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A B S T R A C T

Background: The current study is the first to evaluate the biochemical and histopathological

features of hepatic toxicity of lapatinib.

Methods: Twenty Wistar albino rats were allocated into three groups: experimental toxicity

was induced with lapatinib (10 mg/kg) administered for 28 days (Group 1), 42 days (Group 2)

orally in a single dose by gavage. Control group received only sterile water. Rats in Group 1

and Group 2 were sacrificed after the collection of blood and tissue samples on the 28th and

42nd days, respectively.

Results: Subjects in Group 1 and Group 2 had significantly higher levels of alanin amino-

transferase (ALT), albumin, triglyceride and very low density lipoprotein (VLDL) when com-

pared with the control group. None of the subjects in the two experimental groups showed

normal histology. There were parenchymal acinar transformation zones, sinusoidal dilata-

tion, hydropic degeneration of hepatocytes, vacuolisation of hepatocytes around the portal

areas, and mild inflammation with dominance of mononuclear cells besides neutrophil

and eosinophil leucocytes in portal areas, especially pronounced in Group 2.

Conclusion: This study demonstrated that lapatinib brings about deterioration of lipid pro-

file and triggers hepatic toxicity mainly as sinusoidal injury with elevation in transaminase

levels, especially ALT.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

Breast cancer is the most common malignancy, and the sec-

ond most common cause of cancer-related deaths only after

lung cancer in women. Tyrosine kinase receptors (TKR) trans-

duce extracellular signals into the cell, regulating cell prolifer-

ation, survival and apoptosis.1,2 Components of the human
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epidermal growth factor receptor (HER) oncogene family are

over-expressed in the majority of solid tumours.3 The HER

family consists of four receptors: HER1, HER2 (HER2/c-neu,

ErbB2), HER3 and HER4.4,5 Increased expression and activation

of HER1 and HER2 has been established in 17–30% of patients

with breast cancer.6 Over-expression of HER2 is related to

resistance to hormonal and cytotoxic treatment, increased
.
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rate of recurrence following primary treatment, and ulti-

mately, poor clinical progression.

HER2-targeted therapy with the monoclonal antibody

trastuzumab has yielded significant results in early and ad-

vanced stage breast cancer.7–9 Some patients with HER2-posi-

tive breast cancer do not respond to treatment with

trastuzumab and chemotherapeutics. Lapatinib ditosylate

(Tyverb�/Tykerb�, GlaxoSmithKline, Research Triangle Park,

NC) is the first orally active dual inhibitor for both HER1 and

HER2. Lapatinib reversibly binds intracellular ATP-binding

cytoplasmic domain of TKR, therefore blocking the receptor.

This blockage in intracellular signal pathways also leads to

the activation of extracellular signal-related kinase and phos-

phatidylinositol 3-kinase/Akt (PI3K/AKT).10–12 Lapatinib

(1250 mg/day) reaches maximum plasma levels 3–6 h after

preprandial oral administration. In the circulation, Lapanitib

highly binds to albumin and alpha-1 acid glycoprotein (99%).

Lapatinib undergoes extensive hepatic metabolism, primarily

by the cytochrome P450 (CYP3A4) system, and is excreted in

the faeces.

The combination of lapatinib and capecitabine is approved

in HER2-positive metastatic breast cancer previously treated

with other anticancer regimens including taxanes, anthracy-

clines and trastuzumab. Adverse effects, usually seen early

during treatment, are generally mild. The most commonly re-

ported adverse events with lapatinib are diarrhoea, skin tox-

icity, nausea, vomiting, fatigue and headache.

Tyrosine kinase inhibitors (TKI) have been associated with

hepatotoxicity. Lapatinib-related hepatotoxicity is generally

asymptomatic, appears days or months after initiation of

treatment, and normalises with discontinuation of lapatinib.

After the pivotal study by Geyer et al. that formed the basis

for the approval of lapatinib, prescribing information was

amended to include mandatory monitoring of hepatic func-

tion following post-marketing reports of serious hepatic ad-

verse effects.13 In this study, we aimed the biochemical and

histopathological evaluation of lapatinib-related hepatic tox-

icity in an experimental rat model.

2. Methods

The study was carried out in the Gazi University Laboratory of

Experimental Animal Studies following approval by the Gazi

University Faculty of Medicine Animal Studies Ethics Com-

mittee (4th June 2010; 125–9368). Biochemical analyses were

performed in the biochemistry, and pathological investigation

in the pathology departments of the same faculty. The study

budget was reimbursed by the Association of Gastrointestinal

Oncology (GIOD).

A total of 20 Wistar albino rats weighing 200–350 g were

used. Four rats account for control (sham) group that received

sterile water as placebo. The rats were retained in the labora-

tory at 21 �C and sustained on standard rat feed and water for

one week before instigation of the study.

3. Study groups

Control group (sham group) received distilled water, (n = 4).
Group 1 – Experimental hepatic toxicity induced, treated

for 28 days, then sacrificed after collection of blood and tissue

samples (n = 8).

Group 2 – Experimental hepatic toxicity induced, treated

for 42 days, then sacrificed after collection of blood and tissue

samples (n = 8).

Lapatinib was administered orally by gavage, as a single

dose of 10 mg/kg as a study in the literatute.14 On Day 28,

the rats in Group 1 and rats number 1 and 2 in the control

group, and on Day 42, the rats in Group 2 and rats number 3

and 4 in the control group were sacrificed after proper collec-

tion of blood and tissue samples. Liver function was evalu-

ated by levels of aspartate aminotransferase (AST), ALT,

total bilirubin, direct bilirubin, albumin and alkaline phos-

phatase (ALP), lactate dehydrogenase (LDH), gamma glutamyl

transferase (GGT). Additionally, kidney function tests (blood

urea nitrogen (BUN), creatinine and uric acid), lipid profile; to-

tal cholesterol, low-density lipoprotein (LDL), high density

lipoprotein (HDL), VLDL, triglyceride were processed. At com-

pletion of study groups (days 28 and 42), rats were anaesthe-

tised in sterile conditions with 50 mg/kg ketamine (Ketalar,

Eczacıbas�ı, Türkiye) and 5 mg/kg xylazine HCl, and laparot-

omy was performed by median incision. Subjects’ abdominal

regions were sterilised with 10% polyvinylpyrrolidone-iodine

complex (Batticon, Adeka). Following a 3 cm median abdomi-

nal incision, intraabdominal organs were pushed aside, there-

by revealing all structures (hepatic artery, portal vein and bile

duct) entering the left and median lobes. Unprocessed blood

and tissue samples were obtained from all groups, and then

rats were euthanised by the intracardiac exsanguination

method. Liver tissue specimens were fixed in 10% formalde-

hyde and embedded in paraffin blocks. Sectioned slices were

stained with haematoxylin and eosin (H&E), and each section

was analysed at 40· and 100· magnification. All study groups

were histopathologically examined in terms of hepatic paren-

chymal acinar transformation, sinusoidal dilatation, hepato-

cyte shifts, portal inflammation, lobular inflammation (focal

necrosis), apoptosis and mitotic activity. Fibrosis was as-

sessed by trichrome staining.

3.1. Statistical analysis

Since all groups consisted of eight subjects, data were ex-

pressed as median (minimum–maximum) values. Compari-

sons were between three study groups (control group

[received no medicine], Group 1 [received lapatinib for

28 days], and Group 2 [received lapatinib for 42 days]). The

‘‘One-way ANOVA Test for Unrelated (Independent) Samples’’ is

used in the statistical significant comparison of three or more

groups. However, the small number of subjects analysed in

our study (under 30 in each study group) did not meet the

assumptions of parametric tests. Therefore the Kruskal–Wal-

lis Test, the non-parametric counterpart of the One-way ANO-

VA Test for Unrelated (Independent) Samples was used in our

analyses. In cases where a P value of <0.05 was obtained,

groups were compared with the Mann–Whitney U test in or-

der to discriminate which group was responsible for the dif-

ference. Study data were analysed using the SPSS16 package.
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4. Results

Distribution of results per study group and dispersion criteria

are summarised in Tables 1 and 2. We found significant differ-

ences in ALT (X2
(2) = 8.957, p < 0.050), albumin (X2

(2) = 7.774,

p < 0.050), triglyceride (X2
(2) = 9.203, p < 0.050) and VLDL

(X2
(2) = 9.100, p < 0.050) values, but none in any other parame-

ter (p > 0.050) (Table 3). The pathologies detected during histo-

pathological investigations are demonstrated in Table 4. We

experienced no loss due to toxicity. One rat in Group 2 was

diagnosed with a mediastinal cyst.

The sham group showed normal histological findings

(Fig. 1h), while none of the rats in the other two study groups

had normal histology. We observed parenchymal acinar

transformation zones, sinusoidal dilatation, hydropic degen-

eration of hepatocytes, vacuolisation of hepatocytes around

the portal areas and mild inflammation with dominance of

mononuclear cells besides neutrophil and eosinophil leuco-

cytes in portal areas in both study groups, but more pro-

nounced in Group 2 (Fig. 1a–f). Histochemical evaluation

with trichrome staining revealed no cases of fibrosis in any

group (Fig. 1g).

Vacuolisation of hepatocytes around portal areas was ob-

served in Group 1 (Fig. 1a), while one rat in Group 2 (42/8)

had focal lobular necrosis involving apoptotic cells (Fig. 1f).

In Group 1, besides sinusoidal dilatation, hydropic degenera-

tion of hepatocytes and sporadic vacuolisation of hepatocytes

around portal areas were observed (Fig. 1b–d). In Group 2, in

addition to an increased rate of the same findings, we also ob-

served mild inflammation with dominance of mononuclear

cells as well as neutrophil and eosinophil leucocytes in portal

areas, and in one rat, apoptotic cells and focal necrosis in the

lobular region (Fig. 1d–f).
Table 1 – Median values of liver function tests in study groups.

Median (minimum–maximum) Control

AST (U/L) 93.5 (80–117)
ALT (U/L) 42.5 (40–48)
Albumin (g/dL) 3.25 (3–3.5)
T. bilirubin (mg/dL) 0.1 (0.1–0.1)
ALP (U/L) 149.5 (118–240)
GGT (U/L) 4 (4–17)
LDH (U/L) 654.5 (542–1093)

Table 2 – Median values of other biochemical tests in study gro

Median (minimum–maximum)

T. kol.
(mg/dL)

Trig.
(mg/dL)

LDL
(mg/dL)

VLDL
(mg/dL

Control (n = 4) 35.5 (29–47) 40 (34–46) 13.5 (9–18) 8 (7–9)
Group 1 (28 days)
(n = 8)

46 (40–57) 87 (38–120) 9 (5–24) 17.5 (8–

Group 2 (42 days)
(n = 8)

45.5 (34–51) 55 (30–84) 13.5 (7–22) 11 (6–17
5. Discussion

There are sufficient data regarding liver toxicity with conven-

tional chemotherapeutic agents. These data have been gath-

ered largely from studies evaluating the hepatotoxicity of

pre-operative therapy in colorectal cancer. Steatosis, steato-

hepatitis and sinusoidal damage are the major pathologies

encountered.15,16 Monoclonal antibodies and orally active

small-molecule TKIs, recently introduced in cancer treat-

ment, are molecular agents that have been developed owing

to an increased understanding of specific signal pathways.

As the patient population being treated with targeted molec-

ular agents expands, the toxicity profile of these therapeutic

agents has come under scrutiny. They have various adverse

effects, most notably serious gastrointestinal (GI) effects. TKIs

have been associated with hepatotoxicity, but existing data

are insufficient.17 The GI and hepatic side-effects of orally ac-

tive targeted therapies such as lapatinib can compromise pa-

tient compliance and lead to discontinuation of treatment or

cause diminishment of treatment response. Hepatic side-ef-

fects such as asymptomatic elevation of transaminase levels

are observed during targeted therapies. Hepatotoxicity is

one of the leading causes of discontinuation of treatment

with imatinib. The secretion of bile acids into the canaliculi

involves pumping and some TKI compounds inhibit the pump

of bile acid from the Golgi to the canaliculi. Some TKIs

(lapatinib, erlotinib, imatinib) may cause elevation in GGT

and bilirubin levels through enzyme induction or bilirubin

carriers.18–20

We chose treatment duration of 28 and 42 days, approxi-

mating the period of clinical follow-up for liver toxicity. Both

lapatinib groups (28-day and 42-day) had higher transaminase

levels compared to the control group, and ALT values were
Group 1 Group 2

103 (78–129) 106 (90–187)
62.5 (46–89) 46 (38–49)
3.75 (3.2–4) 3.5 (3.3–3.8)
0.1 (0.1–0.1) 0.1 (0.1–0.1)
154.5 (73–338) 104.5 (69–307)
4 (4–4) 4 (4–4)
734.5 (278–1208) 618 (470–1140)

ups.

)
HDL
(mg/dL)

BUN
(mg/dL)

Crea
(mg/dL)

Uricacid
(mg/dL)

14.5 (12–20) 25 (23–29) 0.52 (0.49–0.55) 1 (0.6–1.2)
24) 19 (14–23) 28.5 (25–40) 0.50 (0.47–0.63) 1.15 (0.9–8.3)

) 18 (15–20) 26 (23–31) 0.52 (0.49–0.54) 1.1 (0.8–1.4)



Table 3 – Comparation of biochemical tests in study groups (Kruskal–Wallis Test).

Biochemical tests Groups N mean rank X2 Sd P Significant difference

T. bilirubin 1. Control 4 10.50 0.000 2 1.000
2. Group 1 8 10.50
3. Group 2 8 10.50

D. bilirubin 1. Control 4 10.50 0.000 2 1.000
2. Group 1 8 10.50
3. Group 2 8 10.50

Albumin 1. Control 4 3.62 7.747 2 0.021 1–2, 1–3
2. Group 1 8 13.56
3. Group 2 8 10.88

AST 1. Control 4 7.88 1.668 2 0.434
2. Group 1 8 9.94
3. Group 2 8 12.8

ALT 1. Control 4 6.50 8.957 2 0.011 1–2, 2–3
2. Group 1 8 15.31
3. Group 2 8 7.69

GGT 1. Control 4 12.50 4.000 2 0.135
2. Group 1 8 10.00
3. Group 2 8 10.00

ALP 1. Control 4 12.50 1.971 2 0.373
2. Group 1 8 11.75
3. Group 2 8 8.25

LDH 1. Control 4 10.75 1.125 2 0.570
2. Group 1 8 12.00
3. Group 2 8 8.88

Uric acid 1. Control 4 8.12 2.344 2 0.310
2. Group 1 8 12.88
3. Group 2 8 9.31

T. cholesterol 1. Control 4 5.50 4.103 2 0.129
2. Group 1 8 12.81
3. Group 2 8 10.69

VLDL 1. Control 4 4.75 9.100 2 0.011 1–2, 2–3
2. Group 1 8 15.00
3. Group 2 8 8.88

HDL 1. Control 4 6.50 3.428 2 0.180
2. Group 1 8 13.00
3. Group 2 8 10.00

LDL 1. Control 4 12.38 3.773 2 0.152
2. Group 1 8 7.38
3. Group 2 8 12.69

Triglyceride 1. Control 4 4.75 9.201 2 0.010 1–2, 2–3
2. Group 1 8 15.06
3. Group 2 8 8.81

BUN 1. Control 4 6.88 5.196 2 0.074
2. Group 1 8 14.06
3. Group 2 8 8.75

Creatinin 1. Control 4 12.00 1.964 2 0.375
2. Group 1 8 8.00
3. Group 2 8 12.00
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statistically significant. The elevation in albumin levels could

not be justified. Bilirubin levels in the lapatinib groups were

similar to the control group, and the cholestase enzymes

GGT and ALP were unchanged. Toxicity of the hepatobiliary

system has not been specified in lapatinib phase I and II stud-
ies.21–23 In a Japanese phase II study evaluating lapatinib

monotherapy, 17.2% of total 122 patients (22 patients) had ele-

vated ALT levels, and three patients had grade 3–4 ALT eleva-

tions. AST levels were elevated in 23% (28 patients), grade 3–4

in five patients. ALP elevation was observed in 16.4% (20



Table 4 – Histopathological features of study groups.

VH HD SD AT PAI FN AH M

28.control 1
28.control 2
28.1 + (f)
28.2 + +
28.3 +
28.4 + +
28.5 + + + +
28.6 +
28.7 +
28.8 + +

42.control 1
42.control 2
42.1 + + (f)
42.2 + +
42.3 + +
42.4 + + + (f)
42.5 + + + (f) +
42.6 +++ +
42.7 + +
42.8 + + + (d) + + +

VH: vacuolised hepatocytes around the portal area, HD: hydropic degeneration in hepatocytes, SD: sinusoidal dilatation, AT: aciner transfor-

mation in parenchyma (f: focal) (d: diffuse), PAI: mild inflammation with neutrophile and eosinophile in portal area, FN: focal necrosis in

lobular area, AH: apoptotic cell, M: mitosis.
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patients), grade 3–4 in four patients.23 After the pivotal study

by Geyer et al., real-life incidence of serious hepatic adverse

effects led to mandatory monitoring for toxicity and the

amendment of the prescribing information to include the

routine monitoring of liver function.13,24 A recent study re-

ported a correlation between the risk of liver toxicity with

lapatinib and Class II MHC HLA DQA1*201 carrier status in

women. 70% of ALT elevations were observed in HLA

DQA1*201 carriers.25

Congruently, histopathological evaluations demonstrated

hydropic degeneration, vacuolated hepatocytes, and in Group

2 (42-day lapatinib exposure), portal inflammation and addi-

tionally apoptotic cells and lobular focal necrosis with ex-

tended exposure. We observed lapatinib-related injury to be

prominently on sinusoids.

We did not observe hepatic failure with lapatinib, but seri-

ous hepatitis cases have been reported with imatinib and

gemtuzumab ozogamicin.26,27 The histopathology of imati-

nib-induced hepatotoxicity shows, along with necrosis, inter-

mediate cholestasis accompanied by cytolytic hepatitis and

occasionally portal and lobular inflammation.28 As in viral

hepatitis, lymphocytic infiltration has been observed in the

perimeter of necrotic lesions.29 Similar cytolytic hepatitis

has been reported with gefitinib.30 Clinical studies with CP-

724714, a selective oral HER2 TKI, have been terminated due

to serious liver failure with jaundice. It caused hepatocyte

necrosis, Kupffer cell hyperplasia, and elevations in serum

transaminase and total bilirubin levels in rats.31 We observed

vacuolated hepatocytes, hydropic degeneration and sinusoi-

dal dilatation in the short term in relation to lapatinib-in-

duced toxicity. Long-term (Group 2) findings included
marked sinusoidal dilatation and parenchymal acinar trans-

formation, mild portal inflammation produced by neutrophil

and eosinophil leucocytes and lobular focal necrosis.

The short-term sinusoidal injury with lapatinib which we

observed as sinusoidal dilatation is a well-defined pathology

in relation to cytotoxic chemotherapeutics. While the preva-

lence of sinusoidal injury is lower with chemotherapeutic

agents such as irinotecan and 5-fluorourocil (5-FU), the pri-

mary liver toxicity of oxaliplatin is sinusoidal dilatation.32–36

Sinusoidal obstruction syndrome (SOS) is another toxicity

that has been described in relation to chemotherapeutic

agents (oxaliplatin, gemtuzumab ozogamicin).37 We did not

observe SOS-related pathological changes. Further studies

are needed to evaluate the correlation with this syndrome.

Although we observed portal inflammation, none of the

study subjects demonstrated fibrosis with trichrome staining.

However, the relatively short duration of our study (42 days)

might be responsible for the absence of fibrosis. We observed

deterioration of the lipid profile in both lapatinib groups. We

found significantly high levels of triglyceride and VLDL. How-

ever due to a lack of difference in bilirubin and the cholestase

enzymes ALP and GGT in comparison to the control group and

the absence of steatosis during histopathological evaluations

led us to conclude that lapatinib does not cause cholestatic

type hepatic toxicity. Unexplained high albumin levels of

study groups were the lack of study.

In conclusion, this study is the first that reports the bio-

chemical and histopathological evaluation of lapatinib-re-

lated hepatic toxicity. We observed that lapatinib causes

primarily sinusoidal damage in the liver, and significant

elevation in transaminase levels, especially ALT.



Fig. 1 – (a) Vacuolised hepatocytes around portal area, Group 1–3 (H&E, 400·). (b) Sinusoidal dilatation and hepatocytes with

hydropic changes around the central vein, Group 1–5 (H&E, 400·). (c) Inflammation with neutrophil and rare eosinophil in

portal area, Group 1–8 (H&E, 100·). (d) Mild inflammation with neutrophil and eosinophil in portal area, Group 2–8 (H&E, 100·).

(e) Focal necrosis in lobular area, Group 2–8 (H&E, 400·). (f) Apoptotic body in periportal area, Group 2–8 (H&E, 1000·). (g)

Normal liver parenchyma, 28 day control-1, (H&E, 200·). (h) Normal liver parenchyma, Group 2–7 (Trichrome, 200·).
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