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Abstract
Protein	 kinase	 inhibitors	 (PKIs)	 used	 in	oncology	 can	 induce	 severe	 and	even	 fatal	
hepatotoxicity.	Several	PKIs	are	registered	within	a	certain	class	to	target	a	specific	
kinase.	No	systematic	comparison	of	 the	 reported	hepatotoxicity	and	clinical	guid-
ance	for	monitoring	and	management	of	hepatotoxic	events	between	the	various	PKI	
summaries	of	product	characteristics	(SmPC)	is	yet	available.	A	systematic	analysis	of	
data on 21 hepatotoxicity parameters obtained from the SmPCs and European public 
assessment	reports	(EPARs)	of	European	Medicines	Agency-	approved	antineoplastic	
PKIs	(n =	55)	has	been	conducted.	The	median	reported	incidence	(range)	of	all	grades	
of	 aspartate	 aminotransferase	 (AST)	 elevations	 was	 16.9%	 (2.0%–	86.4%)	 for	 PKI	
monotherapy,	with	2.1%	(0.0%–	10.3%)	being	grade	3/4	and	for	all	grades	alanine	ami-
notransferase	 (ALT)	elevations	17.6%	 (2.0%–	85.5%),	with	3.0%	 (0.0%–	25.0%)	being	
grade	3/4.	Fatalities	due	to	hepatotoxicity	were	reported	for	22	out	of	47	PKIs	(mono-
therapy)	and	for	5	out	of	8	PKIs	(combination	therapy).	A	maximum	grade	of	grade	4	
and	grade	3	hepatotoxicity	was	reported	for	45%	(n =	25)	and	6%	(n =	3),	respectively.	
Liver	parameter	monitoring	recommendations	were	present	in	47	of	the	55	SmPCs.	
Dose	reductions	were	recommended	for	18	PKIs.	Discontinuation	was	recommended	
for	patients	meeting	Hy's	law	criteria	(16	out	of	55	SmPCs).	Severe	hepatotoxic	events	
are	reported	in	approximately	50%	of	the	analyzed	SmPCs	and	EPARs.	Differences	in	
the	degree	of	hepatotoxicity	are	apparent.	Although	liver	parameter	monitoring	rec-
ommendations	are	present	in	the	vast	majority	of	the	analyzed	PKI	SmPCs,	the	clinical	
guidance	for	hepatotoxicity	was	not	standardized.
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1  |  INTRODUC TION

Protein	kinase	 inhibitors	 (PKIs)	are	 frequently	used	 in	oncology	as	
targeted	agents.	Targeted	agents	like	PKIs	are	developed	to	address	
an	unmet	medical	need	in	oncology.	The	first	PKI	approved	by	the	
European	Medicines	Agency	(EMA)	in	2001	was	imatinib,	targeting	
the	breakpoint	cluster	region	gene-	Abelson	proto-	oncogene	(BCR-	
ABL)	protein.1	Nowadays	over	50	PKIs	are	registered	in	oncology.1 
Currently,	several	different	PKIs	are	often	registered	within	a	certain	
class	to	target	a	specific	kinase.	For	instance,	the	epithelial	growth	
factor	receptor	(EGFR)	inhibitors	afatinib,	erlotinib,	dacomitinib,	ge-
fitinib,	and	osimertinib	are	registered	for	EGFR-	mutated	non-	small	
lung	cancer.	A	network	meta-	analysis	on	hepatotoxicity	with	EGFR	
inhibitors	in	non–	small-	cell	lung	cancer	patients	indicated	that	there	
is some evidence suggesting that gefitinib and erlotinib may be as-
sociated with an increased risk of hepatotoxicity.2	 In	general,	PKIs	
prevent downstream signaling triggered by growth factors by inhibi-
tion of specific oncogenic kinases or by inhibiting specific receptor 
tyrosine	 kinases	 or	 several	 receptor-	associated	 kinases.	 This	 may	
ultimately lead to reduced growth of a tumor.

Next	to	efficacy,	safety	issues	have	been	reported	for	PKIs,	of	which	
hepatoxicity is of major concern.3	Around	two-	thirds	of	the	marketed	
PKIs	 had	 a	warning	 for	 liver	 injury	 in	 their	 drug	 label.4	Mechanisms	
of	PKI-	induced	hepatotoxicity	may	involve	the	formation	of	a	reactive	
intermediate	due	 to	 the	metabolism	of	 the	PKI	via	 the	cytochromes	
P450	pathway,	along	with	an	 immune-	mediated	 injury,	disruption	of	
hepatic bile acid transport, and mitochondrial malfunction.4,5 Clinical 
guidance for monitoring and management of hepatotoxic events per 
PKI	varies	between	drug	 labels.3	A	recent	 review	provides	dose	rec-
ommendations for anticancer drugs in patients with renal or hepatic 
impairment	based	on	EMA,	Food	and	Drug	Administration	 (FDA),	or	
literature data.6	For	some	PKIs	discontinuation	or	dose	modifications	
can	be	 required	 in	case	of	hepatoxicity,	whereas	 for	others	no	dose	
modification	 is	 indicated.	Unfortunately,	 treatment	with	PKIs	can	 in-
duce severe and even fatal hepatotoxicity.3,4	A	recent	systematic	com-
parison	of	hepatobiliary	adverse	drug	reactions	in	FDA	and	EMA	drug	
labeling	 revealed	 discrepancies.	 However,	 most	 discrepancies	 were	
attributable	to	less	severe	hepatic	events	and	low-	frequency	hepatic	
adverse	drug	reactions	(ADRs)	and	had	limited	implications	on	clinical	
outcomes.7 To the best of our knowledge, an actual and detailed over-
view of the hepatotoxicity and clinical guidance in case of hepatoxicity, 
in	the	summary	of	product	characteristics	(SmPC)	of	PKIs	approved	by	
the	EMA,	has	not	yet	been	published.	Therefore,	 a	 systematic	 anal-
ysis of hepatotoxicity data based on the SmPCs and European pub-
lic	assessment	reports	(EPARs)	of	EMA-	approved	antineoplastic	PKIs	
have been conducted. The SmPC was chosen as the primary data 
source	as	SmPCs	are	a	key	part	of	the	marketing	authorization	of	all	
medicines	 authorized	 in	 the	European	Union	and	 the	basis	of	 infor-
mation for healthcare professionals on how to use a medicine safely 
and effectively. Data submitted to regulatory agencies are collected 
based	on	International	Council	for	Harmonization	(ICH)	guidelines.	The	
definitions and terminology associated with clinical safety experience 
are	 described	 in	 ICH	Topic	 E2	A:	 Clinical	 Safety	Data	Management:	

Definitions and Standards for Expedited Reporting.8 In addition, for 
anticancer	agents,	the	standard	grading	system	for	AEs	is	the	National	
Cancer	 Institute	 Common	 Terminology	 Criteria	 for	 Adverse	 Events	
(NCI	CTCAE)	toxicity	criteria.9 Therefore, the data collected from the 
regulatory	sources	are	standardized,	which	enables	a	systematic	analy-
sis. This paper aims to provide insight into the hepatotoxicity profile of 
all	approved	antineoplastic	PKIs	until	September	2021.	Furthermore,	
the clinical guidance of monitoring and management of hepatotoxicity 
according	to	the	SmPCs	is	systematically	analyzed.

2  |  METHODS

2.1  |  Selection of protein kinase inhibitors

PKIs	were	selected	based	on	anatomical	therapeutic	chemical	(ATC)	
codes	 from	the	EMA	database.1,10	The	World	Health	Organization	
(WHO)	updated	ATC	codes	for	PKIs	were	also	taken	into	account.11 
PKIs	 registered	 for	 an	 antineoplastic	 indication	 by	 EMA	 until	
September	 2021	 were	 included.	 Generic	 and	 biosimilar	 products	
were	 excluded.	 An	 overview	 of	 the	 PKI	 selection	 criteria	 is	 pre-
sented in Table S1.	The	selection	process	of	the	PKIs	from	the	EMA	
Excel database is shown in Figure S1.	An	overview	of	the	selected	
PKIs	 including	 their	protein	kinase	 targets	 and	 therapeutic	 indica-
tions is shown in Table S2.

2.2  |  Data collection of hepatic parameters

The	SmPC	of	the	selected	PKIs	was	systematically	screened	for	data	
on 21 hepatotoxicity parameters (Table 1).	The	SmPCs	and	EPARS	
were	collected	from	the	EMA	webpage	of	the	specific	PKIs.	The	URL	
to	the	different	PKI	EMA	pages	was	found	in	the	Excel	database	in	
column	AD	“URL”.1	The	SmPCs	and	EPARs	were	extracted	in	the	pe-
riod	 between	September	 7	 and	October	 18,	 2021.	 If	 the	 numeric	
data for these parameters was not present in the SmPC the initial 
EPAR	was	 analyzed.	 A	 schematic	 overview	 of	 the	 data	 collection	
process is shown in Figure S2. The hepatotoxicity parameters were 
selected	based	on	the	articles	of	Hoofnagle	et	al.	and	Shah	et	al.3,12 
Hepatotoxicity	 is	a	preferred	 term	name	 in	 the	medical	dictionary	
for regulatory activities in the system organ class hepatobiliary dis-
orders.	 The	CTCAE	 criteria	 for	 aspartate	 aminotransferase	 (AST)/
alanine	 aminotransferase	 (ALT)	 increase	 contain	 a	 cross-	reference	
to	hepatobiliary	disorders:	hepatic	failure.	Hepatic	failure	is	defined	
as	a	disorder	characterized	by	the	 inability	of	the	 liver	to	metabo-
lize	chemicals	 in	the	body.	Laboratory	test	results	reveal	abnormal	
plasma levels of ammonia, bilirubin, lactic dehydrogenase, alkaline 
phosphatase, aminotransferase, and/or prolongation of prothrom-
bin	time.	Hy's	law	criteria	are	defined	as	ALT	or	AST > 3 × upper	limit	
of	normal	(ULN)	and	bilirubin	>2 × ULN	AST,	ALT,	and	transaminase	 
elevations	were	collected	separately	if	available,	as	AST	and	ALT	data	
provide more specific information on the degree of hepatotoxicity  
than the combined transaminases.13
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2.3  |  Clinical guidance

The	 posology	 section	 (4.2),	 the	 special	 warnings	 and	 precautions	
for	use	section	 (4.4),	 the	undesirable	effects	section	 (4.8),	and	the	
pharmacokinetic	properties	section	(5.2)	of	the	SmPCs	were	system-
atically	screened	and	analyzed	for	information	on	hepatoxicity	and	
treatment	guidance	for	the	selected	PKIs.

2.4  |  Collecting monotherapy data

If	 PKI	monotherapy	data	were	 available,	 the	 safety	population	
data in which patients received monotherapy as presented in 
the	EPAR	were	analyzed	 for	 the	hepatotoxicity	data	missing	 in	
the SmPC. If available, the safety data for patients receiving 
monotherapy	and	the	registered	dose	as	given	in	section	4.2	of	
the SmPC was used. When such safety population data were 
not sufficient or present, data from pivotal phase III studies as 
reported	in	the	EPAR	were	analyzed.	Phase	II	studies	were	only	
used when pivotal phase III studies were not present or lacked 
the needed data.

2.5  |  Collecting combination therapy data

PKI	combination	therapy	data	were	used	when	an	analyzed	PKI	was	
registered as combination therapy and safety population data with 
monotherapy were not available.

3  |  RESULTS

3.1  |  Hepatotoxicity parameters monotherapy 
(n =  47)

The	 incidence	 of	 AST	 and	 ALT	 elevations	 in	 PKI	 monotherapy	 is	
shown in Table 2.	The	median	 incidence	 (range)	 of	 all	 grades	AST	
elevations	 was	 16.9%	 (2.0–	86.4).	 The	 median	 incidence	 (range)	
of	 grade	3/4	AST	elevations	was	2.1%	 (0.0–	10.3).	The	median	 in-
cidence	 (range)	of	all	grades	ALT	elevations	was	17.6%	 (2.0–	85.5).	
The	median	incidence	(range)	of	ALT	grade	3/4	elevations	was	3.0%	
(0.0%–	25.0%).	The	data	on	GGT	elevations,	bilirubin	elevations,	and	
elevated transaminases are shown in Table S3.	The	median	(range)	of	
all	grades	of	incidences	were	4.0%	(0.4–	62),	7.7%	(0.0–	84),	and	6.5%	
(0.4–	48.8),	respectively.

3.2  |  Latency to onset/time to recovery 
monotherapy data

The	median	latency	to	onset	of	hepatotoxicity	was	7.5	(4.0–	52.0)	weeks	
after	PKI	dosing	and	was	reported	for	eight	out	of	47	PKIs.	Six	out	of	
the	47	PKIs	mentioned	a	time	to	recover	after	some	form	of	hepatotox-
icity.	The	median	time	to	recovery	was	1.8	(1.5–	10)	weeks.

3.3  |  Fatal cases due to hepatotoxicity 
monotherapy

Fatalities	due	to	hepatotoxicity	have	been	reported	in	the	SmPC	or	
the	EPAR	of	22	out	of	47	PKIs	(Table 2).	These	cases	were	rare	and	
most often reported due to hepatitis reactivation.

3.4  |  Hepatotoxicity parameters protein kinase 
inhibitor combination therapy (n =  8)

The	incidence	of	all	grades	of	AST	elevations	for	combination	therapy	
PKIs	is	shown	in	Table 3.	The	median	(range)	AST	incidence	elevation	
was	22.8%	(4.8–	71).	The	median	incidence	(range)	of	grade	3/4	eleva-
tions	was	4.6%	(2.8–	7.0).	The	median	ALT	incidence	(range)	elevation	
was	41.4%	(9.7–	67).	The	median	(range)	ALT	grade	3/4	elevation	was	
6.1%	(2.5–	11.0).

TA B L E  1 Schematic	representation	of	used	parameters.

Hepatic parameter

1 Incidence hepatotoxicity

2 Prevalence hepatotoxicity

3 AST	elevations

4 ALT	elevations

5 GGT	elevations

6 Bilirubin elevations

7 Elevated transaminases

8 Maximum	severity	hepatotoxicity

9 Latency to onset hepatotoxicity

10 Time to recovery after hepatotoxicity

11 Other	forms	of	drug-	induced	liver	damage

12 Liver function test abnormalities

13 Monitoring	schedule	liver	parameters

14 Cases of hepatic failure

15 Fatalities	due	to	hepatotoxicity

16 Dose modifications and alterations due to hepatotoxicity

17 Primary route of elimination

18 Patients with hepatic impairment

19 Use in patients with severe hepatic impairment

20 Liver metastases

21 Combinational therapy leading to hepatotoxicity

Abbreviations:	ALT,	alanine	aminotransferase;	AST,	aspartate	
aminotransferase;	GGT,	gamma-	glutamyl	transferase.
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3.5  |  Latency to onset/time to recovery 
combination therapy data

The	median	latency	to	onset	was	8.5 weeks	(2.0–	12.1).	The	median	
time	to	recovery	was	2.5 weeks	(2.0–	3.0).

3.6  |  Fatal cases of hepatotoxicity 
combination therapy

Fatalities	due	to	hepatotoxicity	were	reported	in	five	out	of	the	eight	
PKIs	with	combination	therapy	data	(Table 3).	Cases	of	hepatitis	or	
hepatic	 failure	were	 also	 reported	 in	 the	 SmPC	or	 EPAR	of	 these	
PKIs.

3.7  |  Incidence and severity of hepatotoxicity

Fatal	cases	of	hepatotoxicity	were	reported	 in	49%	(n = 27 out of 
55)	of	the	reviewed	PKI	SmPCs	and	EPARs.	Grade	4	hepatotoxicity	
as	a	maximum	grade	has	been	reported	in	45%	(n =	25)	of	the	ana-
lyzed	PKI	SmPCs	and	EPARs.	Grade	3	hepatotoxicity	as	a	maximum	
grade	has	been	reported	in	6%	(n =	3)	of	the	analyzed	PKI	SmPCs	
and	EPARs.

3.8  |  Hepatitis B reactivation

Cases	of	hepatitis	or	hepatic	failure	were	reported	for	60%	(n =	28	
out	of	47)	of	monotherapy	PKIs	 (Table 2)	and	for	63%	(5	out	of	8)	
of	the	combination	therapy	PKIs	(Table 3).	Five	PKIs	with	BCR-	ABL	
as the main target (i.e., imatinib, bosutinib, dasatinib, nilotinib, and 
ponatinib)	contain	a	general	warning	of	hepatitis	B	reactivation	due	
to	PKI	use	in	the	SmPC.

3.8.1  |  SmPC	liver	parameter	monitoring	
recommendations

All	PKIs	were	mainly	eliminated	through	hepatic	metabolism.	Liver	
parameter	monitoring	recommendations	were	present	in	47	of	the	
55	SmPCs.	Twenty-	seven	out	of	55	analyzed	SmPCs	recommend	a	
liver	parameter	 test	before	 the	 initiation	of	 treatment.	Twenty-	six	
out	of	55	analyzed	SmPCs	recommend	liver	parameters	monitoring	
as clinically indicated in patients. The actual clinical guidance in the 
product	information	can	be	accessed	via	the	EMA	website.14

3.8.2  |  SmPC	treatment	recommendations	in	
case of severe hepatic impairment

No	dose	adjustment	or	precautions	were	needed	in	case	of	severe	he-
patic	impairment	for	3	PKIs	(alpelisib,	cobimetinib,	and	duvelisib).	Use	TA
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g	

tw
ic

e 
da

ily
 a

t t
he

 d
is

cr
et

io
n 

of
 th

e 
tr

ea
tin

g 
ph

ys
ic

ia
n.

 If
 th

e 
ev

en
t r

ec
ur

s,
 tr

ea
tm

en
t m

us
t 

be
 w

ith
he

ld
 u

nt
il 

th
e 

va
lu

es
 re

tu
rn

 to
 g

ra
de

 1
 

or
	le
ss
,	a
ft
er
	w
hi
ch
	re
-	in
iti
at
io
n	
at
	1
00
 m
g	
tw
ic
e	

da
ily

 m
ay

 b
e 

co
ns

id
er

ed
 a

t t
he

 d
is

cr
et

io
n 

of
 th

e 
ph

ys
ic

ia
n.

Im
at

in
ib

–	
–	

Tr
ea

tm
en

t s
ho

ul
d 

be
 w

ith
he

ld
 u

nt
il 

bi
lir

ub
in

 
le

ve
ls

 h
av

e 
re

tu
rn

ed
 to

 <
1.
5 

× 
IU
LN
	a
nd
	

tr
an

sa
m

in
as

e 
le

ve
ls

 to
 <
2.
5 

× 
IU
LN
.	C
on
tin
ue
	

at
 a

 re
du

ce
d 

da
ily

 d
os

e.

Tr
ea

tm
en

t s
ho

ul
d 

be
 w

ith
he

ld
 u

nt
il 

bi
lir

ub
in

 le
ve

ls
 

ha
ve

 re
tu

rn
ed

 to
 <
1.
5 

× 
U
LN
	a
nd
	tr
an
sa
m
in
as
e	

le
ve

ls
 to

 <
2.
5 

× 
U
LN
.	C
on
tin
ue
	a
t	a
	re
du
ce
d	
da
ily
	

do
se

.

La
pa

tin
ib

–	
–	

D
is

co
nt

in
ue

. P
at

ie
nt

s 
sh

ou
ld

 n
ot

 b
e 

re
tr

ea
te

d.
D

is
co

nt
in

ue
. P

at
ie

nt
s 

sh
ou

ld
 n

ot
 b

e 
re

tr
ea

te
d.

La
ro

tr
ec

tin
ib

–	
C

on
tin

ue
d 

do
si

ng
 m

ay
 b

e 
ap

pr
op

ria
te

, 
th

ou
gh

 c
lo

se
 m

on
ito

rin
g 

to
 e

ns
ur

e 
no

 
w

or
se

ni
ng

 o
f t

he
 to

xi
ci

ty
 is

 a
dv

is
ed

.

W
ith
he
ld
	u
nt
il	
th
e	
A
E	
re
so
lv
es
	o
r	i
m
pr
ov
es
	to
	

ba
se

lin
e 

or
 g

ra
de

 1
. R

es
um

e 
at

 th
e 

ne
xt

 
do

se
 m

od
ifi

ca
tio

n 
if 

re
so

lu
tio

n 
oc

cu
rs

 w
ith

in
 

4 
w
ee
ks
.	P
er
m
an
en
tly
	d
is
co
nt
in
ue
d	
if	
an
	

ad
ve

rs
e 

re
ac

tio
n 

do
es

 n
ot

 re
so

lv
e 

w
ith

in
 

4 
w
ee
ks
.

W
ith
he
ld
	u
nt
il	
th
e	
A
E	
re
so
lv
e	
or
	im
pr
ov
es
	to
	

ba
se

lin
e 

or
 g

ra
de

 1
. R

es
um

e 
at

 th
e 

ne
xt

 d
os

e 
m
od
ifi
ca
tio
n	
if	
re
so
lu
tio
n	
oc
cu
rs
	w
ith
in
	4
 w
ee
ks
.	

Tr
ea

tm
en

t s
ho

ul
d 

be
 p

er
m

an
en

tly
 d

is
co

nt
in

ue
d 

if 
an

 a
dv

er
se

 re
ac

tio
n 

do
es

 n
ot

 re
so

lv
e 

w
ith

in
 

4 
w
ee
ks
.

Le
nv

at
in

ib
 

(K
is
pl
yx

®
)

–	
–	

In
te
rr
up
t	u
nt
il	
gr
ad
e ≤
1	
or
	b
as
el
in
e.
	R
es
um
e	
w
ith
	

do
se

 re
du

ct
io

n.
D

is
co

nt
in

ue
.

Le
nv

at
in

ib
 

(L
en

vi
m

a®
)

–	
–	

In
te
rr
up
t	u
nt
il	
gr
ad
e ≤
1	
or
	b
as
el
in
e.
	In
te
rr
up
t	

un
til
	g
ra
de
 ≤
1	
or
	b
as
el
in
e.
	R
es
um
e	
w
ith
	d
os
e	

re
du

ct
io

n.

D
is
co
nt
in
ue
	D
o	
no
t	r
es
um
e	
(g
ra
de
	4
	la
bo
ra
to
ry
	

ab
no
rm
al
iti
es
	ju
dg
ed
	to
	b
e	
no
n-
	lif
e-
	th
re
at
en
in
g,
	

m
ay
	b
e	
m
an
ag
ed
	a
s	
gr
ad
e	
3)

Lo
rla

tin
ib

a
N
o	
do
se
	m
od
ifi
ca
tio
n	

or
 re

du
ce

 b
y 

1 
do

se
 

le
ve

l, 
as

 c
lin

ic
al

ly
 

in
di

ca
te

d.

C
on

si
de

r n
o 

do
se

 m
od

ifi
ca

tio
n 

or
 re

du
ce

 b
y 

1 
do

se
 le

ve
l, 

as
 c

lin
ic

al
ly

 in
di

ca
te

d.
W
ith
ho
ld
	u
nt
il	
sy
m
pt
om
s	
re
so
lv
e	
to
	g
ra
de
 ≤
 2
	

or
 b

as
el

in
e,

 th
en

 re
su

m
e 

at
 1

 re
du

ce
d 

do
se

 
le

ve
l.

W
ith
ho
ld
	u
nt
il	
sy
m
pt
om
s	
re
so
lv
e	
to
	g
ra
de
 ≤
2	
or
	

ba
se

lin
e,

 th
en

 re
su

m
e 

at
 1

 re
du

ce
d 

do
se

 le
ve

l.

M
id
os
ta
ur
in

a
–	

–	
In

te
rr

up
t u

nt
il 

to
xi

ci
tie

s 
co

ns
id

er
ed

 a
t l

ea
st

 
po
ss
ib
ly
	re
la
te
d	
ha
ve
	re
so
lv
ed
	to
	g
ra
de
 ≤
2,
	

th
en

 re
su

m
e.

In
te

rr
up

t u
nt

il 
to

xi
ci

tie
s 

co
ns

id
er

ed
 a

t l
ea

st
 p

os
si

bl
y 

re
la
te
d	
ha
ve
	re
so
lv
ed
	to
	g
ra
de
 ≤
2,
	th
en
	re
su
m
e.
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PK
I

G
ra

de
 1

G
ra

de
 2

G
ra

de
 3

G
ra

de
 4

N
er
at
in
ib

–	
–	

St
op
	u
nt
il	
gr
ad
e ≤
1.
	E
va
lu
at
e	
al
te
rn
at
iv
e	
ca
us
es
.	

Re
su

m
e 

at
 th

e 
ne

xt
 lo

w
er

 d
os

e 
le

ve
l i

f 
gr
ad
e ≤
1	
oc
cu
rs
	w
ith
in
	3
 w
ee
ks
.	I
f	g
ra
de
	3
	

A
LT
	o
r	b
ili
ru
bi
n	
oc
cu
rs
	a
ga
in
	d
es
pi
te
	o
ne
	

do
se

 re
du

ct
io

n,
 p

er
m

an
en

tly
 d

is
co

nt
in

ue
. I

f 
gr

ad
e 

3 
he

pa
to

to
xi

ci
ty

 p
er

si
st

s 
lo

ng
er

 th
an

 
3 
w
ee
ks
,	d
is
co
nt
in
ue
	p
er
m
an
en
tly

Pe
rm

an
en

tly
 d

is
co

nt
in

ue
. E

va
lu

at
e 

al
te

rn
at

iv
e 

ca
us

es
.

N
ilo
tin
ib

–	
–	

D
os
es
	s
ho
ul
d	
be
	re
du
ce
d	
to
	4
00
 m
g	
on
ce
	d
ai
ly
	o
r	

in
te

rr
up

te
d

D
os
es
	s
ho
ul
d	
be
	re
du
ce
d	
to
	4
00
 m
g	
on
ce
	d
ai
ly
	o
r	

in
te

rr
up

te
d

N
in
te
da
ni
b

–	
–	

A
ft
er
	tr
ea
tm
en
t	i
nt
er
ru
pt
io
n	
an
d	
re
co
ve
ry
	

of
	tr
an
sa
m
in
as
e-
	va
lu
es
	to
	≤
2.
5 

× 
U
LN
	in
	

co
nj

un
ct

io
n 

w
ith

 b
ili

ru
bi

n 
to

 n
or

m
al

, d
os

e 
re
du
ct
io
n	
fr
om
	2
00
 m
g	
tw
ic
e	
da
ily
	to
	1
50
 m
g	

tw
ic
e	
da
ily
	a
nd
	–
		if
	a
	2
nd
	d
os
e	
re
du
ct
io
n	
is
	

co
ns
id
er
ed
	n
ec
es
sa
ry
	–
		fr
om
	1
50
 m
g	
tw
ic
e	

da
ily
	to
	1
00
 m
g	
tw
ic
e	
da
ily
.

A
ft
er
	tr
ea
tm
en
t	i
nt
er
ru
pt
io
n	
an
d	
re
co
ve
ry
	

of
	tr
an
sa
m
in
as
e-
	va
lu
es
	to
	≤
2.
5 

× 
U
LN
	in
	

co
nj

un
ct

io
n 

w
ith

 b
ili

ru
bi

n 
to

 n
or

m
al

, d
os

e 
re
du
ct
io
n	
fr
om
	2
00
 m
g	
tw
ic
e	
da
ily
	to
	1
50
 m
g	

tw
ic
e	
da
ily
	a
nd
	–
		if
	a
	2
nd
	d
os
e	
re
du
ct
io
n	
is
	

co
ns
id
er
ed
	n
ec
es
sa
ry
	–
		fr
om
	1
50
 m
g	
tw
ic
e	
da
ily
	

to
	1
00
 m
g	
tw
ic
e	
da
ily
.	A
ST
	a
nd
/o
r	A
LT
	v
al
ue
s	

to
 >
3 

× 
U
LN
	in
	c
on
ju
nc
tio
n	
w
ith
	a
n	
in
cr
ea
se
	o
f	

to
ta
l	b
ili
ru
bi
n	
to
	≥
2 

× 
U
LN
	a
nd
	A
LK
P 

<
 2
 ×
 U
LN
	

(H
y'

s l
aw
).	
U
nl
es
s	
th
er
e	
is
	a
n	
al
te
rn
at
iv
e	
ca
us
e	

es
ta

bl
is

he
d,

 p
er

m
an

en
tly

 d
is

co
nt

in
ue

.

O
si

m
er

tin
ib

a
–	

–	
If	
ad
ve
rs
e	
re
ac
tio
n	
im
pr
ov
es
	to
	g
ra
de
	0
–	2
	a
ft
er
	

w
ith
ho
ld
in
g	
fo
r	u
p	
to
	3
 w
ee
ks
	re
st
ar
t	a
t	t
he
	

sa
m
e	
do
se
	(8
0 
m
g)
	o
r	a
	lo
w
er
	d
os
e	
(4
0 
m
g)
.	

A
E	
th
at
	d
oe
s	
no
t	i
m
pr
ov
e	
to
	g
ra
de
	0
–	2
	a
ft
er
	

w
ith
ho
ld
in
g	
fo
r	u
p	
to
	3
 w
ee
ks
,	p
er
m
an
en
tly
	

di
sc

on
tin

ue
.

A
E	
im
pr
ov
es
	to
	g
ra
de
	0
–	2
	a
ft
er
	w
ith
ho
ld
in
g	
fo
r	u
p	

to
	3
 w
ee
ks
	re
st
ar
t	a
t	t
he
	s
am
e	
do
se
	(8
0 
m
g)
	o
r	a
	

lo
w
er
	d
os
e	
(4
0 
m
g)
.	A
E	
th
at
	d
oe
s	
no
t	i
m
pr
ov
e	
to
	

gr
ad
e	
0–
	2	
af
te
r	w
ith
ho
ld
in
g	
fo
r	u
p	
to
	3
 w
ee
ks
,	

pe
rm

an
en

tly
 d

is
co

nt
in

ue
.

Pa
lb

oc
ic

lib
a

N
o	
do
se
	a
dj
us
tm
en
t	i
s	

re
qu
ire
d.

N
o	
do
se
	a
dj
us
tm
en
t	i
s	
re
qu
ire
d.

W
ith
ho
ld
	u
nt
il	
sy
m
pt
om
s	
re
so
lv
e	
to
	g
ra
de
 ≤
1;
	

gr
ad
e ≤
2	
(if
	n
ot
	c
on
si
de
re
d	
a	
sa
fe
ty
	ri
sk
	fo
r	

th
e	
pa
tie
nt
).	
Re
su
m
e	
at
	th
e	
ne
xt
	lo
w
er
	d
os
e.

W
ith
ho
ld
	u
nt
il	
sy
m
pt
om
s	
re
so
lv
e	
to
	g
ra
de
 ≤
1;
	

gr
ad
e ≤
2	
(if
	n
ot
	c
on
si
de
re
d	
a	
sa
fe
ty
	ri
sk
	fo
r	t
he
	

pa
tie
nt
).	
Re
su
m
e	
at
	th
e	
ne
xt
	lo
w
er
	d
os
e.

Pa
zo
pa
ni
b

–	
C
on
tin
ue
	p
az
op
an
ib
	w
ith
	w
ee
kl
y	
m
on
ito
rin
g	

of
 li

ve
r f

un
ct

io
n 

un
til

 tr
an

sa
m

in
as

es
 

re
tu

rn
 to

 g
ra

de
 1

 o
r b

as
el

in
e.

In
te

rr
up

t u
nt

il 
tr

an
sa

m
in

as
es

 re
tu

rn
 to

 g
ra

de
 1

 
or

 b
as

el
in

e.
If 

th
e 

po
te

nt
ia

l b
en

ef
it 

of
 re

in
iti

at
in

g 
tr

ea
tm

en
t 

is
 c

on
si

de
re

d 
to

 o
ut

w
ei

gh
 th

e 
ris

k 
fo

r 
he

pa
to

to
xi

ci
ty

, t
he

n 
re

in
tr

od
uc

e 
at

 a
 re

du
ce

d 
do
se
	o
f	4
00
 m
g	
da
ily
	a
nd
	p
er
fo
rm
	s
er
um
	li
ve
r	

te
st
s	
w
ee
kl
y	
fo
r	8
 w
ee
ks
.	I
f	t
ra
ns
am
in
as
e	

el
ev

at
io

ns
 >
3 

× 
U
LN
	re
cu
r,	
th
en
	p
er
m
an
en
tly
	

di
sc

on
tin

ue
.

In
te

rr
up

t u
nt

il 
tr

an
sa

m
in

as
es

 re
tu

rn
 to

 g
ra

de
 1

 o
r 

ba
se

lin
e.

If 
th

e 
po

te
nt

ia
l b

en
ef

it 
of

 re
in

iti
at

in
g 

tr
ea

tm
en

t 
is

 c
on

si
de

re
d 

to
 o

ut
w

ei
gh

 th
e 

ris
k 

fo
r 

he
pa

to
to

xi
ci

ty
, t

he
n 

re
in

tr
od

uc
e 

at
 a

 re
du

ce
d 

do
se
	o
f	4
00
 m
g	
da
ily
	a
nd
	p
er
fo
rm
	s
er
um
	

liv
er
	te
st
s	
w
ee
kl
y	
fo
r	8
 w
ee
ks
.	T
ra
ns
am
in
as
e	

el
ev

at
io

ns
 >
3 

× 
U
LN
	re
cu
r,	
th
en
	p
er
m
an
en
tly
	

di
sc

on
tin

ue
. T

ra
ns

am
in

as
e 

el
ev

at
io

ns
 >
3 

× 
U
LN
	

co
nc

ur
re

nt
ly

 w
ith

 b
ili

ru
bi

n 
el

ev
at

io
ns

 >
2 

× 
U
LN
	

(H
y'

s l
aw
)	P
er
m
an
en
tly
	d
is
co
nt
in
ue
.
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PK
I

G
ra

de
 1

G
ra

de
 2

G
ra

de
 3

G
ra

de
 4

Pe
m

ig
at

in
ib

N
o	
do
se
	a
dj
us
tm
en
t.

N
o	
do
se
	a
dj
us
tm
en
t.

D
os

e 
of

 p
at

ie
nt

s 
w

ho
 a

re
 ta

ki
ng

 1
3.

5 
m

g 
on

ce
 

da
ily
	re
du
ce
	to
	9
	m
g	
on
ce
	d
ai
ly
.	D
os
e	
of
	

pa
tie
nt
s	
w
ho
	a
re
	ta
ki
ng
	9
	m
g	
on
ce
	d
ai
ly
	

re
du
ce
	to
	4
.5
	m
g	
on
ce
	d
ai
ly
.

D
os

e 
of

 p
at

ie
nt

s 
w

ho
 a

re
 ta

ki
ng

 1
3.

5 
m

g 
on

ce
 d

ai
ly

 
re
du
ce
	to
	9
	m
g	
on
ce
	d
ai
ly
.	D
os
e	
of
	p
at
ie
nt
s	
w
ho
	

ar
e	
ta
ki
ng
	9
	m
g	
on
ce
	d
ai
ly
	re
du
ce
	to
	4
.5
	m
g	
on
ce
	

da
ily

.

Po
na

tin
ib

–	
O
cc
ur
re
nc
e	
at
	4
5 
m
g:
	in
te
rr
up
te
d,
	m
on
ito
r	

he
pa
tic
	fu
nc
tio
n.
	R
es
um
e	
at
	3
0 
m
g	
af
te
r	

gr
ad
e ≤
1,
	o
r	b
as
el
in
e.
	O
cc
ur
re
nc
e	
at
	

30
 m
g:
	In
te
rr
up
te
d,
	re
su
m
ed
	a
t	1
5 
m
g	

af
te
r	g
ra
de
 ≤
1,
	o
r	b
as
el
in
e.
	O
cc
ur
re
nc
e	

at
	1
5 
m
g:
	d
is
co
nt
in
ue
.

O
cc
ur
re
nc
e	
at
	4
5 
m
g:
	in
te
rr
up
t,	
m
on
ito
r	h
ep
at
ic
	

fu
nc
tio
n.
	R
es
um
e	
at
	3
0 
m
g	
af
te
r	g
ra
de
 ≤
1,
	

or
	b
as
el
in
e.
	O
cc
ur
re
nc
e	
at
	3
0 
m
g:
	In
te
rr
up
t,	

re
su
m
e	
at
	1
5 
m
g	
af
te
r	g
ra
de
 ≤
1,
	o
r	b
as
el
in
e.
	

O
cc
ur
re
nc
e	
at
	1
5 
m
g:
	d
is
co
nt
in
ue
.

O
cc
ur
re
nc
e	
at
	4
5 
m
g:
	in
te
rr
up
te
d.
	m
on
ito
r	h
ep
at
ic
	

fu
nc
tio
n.
	re
su
m
e	
at
	3
0 
m
g	
af
te
r	g
ra
de
 ≤
1.
	o
r	

ba
se
lin
e.
	O
cc
ur
re
nc
e	
at
	3
0 
m
g:
	in
te
rr
up
t,	
re
su
m
e	

at
	1
5 
m
g	
af
te
r	g
ra
de
 ≤
1,
	o
r	b
as
el
in
e.
	O
cc
ur
re
nc
e	

at
	1
5 
m
g:
	d
is
co
nt
in
ue
.	E
le
va
tio
n	
of
	A
ST
	o
r	

A
LT
 ≥
 3
 ×
 U
LN
	c
on
cu
rr
en
t	w
ith
	a
n	
el
ev
at
io
n	
of
	

bi
lir

ub
in

 >
2 

× 
U
LN
	a
nd
	a
lk
al
in
e	
ph
os
ph
at
as
e	

<
2 

× 
U
LN
	(H

y'
s l

aw
)	d
is
co
nt
in
ue
.

Re
go

ra
fe

ni
b

C
on

tin
ue

 tr
ea

tm
en

t.
C
on
tin
ue
	tr
ea
tm
en
t.	
M
on
ito
r	l
iv
er
	fu
nc
tio
n	

w
ee
kl
y	
un
til
	g
ra
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with	caution	was	recommended	for	13	PKIs,	and	a	dose	reduction	was	
recommended	for	18	PKIs.	The	other	PKIs	(n =	21)	were	recommended	
not to be used in patients with severe hepatic impairment.

3.8.3  |  Treatment	modifications	and	alteration	
recommendations per common toxicity criteria grade

When	 hepatotoxicity	 occurs	 upon	 treatment	 with	 PKIs,	 different	
treatment recommendations per CTC grade were provided in the 
SmPCs (Table 4).	When	no	specific	guidance	for	hepatotoxicity	was	
given the general treatment modification per CTC grade is displayed. 
This	was	the	case	for	17	out	of	55	analyzed	SmPCs.

3.8.4  |  Hy's	Law

A	 recommendation	 for	 treating	 patients	meeting	Hy's	 law	 criteria	
(ALT	or	AST > 3 × upper	limit	of	normal	(ULN)	and	bilirubin > 2 × ULN)	
was	mentioned	in	15	out	of	55	analyzed	SmPCs	CTC	grade	4	in	pa-
rentheses in Table 4.	In	all	cases	of	Hy's	law,	treatment	discontinua-
tion was recommended.

4  |  DISCUSSION

This review provides an overview of the hepatotoxicity data and treat-
ment	guidance	across	SmPCs	of	antineoplastic	PKIs	approved	by	EMA	
until	September	2021.	Up	to	that	time,	EMA	has	approved	55	antineo-
plastic	PKIs,	of	which	over	40	antineoplastic	PKIs	since	Shah	et	al.	pub-
lished	their	article	on	FDA-	registered	PKIs	in	2013.1 This indicates the 
rapid development and the progress made in the field of antineoplastic 
PKIs	in	the	previous	years.	Severe	hepatotoxicity	was	reported	in	most	
of	 the	analyzed	PKI	SmPCs	and	EPARs.	AST	and	ALT	were	 the	most	
reported	 liver	 parameter.	 However,	 the	 incidence	 range	 of	 elevation	
for	these	parameters	was	wide.	Events	of	≥grade	4	hepatotoxicity	were	
mentioned	for	94%	(52	out	of	55)	of	the	analyzed	PKIs	in	the	SmPC	or	
EPAR.	Some	form	of	grade	3	or	4	hepatotoxicity	is	present	in	the	SmPC	
or	EPAR	for	all	assessed	PKIs.	The	aim	of	this	review	was	to	create	an	
overview of the hepatotoxicity and resulting treatment recommenda-
tions	 for	 PKIs	 reported	 in	 their	 SmPCs.	Missing,	 semiquantitative,	 or	
insufficient	SmPC	data	were	complemented	with	EPAR	data.	No	data	
from the original clinical study reports or scientific publications were 
used.	A	limitation	of	this	review	is	the	descriptive	indirect	comparison	of	
the	PKIs.	Data	from	the	assessed	PKIs	were	extracted	from	studies	that	
vary in study population and confounding hepatotoxicity factors such 
as liver metastasis, age, or underlying disease. Therefore, comparing the 
quantitative	data	based	on	indirect	study	comparisons	cannot	be	justi-
fied from both a clinical and scientific perspective. The clinical guidance 
was restricted to the SmPC guidance only as defined in the method 
section.	Therefore,	off-	label	guidance	has	not	been	taken	into	account.	
As	only	EMA-	approved	PKIs	have	been	 included	we	did	not	 analyze	
PKIs	which	have	been	withdrawn	or	 refused	and	were	not	granted	a	

marketing	authorization.	This	systematic	analysis	revealed	that	the	clini-
cal	guidance	for	hepatotoxicity	was	not	standardized	due	to	differences	
in study design. These findings can contribute to the design of future 
registration studies in which the clinical guidance in the study protocol 
for	hepatotoxicity	has	been	aligned	with	previously	authorized	PKIs.

5  |  CONCLUSION

Based on our overview, we found widespread incidence numbers for 
hepatotoxicity	parameters	for	PKIs	based	on	the	data	from	the	SmPC	
and	EPAR.	Differences	 in	 the	 degree	of	 hepatotoxicity	 for	 different	
PKIs	are	apparent	and	in	approximately	50%	of	SmPCs	and	EPARs	of	
the	analyzed	PKIs,	severe	hepatotoxic	events	following	treatment	are	
reported.	 Furthermore,	 although	 liver	 parameter	monitoring	 recom-
mendations	are	present	in	the	vast	majority	of	SmPCs	of	the	analyzed	
PKIs,	the	actual	clinical	guidance	for	hepatotoxicity	in	the	SmPC	is	not	
standardized.15–	98
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