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Abstract Non-small-cell lung cancer (NSCLC) and pancreatic cancer represent two

major causes of cancer-related morbidity and mortality worldwide. Con-
ventional cytotoxic agents seem to have reached a therapeutic plateau in the
last decade but prognosis remains dismal for both tumour types.

Recent advances in molecular biology have allowed the development of
novel molecular agents that target specific pathways implicated in the process
of neoplastic transformation. Epidermal growth factor receptor (EGFR) re-
presents an appealing therapeutic target in both malignancies and a number
of EGFR-targeting agents have recently been approved for the first- or
second-line treatment of locally advanced, recurrent or metastatic disease.

Erlotinib, an orally administered EGFR tyrosine kinase inhibitor has re-
cently received approval by both the US FDA and the European Medicines
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Agency (EMA) for the treatment of advanced NSCLC after chemotherapy
failure and in combination with gemcitabine for the treatment of advanced
pancreatic cancer, on the basis of large, randomized, phase III trials that
demonstrated survival benefit over standard therapy or best supportive care.
Erlotinib toxicity, as reported in these trials, seems to be modest, with the
most prevalent adverse events being fatigue, acneiform rash and diarrhoea.
However, recent pharmacovigilance reports, as well as sporadic case reports
from the literature, raise concern of some serious adverse events, including
pulmonary toxicity, sepsis and some rare cases of treatment-related deaths.

In the current review, we present an evidence-based summary of the ben-
efits and risks associated with erlotinib treatment in both advanced NSCLC
and pancreatic cancer. Evidence for survival benefit in each of the drug’s
indications is provided, and treatment-related risks and costs are discussed.
Finally, synthetic evaluation of the benefit-risk equilibrium is attempted, in
order to help clinicians put this drug into perspective.

Lung cancer remains the most common and
most lethal human malignancy, accounting for
approximately 1.1 million deaths annually world-
wide.l"! Histologically, almost all types of lung
cancer are of epithelial origin and include two
main subtypes: small-cell lung cancer (SCLC)
and non-small-cell lung cancer (NSCLC), which
account for 15% and 85% of all cases diagnosed
in the US annually, respectively.[?! Despite incre-
mental improvements in lung cancer therapeutics,
including radical surgical resection, radiotherapy
and platinum-based chemotherapy, overall prog-
nosis remains dismal, with overall 5-year survival
rates of about 15% in the US.P]

Pancreatic cancer is the fourth leading cause of
cancer death, with an estimated 43 000 new cases
and 37000 deaths reported in 2010 in the US.[
The cytotoxic antimetabolite gemcitabine became
the standard treatment for advanced disease 10 years
ago, after showing superiority over fluorouracil,
and no other agent has been shown to improve
survival when compared with gemcitabine.[™

1. Molecular Targeted Therapy

Systemic cancer treatment seems to be entering
a new and exciting era, characterized by a more
‘sophisticated’ selection of therapeutic targets,
leading to the development of more ‘intelligent’,
carefully selected drugs, specifically aimed at those
targets. This approach is referred to as molecular
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targeted therapy, which, by definition, includes
every specific treatment strategy directed against
well defined molecular targets considered to be
involved in the process of neoplastic transforma-
tion. Consequently, every pharmaceutical molecule
aiming at a well defined molecular target im-
plicated in the process of carcinogenesis may be
considered as a molecular targeted agent (MTA).[!

Erlotinib (Tarceva®; Genentech, South San
Francisco, CA, USA) is a new MTA currently
indicated in the treatment of advanced NSCLC
and pancreatic cancer.>® Despite its proven clin-
ical efficacy in these indications, cases of serious
adverse events, including rare cases of toxic death
that may be associated with the drug, have been
consistently reported.>-%°1 Given the fact that
erlotinib is currently in wide clinical use and that
a plethora of clinical protocols are evaluating the
drug’s activity against numerous other types of
human malignancies, there is increasing concern
from the scientific community for its expanding use.

In the current review, we aimed to report all
the available data on the benefits and risks of this
agent in the treatment of advanced NSCLC and
pancreatic cancer. For this purpose, we provide
an overview of the benefits of erlotinib treatment
in relation to the seriousness of these diseases,
and a summary of reported adverse drug events,
and we attempt a synthesis of the benefit-versus-
risk assessment, which would help clinicians put
this agent into perspective.

Drug Saf 2011; 34 (3)
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2. Search Methodology

We performed a computerized literature search
using the following search terms: ‘erlotinib’ AND
(‘non small-cell lung cancer’ OR ‘pancreatic’)
AND (‘benefit” OR ‘adverse drug reaction” OR
‘toxicity’). The search was performed using
OvidWeb (Ovid Technologies Inc., New York, NY,
USA) in four databases: MEDLINE, EMBASE,
Scopus and Google™ Scholar (including Co-
chrane Database), with results limited to human
studies and the English or French language. Per-
forming this search on 14 February 2010, we
obtained 351 entries. The majority of these results
were ‘false positive’; in most cases they evaluated
erlotinib in preclinical models, did not report on
the clinical benefit and toxicity of the drug, or
reviewed/commented on results from other stud-
ies. Data were thus manually and independently
reviewed by the two authors in order to limit risks
of selection bias, and we obtained 55 clinical stud-
ies reporting safety and/or efficacy data on the
use of erlotinib in NSCLC or pancreatic cancer.
During this process, we identified several editor-
ials and reviews on related subjects. The manual
verification of bibliographies from these literature
reviews uncovered 13 additional clinical trials
related to erlotinib treatment in both settings.
The relevant papers were reviewed and summa-
rized, and the studies were categorized according
to the disease indication (NSCLC, pancreatic can-
cer) and the line of treatment (adjuvant, second-
line monotherapy, first-line monotherapy, in
combination with chemotherapy and in the
maintenance setting).

3. Erlotinib

3.1 Mechanism of Action

Recent advances in molecular biology have
elucidated the role of proliferative signals in the
acquisition of a malignant phenotype by the res-
piratory epithelial cell. This signalling cascade
can be segregated into three distinct but inter-
locking phases. The upstream phase consists of
the interaction of growth factors or ligands and
the associated membrane receptors through the
complementary extracellular binding domain.
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This leads to receptor homo- or heterodimeriza-
tion and subsequent conformational changes that
trigger the activation of the protein kinase activity
located in the intracellular domain. These en-
zymes catalyse the covalent attachment of phos-
phate groups to amino acids (serine, threonine
or tyrosine) of cytoplasmic proteins resulting in
activation or inactivation, thus facilitating the
transduction of the signal from the cell mem-
brane to the nucleus.!”)

Epidermal growth factor receptor (EGFR;
ErbB1) is a member of the family of tyrosine kinase
(TK) receptors called ERBB, which also includes
ErbB2 (also known as HER2/neu), ErbB3 (HER3)
and ErbB4 (HER4). EGFR is a transmembrane
glycoprotein that consists of an intracellular domain
with TK activity, a transmembrane lipophilic
domain and an extracellular portion that is re-
sponsible for the binding of ligands (e.g. epi-
dermal growth factor). EGFR is encoded by a
gene located on the short arm of chromosome 7
and, specifically, in the 7p12.1-12.3 region consist-
ing of 26 exons. Exons 1-14 code for the extra-
cellular portion, exon 15 for the transmembrane
and exons 16-20 for the intracellular domains of
the receptor.[!]

EGFR is expressed in a number of solid tu-
mours, including colorectal cancer, head and neck
cancer and lung cancer.[' EGFR and HER?2 are
overexpressed in approximately 70% and 30% of
NSCLC cases, respectively, but they are rarely
expressed in SCLC.I'!lI The crucial role of the
EGFR pathway in NSCLC tumorigenesis ren-
ders it an appealing target for the development of
targeted anticancer agents. The two main cate-
gories of MTAs against EGFR are (a) monoclo-
nal antibodies (MoAbs) against the receptor and
(b) TK inhibitors (TKIs). Abnormal TK activity
may result from receptor overexpression, in-
creased ligand availability or constitutive activa-
tion of the enzyme through mutation in the gene
sequences of the receptor itself.l'!]

3.2 Current Indications

Erlotinib is an oral drug administered at a daily
150 mg dosage until disease progression or un-
acceptable toxicity occurs. With an accumulating

Drug Saf 2011; 34 (3)
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experience of more than 4 years of clinical use
and more than 50000 patients having received
the drug, erlotinib is currently implemented in
everyday clinical practice, and its efficacy as well
as its toxicity profile are well documented.[!]
There is an increasing amount of data outlining
the role of EGFR mutations in predicting the
benefit of EGFR TKI treatment in NSCLC.
Numerous studies have shown that lung cancers
harbouring EGFR activating mutations are re-
markably sensitive to erlotinib and gefitinib.['3-13]
EGFR gene amplification also appears to be asso-
ciated with improved survival outcomes, whereas
no clear association has been found between
EGFR overexpression and response to EGFR
TKIs. V-Ki-ras2 Kirsten rat sarcoma viral onco-
gene (KRAS) and EGFR mutations are mutually
exclusive in NSCLC. Patients harbouring muta-
tions of KRAS seem to be resistant to EGFR
TKI therapy.['4

Gefitinib (Iressa®; AstraZeneca, Wilmington,
DE, USA) was recently approved in the first-line
setting of EGFR-mutant NSCLC. The IPASS
(Iressa Pan-Asia Study) study, an open-label,
phase III trial, showed that gefitinib significantly
improved progression-free survival (PFS) versus
a platinum-based doublet in patients harbour-
ing EGFR mutations.I'3! Gefitinib had already
been the first agent to receive both US FDA and
European Medicines Agency (EMA) approval in
November 2004 and October 2005, respectively,
for the treatment of chemotherapy-resistant
patients with advanced NSCLC.[

4. Benefit Assessment of Erlotinib in
Non-Small-Cell Lung Cancer (NSCLC)

4.1 Erlotinib as Monotherapy in Second-Line
Treatment

Erlotinib has dose-dependent pharmacokinetics
and daily dosing does not result in drug accumu-
lation. A dosage of 150 mg/day was determined to
be the maximum tolerated dose at which biolo-
gically relevant plasma levels were achieved and
this was the dosage that was recommended for
phase 11 trials.['% After the encouraging results of
phase II studies using erlotinib as salvage treat-
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ment in advanced NSCLC,!'7! the drug was
evaluated in a large, randomized, phase III trial
as second- and third-line treatment of NSCLC. In
the hallmark BR.21 trial conducted by the Na-
tional Cancer Institute of Canada Clinical Trials
Collaborative Group,[® 731 patients with stage
ITIB or IV NSCLC were randomized to receive
erlotinib or placebo. Patients in the experimental
arm had a response rate of 8.9% compared with
<1% in the placebo group (p<0.001); median
PFS was 2.2 months and 1.8 months (hazard ratio
[HR] 0.61, adjusted for stratification categories;
p<0.001) and median overall survival (OS) was
6.7 months and 4.7 months (HR 0.70; p<0.001),
in the erlotinib and placebo arms, respectively.[]
Despite the modest absolute gain in OS (2 months),
the study demonstrated a 30% reduction in the
risk of death in this heavily pre-treated group of
patients. On the basis of these results, erlotinib
received both FDA and EMA approval in No-
vember 2004 and October 2005, respectively, for
the treatment of chemotherapy-resistant patients
with advanced NSCLC.

4.2 Erlofinib in First-Line Treatment

Based on the positive results achieved with
EGFR-TKIs in the second- and third-line ther-
apy settings, these agents were studied as first-
line therapy in advanced NSCLC. It was noticed
that in all erlotinib studies, patients with certain
characteristics (never or light smokers, female
patients, Asian descent, adenocarcinoma histol-
ogy) had high response rates to treatment.[!8]
Moreover, it became apparent that the efficacy of
EGFR-TKIs in these patients could be, at least
partially, attributed to the presence of EGFR acti-
vating mutations.l"”) There are ongoing first-line
trials of erlotinib monotherapy in previously un-
treated patients, such as the phase III EURTAC
(European Randomized Trial of Tarceva vs Chemo-
therapy) trial, that plans to compare outcomes
with erlotinib monotherapy versus those with
chemotherapy in chemotherapy-naive patients
harbouring EGFR mutations.[?%-21]

A combination strategy with cytotoxic chemo-
therapy was pursued in the first-line treatment
setting with no success. The TALENT (Tarceva

Drug Saf 2011; 34 (3)
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Lung Cancer Investigation) and TRIBUTE
(Tarceva Responses in Conjunction with Pacli-
taxel and Carboplatin) trials were two large,
phase III trials that evaluated whether adding
erlotinib to a platinum-based doublet (gemcita-
bine/cisplatin in the TALENT trial) or (carbo-
platin/paclitaxel in the TRIBUTE trial) in the
first-line setting could result in survival bene-
fit.[?2-23 In the TRIBUTE study, more than 1000
patients with untreated, advanced stage IIIB/IV
NSCLC were enrolled.[*l Median OS for patients
who received a combination of chemotherapy with
erlotinib was 10.6 months versus 10.5 months for
the chemotherapy arm (HR 0.99; 95% CI 0.86,
1.16; p=0.95) and objective response (OR) rates
were similar in both arms (21.5% vs 19.3%, re-
spectively; p=0.36). Also, in the TALENT trial,
there was no statistically significant difference
in any clinical outcome, with a median OS of
301 versus 309 days, respectively.?! There was,
however, a beneficial effect found in a subset
analysis of patients with EGFR mutant tumours
who continued to receive erlotinib after completion
of the regimen of erlotinib and chemotherapy
combination.[?3! An ongoing, randomized, phase
IT trial by the Cancer and Leukemia Group B
(CALGB) will evaluate erlotinib versus erlotinib
plus carboplatin and paclitaxel in never or light
smokers with adenocarcinoma (CALGB-30406;
NCT00126581).24

4.3 Erlotininb as Maintenance Therapy

The SATURN trial (Sequential Tarceva in
Unresectable NSCLC)*! was a randomized,
phase III trial that assessed the clinical benefit of
erlotinib as maintenance therapy in non-progressing
patients after completion of four cycles of first-
line, platinum-based doublet therapy. The ob-
servation that prolonged therapy with erlotinib
delayed disease progression in the TALENT trial
provided the justification for the evaluation of
erlotinib in the maintenance setting. 889 of 1949
patients with advanced NSCLC remained pro-
gression-free at the completion of four cycles of
first-line chemotherapy (the choice of chemothe-
rapy regimen was at the investigator’s discretion).
These non-progressing patients were randomly
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assigned to receive erlotinib or placebo. Treat-
ment was continued until the development of
intolerable toxicity or disease progression. Pa-
tients in the erlotinib arm had better outcomes
in terms of response rate (12% vs 5%), PFS (12
vs 11.1 weeks; HR 0.71; 95% CI 0.62, 0.82;
p<0.0001) and OS (12 vs 11 months; HR 0.81; 95%
CI 0.70, 0.95; p=0.0088). Biomarker and subset
analysis showed that the benefit of maintenance
therapy with erlotinib extends across ethnic groups,
tumour histologies and smoking status.[>]

The ATLAS (Avastin and Tarceva in Lung
with NSCLC) study tried to build on the sur-
vival advantage achieved in the frontline Eastern
Cooperative Oncology Group (ECOG) E4599
trial, where the addition of bevacizumab to front-
line chemotherapy followed by bevacizumab
maintenance therapy offered significant survival
benefit.?*] The ATLAS study enrolled 1160 pa-
tients who received platinum-based doublet che-
motherapy along with bevacizumab as first-line
treatment. After completion of four cycles of
chemotherapy, 768 non-progressing patients were
randomized in a 1:1 fashion to receive bev-
acizumab alone or in combination with erlotinib.
With a median PFS of 4.76 versus 3.75 months
(HR 0.722; CI1 0.592, 0.881; p<0.0012) in favour
of the erlotinib plus bevacizumab arm, the study
met its primary objective. In the updated report,
no survival benefit was reported for the combi-
nation arm but the study was perhaps under-
powered to detect a significant difference in
0S.?% Based on the results of the SATURN and
ATLAS studies, the use of erlotinib as mainten-
ance therapy is becoming a treatment option for
patients with good performance status (PS) who
respond to first-line chemotherapy.

4.4 Combination Strategies for Improved
Efficacy of Erlotinib

Simultaneous blockade of the EGFR with the
combined use of a receptor targeting monoclonal
antibody and an EGFR TKI was thought to re-
sult in total pathway blockade and improved
efficacy. The vascular endothelial growth factor
(VEGF) and EGFR pathways are important in
NSCLC and there is strong rationale for their

Drug Saf 2011; 34 (3)
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combined therapeutic targeting. Additionally, there
is documented crosstalk among these pathways
as VEGF is known to become downregulated
by EGFR inhibition through hypoxia-inducible
factor la-dependent and -independent mechan-
isms.?1 The combination of bevacizumab plus
erlotinib may prove to be a viable second-line
alternative to chemotherapy or erlotinib mono-
therapy in patients with NSCLC.?® The benefits
of the combination may be further enhanced by
selecting for patients who are likely to respond to
this therapy. The erlotinib and bevacizumab
combination displayed very encouraging activity
in a randomized phase II trial in patients with
previously treated NSCLC, although the out-
come of a large, randomized, phase III trial (Beta
trial) was less promising.2°-3]

5. Risk Assessment of Erlotinib in NSCLC

Since early phase II clinical trials, it became
evident that erlotinib exhibited a toxicity profile
that resembled that of other TKIs used in targeted
treatment of solid tumours.!'¥ The main reported
adverse events included fatigue (65-83%), acnei-
form rash of the face, trunk and proximal surfaces
of the extremities (58-76%), anorexia (55-73%),
nausea (36—48%), vomiting (18-29%), stomatitis
(16-27%) and diarrhoea (44-66%).1-16:22.23,25.26]

It soon became apparent that a considerable
number of treated patients develop dermatologi-
cal adverse events, such as acneiform eruption,
xerosis and eczema. Quality of life is thus nega-
tively affected.’”) Acneiform rash, in particular,
is generally localized on the upper torso, face
and neck, occurs after approximately 1 week of
treatment and reaches a maximum intensity after
2-3 weeks.'?l Data from phase I dose-escalation
trials indicate that the rash is dose-dependent.!®!
The positive correlation between the develop-
ment of rash and OR to treatment and/or surviv-
al, which has been shown in both gefitinib and
erlotinib clinical trials, makes the prevalence of
dermatological reactions a potential surrogate
marker for anti-EGFR drug efficacy.’! This
finding has also been confirmed in the subgroup
analysis of the TRIBUTE and TALENT phase
II1 trials.?%231
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In the BR.21 study, which included pre-treated
patients, erlotinib administration was associated
with severe (= grade 3 according to the National
Cancer Institute common toxicity criteria) rash
or diarrhoea in 9% and 6% of patients, respect-
ively, leading to dose reduction in 12% and 5% of
patients in the experimental arm, respectively.[®]
Pneumonitis with pulmonary infiltrates or pul-
monary fibrosis occurred in six patients who re-
ceived erlotinib, and one death from pneumonitis
was recorded, as was recorded in the control arm
also.[ In the TALENT trial, based on previously
untreated patients, the combination of erlotinib
with chemotherapy was associated with a small
increase in serious adverse events and, more im-
portantly, in treatment-related deaths.*?) An
unexpected finding was the increased incidence of
renal failure in patients receiving erlotinib plus
chemotherapy as compared to the group receiving
chemotherapy alone (5% vs <1%). It was attrib-
uted to the inadequate hydration after erlotinib-
induced diarrhoea, thus exacerbating the already
known renal toxicity of cisplatin.??! Both the
TALENT and TRIBUTE trials reported a higher
rate of deaths in the erlotinib arm compared with
the placebo arm (e.g. 163 and 125 deaths in the
erlotinib and placebo arms, respectively, in the
TRIBUTE trial), regardless of whether death was
related to NSCLC progression or toxicity.?>23
Nevertheless, life-threatening toxicity, such as
interstitial lung disease (ILD), was rarely observed
in both trials (e.g. 1.0% vs 0.2% for the erlotinib
and placebo arms, respectively, in the TRIBUTE
study).[?223

In the SATURN trial,[*! rash and diarrhoea
of any grade occurred in 60% and 20% of pa-
tients, respectively, but severe toxicity (grade 3 or
4) was observed in 9% and 2%, respectively, and
led to dose modification or interruption in 16% of
the study population. However, preliminary re-
sults did not attribute any deaths to erlotinib
toxicity.”! In the ATLAS study, on the other
hand, the combination of two targeted agents
(bevacizumab and erlotinib) after completion
of chemotherapy was associated with serious
(grade 3-5) adverse events in 44.1% of patients in
the experimental arm that were possibly related
to erlotinib, including eight deaths because of

Drug Saf 2011; 34 (3)
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toxicity (2.2% of the patients in the experimental
arm).?®! Among these deaths, there were two
associated with acute cardiovascular events, one
with severe infection, one with arterial throm-
boembolism and one with venous thromboem-
bolism.?% There were also three cases of pulmonary
haemorrhage, two cases of gastrointestinal per-
foration, six cases of severe proteinuria and three
cases of newly diagnosed cardiac heart failure,
which were possibly related to bevacizumab. Fi-
nally, in the post-chemotherapy phase, significantly
more cases of rash and diarrhoea were recorded
in the combination arm than in the bevacizumab
arm (10.4% and 9.3%, respectively). Two cases of
renal failure and one case of hepatic failure were
reported in the combination arm compared with
none and one such case in the control arm, re-
spectively.[*®l The accumulating data from the
above-mentioned clinical trials, along with reports
from the literature®? and pharmacovigilance re-
portsB3 have drawn the attention of the scientific
community to erlotinib benefit-risk assessments.
Most recently, the TOPICAL (Tarceva Or Pla-
cebo In Clinically Advanced Lung cancer) trial,
conducted by Lee et al.,’* showed that erlotinib
can safely be administered to elderly patients,
even when PS is poor.

There has been an effort to evaluate therapeutic
strategies and reach a consensus regarding the
management of erlotinib toxicity. Simplified sys-
tems of describing dermatological toxicity and
therapeutic algorithms have been proposed in
order to assist clinicians. It seems that expert and
proactive use of supportive measures is success-
ful, allowing maintenance of dose intensity in
most cases.[3]

6. Benefit Assessment of Erlotinib in
Pancreatic Cancer

As already mentioned, the antimetabolite gem-
citabine has been considered the standard treat-
ment for locally advanced, recurrent or metastatic
pancreatic cancer, since it was the only cytotoxic
drug to demonstrate survival benefit over fluor-
ouracil.®® A number of randomized, phase I11
clinical trials involving newer cytotoxicB”-#! or
biological agents*>*3 followed but did not show

© 2011 Adis Data Information BV. All rights reserved.

any survival improvement when compared with
gemcitabine monotherapy. In the year 2000,
emerging preclinical studies showed that block-
ing EGFR TK-mediated signalling decreased
the growth and metastatic propensity of human
pancreatic tumour xenografts** and improved
the antineoplastic activity of gemcitabine.[*”! Early
clinical data revealed modest clinical activity of
erlotinib in advanced pancreatic cancer and a
toxicity profile similar to the one reported in
patients with NSCLC. In a recently published,
landmark, randomized, phase I1I trial, 569 patients
with previously untreated, unresectable, locally
advanced or metastatic pancreatic cancer were ran-
domized to receive gemcitabine (1000 mg/m?/week
for 7 of 8 weeks) in combination with placebo or
with erlotinib 100 mg daily continuously, although
a small cohort of patients received a higher dos-
age of 150mg daily.’] The study demonstrated
that the combination of gemcitabine with erloti-
nib resulted in a small but statistically significant
increase in median survival (6.24 vs 5.91 months,
respectively) and in 1-year OS (23% vs 17%, re-
spectively). Response rates and quality of life
analysis gave similar results for both study arms.
Despite the fact the absolute survival benefit was
modest, this study was the first to show a statis-
tically significant benefit with combination ther-
apy over gemcitabine monotherapy (HR 0.82,
95% CI 0.69, 0.99; p=0.038, adjusted for strati-
fication factors) and, consequently, erlotinib be-
came the first targeted therapy approved by the
FDA for this indication in 2005.5%!

Erlotinib has also been investigated in combi-
nation with capecitabine in gemcitabine-refrac-
tory advanced pancreatic cancer;*¢! 30 patients
were administered capecitabine 1000 mg/m? twice
daily for 14 of 21 days, and erlotinib 150 mg daily.
Given that the study reported an overall response
rate of 10% and a median survival of 6.5 months,
it was concluded that this combination may re-
present an appropriate treatment in cases where
gemcitabine is ineffective or inappropriate.[46!

The next step was a comparison between the
two combinations of erlotinib with either gemci-
tabine or capecitabine. In a randomized, phase
III clinical trial, 281 treatment-naive patients
were randomly assigned between capecitabine

Drug Saf 2011; 34 (3)
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(2000 mg/m?/day for 14 days, once every 3 weeks)
plus erlotinib (150 mg/day) and gemcitabine
(1000 mg/m?/week for 7 of 8 weeks) plus erlotinib
at the same dosage.[*”) Patients experiencing treat-
ment failure were allowed to cross over to second-
line treatment with the comparator cytostatic
drug without erlotinib. The primary study end-
point was the time to treatment failure of second-
line therapy. In the interim analysis of toxicity,
both treatment combinations are feasible and
clinical efficacy data are awaited.*”!

Preclinical studies have revealed a role for er-
lotinib as a potent radiosensitizing agent.[® Thus,
the feasibility of using the combination of erloti-
nib, gemcitabine, paclitaxel and concomitant
radiotherapy followed by maintenance erlotinib
therapy for locally advanced pancreatic cancer
was the subject of a phase I trial conducted by
Iannitti et al.l*] The maximum tolerated dos-
age of erlotinib during chemoradiation therapy
was 50 mg daily due to dose-limiting diarrhoea.
Given that this trial reported an encouraging
partial response rate of 46% and median survival
of 14 months, this treatment regimen merits fur-
ther investigation.

7. Risk Assessment of Erlotinib in
Pancreatic Cancer

Preliminary safety data of erlotinib in patients
with advanced pancreatic cancer revealed a panel
of adverse events similar to that seen in patients
with advanced NSCLC. In the aforementioned
study by Moore et al.,[’! patients receiving erlo-
tinib and gemcitabine experienced a higher fre-
quency of rash (72% vs 29%), diarrhoea (56% vs
41%), infection (43% vs 34%) and stomatitis (23%
vs 14%) than patients receiving gemcitabine plus
placebo, but these adverse events were generally
mild (grade 1 or 2 in most cases). The incidence of
other adverse events was similar in both arms. Six
protocol-related deaths were recorded, all in the
erlotinib plus gemcitabine arm. Two were attrib-
uted to treatment complications (interstitial pneu-
monitis and sepsis) and four were attributed to a
combination of cancer and protocol treatment
complications (interstitial pneumonitis, sepsis,
cerebrovascular event and neutropenic sepsis).
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It should be noted that a total of eight patients
had an ILD-like syndrome, possibly related to
therapy (seven of them were receiving gemcita-
bine plus erlotinib and one was receiving gemci-
tabine plus placebo).l’] Gemcitabine and EGFR
are both known to cause an ILD-like syndrome
in approximately 0.5-1.0% of patients and there
is the possibility of a more than additive effect
when these agents are combined.[>" Interestingly,
the incidence reported in this study (2.4%) is
higher than that observed in other trials with
gemcitabine-erlotinib combinations.??) The in-
cidence of ILD in the aforementioned TALENT
trial was <1% and no difference was seen between
the treatment arms.??!

The quality-of-life analysis conducted in the
same trial in 376 assessable patients, showed that
there was no significant difference between the arms
in global quality of life or in the individual domains,
with the exception of worse diarrhoea scores in
the erlotinib plus gemcitabine arm (p <0.001).5%

8. Overall Benefit-Risk Assessment

8.1 NSCLC

The landmark BR.21 trial convincingly show-
ed that erlotinib monotherapy in the second- or
third-line treatment of advanced NSCLC offers a
statistically significant OS benefit (median OS
was 6.7 and 4.7 months in the erlotinib and placebo
arms, respectively).l] Despite the modest abso-
lute gain in OS (2 months), the study was the
first to demonstrate a 30% reduction in the risk
of death in this heavily pre-treated group of
patients. Moreover, erlotinib was generally well
tolerated, with most adverse events being of mild
to moderate severity. A large body of modelled
pharmacoeconomic data suggest that second- or
third-line erlotinib at a dosage of 150 mg/day is a
cost-saving option when compared with treat-
ment with the approved second-line intravenous
chemotherapies of docetaxel and pemetrexed and
their associated morbidity in patients with ad-
vanced NSCLC.B! In patients who had received
at least one prior chemotherapy regimen, erloti-
nib was predicted to be dominant (more effective
and less costly) or cost saving (equally effective
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and less costly) when compared with docetaxel or
pemetrexed with regard to the cost per life-year
gained in cost-effectiveness analyses.l>!l Moreover,
serious or life-threatening adverse events requir-
ing prolonged hospitalization and specialized
medical care are quite rare and thus the drug is
considered a safe and cost-effective option.’? How-
ever, these results may not be applicable outside
North America since funding restrictions limit
access to erlotinib in many countries. Moreover,
differences in the type of model developed, the
specific costs included, the health and insurance
care programme of each country, or even the year
of costing may influence analysis.[>3]

Overall, results of the above studies were con-
firmed by two large, phase 1V trials that studied
safety data on erlotinib administration in ad-
vanced NSCLC. Reck et al.[’ reported that the
incidence of erlotinib-related serious adverse
events was 4% and dose reduction was necessary
in 17% of patients. In the Mok et al.[>! trial, re-
sults were similar in Asian patients with advanced
NSCLC receiving erlotinib. Both of these phase
IV trials reached the conclusion that erlotinib
is indeed effective and has a favourable safety
profile.3435]

8.2 Pancreatic Cancer

Although erlotinib was the first pharmaceu-
tical agent to exhibit a statistically significant OS
benefit in combination therapy over gemcitabine
monotherapy in advanced pancreatic cancer, the
marginal absolute increase in median survival
(6.24 vs 5.91 months for the erlotinib and placebo
groups, respectively, or approximately 11 days),
raised significant questions on the cost effective-
ness of the drug for this indication.[’] A recent
report!® that commented on the results from the
Moore et al.l’l trial, estimated the magnitude of
the cost per quality-adjusted life-year (QALY)
gained by adding erlotinib to gemcitabine by per-
forming a post hoc, informal, cost-effectiveness
analysis: oncology and pharmacy experts esti-
mated drug and inpatient medical care costs (in
2007 $US) using the 2007 average US wholesale
price and 2007 Medicare reimbursement rates.[>%!
The incremental cost-effectiveness ratio of add-
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ing erlotinib to gemcitabine was $US410 000 per
year of life saved (§US7885 per week of life saved)
and when adjusted for the quality-of-life impact
of diarrhoea, the incremental cost-effectiveness
ratio rose to $US430 000 (low impact of diarrhoea)
and $USS510000 (high impact of diarrhoea) per
QALY D% The authors concluded that these re-
sults are far above the commonly accepted cost-
effectiveness threshold of $US50 000100 000 per
QALY and that the primary cost component is
the cost of erlotinib. Overall, this analysis sug-
gested that the clinical significance and value of
erlotinib’s small survival benefit may be limited.
We need to wait for the final results of ongoing
clinical trials, such as the Boeck et al.[*” study, in
order to reach more definitive conclusions re-
garding benefits and risks of using erlotinib in
pancreatic cancer.

9. Conclusions

In conclusion, in patients with advanced
NSCLC, second- or third-line treatment with er-
lotinib seems to have a favourable safety profile
with rare life-threatening toxicity and survival
benefit, as has been proven in large hetero-
geneous phase IV study populations. However,
no solid evidence of efficacy or cost effectiveness
exists to date to justify the use of erlotinib as first-
line treatment in combination with standard
chemotherapy in the general population of ad-
vanced NSCLC.

Regarding advanced pancreatic cancer, while
the primary endpoint in the PA.3 trial® reached
levels of statistical significance, there was a marginal
survival benefit afforded by erlotinib, important
quality of life implications of treatment-related
toxicity (especially diarrhoea) and lack of cost
effectiveness. The use of erlotinib in advanced
pancreatic cancer emphasizes the importance of
further analyses of novel targeted therapies in
order to better understand the value of potential
treatment options.

Major efforts should be made to select patients
who are more likely to benefit from erlotinib
treatment or to combine it with another drug that
increases clinical efficacy. Better selection of
patients is becoming increasingly important in
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almost all tumour types since novel therapeutic
options have led to an increasing economic bur-
den for healthcare systems and to more com-
plex, toxic regimens that result in a significantly
higher cost per life-year gained than is usually
accepted.’%>71 The lack of correlation between
EGFR expression rate (as determined by im-
munohistochemistry) and erlotinib activity em-
phasizes the necessity for future studies that will
prospectively identify molecular markers pre-
dicting the likelihood of benefit from a targeted
agent, as was the case with MoAbs against EGFR
in advanced colorectal cancer.l®® This kind of
approach would spare heavily pre-treated patients
from unnecessary toxicity by an inactive drug and
would focus on patients with predictive factors
indicating benefit from TKI treatment. Such
studies are currently underway and will lead to
even more accurate erlotinib benefit-risk and
cost-effectiveness assessments in the future.

Acknowledgements

No funding was received for the preparation of this review.
G. Mountzios and K.N. Syrigos have no conflicts of interest
to declare.

References

1. Jemal A, Siegel R, Ward E, et al. Cancer statistics, 2009. CA
Cancer J Clin 2009; 59: 225-49

2. Owonikoko TK, Ragin CC, Belani CP, et al. Lung cancer in
elderly patients: an analysis of the surveillance, epidemiol-
ogy, and end results database. J Clin Oncol 2007; 25: 5570-7

3. Subramanian J, Govindan R. Lung cancer in never smokers:
a review. J Clin Oncol 2007; 25: 561-70

4. Jemal A, Siegel R, Xu J, et al. Cancer statistics, 2010. CA
Cancer J Clin 2010; 60 (5): 277-300

5. Moore MJ, Goldstein D, Hamm J, et al. Erlotinib plus
gemcitabine compared with gemcitabine alone in patients
with advanced pancreatic cancer: a phase III trial of the
National Cancer Institute of Canada Clinical Trials
Group. J Clin Oncol 2007; 25: 1960-6

6. Shepherd FA, Rodrigues PJ, Ciuleanu T, et al. Erlotinib in
previously treated non-small-cell lung cancer. N Engl J
Med 2005; 353: 123-32

7. Stepanski EJ, Houts AC, Schwartzberg LS, et al. Second-
and third-line treatment of patients with non-small-cell
lung cancer with erlotinib in the community setting: retro-
spective study of patient healthcare utilization and symp-
tom burden. Clin Lung Cancer 2009; 10: 426-32

8. Ailawadhi S, Derby L, Natarajan R, et al. Erlotinib for
metastatic non-small-cell lung cancer: first-, second- or

© 2011 Adis Data Information BV. All rights reserved.

20.

21.

22.

23.

third-line setting — does it matter? A single-institution ex-
perience. Oncology 2009; 76: 85-90

. Ricciardi S, Tomao S, de Marinis F. Toxicity of targeted

therapy in non-small-cell lung cancer management. Clin
Lung Cancer 2009; 10: 28-35

. Capdevila J, Elez E, Macarulla T, et al. Anti-epidermal

growth factor receptor monoclonal antibodies in cancer
treatment. Cancer Treat Rev 2009; 35: 354-63

. Mountzios G, Dimopoulos MA, Soria JC, et al. Histo-

pathologic and genetic alterations as predictors of response
to treatment and survival in lung cancer: a review of pub-
lished data. Crit Rev Oncol Hematol 2010; 75 (2): 94-109

. Gridelli C, Maione P, Rossi A, et al. Potential treatment

options after first-line chemotherapy for advanced
NSCLC: maintenance treatment or early second-line? On-
cologist 2009; 14: 137-47

. Mok TS, Wu YL, Thongprasert S, et al. Gefitinib or

carboplatin-paclitaxel in pulmonary adenocarcinoma. N Engl
J Med 2009; 361: 947-57

. De Luca A, Normanno N. Predictive biomarkers to tyrosine

kinase inhibitors for the epidermal growth factor receptor
in non-small-cell lung cancer. Curr Drug Targets 2010;
11 (7): 851-64

. Modjtahedi H, Essapen S. Epidermal growth factor receptor

inhibitors in cancer treatment: advances, challenges and
opportunities. Anticancer Drugs 2009; 20 (10): 851-5

. Hidalgo M, Siu LL, Nemunaitis J, et al. Phase I and phar-

macologic study of OSI-774, an epidermal growth factor
receptor tyrosine kinase inhibitor, in patients with ad-
vanced solid malignancies. J Clin Oncol 2001; 19: 3267-79

. Perez-Soler R, Chachoua A, Hammond LA, et al. Determinants

of tumor response and survival with erlotinib in patients with
non-small-cell lung cancer. J Clin Oncol 2004; 22: 3238-47

. Tsao MS, Sakurada A, Cutz JC, et al. Erlotinib in lung

cancer: molecular and clinical predictors of outcome.
N Engl J Med 2005; 353: 133-44

. Paez JG, Janne PA, Lee JC, et al. EGFR mutations in lung

cancer: correlation with clinical response to gefitinib ther-
apy. Science 2004; 304: 1497-500

Spanish Lung Cancer Group. Phase I1I study (Tarceva®) vs
chemotherapy to treat advanced non-small cell lung cancer
(NSCLC) in patients with mutations in the TK domain of
EGFR [ClinicalTrials.gov identifier NCT00446225]. US
National Institutes of Health, ClinicalTrials.gov [online].
Available from URL: http://clinicaltrials.gov/ct2/show/
NCT00446225 [Accessed 2010 Sep 9]

Hoffmann-La Roche. A study of first or second line treat-
ment with Tarceva (erlotinib) in patients with advanced
non-small cell lung cancer [ClinicalTrials.gov identifier
NCT01066884]. US National Institutes of Health, Clin-
icalTrials.gov [online]. Available from URL: http://www.
clinicaltrials.gov/ct2/show/NCT01066884?term=erlotinib+
AND-+monotherapy&rank=12 [Accessed 2010 Sep 9]

Gatzemeier U, Pluzanska A, Szczesna A, et al. Phase III
study of erlotinib in combination with cisplatin and gem-
citabine in advanced non-small-cell lung cancer: the Tar-
ceva Lung Cancer Investigation Trial. J Clin Oncol 2007,
25:1545-52

Herbst RS, Prager D, Hermann R, et al. TRIBUTE: a phase
IIT trial of erlotinib hydrochloride (OSI-774) combined

Drug Saf 2011; 34 (3)



Benefit-Risk Assessment of Erlotinib in NSCLC and Pancreatic Cancer

185

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

with carboplatin and paclitaxel chemotherapy in advanced
non-small-cell lung cancer. J Clin Oncol 2005; 23: 5892-9

Sandler A, Gray R, Perry MC, et al. Paclitaxel-carboplatin
alone or with bevacizumab for non-small-cell lung cancer.
N Engl J Med 2006; 355: 2542-50

Cappuzzo F, Coudert B, Wierzbicki R, et al. Efficacy and
safety of erlotinib as first-line maintenance in NSCLC fol-
lowing non-progression with chemotherapy: results from
the phase IIT SATURN study [abstract no. A2.1]. 13th
World Conference on Lung Cancer IASCL 2009; 2009 Jul
31-Aug 4; San Francisco (CA)

Milller V, O’Connor P, Soh CH, et al. A randomized, double
blind, placebo controlled, phase IIIb trial (ATLAS) com-
paring bevacizumab therapy with or without erlotinib,
after completion of chemotherapy with bevacizumab for
Ist-line treatment of locally-advanced, recurrent, or meta-
static non-small cell lung cancer (NSCLC) [abstract no.
LBAS8002]. J Clin Oncol 2009; 27: 18s

Pennell NA, Lynch Jr TJ. Combined inhibition of the
VEGFR and EGFR signaling pathways in the treatment of
NSCLC. Oncologist 2009; 14: 399-411

Herbst RS, Sandler A. Bevacizumab and erlotinib: a pro-
mising new approach to the treatment of advanced
NSCLC. Oncologist 2008; 13: 1166-76

Herbst RS, O’Neill VJ, Fehrenbacher L, et al. Phase II study
of efficacy and safety of bevacizumab in combination with
chemotherapy or erlotinib compared with chemotherapy
alone for treatment of recurrent or refractory non small-
cell lung cancer. J Clin Oncol 2007; 25: 4743-50

Hainsworth J, Lin M, O’Connor P, et al. A phase III,
multicenter, placebo-controlled, double-blind, random-
ized, clinical trial to evaluate the efficacy of bevacizumab
(Avastin) in combination with erlotinib (Tarceva) com-
pared with erlotinib alone for treatment of advanced non-
small cell lung cancer (NSCLC) after failure of standard
first line chemotherapy (BETA). J Thorac Oncol 2008;
3 (Suppl. 4): S302

Wacker B, Nagrani T, Weinberg J, et al. Correlation be-
tween development of rash and efficacy in patients treated
with the epidermal growth factor receptor tyrosine kinase
inhibitor erlotinib in two large phase III studies. Clin Can
Res 2007; 13: 3913-21

Chou CL, Ko HW, Wang CW, et al. Erlotinib-associated
near-fatal interstitial pneumonitis in a patient with relapsed
lung adenocarcinoma. Chang Gung Med J 2010; 33: 100-5

Nishimura T, Tada H, Fukushima M. Lessons from gefiti-
nib-induced interstitial lung disease: pharmacovigilance for
erlotinib in Japan. Int J Risk Saf Med 2009; 21 (4): 237-8

Lee S, Rudd R, Khan I, et al. TOPICAL: randomized phase
IIT trial of erlotinib compared with placebo in chemothe-
rapy-naive patients with advanced non-small cell lung
cancer (NSCLC) and unsuitable for first-line chemothera-
py [abstract]. J Clin Oncol 2010; 28 (15 Suppl.): 7504

Lynch Jr TJ, Kim ES, Eaby B, et al. Epidermal growth fac-
tor receptor inhibitor-associated cutaneous toxicities: an
evolving paradigm in clinical management. Oncologist
2007; 12: 610-21

Burris III HA, Moore MJ, Andersen J, et al. Improvements
in survival and clinical benefit with gemcitabine as first-line
therapy for patients with advanced pancreas cancer: a
randomized trial. J Clin Oncol 1997; 15: 2403-13

© 2011 Adis Data Information BV. All rights reserved.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Berlin JD, Catalano P, Thomas JP, et al. Phase III study of
gemcitabine in combination with fluorouracil versus gem-
citabine alone in patients with advanced pancreatic carci-
noma: Eastern Cooperative Oncology Group Trial E2297.
J Clin Oncol 2002; 20: 3270-5

Rocha Lima CM, Green MR, Rotche R, et al. Irinotecan
plus gemcitabine results in no survival advantage compared
with gemcitabine monotherapy in patients with locally ad-
vanced or metastatic pancreatic cancer despite increased
tumor response rate. J Clin Oncol 2004; 22: 3776-83

Louvet C, Labianca R, Hammel P, et al. Gemcitabine in
combination with oxaliplatin compared with gemcitabine
alone in locally advanced or metastatic pancreatic cancer:
results of a GERCOR and GISCAD phase III trial. J Clin
Oncol 2005; 23: 3509-16

Oettle H, Richards D, Ramanathan RK, et al. A phase III
trial of pemetrexed plus gemcitabine versus gemcitabine in
patients with unresectable or metastatic pancreatic cancer.
Ann Oncol 2005; 16: 1639-45

Abou-Alfa GK, Letourneau R, Harker G, et al. Random-
ized phase I1I study of exatecan and gemcitabine compared
with gemcitabine alone in untreated advanced pancreatic
cancer. J Clin Oncol 2006; 24: 4441-7

Van Cutsem E, van de Velde H, Karasek P, et al. Phase 111
trial of gemcitabine plus tipifarnib compared with gemci-
tabine plus placebo in advanced pancreatic cancer. J Clin
Oncol 2004; 22: 1430-8

Bramhall SR, Schulz J, Nemunaitis J, et al. A double-blind
placebo-controlled, randomised study comparing gemci-
tabine and marimastat with gemcitabine and placebo as
first line therapy in patients with advanced pancreatic
cancer. Br J Cancer 2002; 87: 161-7

Bruns CJ, Solorzano CC, Harbison MT, et al. Blockade of
the epidermal growth factor receptor signaling by a novel
tyrosine kinase inhibitor leads to apoptosis of endothelial
cells and therapy of human pancreatic carcinoma. Cancer
Res 2000; 60: 2926-35

Ng SS, Tsao MS, Nicklee T, et al. Effects of the epidermal
growth factor receptor inhibitor OSI-774, Tarceva, on down-
stream signaling pathways and apoptosis in human pan-
creatic adenocarcinoma. Mol Cancer Ther 2002; 1: 777-83

Kulke MH, Blaszkowsky LS, Ryan DP, et al. Capecitabine
plus erlotinib in gemcitabine-refractory advanced pan-
creatic cancer. J Clin Oncol 2007; 25: 4787-92

Boeck S, Vehling-Kaiser U, Waldschmidt D, et al. Erlotinib
150 mg daily plus chemotherapy in advanced pancreatic
cancer: an interim safety analysis of a multicenter, ran-
domized, cross-over phase III trial of the ‘Arbeitsge-
meinschaft Internistische Onkologie’. Anticancer Drugs
2010; 21: 94-100

Chinnaiyan P, Huang S, Vallabhaneni G, et al. Mechanisms
of enhanced radiation response following epidermal
growth factor receptor signaling inhibition by erlotinib
(Tarceva). Cancer Res 2005; 65: 3328-35

Tannitti D, Dipetrillo T, Akerman P, et al. Erlotinib and
chemoradiation followed by maintenance erlotinib for lo-
cally advanced pancreatic cancer: a phase I study. Am J
Clin Oncol 2005; 28: 570-5

Danson S, Blackhall F, Hulse P, et al. Interstitial lung dis-
ease in lung cancer: separating disease progression from
treatment effects. Drug Saf 2005; 28: 103-13

Drug Saf 2011; 34 (3)



186

Mountzios & Syrigos

51.

52.

53.

54.

55.

Lyseng-Williamson KA. Erlotinib: a pharmacoeconomic
review of its use in advanced non-small cell lung cancer.
Pharmacoeconomics 2010; 28: 75-92

Hartmann JT, Haap M, Kopp HG, et al. Tyrosine kinase
inhibitors: a review on pharmacology, metabolism and side
effects. Curr Drug Metab 2009; 10: 470-81

Bradbury PA, Tu D, Seymour L, et al. Economic analysis:
randomized placebo-controlled clinical trial of erlotinib in
advanced non-small cell lung cancer. J Natl Cancer Inst
2010; 102: 298-306

Reck M, van Zandwijk N, Gridelli C, et al. Erlotinib in ad-
vanced non-small cell lung cancer: efficacy and safety
findings of the global phase IV Tarceva Lung Cancer
Survival Treatment Study. J Thorac Oncol 2010; 5 (10):
1616-22

Mok T, Wu YL, Au JS, et al. Efficacy and safety of erlotinib
in 1242 East/South-East Asian patients with advanced non-
small cell lung cancer. J Thorac Oncol 2010; 5 (10): 1609-15

© 2011 Adis Data Information BV. All rights reserved.

56. Miksad RA, Schnipper L, Goldstein M. Does a statistically
significant survival benefit of erlotinib plus gemcitabine for
advanced pancreatic cancer translate into clinical sig-
nificance and value? J Clin Oncol 2007; 25: 4506-7

57. Van Cutsem E, Verslype C, Grusenmeyer PA. Lessons
learned in the management of advanced pancreatic cancer.
J Clin Oncol 2007; 25: 1949-52

58. Siena S, Sartore-Bianchi A, Di NF, et al. Biomarkers pre-
dicting clinical outcome of epidermal growth factor re-

ceptor-targeted therapy in metastatic colorectal cancer.
J Natl Cancer Inst 2009; 101: 1308-24

Correspondence: Konstantinos N. Syrigos, Professor and
Head, Oncology Unit, 3rd Department of Medicine, Athens
University School of Medicine, Building Z, Sotiria General
Hospital, Mesogion 152, 115 27 Athens, Greece.

E-mail: knsyrigos@usa.net; ksyrigos@med.uoa.gr

Drug Saf 2011; 34 (3)



	A Benefit-Risk Assessment of Erlotinib in Non-Small-Cell Lung Cancer and Pancreatic Cancer
	Abstract
	1. Molecular Targeted Therapy
	2. Search Methodology
	3. Erlotinib
	3.1 Mechanism of Action
	3.2 Current Indications

	4. Benefit Assessment of Erlotinib in Non-—Small-Cell Lung Cancer (NSCLC)
	4.1 Erlotinib as Monotherapy in Second-Line Treatment
	4.2 Erlotinib in First-Line Treatment
	4.3 Erlotininb as Maintenance Therapy
	4.4 Combination Strategies for Improved Efficacy of Erlotinib

	5. Risk Assessment of Erlotinib in NSCLC
	6. Benefit Assessment of Erlotinib in Pancreatic Cancer
	7. Risk Assessment of Erlotinib in Pancreatic Cancer
	8. Overall Benefit-Risk Assessment
	8.1 NSCLC
	8.2 Pancreatic Cancer

	9. Conclusions
	Acknowledgements
	References


