Gastrointestinal toxicities of novel agents in cancer therapy

Amani Asnacios?, Sylvie Naveau®>°, Gabriel Perlemuter

a,b,c

“AP-HE, Hépital Antoine Béclere, Service d’hépato-gastroentérologie, Clamart, F-92140, France
bINSERM, U764, Institut Fédératif de Recherche 13, Clamart, F-92140, France
Univ Paris-Sud, Faculté de médecine Paris-Sud, Clamart, F-92140, France

Introduction

Cancer is the second cause of death in Western
countries and its incidence continues to increase.
There has also been increase in the elderly population
of patients with a good performance status for whom
a proposition of specific cancer treatment should be
made.

For the last 10 years, there has been a revolution
with regards to the development of novel agents
refered to as “targeted therapy”. Indeed, the better
understanding of mechanisms of oncogenesis has led
to the development of new anti-cancer molecules,
and many agents have been developed recently with
different sites of action.

However, these drugs can be responsible for gastro-
intestinal side effects, and particularly diarrhoea and
hepatotoxicity that can potentially limit their use.
We will describe herein pathophysiology, incidence,
clinical features and treatment of digestive and liver
toxicities for targeted therapies approved for clinical
practice. In this article, we will use the National Can-
cer Institute (NCI) grading system (Table 1). Table 2

summarizes incidence of diarrhoea, indications of
approved targeted therapy and the molecular targets.

Incidence, clinical pattern and pathophysiology of
diarrhoea

Anti-epidermal growth factor receptor (EGFR)
therapies

Two different anti-EGFR targeting strategies are cur-
rently available: monoclonal antibodies that target
the extracellular domain of the receptor, inhibiting
dimerisation and subsequent signal transduction, and
small molecule inhibitors of the intracellular phospho-
tyrosine kinase domain [1]. Monoclonal antibodies
are approved for the treatment of metastatic colorectal
cancer (MCRC) (cetuximab, panitumumab), and for
the treatment of head and neck cancer in the case of
cetuximab; the tyrosine kinase inhibitors (TKIs) are
used for the treatment of non-small cell lung cancer
(NSCLC) (gefitinib, erlotinib) and for pancreatic
cancer in the case of erlotinib.

Table 1

Common terminology criteria for adverse events (NCI-CTCAE)

Toxicity Grade 0 Grade 1 Grade 2 Grade 3 Grade 4

Diarrhoea None Increase <4 stools/d Increase 4—6 stools/day Increase >7 stools/day Physiologic consequences

over pre-treatment over pre-treatment or incontinence; or requiring intensive care;

need for parenteral or haemodynamic
support for dehydration collapse

AST and ALT None <2.5 ULN >2.5-5 ULN 5-20 ULN >20 ULN

Bilirubin None <1.5 ULN >1.5-3 ULN >3-10 ULN >10 ULN

Lipase None >1-1.5 ULN >1.5-2 ULN >2-5 ULN >5 ULN

Pancreatitis None - - abdominal pain with Complicated by shock

Haemorrhage/bleeding None  Mild without transfusion —
without grade 3 or 4

thrombocytopenia

pancreatic enzyme (acute circulatory failure)

elevation

Requiring transfusion ~ Catastrophic bleeding
requiring major

non-elective intervention
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Table 2
Incidence of diarrhoea from approved targeted therapies

Molecule Incidence of diarrhoea (%) Adm Target Disease Reference(s)
All grades Grade 3/4
Erlotinib 54 6 O EGFR NSCLC, Pancreatic cancer [2]
Gefitinib 40-60 6.8 (0] EGFR NSCLC [3]
Cetuximab 28 2 v EGFR Colorectal cancer [4,5]
+ irinotecan: 72% 22 Head and neck cancer
Panitumumab 21 1/0 v EGFR Colorectal cancer [6]
Trastuzumab 7 0 v HER2 Breast cancer [7]
Lapatinib 51 <10/<1 (6] EGFR/ HER2 Breast cancer [8]
Imatinib 45 1-5 (0] BCR-AbL, Kit, PDGFR CML, GIST [9,10]
Sunitinib 20 3/0 (0] BCR-AbI, Kit, PDGFR CML, GIST, renal carcinoma [11]
Nilotinib 10 2 (e} BCR-AbI, Kit, PDGFR CML [12]
Dasatinib 25-50 2-6 (6] Abl, Kit, PDGFR CML, acute lymphoblastic leukaemia [13]
Sorafenib 39-55 8/0 (6] RAF, VEGFR, PDGFR Renal carcinoma, hepatocellular [14-16]
carcinoma
Bevacizumab <10 0 v VEGF-A mCRC, breast cancer, renal carcinoma, [17,18]
NSCLC
Bortezomib 34-40 4-8/0 v Proteasome inhibitor Multiple myeloma [19]
Temsirolimus 27 1 v mTOR Renal carcinoma [20]

Adm: administration; O: orally; IV: intravenously; CML: chronic myelogenous leukaemia; GIST: gastrointestinal stromal tumour;

NSCLC: non-small cell lung cancer.

Diarrhoea occurs in about 20-28% of patients
undergoing anti-EGFR monoclonal antibody therapy
but is rarely severe: 1-2% of grade 3—4. The incidence
and severity of diarrhoea is higher with EGFR-TKIs
than with anti-EGFR monoclonal antibodies, which
have an incidence of 50—60% including 5% grade 3—4;
diarrhoea is a dose limiting toxicity for TKIs [21,22].

Diarrhoea related to erlotinib led to significantly
more dose-treatment reduction in comparison with
placebo (observed in 5% vs. 1% of patients, respec-
tively) in a phase III trial with NSCLC patients [23].
Diarrhoea appears frequently within the first 2 weeks
after treatment initiation [22]. Contrary to skin rash,
which is correlated to drug steady state concentra-
tion, diarrhoea appears correlated with dose and not
with plasma concentrations [24], suggesting a direct
effect of erlotinib on the gastrointestinal tract. This
hypothesis is also supported by the fact that oral small
molecule-TKIs are more frequently associated with
diarrhoea than monoclonal antibodies administered
intravenously. It is interesting to note that EGFR
is widely expressed in the normal colic mucosa in
which it regulates both chloride secretion and sodium
absorption by colonocytes [25-28]. Therefore, EGFR
inhibition can subsequently lead to secretory diar-
rhoea.

Epidermal growth factor (EGF) is also described to
be involved in the maintenance of mucosal integrity,

the stimulation of mucin production and the enhance-
ment of prostaglandin synthesis [29]. Inhibition of
EGFR might therefore lead to digestive lesions.

Some clinical characteristics were described to be
associated with the response to anti-EGFR TKIs
in patients with NSCLC: adenocarcinoma, women,
Asian ethnicity, and never-smoker status [3,30,31].
Diarrhoea related to drug toxicity was also correlated
in some studies with a clinical benefit and/or was
a predictive factor of tumour response to TKI [31].
Moreover, several molecular features of the tumour
such as activating EGFR mutation [32,33] or K-ras
mutation [1,34] were shown to be predictive factors of
response or non-response to treatment, respectively.

Somatic EGFR mutations in tumour cells are
significantly associated with response to gefitinib for
NSCLC; however they are not associated with the
incidence or the severity of drug toxicities including
diarrhoea [33].

EGFR intron 1 polymorphism mediates response
to EGFR inhibitors and is associated with skin
toxicity [35]. Cells with a lower number of CA single
sequence repeats in the intron 1 (CA-SSR 1) of EGFR
have a higher expression of EGFR protein and are
more sensitive to the inhibitory effects of erlotinib.
Correlation between CA-SSR1 polymorphism and
diarrhoea has not been explored. Nevertheless, as CA-
SSR1 is a germinal polymorphism, we can hypothetise
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that patients showing this polymorphism may have an
overexpression of EGFR in the gastrointestinal tract.

The —216G/T and —191C/A polymorphisms in the
EGFR promoter lead to a higher expression of EGFR
gene. These polymorphisms were associated with a
grade >2 diarrhoea, in a prospective study of 80
patients [24], suggesting a direct role of the EGFR
in the mechanism of diarrhoea. A polymorphism of
the drug transporter ABCG2 and of the CYP3A4 and
CYP3AS genes may modify the pharmacokinetics and
therefore the toxicities of the drug; the 141K-ABCG2
polymorphism is associated with a lower expression
and activity of ABCG2, and consequently a higher
accumulation of both gefitinib and erlotinib [36].
This 141K-ABCG2 polymorphism is correlated with
the incidence of diarrhoea in patients treated with
gefitinib [37]. However, in another study, there was
a correlation between ABCG2 polymorphisms and
erlotinib pharmacokinectics parameters but not with
diarrhoea. In this study, CYP 3A5*3G polymorphism,
leading to a lower expression of CYP3A5 and drug
accumulation, was marginally associated with any
grade diarrhoea [24].

Anti-HER?2 (ErbB2) therapies

Trastuzumab (Herceptin®) is a monoclonal anti-
body directed against HER2. Trastuzumab is rarely
associated with diarrhoea, with a total incidence of 7%
versus <1% in patients without treatment and without
any grade 3—4 toxicity [7].

Lapatinib is a dual anti-EGFR and anti
HER2 TKI (Tyverb® in France, Tykerb® in US)
approved for the treatment of metastatic breast cancer
overexpressing HER?2 in association with capecitabine.
Crown [8] pooled the results of eleven clinical trials
(phase I, II and III) concerning patients with meta-
static breast cancer treated with lapatinib to analyse
diarrhoea. Lapatinib was given at doses ranging from
1000 to 1500 mg/day as monotherapy (n=926), or in
combination with either capecitabine (n=198) or a
taxane (n=687). Overall, diarrhoea occurred in 55%
of lapatinib-treated patients versus 24% of controls.
All grade diarrhoea occurred in 51% of patients
treated with lapatinib alone, 65% in association with
capecitabine and 48% in association with taxane. Most
diarrhoea was grade 1-2; grade 3 occurred in 9% of
patients versus 4% in non-lapatinib treated patients
and grade 4 in less than 1% (in both groups).

Forty percent of patients treated with lapatinib ex-
perienced the first episode of diarrhoea within 6 days
after drug introduction for a median duration was of

7-9 days. Diarrhoea led to treatment discontinuation
in 2% of cases.

In a phase I trial of lapatinib, 42% of the 67 patients
experienced grade 1-2 diarrhoea while there were no
grade 4 incidents [38]. Diarrhoea was dose related
and not associated with serum concentration, again
suggesting a direct effect on gastrointestinal mucosa.
This could be due to the potential effect of lapatinib
on EGFR in normal mucosa but may also be due to
an effect on ErbB2 in colic mucosa. Indeed, ErbB2
and ErbB3 receptors mediates inhibition of calcium-
54ependent chloride secretion in colonic epithelial
cells [39] and ErbB2 is involved in maintenance of
the enteric nervous system [40,41].

Multi-targeted kinase inhibitors

Imatinib (Gleevec® or Glivec®). This orally bioavail-
able TKI and is associated with diarrhoea in about
40% of patients; diarrhoea is rarely severe, with
less than 5% of patients experiencing grade 3—4
diarrhoea [9,10,42]. Diarrhoea is related to drug
dose [28]. In gastrointestinal stromal tumour (GIST),
independent risk factors for diarrhoea were high
imatinib dose, female sex and the primary site of
gastrointestinal disease [43]. The mechanism remains
unknown, but one hypothesis is the inhibition of the
colonic pace-maker cell (Cajal cells) which are c-Kit
positive [28,44].

Sunitinib (Sutent®) Diarrhoea is observed in about
20% of treated patients including 3% with grade 3 but
no grade 4 diarrhoea [11].

Sorafenib (Nexavar®) was initially developed as
a serine/threonine kinase inhibitor of raf-1. It also
inhibits vascular endothelial growth factor receptor
(VEGFR), platelet-derived growth factor receptor
(PDGFR), c¢-KIT and Fms-like tyrosine kinase-3
(F1t-3). It is approved for the treatment of renal
carcinoma [14] and hepatocellular carcinoma [15]. In
a phase III trial including 602 patients comparing
sorafenib with placebo for advanced hepatocellular
carcinoma, the main adverse effect was diarrhoea
which occurred in 39% of patients versus 11% in
the placebo arm. Diarrhoea was generally mild, with
8% grade 3 and no grade 4. Diarrhoea was the most
frequent adverse event that led to dose reduction
(8% of cases) [15]: diarrhoea often occurs within
the first week of administration and appeared to be
dose dependent [28]. Interestingly, diarrhoea together
with skin toxicity were significantly associated with
increased time to progression in a pooled analysis of
sorafenib in solid tumours [45].
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Nilotinib (Tasigna®) is a multi-target (BCR-
Abl, KIT, PDGFR) TKI approved for the treat-
ment of imatinib-refractory or intolerant Philadel-
phia Chromosome-positive chronic myeloid leukaemia
(CML) patients. In a phase I trial, no grade 3—4
diarrhoea occurred [12]. In a phase II trial, nilotinib-
related diarrhoea was observed in less than 10%
patients with only 1% grade 3—4 [46].

Dasatinib (Sprycel®) caused all grades of diarrhoea
in about 50% of patients, including 6% of grade 3—4.
However, diarrhoea was not a dose-limiting toxic-

ity [13].

Anti-angiogenic therapies

The oral TKIs sunitinib and sorafenib have been
described above.

The anti-vascular endothelial growth factor (VEGF)
monoclonal anti-body, bevacizumab is approved for
the treatment of metastatic CRC, breast carcinoma,
renal cancer and NSCLC. In a phase I safety trial,
moderate diarrhoea occurred in only 12% of patients
with no grade 3 or 4 diarrhoea [17]. The association
with chemotherapy did not lead to a significant in-
crease of incidence or severity of diarrhoea [18,47].

Others

Temsirolimus (Torisel®) frequently causes diarrhoea
in a phase III trial, occurring in 27% of patients with
less than 1% of patients experiencing grade 3—4 diar-
rhoea. In an animal model, a high dose of rapamycin
was responsible for a reduced intestinal surface area
leading to a malabsorption of lipids [48].
Bortezomib (Velcade®) is a proteasome inhibitor
used to treat multiple myeloma. Incidence of all grade
diarrhoea was about 30-40% in phase II/III trials of
bortezomib alone or in combination with chemother-
apy; grade 3 diarrhoea occurred in 4—8% of patients,
but no patient developed grade 4 diarrhoea [19,49].
Diarrhoea is reported as watery, with no bleeding,
and associated with mild to moderate abdominal pain
and cramps. Symptoms occur within the first 12—18h
after infusion initiation, and lasts for 1-2 days [28].

Management of diarrhoea in patients undergoing
targeted therapy

As described above, little is known about the pre-
cise mechanisms of diarrhoea. Therefore, treatment
remains empirical. It is important to exclude another
cause of diarrhoea to avoid inappropriate treatment
discontinuation. Medical anamnesis should check for

laxative treatment, a concomitant intake of treatment
promoting diarrhoea, such as magnesium-containing
anti-acids, false diarrhoea of constipated patients or
a past history of gastrointestinal tract surgery (at risk
of swarm). If necessary, particularly in the case of
antibiotics administration within the last 3 months, a
stool examination should be carried out to look for
Clostridium or another infection [44].

Patients should be informed about the risk of
diarrhoea due to targeted therapy and given hygienic
and dietetic advice, such as the increase of fluid intake
and a fibre-poor diet.

In most patients, diarrhoea resolves with conven-
tional approaches, without dose modification [8]. It
can be useful to rapidly start loperamide treatment
with the classic administration of two 2mg tablets
after the first occurrence of diarrhoea followed by one
tablet after consecutive episodes every 4h [11,28,50].
Such a prescription should be systematically given to
patients undergoing targeted therapy.

In a minority of patients (<5% of cases), but
particularly with orally administered small molecules,
dose modification or treatment discontinuation is nec-
essary [15,43]. The combination of cholestyramine
and loperamide treatment can be efficient [28].

Octreotide acetate and long-acting formulations
have been shown to be effective in the control
of chemotherapy-induced diarrhoea [51,52]. However,
no trial has confirmed efficacy of octreotide in
diarrhoea related to targeted therapy. If diarrhoea
does not respond to limited intervariations, a dose
of 0.5mg subcutaneously (s.c.) of octreotide acetate
every 8h for 48-96h may be recommended when
diarrhoea is resistant to loperamide. Octreotide should
be discontinued within 24 hours after the resolution of
diarrhoea [51].

Budesonide is a topically active steroid with high
activity in inflammatory bowel disease. Budesonide is
administered orally and has a 90% first pass effect
in the liver leading to a low systemic availability.
It was shown to be efficient in chemotherapy-related
diarrhoea if there was no response to loperamide [44].
There is no available trial studying its effect in case
of loperamide-resistant diarrhoea induced by targeted
therapy.

In a minority of patients, diarrhoea is severe
(responsible for dehydration, renal insufficiency or
electrolyte imbalances or associated with fever and/or
grade 3—4 neutropenia). In such patients, there is a
need for hospitalisation for evaluation, intravenous
fluid administration and electrolyte correction and/or
antibiotics. Treatment with targeted agents must be
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discontinued. If necessary, treatment might be reintro-
duced at lower doses after recovery and under medical
supervision.

Gastrointestinal bleeding, gastrointestinal perforation
and wound-healing problems

Bleeding is a recognised side effect of anti-angiogen-
esic therapy and in a phase II trial, haemorrhage was
identified as a possible side-effect of bevacizumab
treatment [53]. However, a phase III randomized
trial enrolling 813 patients with previously untreated
mCRC showed that grade 3—4 bleeding from any
cause was similar in the two groups of patients
irrespective of bevacizumab administration. Neverthe-
less, all three cases of grade 4 bleeding were in
the irinotecan—5-fluorouracil-leucovorin (IFL) + beva-
cizumab group [18]. This was confirmed in another
phase III trial including 462 patients with metastatic
breast cancer; there was no grade 4 haemorrhage and
no significant differences for serious bleeding between
patients given bevacizumab or not [47].

In a phase III trial including 842 patients with
advanced NSCLC, there was a significant increase of
grade 3-5 all-cause bleeding in the case of addition
of bevacizumab to paclitaxel and carboplatin (0.7%
versus 4.4%). However, bleeding was due to an
increase in haemoptysis and not to gastrointestinal
bleeding [54], suggesting that bleeding is related to
the tumour itself.

Grade-3 digestive ulceration with bleeding within
the radiotherapy field has also been reported [55]. No
mechanism was proposed and it was concluded that
bevacizumab is generally safe in this population. Acute
gastrointestinal toxicity now seems to be lower than
previously reported and is easily manageable.

The oral anti-VEGFR-TKI sorafenib was not asso-
ciated with digestive haemorrhage or variceal bleeding
in cirrhotic patients treated for hepatocellular car-
cinoma in a randomised trial versus placebo which
included 602 patients [15].

Imatinib, at a high dose of 800mg/d was re-
sponsible for digestive haemorrhage-related death in
four patients which represented approximately 45% of
possible drug-related deaths [56]. Pathophysiology is
unknown.

Gastrointestinal perforation was observed in six
patients (1.5%) included in the IFL+ bevacizumab
arm of a phase III randomised trial of first-line
treatment in mCRC [18]. Colon surgery within the
previous 2 months in two patients and peptic-ulcer
disease in one patient were factors of gastrointestinal
perforation. Of the six patients with a perforation,

three had a confirmed complete or partial response
to IFL+ bevacizumab. Incidence of gastrointestinal
perforation is higher in case of untreated primary colic
cancer [28].

Bevacizumab is also associated with wound-healing
complications in about 2—4.5% of patients who had
surgery after treatment initiation [29,54]. A period
of 5-6 weeks free from bevacizumab treatment is
recommended before and after surgery to avoid
bleeding and wound-healing complications.

Targeted therapy and hepatic toxicity
Kit and PDGFR inhibitors

Imatinib

In clinical trials, severe hepatotoxicity occurs in less
than 5% of patients [57—60]. Hepatotoxicity is the
second major cause of dose reduction or treatment
discontinuation.

To date, a total of 24 case reports of severe hepatitis-
induced by imatinib have been published [58,61—
77]. Among them, five were fatal [58,62,72,73,77].
Seventy-four percent of patients with liver toxicity
were women with a median age of 57 years (range
18—79 years). Imatinib was administered for CML
in 87% of cases (two patients had GIST and one
was treated for polycythemia vera). Median delay
between treatment initiation and liver injury was
22 weeks (range 1.7-104 weeks). Fifty percent of
patients showed non-specific symptoms such as as-
thenia or anorexia. In these cases, aminotransferase
levels were higher than 10-fold the upper limit
of normal (ULN) [74]. Toxicity was attributed to
imatinib after elimination of other causes (e.g. viral,
immune, haemochromatosis, vascular liver or biliary
injury) and in some cases by its recurrence after re-
administration of imatinib [63,65,70,71]. After treat-
ment discontinuation, evolution was often benign with
normalisation of liver tests in 7 weeks (range 2-20
weeks). However, fatal liver injury occurred in five
patients; two of these patients were concomitantly
treated by acetaminophen (one patient took less than
1 g per day after the beginning of symptoms) and
one patient had a hepatitis B virus infection but
without evidence of recurrence [77]. Liver pathology
(on explanted liver or sample) was available for 14
patients. In most patients, lesions showed necrotic
hepatitis associated with a non-specific inflammatory
infiltrate; patients with fulminant hepatitis had a
massive viral hepatitis-like necrosis compatible with
an inflammatory idiosyncratic mechanism [63,64,71].
In other patients, eosinophils were found in the
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inflammatory infiltrate [76]; interface hepatitis and
bridging necrosis similar to that observed in auto-
immune hepatitis and suggestive of an immuno-
allergic mechanism has also been described [69]. In
one case, massive hepatocellular necrosis was associ-
ated with micro-thrombi in hepatic vessels suggesting
that liver injury was related to an increase of the pro-
thrombotic potential of the polycythemia vera [62].

Little is known about the mechanisms of liver
toxicity but imatinib is metabolised by cytochrome
P450. Therefore, an increase in toxic metabolites is
possible in cases where there is use of enzymatic
inducers (like alcohol [66] or roxythromycin [63]).
An idiosyncratic mechanism was therefore largely evo-
cated. However, an immuno-allergic mechanism was
probable in at least three patients, with the presence of
hypersensitivity manifestations such as eosinophilia,
cytopenia [61,67,76], presence of eosinophils at liver
pathology, and presence of auto-antibodies in serum:
antinuclear, anti-cytosol 1 with an increase of gamma-
globulin [66,69].

Liver tests and prothrombin time should be per-
formed before initiation of imatinib and then weekly
or twice a month in the first month and then monthly
thereafter or in case of symptoms. Treatment has
to be withdrawn in cases of grade-3 hepatotoxicity.
Some authors have re-introduced imatinib at slowly
increasing doses together with prednisone without
recurrence of liver injury [67,70,74,78]. Among them,
some patients experienced recurrence of liver toxicity
when imatinib was re-introduced before steroid ad-
ministration. One should be cautious in case of use
of enzymatic inducers; the patient should be informed
to avoid excess alcohol and auto-medication. Of note,
there is a risk of a decreased concentration of the drug
if enzymatic inhibitors are used.

Sunitinib
Sunitinib hepatotoxicity is not clear. In clinical trials,
hepatotoxicity was reported in less than 1% of
patients: two patients died with liver injury but had
hepatic metastasis. Liver samples were not available
rendering the evaluation of the mechanism and the
relationship with the drug difficult. Mueller and
colleagues reported a case of fatal fulminant hepatitis
after 5 months of treatment in a 75-year old woman
with metastatic renal cancer [79]. The use of the
Naranjo adverse drug reaction probability scale [80]
indicated a possible relationship between sunitinib and
hepatotoxicity.

It is important to note the possibility of a drug-drug
interaction with letrozole; both treatments undergo
hepatic metabolism by cytochrome P450 isoenzyme

3A4; however, neither agent appears to be a strong
inhibitor of this isoenzyme.

Given the lack of formal recommendations for
hepatic monitoring during sunitinib therapy and phar-
macokinetic similarities with imatinib, baseline and
monthly monitoring of liver tests is a reasonable
recommendation [79]. Association with enzymatic
inhibitors must be used with caution.

No cross-over toxicity was reported in case of
treatment with sunitinib after imatinib-induced hepa-
totoxicity [71].

Anti-EGFR tyrosine kinase inhibitors therapies

Gefitinib

In four phase I trials with gefitinib, hepatotoxicity
was a dose limiting toxicity as was diarrhoea [22,
81-83]. In the IDEAL1 trial [3], 2% of patients
experienced grade 3—4 hepatotoxicity that needed
treatment discontinuation. Ho and colleagues reported
a case of severe cytolytic hepatitis with gefitinib [84].
This toxicity was dose-54ependent. Moreover, max-
imum concentration (Cmax) and area under the
curve (AUC) depend on the number of consecutive
days of gefitinib administration [22]. Therefore, Seki
and colleagues [81] administered a classical dose of
250mg but spaced it by 5 days in two patients
with a tumour response but with grade-3 cytolytic
hepatitis. While initial re-challenge was impossible
when given daily, they did not observe any recurrence
of cytolysis with this spaced schedule and obtained
objective response or disease stabilisation in these two
patients.

Erlotinib

In clinical trials, dose-limiting toxicities were re-
lated to diarrhoea, skin rash or fatigue, but not to
hepatotoxicity. A maximum of grade-2 liver toxicity
was observed in fewer than 4% of patients. A case
of a grade-3 aminotransferase level increment in a
patient treated by erlotinib monotherapy for pancreatic
carcinoma was also reported [85]. Of note, erlotinib is
metabolised by the cytochrome pathway.

Anti-HER? therapies

To date, trastuzumab-induced hepatotoxicity has
not been reported in any trial. However, a
case report concerning a 54-year old woman with
grade-4 hepatotoxicity related to trastuzumab has been
reported [86]. The mechanism of hepatic injury is
unclear.

CP-724,714 a reversible, highly selective oral
HER-2-TKI was accompanied, in a phase I trial, by
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Table 3

Recommendations of tests according to treatment

Liver tests

Lipase if abdominal pain

WO W1 to W4

Every M

Imatinib + +
Sunitinib ~ +
Lapatinib ~ +
Sorafenib

Nilotinib

W: week; M: Month

a dose-limiting hepatotoxicity in nearly 30% of the
patients; 10% of patients had grade 3 hepatotoxic-
ity [87]. The cytolytic and cholestatic toxicities were
drug-related and prohibited further dose escalation
beyond the 250 mg dose. Patients were better able to
tolerate the 250 mg thrice daily dosing but unable to
tolerate higher doses (400 mg twice daily), suggesting
that peak levels rather than cumulative exposure
determine the observed liver toxicity.

Lapatinib

Lapatinib hepatotoxicity is rare and reversible. In
the GlaxoSmithKline’s worldwide safety database 39
cases of hepatotoxicity were identified. Among them,
38.5% were receiving lapatinib monotherapy [88].
The majority of cases were from clinical trials, which
yielded a crude incidence of 0.4% for hepatobiliary
events in the entire lapatinib programme while seven
cases of hepatotoxicity were from other sources.
There have been 13 reports of death due to liver-
related events. However, due to these patients’ medical
conditions and underlying cancer, it is difficult to
ascertain lapatinib’s role. It is advised to monitor
liver function before initiating treatment and monthly
thereafter or as clinically indicated. Lapatinib should
be discontinued and not restarted in patients with
severe changes in liver function. Caution should be
taken in cases involving the use of CYP3A4 inducers.

Anti-VEGF monoclonal antibody bevacizumab

No significant hepatotoxicity was reported in a phase I
trial with bevacizumab [17]. A possible case of
bevacizumab-related sclerosing cholangitis in a 65-
year old Caucasian patient has been reported [89].
The patient received 2 months of bevacizumab as
neo-adjuvant therapy before liver resection for two
synchronous liver metastases of colon cancer. A liver
biopsy performed in the third postoperative week when
the bilirubin reached a plateau showed cholestatic
hepatitis with marked ductopenia with segmental

neutrophilic cholangitis but mainly fibrous cholangitis
and periductal fibrosis. Obstructive arteriopathy and
venopathy were found in many small portal vessels
suggestive of organisation of occlusive thrombi. The
resected liver specimen showed a mild cholestatic pat-
tern with focal periductal fibrosis and small peribiliary
arterial and portal thrombosis [89].

A possible mechanism involves a decrease of
endothelial cell repair capacity related to VEGF
inhibition [89].

Of note, in a retrospective study with 105 patients,
bevacizumab appeared to improve pathologic response
and to protect against hepatic injury in patients treated
with oxaliplatin-based chemotherapy for colorectal
liver metastases [90]. Oxaliplatin is indeed known to
be responsible for sinusoidal obstruction syndrome
(SOS) [91,92].

In conclusion, little is known about the mechanisms
of hepatotoxicity due to targeted agents and manage-
ment is often empirical. One should be cautious with
the use of enzymatic inducers or inhibitors together
with agents metabolised by the cytochrome pathway
(e.g. imatinib, gefitinib, erlotinib). Hepatic function
tests should be performed regularly (Table 3). In
case of liver dysfunction, other aetiologies should be
ruled out and the use of the adverse drug reaction
probability scale will help to evaluate the relationship
between drug and hepatotoxicity. A declaration to the
pharmacovigilance agency should be made.

Some authors have proposed the reintroduction of
imatinib together with corticosteroids; others suggest
to modify the schema of treatment administration.

Elevation of pancreatic enzymes

Elevation of lipase can be observed with the small
oral multi-targeted therapies sorafenib, sunitinib and
nilotinib. Lipase increase or pancreatitis is rarely
described with anti-EGFR, or anti-VEGF monoclonal



Gastrointestinal toxicities of novel agents in cancer therapy 339

antibodies. It occurs in less than 5% of patients treated
by the combination of erlotinib and gemcitabine
for pancreatic cancer. Lipase increase has not been
reported in patients treated by erlotinib alone in
NSCLC [2]. In a trial studying bevacizumab together
with cyclophosphamide in 15 heavily pre-treated
patients with recurrent ovarian cancer, one patient
presented grade-3 pancreatitis [93].

In a non-randomised trial studying sunitinib in
106 patients with renal cell carcinoma, an increase of
lipase without clinical symptoms was observed in 28%
of cases [11].

In phase I/Il studies, a grade 3 lipase increase
was observed in 18% of patients receiving nilotinib.
Treatment was discontinued in one patient for pan-
creatitis; of note, this patient had a past history of
pancreatitis [12,46].

In a non-randomised phase II trial investigating so-
rafenib in 129 patients with advanced renal cell carci-
noma, an increase in lipase was the most frequent any-
grade drug-related adverse event with an incidence of
56%. Although 30% of patients had grade 3/4 elevated
lipase, no patient developed clinical pancreatitis [94].
However, in a phase I trial, among 69 patients with
advanced refractory tumours treated with sorafenib,
three patients (4%) experienced grade-3 pancreatitis.
Pancreatitis occurred in the 3—6 weeks after treatment
introduction and did not appear to be dose-54ependent.
Patients recovered after discontinuing treatment within
2 weeks [16].

In a randomised trial comparing sorafenib versus
placebo in hepatocellular carcinoma, there was no
significant difference between the two groups for all
grade increase of lipase and also for grade 3—4 [15].

The mechanism underlying this lipase increase is
unknown; no sign suggesting an immuno-allergic
mechanism, such as hyper-eosinophilia, was reported.
An ischaemia of the pancreas was hypothesised [95].

In conclusion, elevated lipase is frequently observed
with sunitinib, nilotinib and sorafenib, but it is rarely
associated with clinical pancreatitis. Lipase increase
is not dose-dependent and the pathophysiology is
unknown. It is important to search for pancreatitis
in patients with abdominal pain undergoing these
treatments (Table 3). Caution should be taken in case
of a past medical history of pancreatitis.

Conclusion

Novel agents are revolutionising the treatment of
cancer. Several toxic effects are associated with these
new drugs including gastrointestinal adverse effects.

These effects must be considered with caution as they
can lead to a poor compliance, a decrease of drug
intake and even discontinuation of treatment leading
to compromised cancer control. Investigations are
warranted to determine the precise pathophysiologic
mechanisms of these side effects to improve efficacy
and tolerance of treatment. Knowledge of these
mechanisms may also lead to an adaptation of drug
dosage to the individual patient.
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