setting, so the use of liver

biochemistry tests is attractive [9]. The National Cancer

Institute Organ Dysfunction Working Group has derived a

set of criteria based on serum bilirubin and AST levels

[9, 27]. This classification distributed patients more evenly

across four categories than the Child-Pugh system. Spe-

cifically, more than half of those in the ‘mild’ Child-Pugh

impairment group were in the mild or moderate impairment

groups using the biochemical classification. In our study

in patients with cirrhosis, all those with mild hepatic

impairment and half in each of the moderate and severe

hepatic impairment groups according to Child-Pugh score

were considered to have normal hepatic function when

classified according to liver enzyme levels alone. Clearly,

the findings from patients with liver metastases in Study 2

are more clinically relevant since the current target popu-

lation for gefitinib is advanced cancer.

In the broader context of anticancer drug development,

pharmacokinetic studies of other hepatically cleared drugs

have shown varying results. Studies of 5-fluorouracil and

antipyrine in patients with liver metastases have suggested

that the liver has a large functional reserve, even in the

presence of massive tumor infiltration [28, 29]. By contrast,

raised liver biochemistry tests are associated with reduced

clearance of the anthracyclines doxorubicin [30] and epi-

rubicin [31]. A recent study in cancer patients reported

higher plasma concentrations of tipifarnib, a drug that

undergoes extensive hepatic metabolism, in patients with

Child-Pugh mild or moderate liver impairment [32]. It

would seem most appropriate to evaluate anticancer drugs

in patients with liver metastases and hepatic impairment

using a biochemical classification scheme in parallel with

an indication of their status using Child-Pugh classification.

The increasing incidence of hepatitis C carriage in the

global population [33] will, however, increase the possi-

bility of patients with cirrhosis developing cancer, so the

findings from Study 1 provide an useful indication of the

type of pharmacokinetic effects that might be expected in

patients with cancer and comorbid liver cirrhosis.

All adverse events reported in Study 1 were consistent

with those expected in patients with cirrhosis. The safety

profile of gefitinib observed in Study 2 in patients with

hepatic impairment due to liver metastases was comparable

to that seen in patients with normal hepatic function in this

and previous studies [23–26]. There was no evidence of any

clinically relevant safety concerns in either study. In Study 2,

patients from the moderate and severe hepatic impairment

groups remained on gefitinib treatment for up to 10 months

with no evidence of deterioration in the safety profile.

In conclusion, we have shown that different pharmaco-

kinetic outcomes may result from testing patient popula-

tions with hepatic impairment of different underlying

etiology and classification. Consequently, careful thought

must be given to the clinical interpretation of these results.

The conventional Child-Pugh study detected differences in

the systemic handling of gefitinib in patients with hepatic

impairment due to cirrhosis. In contrast, the experimental

approach provided no evidence that moderate hepatic

impairment due to liver metastases affected the pharma-

cokinetics or tolerability of gefitinib suggesting that no

dose adjustment is warranted in this population. Gefitinib

should be used with caution in patients with advanced

cancer and severe hepatic impairment due to liver metas-

tases and in those with cirrhosis of the liver.
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