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Abstract: Lung cancer is the leading cause of cancer deaths worldwide. Targeting the epidermal
growth factor receptor (EGFR) has played a central role in advancing non-small-cell lung cancer
(NSCLC) research, treatment, and patient outcome over the last few years. Erlotinib is a human
epidermal growth factor receptor Type 1/EGFR tyrosine kinase inhibitor. Erlotinib monotherapy
is indicated for the treatment of patients with locally advanced or metastatic NSCLC after the
failure of at least one prior chemotherapy regimen. We present the results of phase I, II, III,
and IV trials. Erlotinib monotherapy has shown a significant improvement in median survival,
quality of life, and related symptoms in an unselected population of patients in second- and
third-line therapy as a single agent. Most commonly reported erlotinib-related adverse effects
were rash and diarrhea. In general, patients with adenocarcinoma histology, female gender,
Asian ethnicity, and nonsmokers have a better response when treated with erlotinib. Ongoing
trials seek to improve therapy with this agent in monotherapy or in combination regimens and
better understanding of predictors of benefit with therapy.
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Introduction

Lung cancer is the leading cause of cancer deaths worldwide. Approximately 400,000
new cases of lung cancer are diagnosed every year in Europe; lung carcinoma repre-
sents about 22% of all newly diagnosed cancers in men.'

Progress has been made in the primary prevention of lung cancer and in the clini-
cal management of early stage disease by establishing comprehensive, multimodality
treatment regimens. The prognosis for advanced stage disease, however, has improved
modestly in the past 20 years. With an overall 5-year survival rate of only 15%, the
treatment of lung cancer clearly remains a major clinical challenge.? Patients are often
diagnosed at an advanced stage of the disease, and approximately 85% of patients die
because of their disease within 1 year, with only 1% of patients surviving 5 years.
Patients having stage IIIB/IV non-small-cell lung cancer (NSCLC) are not considered
to be candidates for curative resection surgery or radiation, and radiation therapy is
primarily used as palliative treatment in advanced stages of NSCLC. Surgical results
in earlier stages of NSCLC are poor (about 40% of recurrence in stages I and II) when
compared with that of the other tumor types.?

Chemotherapy is now well established as the recommended treatment of advanced
NSCLC. The current globally accepted standard of treatment for advanced NSCLC
is two-drug platinum-based therapy with new agents such as vinorelbine, taxanes,
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gemcitabine, or pemetrexed in patients with nonsquamous
histology. For selected nonsquamous NSCLC, bevacizumab
with paclitaxel—carboplatin represents a new option.*

One innovative therapeutic cancer strategy is the intro-
duction of biological agents that target specific intracellular
pathways related to the distinctive properties of cancer cells.
Among these agents, epidermal growth factor receptor
(EGFR)-targeting agents have received particular attention
in lung cancer.

In recent years, the major progresses in understanding
cancer biology and oncogenesis mechanisms have provided
for the development of several potential molecular targets
for NSCLC treatment. Targeting the EGFR has played a
central role in advancing NSCLC research, treatment, and
patient outcome over the last few years. Many EGFR block-
ers, including monoclonal antibodies to the receptor and
small-molecule tyrosine kinase inhibitors (TKIs), have been
evaluated.’

This article describes the development of erlotinib,
focusing on the clinical data reported in the treatment of
NSCLC.

Mechanism of action

and pharmacodynamics

Erlotinib monotherapy is indicated for the treatment of
patients with locally advanced or metastatic NSCLC after the
failure of at least one prior chemotherapy regimen. Erlotinib
was approved by the US Food and Drug Administration
(FDA) in November 2004 and by the European Medicinal
Evaluation Agency (EMEA) in October 2005.

Erlotinib (Tarceva®; Genentech, OSI Pharmaceuticals,
Roche) is a human epidermal growth factor receptor Type
1 (HER1)/EGFR TKI. The mechanism of clinical antitumor
action of erlotinib is not completely characterized. Erlotinib
inhibits the intracellular phosphorylation of tyrosine kinase
associated with the EGFR. The EGFR is a member of the
ErbB family of cell membrane receptors that are important
mediators of cell growth, differentiation, and survival. The
ErbB family also includes ErbB-2/Neu/HER2, ErbB-3/
HER3, and ErbB-4/HER4.%7

Specificity of inhibition with regard to other tyrosine
kinase receptors has not been fully characterized. EGFR is
expressed on the cell surface of both normal cells and can-
cer cells. The EGFR is frequently overexpressed in various
epithelial tumors, including NSCLC (40%—-80%), colorectal
cancer (72%—-82%), head and neck cancer (95%—-100%),
breast cancer (84%—91%), and renal cell cancer (50%—90%).
The blockade of EGFR signaling in cancer cells not only
inhibits cell proliferation, but also causes other effects

that could be relevant in the clinical setting, including the
induction of apoptosis, antiangiogenesis through the inhibition
of angiogenic growth factor production, inhibition of inva-
sion and metastasis, and potentiation of the antitumor activity
of cytotoxic drugs and radiotherapy.®

About 60% of erlotinib is absorbed after oral adminis-
tration, and its bioavailability is substantially increased by
food to almost 100%. Its half-life is about 36 hours, and it
is cleared predominantly by CYP3A4 metabolism and to a
lesser extent by CYP1A2.

In vitro assays of cytochrome P450 metabolism showed
that erlotinib is metabolized primarily by CYP3A4 and to
a lesser extent by CYP1A2 and the extrahepatic isoform
CYP1ALl. Following a 100 mg oral dose, 91% of the dose
was recovered: 83% in feces (1% of the dose as intact parent
compound) and 8% in urine (0.3% of the dose as intact parent
compound). Cotreatment with the potent CYP3A4 inhibi-
tor ketoconazole increased erlotinib AUC by two-thirds.
Pre- or cotreatment with a CYP3A4 inducer (rifampicin) or
antiepiletics (phenytoin, carbamazepine, and barbiturates)
increased erlotinib clearance by threefold and reduced AUC
by two-thirds.’

Phase I trials

Phase I studies were undertaken to determine the maximum
tolerated dose (MTD) of erlotinib, its main toxicities, and
its pharmacokinetic behavior to recommend a dose for sub-
sequent studies.'” Results of these investigations showed
that erlotinib had dose-independent pharmacokinetics
and that daily dosing of erlotinib did not result in drug
accumulation.

The initial phase I trial in solid tumors'' evaluated dif-
ferent doses (25, 50, 100, 150, and 200 mg) and schedules
(days 1-3 weekly for 3 weeks every 28 days; daily for 3
weeks every 28 days; and daily uninterrupted) of erlotinib,
and 150 mg/day erlotinib was determined to be the MTD
at which biologically relevant plasma levels were achieved.
The most common toxicities associated with erlotinib in
phase I trials were dose-dependent acneiform rash and diar-
rhea. A similar rash was observed with other TKIs. Diarrhea
is also a common side effect seen with other TKIs, leading
to the speculation that these symptoms are a result of inhi-
bition of the EGFR. The histological characteristics of the
rash caused by erlotinib differ from that of typical acne. The
cutaneous toxicities were mostly on the face and upper trunk
and of a pustular acneiform type. The rash appeared 1-2
weeks after the initiation of therapy and subsided by week 4
without the interruption of the erlotinib. Other less-common
adverse reactions were mucositis, nausea, vomiting, and
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headache. The pharmacokinetics of erlotinib was not dose
dependent, and there was no drug accumulation with the
continuous daily dosing.

The weekly regimen was explored further in patients with
advanced stage NSCLC with dose escalation of 1200, 1600,
and 2000 mg, but was discontinued due to a low response
rate (relative risk [RR]; 5%).!2

Phase Il trials

Perez-Soler et al'® have conducted a phase II clinical trial
to evaluate the effect of erlotinib at a dose of 150 mg/day
in EGFR-positive (determined by immunohistochemistry
[IHC]) advanced refractory NSCLC.

Fifty-seven patients were enrolled. Median survival
time (MST) was 8.4 months (95% confidence interval [CI],
4.8-13.9 months), the 1-year survival rate was 40%, and
median progression-free survival (PFS) was 9 weeks (95% CI,
8—15 weeks). The most common side effects were rash (67%)
and diarrhea (56%). Patients who developed a rash survived
longer (1.5 months) than those who do not have a rash, and
the MST was longer for those with grade 2 or 3 rash (19.6
months) than for those with grade 1 rash (8.5 months). This
positive correlation suggests that rash may be a marker of
HER1/EGFR kinase inhibition with the use of erlotinib.

Erlotinib as a single agent has also been tested as first-
line treatment in advanced NSCLC patients.'* Fifty-three
chemotherapy-naive patients with stage IIIB/IV NSCLC
were enrolled to receive erlotinib.

The overall rate of nonprogression at 6 weeks was
52.8% (28 out of 53 patients). Tumor RR was 22.7%, with
one complete response (CR), 11 partial response (PR), and
16 cases of stable disease (SD). The median duration of
tumor response was 333 days, median overall survival (OS)
was 391 days, and median time to progression (TTP) was
84 days. Responses were more common in women, adeno-
carcinoma histology, and in nonsmoker patients.

Five patients were reported to have a grade 3 adverse event
(AE). In 2007, Jackman et al"® reported data from a phase II
clinical trial evaluating erlotinib as first-line monotherapy in
patients >70 years of age, chemotherapy-naive, with stage
II/1V disease treated with erlotinib at 150 mg/m?2. The MST
was 10.9 months. The 1- and 2-year survival rates were 46%
and 19%, respectively. Eighteen patients experienced a grade
3 AE, most commonly rash (five patients) and interstitial
pneumonitis (three patients). The toxicity of erlotinib in this
population compares favorably with that seen in other studies
performed in patients with NSCLC <70 years of age.

Phase II trials'® evaluating the effects of erlotinib in
untreated patients as first-line treatment in advanced NSCLC

and a performance status (PS) of 2 were presented at the
2007 Annual Meeting of the American Society of Clinical
Oncology.

The treatment with erlotinib was well tolerated in PS-2
patients who are generally less likely to tolerate standard-dose
platinum-based doublet chemotherapy.

In the same meeting, Jackman et al'” presented a phase 11
trial evaluating the effects of erlotinib in 49 chemotherapy-
naive women with advanced adenocarcinoma NSCLC.
Preliminary data reported 34% RRs, 28% SDs, and PFS and
MST were 5.8 and 23.2 months, respectively.

Phase Il trials

The efficacy of erlotinib has been tested in both monotherapy
and combined with chemotherapy in several phase III clinical
trials.

Monotherapy
The BR.21 study was a phase III randomized, double-blind,
placebo-controlled trial assessing the efficacy of erlotinib
treatment of patients with advanced and chemotherapy-
refractory NSCLC.'® A total of 731 patients were randomly
assigned in a 2:1 ratio to receive either erlotinib or placebo.
Patients were required to have received one or more previ-
ous lines of chemotherapy. At the time of the study, pemetrexed
was not available, and there was concern about the toxicity and
effectiveness of further chemotherapy after the failure of stan-
dard chemotherapy in some patients; therefore, it was reason-
able to compare erlotinib with placebo. The primary end point
of the study was OS (Table 1). RR was 8.9% in the erlonitib
group and less than 1% in the placebo group; median response
duration was 7.9 and 3.7 months, respectively. Median survival
was 6.7 months with erlotinib and 4.7 months with placebo
(P < 0.001). One-year survival was 31% with erlotinib and
21% with placebo. The objective responses (ORs) were more
frequent in women (14% vs 6%; P < 0.0065) and in patients
with adenocarcinoma, as compared with other histotypes (14%
vs 4.1%; P < 0.0001) and in patients without a smoking his-
tory (25% vs 4%; P < 0.0001; Table 2).

Table | Survival results from BR.21: a phase Ill randomized,
double-blind, placebo-controlled trial assessing the efficacy of
erlotinib treatment of patients with advanced and chemotherapy-
refractory NSCLC'®

Erlotinib  Placebo P value

(n=488) (n=243)
Progression-free survival (months) 2.2 1.8 <0.001
Overall survival (months) 6.7 4.7 <0.001
One-year survival (%) 31 22 NA
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The BR.21 was the first clinical trial in which a novel
targeted agent, such as erlotinib, significantly improved
the survival of chemotherapy-refractory advanced NSCLC
patients.

The most common toxicities seen in this trial were
diarrhea and rash as was seen in the previous studies. Dose
reductions were carried out in 12% of patients due to rash
and 5% for diarrhea. Erlotinib was discontinued only in
5% of patients due to toxicity. In contrast to most cytotoxic
agents, grade 3 or 4 neutropenia was not reported with
erlotinib. In the BR.21 study, pulmonary infiltrates and
pneumonitis (3%) were seen equally in the erlotinib vs pla-
cebo arm. One patient died on each arm due to pneumonitis,
which was most likely related to the underlying lung cancer
and not the drug.

The quality-of-life analysis supports the true pallia-
tive benefit of erlotinib in improving not only survival but
also the median time to deterioration for all three principal
symptoms related to the disease (4.9 vs 3.7 months for cough
[P =0.04]; 4.7 vs 2.9 months for dyspnea [P = 0.04]; and
2.8 vs 1.9 months for pain [P = 0.03])."

Chemotherapy combination

Erlotinib in combination with chemotherapy for the first-
line treatment of NSCLC has been evaluated in two large
multicenter, randomized, placebo-controlled clinical trials
(Table 3).

The TRIBUTE trial?® was conducted in the treatment of
naive patients with advanced or metastatic NSCLC who were
treated with chemotherapy plus erlotinib vs placebo.

The clinical trial compared the OS of patients with
NSCLC receiving either erlotinib in combination with pacli-
taxel and carboplatin or paclitaxel plus carboplatin alone.

This prospective, placebo-controlled trial, randomized
patients with previously untreated advanced NSCLC (stage
[1IB/4) to receive erlotinib at a dose of 150 mg/day or placebo
with six cycles of carboplatin plus paclitaxel followed by
maintenance monotherapy. The primary end point was OS.

A total of 1,059 patients were randomized. There was no
difference in patients treated with erlotinib and carboplatin/

Table 2 Response rate to erlotinib in different patient subgroups
in BR.21: gender, histologies, race, and smoker!'®

Response rate (%) P

Women vs men 14 vs 6 0.006
Adenocarcinoma vs other histologies 14 vs 4 <0.001
Asian vs non-Asian 19vs 8 0.02
Nonsmoker vs current/former 25vs 4 <0.001

paclitaxel when compared with those treated with carbopla-
tin/paclitaxel alone: OS was 10.8 months with erlotinib vs
10.6 months with placebo (P =0.95; hazard ratio [HR], 0.99),
OR was 5.5 months with erlotinib vs 5.0 months with placebo
(P=0.32; HR, 0.85), and median TTP was 5.1 months with
erlotinib vs 4.9 months with placebo (P = 0.36; HR, 0.94).

Rash and diarrhea were more common in the erlotinib
group (47.7% with erlotinib vs 43.2% with placebo). This
study concluded that erlotinib combined with carboplatin/
paclitaxel chemotherapy does not confer a survival advantage
over carboplatin/paclitaxel alone in previously untreated
advanced NSCLC.

Another placebo-controlled randomized study (TAL-
ENT) was reported in the treatment of naive unresectable
stage IIT or IV NSCLC.?! In this study, patients received
six cycles of cisplatin (80 mg/m? day 1) and gemcitabine
(1250 mg/m? days 1, 8) plus erlotinib (150 mg daily) or
placebo with responding patients who continued to receive
erlotinib until progression.

There was no difference in RRs, OS, TTP, and time to
symptom progression among the 1,172 patients enrolled.

The exception to this was a survival benefit seen in a
subset analysis of nonsmokers. Based on these two random-
ized trials, erlotinib has no role in first-line therapy when
given concurrently with chemotherapy in an unselected
patient population.

Phase 1V trial

Tarceva Survival Lung Cancer Treatment (TRUST) study is
an open-label, nonrandomized, multicenter, phase IV trial
in patients with advanced NSCLC who have failed standard
chemotherapy, cannot receive other systemic anticancer
therapy, are not medically suitable for chemotherapy, or are
ineligible for other clinical trials with erlotinib. The trial
was designed to allow access to erlotinib monotherapy for
suitable patients in countries where the drug had not been
licensed yet. Almost 7,000 patients have been enrolled
for the TRUST study at 549 centers in 52 countries
worldwide.??

In February 2008, data were available for 4,002 European
patients.?®* Twenty-three patients (<1%) had CR, 281
(9%) had PR, and 1,864 (58%) had SD. Median PFS was
12.3 weeks (95% CI, 11.9-12.9); 1-year survival was 32%;
and median OS was 6.7 months. Degree of rash was cor-
related with survival. Subanalyses showed that patients who
were female, PS 0 or 1, nonsmokers, or who had adenocar-
cinoma had prolonged PFS. Degree of rash was correlated
with survival.
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Table 3 Erlotinib in combination with chemotherapy for the first-line treatment of NSCLC

Study No of patients Regimen Median survival RR Overall
(months) survival (%)
TALENT? 1,172 CT + placebo 102 vs 9.9 NR NR
CT + erlotinib P=NS
TRIBUTE® 533 CT + placebo 10.5vs 10.6 19.3vs 21.5 44 vs 47
CT + erlotinib P=0.95 P=0.36

Abbreviations: RR, relative risk; CT, cisplatin.

Recently, Tiseo et al** reported the interim analysis from
the Italian experience. At the time of this analysis, data from
651 patients were available. Erlotinib was administered as
first-, second-, third-, or other-line therapy. RR was 9%,
with a disease-control rate of 63%. Median PFS was
15 weeks and was longer in females (P < 0.001), patients
with adenocarcinoma (P = 0.008), nonsmokers (P < 0.001),
and patients who experienced skin toxicity (P < 0.001).
Safety data were available for 609 patients, 35% of whom
had at least one AE, but only 4% of patients discontinued
treatment due to erlotinib-related AEs. The results of TRUST
study achieved using erlotinib in a large unselected Italian
population with advanced NSCLC confirm the activity and
favorable tolerability, which are similar to that achieved in
the BR.21 trial.

Combination with other

targeted-agents

Many novel targeted agents are currently in clinical trials
in combination with erlotinib; bevacizumab was combined
with erlotinib in a phase I/l study in patients with relapsed
nonsquamous NCSLC.*

No dose-limiting toxicity was reported in the phase I
portion, and 34 patients were treated at the phase II doses
with erlotinib 150 mg daily and bevacizumab 15 mg/kg every
21 days. The most common toxicities were diarrhea, rash,
hematuria, and proteinuria, and there were no treatment-
related deaths. There was a 20% PR and a 65% SD with a
median OS of 12.6 months and a PFS of 6.2 months. Nine
tumors were tested for EGFR mutations in exons 19-21
and 23, and only two had the mutation (1 PR and 1 SD).

In 2006, Fehrenbacher et al*® published data about a
phase II, multicenter, randomized clinical trial. The study
evaluated the efficacy and safety of bevacizumab in combi-
nation with chemotherapy or erlotinib. One hundred twenty
advanced nonsquamous NSCLC patients, previously treated
with a platinum-based regimen, were randomized to receive
docetaxel or pemetrexed plus placebo (arm 1), docetaxel or
pemetrexed plus bevacizumab (arm 2), or bevacizumab plus
erlotinib (arm 3). The overall rate of nonprogression was

39% in arm 1, compared with 52.5% in arm 2 and 51.3% in
arm 3. The percentage of patients free from progression at
6 months was 21.5% inarm 1, vs 30.5% in arm 2, and 33.6%
in arm 3. The 6-month survival rate was 62.4% in arm 1, vs
72.1% in arm 2, and 78.3% in arm 3.

Confirmation of these exciting preliminary results is
being sought in two international phase III trials: ATLAS,*
and BETA. The ATLAS trial (N = 1150) is a randomized,
double-blind, placebo-controlled phase IIIB trial that
compares bevacizumab with or without erlotinib after the
completion of first-line chemotherapy with bevacizumab for
advanced nonsquamous NSCLC.

Recently, Miller et al?” has presented preliminary data:
the median PFS was 3.75 months vs 4.76 months, respec-
tively, for patients with only bevacizumab (» = 370) and for
group with bevacizumab and erlotinib (n =373). The PFS at
6 months was 28.4 vs 40.3, respectively, for bevacizumab vs
bevacizumab + erlotinib. The data concerning the survival
will be available to the ASCO 2010.

The BETA trial®® (N = 650) randomized patients requiring
second-line therapy to erlotinib with or without bevacizumab.
The preliminary not-yet-published data showed no advantage
for the combination arm.

Predictors of response

Clinical predictors

There is some tendency to consider that erlotinib is only
effective in certain subgroups of patients, such as women or
Asians, or among patients with adenocarcinoma.? Analysis
of data from subgroups included in the BR.21 trial showed
that OS is similar to women and men (HR, 0.8 for both
populations).'® Likewise, survival is similar among patients
with adenocarcinoma and epidermoid carcinoma (HR, 0.7
and 0.67, respectively).

The results of Asian patients and other ethnicities are
similar (HR, 0.6 and 0.8, respectively). The most important
group is of male smokers with epidermoid carcinoma. In
this population, HR in the erlotinib group (n = 100) is 0.66,
and MST was 5.5 months, as compared to 3.4 months in the
placebo group (n =57).%°
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A subgroup analysis of the TRIBUTE trial showed that
the addition of erlotinib to carboplatin or paclitaxel prolonged
the survival in patients who never smoked (MST, 22.5 vs
10.1 months; HR, 0.49; 95% CI, 0.28-0.85; P =0.01). The
RR to chemotherapy with erlotinib was also higher in the
nonsmokers when compared with that to chemotherapy alone
(21 [30%] of 69; 95% CI, 20%—43% vs 5 [11%] out of 44;
95% CI, 4%—25%; P =0.02).°

Dermatologic toxicities are the most common AEs associ-
ated with EGFR inhibitors, which occur in >50% of patients
who receive treatment. The rash is dose dependent.’!

Furthermore, in the phase III TRIBUTE and TALENT
trials, a subanalysis showed that patients who developed
rash survived longer than those who did not.* Finally, it was
recently shown that susceptibility to rash and clinical activity
of EGFR-targeting agents could be linked to polymorphic
variations in the EGFR gene.* The relationship between the
development of rash and survival is currently being evalu-
ated further, and the results should help to guide the use of
EGFR-targeted therapy.

Molecular predictors

The degree of EGFR expression can be evaluated by IHC
and the EGFR gene copy number by fluorescent in situ
hybridization (FISH). EGFR expression determined by
IHC has been the first biological marker to be investigated
as a possible molecular predictor of response to treatment
with TKIs.

Expression levels did not correlate with survival, stage,
age, gender, or smoking history. Well-differentiated tumors
had a higher level of EGFR expression when compared with
poorly differentiated tumors.>

In 2006, Miller et al** published data from prospec-
tive phase II trial about patients with bronchioloalveolar
carcinoma (BAC). Gene amplification in combination with
EGFR mutation (exons 19 and 21) was shown to be a strong
predictor of response to erlotinib. Patients with both EGFR-
activating mutations and gene amplification had a 90% RR
and a median OS of 35 months. In comparison, patients with
no mutations and no gene amplification had a 4% RR and
median OS of 15 months.

In the BR.21 study, EGFR expression in the erlotinib-
treated group was associated with a better response without
a survival advantage.*® Thus, EGFR expression by THC
alone does not seem to be useful in predicting survival after
erlotinib therapy. The FISH analysis from BR.21, however,
did show a striking benefit in survival for the EGFR-positive
patients vs the EGFR-negative patients (P = 0.002).

In a retrospective analysis of the TRIBUTE trial, FISH
analysis was successfully performed on 245 patients. In
EGFR-positive patients, OS was similar between those
treated with chemotherapy plus erlotinib and those treated
with chemotherapy alone. However, EGFR-positive patients
in the combination group arm experienced a decrease in RR
compared with those in the CP-alone arm, and had a margin-
ally significant longer TTP (HR, 0.59; 95% CI, 0.35-0.99).
The benefit in TTP appeared after approximately 6 months,
during the maintenance period of the trial.*’

It has been argued that only patients with certain specific
mutations respond to erlotinib.The most common mutations
are in a frame deletion in exon 19 around codons 746-750
(45%—-50% of all somatic EGFR mutations) and a missense
mutation leading to leucine-to-arginine substitution at codon
858 (L858R) in exon 21 (35%—45% of mutations).*® Somatic
mutations in the EGFR gene are most frequently detected
in a subpopulation of NSCLC patients with characteristics
associated with a better treatment outcome, including adeno-
carcinomas histology and in particular, BAC, nonsmokers,
patients of Asian ethnicity, and females.>**°

In the BR.21 mutational analysis study, 40 of 177 (23%)
samples were positive for mutations in exons 18-21.3 EGFR
mutations were found at varying levels in the following
subgroups: males (22%), females (24%), Asians (50%),
non-Asians (21%), nonsmokers (31%), and adenocarcinoma
(28%). In this trial, surprisingly, the presence of mutations
did not correlate with response or survival even in patients
with classic exon 19 or 21 mutations. There was a trend
toward better RR in those with mutations, but this was not
of statistical significance.

In the TRIBUTE study,* patients with EGFR mutations
also showed an increase in response to treatment (38%),
when compared with wild-type cases (23%; P = 0.01), and
a prolonged survival that was independent of treatment (8 vs
5 months for mutation-positive and mutation-negative groups,
respectively; P < 0.001). Similar results have emerged from
retrospective molecular analyses from the TALENT trial.*?

Adverse effects and compliance
Erlotinib is not significantly associated with hematological
adverse effects.!* Most commonly reported erlotinib-related
adverse effects were rash and diarrhea. Diarrhea is not a
major problem, because it may be treated with standard
therapies. Rash was found in around 1 out of 20 patients
receiving erlotinib.

Because the EGFR is expressed in the skin and in par-
ticular, in undifferentiated keratinocytes of the basal layers of
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the epidermis and the outer root sheath of the hair follicle,*
the reported side effects are acneiform eruption, xerosis,
telangiectasia, hyperpigmentation, fissures, and hair and nail
changes. It has been suggested that the variability in skin
toxicity may be related to pharmacogenetic and pharmaco-
dynamic differences or pharmacogenetic, heterogenetic, and
EGFR polymorphisms among patients.*

Data from 485 patients enrolled in the BR.21 study'®
showed that skin rash occurred in 79% of the patient popu-
lation. The severity of rash was mild to moderate. Grades 3
and 4 occurred in 8% and <1%, respectively, of erlotinib-
treated patients.

The rash seems to be dose dependent, with higher incidence
and more severe rash at higher dose levels." In general, the rash
manifests within a week after treatment with EGFR inhibitors
and reach a maximum level after 2-3 weeks. The reaction is
reversible, usually with complete resolution within 4 weeks
of withdrawal from treatment. Data from several clinical trials
with HER1/EGFR-targeted agents show a positive correlation
between rash and response and/or survival.* These findings
suggest that rash may be a surrogate marker of efficacy. How-
ever, this raises the question of why about one-third of patients
do not develop skin toxicity, even at the MTD.

Perez-Soler et al* has performed a multivariate analysis of
factors affecting survival, including skin toxicity, and found
the rash to be a significant predictor of survival. Prospective
randomized studies investigating the response—rash relation-
ship are needed to confirm the relationship between rash and
clinical benefit.

Future directions and conclusions
Erlotinib has a clear role in second- or third-line treatment
of NSCLC. The decision of when to administer (either
as second or third line) can be challenging. Certain patients,
such as nonsmokers and those with known EGFR mutations,
will obviously be offered second-line therapy with the drug.
However, for those patients without favorable clinical or
molecular predictors of response, it is difficult to determine
whether erlotinib is as efficacious as either docetaxel or pem-
etrexed.*’ The ongoing TITAN trial will hopefully answer this
question. This phase III trial randomizes patients to receive
either erlotinib or docetaxel or pemetrexed.

Major areas of clinical research are the assessment of erlo-
tinib in adjuvant treatment, in the first-line therapy of advanced
disease, and in combination and/or sequence with cytotoxic
treatments and/or other molecular-targeted agents.*

An ongoing adjuvant trial, RADIANT, is open world-
wide to patients with stage I-IIIA resected NSCLC who

have evidence of EGFR overexpression by either IHC or
FISH. Eligible patients will be randomized to either 2 years
of erlotinib or observation, after the completion of adjuvant
chemotherapy at the discretion of the treating physician.

The efficacy of erlotinib in the first-line setting in patients
with advanced NSCLC and activating EGFR mutations was
demonstrated in a phase II trial of the Spanish Lung Cancer
Group.*® Screening of 2,507 patients detected activating
EGFR mutations in 358 patients, of whom 217 participated
in the study. TTP was 14 months and median OS was
27 months. To determine the predictive value of activating
EGFR mutations in first-line therapy with erlotinib, the Phase
[T trial EURTAC was initiated, in which patients with proven
activating EGFR mutations receive erlotinib or platinum-
based doublet chemotherapy in the first-line setting.

The Tarceva or Chemotherapy (TORCH) study® is a
Phase III randomized, multicenter trial based on a noninferi-
ority survival comparison between an experimental strategy
including first-line erlotinib followed at progression by che-
motherapy with cisplatin and gemcitabine (PG) and a stan-
dard arm consisting of first-line PG chemotherapy followed
at progression by erlotinib. Moreover, this trial will allow the
evaluation of the relationship between molecular predictors,
such as EGFR and K-ras mutational status and erlotinib treat-
ment response. The study design is based on a noninferiority
survival comparison with about 900 patients.

In November 2009, the enlistment of the patients has
been interrupted because of the experimental arm inferiority
showed by interim analysis.

Recently, Cappuzzo et al®® presented data from the
Sequential Tarceva in Unresectable NSCLC (SATURN) trial
a double-blind, randomized, phase III study of maintenance
erlotinib vs placebo following nonprogression with first-line
platinum-based chemotherapy in patients with advanced
NSCLC. The final results of the study found that the median
OS for patients treated with erlotinib after chemotherapy
was about 12 months vs 11 months for patients who were
not treated with the EGFR inhibitor. The difference repre-
sented a 19% reduction in the risk of cancer progression
(P =0.0088). The use of erlotinib following chemotherapy
resulted in a 29% reduction in the risk of disease progres-
sion (P < 0.0001). Subanalyses showed that patients who
had mutation or who had adenocarcinoma had prolonged
PFS. Despite the positive data, the FDA Advisory Panel is
negatively express around the approval of erlotinib in first-
line maintenance therapy in patients with advanced NSCLC.
Actually, ongoing trials seek to improve therapy with this
agent in monotherapy or in combination regimens and better
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Table 4 Ongoing phase |, II, and Il trials with erlotinib?

Study phase

Treatment

Primary end point

Erlotinib plus R1507 in patients with [lIB/IV NSCLC with progressive disease after clinical

benefit with erlotinib

Erlotinib plus Sorafenib in patients with pretreated unresectable stage Il or [V NSCLC

Erlotinib vs docetaxel or pemetrexed

Erlotinib in combination with chemoradiation in patients with stage [IIA/B

Erlotinib with concurrent whole brain radiation therapy in patients with brain metastases
Erlotinib plus docetaxel in patients with advanced or metastatic NSCLC after failure

of one chemotherapy regimen

Erlotinib in combination with chemoradiation in patients with stage IlIA/B NSCLC

PFS

Safety

(ON

Time to disease
progression

(ON

PFS

Safety

*‘www.clinicaltrials.gov
Abbreviations: OS, overall survival; PFS, progression-free survival.

understanding of predictors of benefit with therapy. The next

generation of clinical trials will prospectively evaluate the

efficacy of EGFR TKIs in clinically or molecularly enriched

patient populations. These studies, combined with ongoing

advances in technology for detecting EGFR mutations and

copy number, will help to further refine the population of

patients with NSCLC who are likely to derive the greatest
benefit from EGFR TKIs (Table 4).
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