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Abstract

Objectives—To determine the proportion of patients with tumor response, the proportion who
survived progression-free for at least six months (PFS > 6 months) and the frequency and severity
of toxicities of patients with recurrent squamous cell carcinoma of the uterine cervix treated with
erlotinib.

Methods—This was a multicenter, open-label single arm trial evaluating the toxicity and efficacy
of oral erlotinib at an initial dose of 150 mg daily until progressive disease or adverse effects
prohibited further therapy.

Results—Twenty-eight patients with squamous cell carcinoma were enrolled onto this trial.
Twenty-five patients were evaluable. There were no objective responses with four (16%) achieving
stable disease; only one patient had a PFS > 6 months (4%). The one-sided 90% confidence interval
(CI) for response was 0.0%-8.8%. The two-sided 90% CI for the proportion of patients surviving
progression-free for at least 6 months is 0.2%-17.6%. Erlotinib was well tolerated with the most
common drug-related adverse events being gastrointestinal toxicities, fatigue and rash.

Conclusion—Erlotinib is inactive as monotherapy in patients with recurrent squamous cell
carcinoma of the uterine cervix.
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Introduction

Cervical cancer remains a major health issue for women worldwide. It ranks second only to
breast cancer in incidence and cancer related mortality. In parts of the developing world, it is
the major cause of death in women of reproductive age(1). In the United States, there were
approximately 11,000 new cases of cervical cancer with 3700 deaths estimated for 2007(2).
The vast majority of cases are of squamous cell histology. Cisplatin is the single most active
agent with a response rate reported between 13-19% in recent phase 11 trials. In combination
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with other agents such as paclitaxel or topotecan, the response rate increases to 36% and 27%,
respectively(3,4). The responses tend to be partial in nature and of short duration. Therefore,
the development of new anti-neoplastic compounds that could be combined with cisplatin with
or without radiation is vital to improve primary therapy for advanced disease.

Erlotinib is an oral selective inhibitor of the epidermal growth factor receptor (EGFR) tyrosine
kinase. Its administration reduced the level of EGFR autophosphorylation in mice bearing
human tumor xenografts by greater than 70% over 24 hours after a single dose(5). EGFR is a
transmembrane glycoprotein that promotes cell growth in a variety of normal and transformed
tissues when activated. Binding of ligands such as transforming growth factor-alpha (TGFo)
or EGF to EGFR activates a number of signal transducing pathways, such as MAP-MEK-ERK
and PI3K-AKT, which are important for cell growth and survival, respectively(6,7). EGFR is
known to be overexpressed in both normal squamous epithelium and squamous cell cancers,
and it plays a key role in HPV-16 mediated transformation of normal keratinocytes. EGFR is
expressed in greater than 75% of squamous cell cancers of the cervix although the impact of
EGFR overexpression on the prognosis of patients with squamous cell carcinomas of the cervix
is controversial(8-11). Inhibition of EGFR by either monoclonal antibodies or tyrosine kinase
inhibitors (TKI) leads to growth arrest of squamous cell cancers(12,13). Based on randomized
phase II trials, erlotinib is now indicated for use in patients with non-small cell lung cancer
as second or third line treatment and in patients with pancreatic cancer as the front-line therapy
in combination with gemcitabine(14,15). Based on these data, erlotinib was selected by the
Gynecologic Oncology Group (GOG) for evaluation in patients with recurrent squamous cell
cancer of the cervix.

Materials and methods

Patients were required to have recurrent or persistent squamous cell carcinoma of the cervix
that was histologically confirmed by central review performed by the GOG Pathology
Committee. EGFR expression was not a eligibility criterion nor determined since
approximately 75% of squamous cell carcinomas of the cervix express EGFR(16). Written
informed consent was obtained from all patients according to all institutional, state and federal
regulations. Prior to study entry, patients must have received at least one, but not more than
two, prior systemic cytotoxic chemotherapeutic regimens for the management of advanced,
metastatic or recurrent squamous cell cervical cancer and were required to have measurable
disease as defined by Response Evaluation Criteria in Solid Tumors (RECIST)(17). (Patients
must not have received any prior EGFR inhibitor). Tumors within a previously irradiated field
were designated as non target lesions, unless clear progression was documented or a biopsy
was obtained to confirm disease persistence at least 90 days following the completion of
radiation therapy. Chemotherapy administered as a radiosensitizer in conjunction with primary
radiation was not considered as a systemic chemotherapy regimen. Patients who had only one
prior cytotoxic chemotherapy regimen were required to have a GOG performance status of 0
to 2; those patients who had two prior regimens were required to have a GOG performance
status of O or 1. Patients were required to have adequate bone marrow (absolute neutrophil
count > 1500/ul, platelet count > 100,000/ul), renal (serum creatinine < 1.5 x the upper limit
of normal), hepatic function (total bilirubin <the upper limit of normal and both transaminases
and alkaline phosphatase < 2.5 x the upper limit of normal) and neurologic function (sensory
and motor neuropathy < Common Toxicity Criteria (CTC)-grade 1). Toxicities were assessed
at each office visit every 21 days.

This trial was a multicenter, open-label, single arm study evaluating the efficacy and toxicity
of oral erlotinib administered at a dose of 150 mg daily until progressive disease or toxicity
prohibited further administration. A cycle was defined as 28 days. Febrile neutropenia, grade
4 neutropenia lasting > 7 days or grade 4 thrombocytopenia required the drug be held until
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patients recovered from the infectious episode and the respective blood counts recovered to
CTC grade < 1. Prophylactic use of granulocyte-colony stimulating factor (G-CSF) and/or
thrombopoietic agents were not permitted since erlotinib was administered daily. Chemo-
protective agents such as amifostine also were prohibited. Patients were removed from the
study if their blood counts had not recovered by two weeks off treatment.

Grade 1 or 2 non-hematologic toxicity required no dose adjustments except for grade 2 keratitis
for which one dose level reduction was permitted down to 100 mg daily for the first reduction
and 50 mg daily for the second reduction. Patients requiring further dose reductions stopped
study therapy. Grade 2 skin rash was managed with minocycline, topical agents, or a short
course of steroids but no dose reduction unless perceived as intolerable by the patient. Grade
3 or 4 non-hematologic toxicity including skin rash, required a dose reduction by one level
once toxicity resolved to grade < 1. Two dose reductions were allowed; a third dose reduction
(25 mg/day) could occur after discussion with the Cancer Therapy Evaluation Program (CTEP)
monitor if the patient was still benefiting from therapy. Toxicity was reported according to
CTC v. 2 (http://ctep.cancer.gov/reporting/ctc.html).

Erlotinib was not expected to act through cytotoxic mechanisms which ordinarily result in cell
death. Instead, it was anticipated that this agent would inhibit cell growth, division, or
metastasis. Therefore, tumor response, which requires an actual reduction of tumor burden,
was not considered an appropriate outcome for identifying drug activity in this class of agents.
Therefore, the primary endpoint selected was progression-free survival (PFS). In particular,
this study estimated the distribution of the failure times, which was used to estimate the
proportion of patients who survived progression-free for at least 6 months (PFS at 6 months).
Time to progression or death (PFS endpoint) was assessed from the date of enrollment to the
date of first clinical progression or death, whichever occurred first. If neither event was
observed, then the patient’s event status was considered censored, and the time to progression
was measured from the date of enroliment to the date of last contact. Patients with times to
progression or death of at least 6 months were considered to be surviving progression-free for
at least 6 months. Patients with censored PFS times of less than 6 months would have been
deemed treatment failures.

Under the hypothesis that Erlotinib is effective, a greater proportion of patients would be
expected to survive progression-free in a fixed period of time, regardless of whether it acted
inacytotoxic or cytostatic mechanism. An analysis of historical phase 11 trials (18-23) indicates
that agents with a proportion of patients surviving progression-free at six months (PFS >6
months) of 10% or less was uninteresting. Increasing this proportion to 25% or more was
considered clinically significant. [See Monk et al. for further discussion (24)]. The sample size
for the current trial was targeted to detect this effect with 90% power with the probability of a
type | error equal to 10%. A flexible and nearly optimal two-stage design was utilized with a
method provided by Chen and Ng(25). Specifically, the targeted size for the first stage of
accrual was 22 eligible and evaluable patients, but in practice the sample size was permitted
to range from 19 to 26 patients for administrative reasons. If there were more than two (i.e.,
>2) out of 19-25, or more than three (i.e., >3) out of 26 patients alive and progression-free for
at least six months and medical judgment indicated, accrual to a second stage of the trial was
to be initiated. Otherwise, the accrual would be stopped, and the treatment regimen would be
considered clinically uninteresting. If the study advanced to the second stage, then an overall
study accrual of 47 eligible and evaluable patients was targeted but permitted to range from
44 to 51. If there were no more than six (i.e., <6) out of 44—45 or seven (i.e., <7) out of 46-51
patients that were alive and progression-free after six months, the regimen would have been
considered clinically uninteresting.
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The frequency and severity of adverse events were tabulated according to the descriptions
provided by NCI’s Common Toxicity Criteria version 2.

Secondary analyses included a description of overall survival (OS) and PFS with quartile
estimates of the distribution for the time to event (progression/death) along with Kaplan-Meier
plots. The number of patients with tumor responses was provided along with confidence
intervals using exact methods assuming a binomial distribution. Specifically, for a two-sided
(1-a) confidence interval, the bounds of the interval, [z, =;] were found by solving the set
of polynomial equations:

n

Z( . )ni(l — )" =a)2

i=r

and

( " )nj,(l — Y =a/2
l g :

i=0

n

where the value, ( i ) is the usual binomial coefficient, n is the sample size, and r is the number
of responses. Data were analyzed in SAS version 9.1.

The period of active accrual was 41.2 months. Patients were followed for median of 13 months
after study closure.

Twenty-eight patients were entered into the trial from 16 centers between April 2002 and
October 2005. One patient had an ineligible primary (lung) cancer, one patient was never
treated, and one patient had inadequate data collected leaving 25 evaluable patients. Patient
characteristics are listed in Table 1. Eighteen patients had one prior chemotherapy regimen and
24 had prior radiotherapy.

There were no objective responses. Assuming a binomial distribution, the exact one-sided 90%
confidence interval for the probability of a tumor response is 0.0%-8.8%. Sixteen percent of
patients had stable disease, but only one patient survived progression-free for more than six
months (4%). Because the total number of patients with PFS > 6 months was less than three,
the trial did not open to a second stage. The exact two-sided 90% confidence interval assuming
a binomial distribution for the proportion of patients surviving progression-free for at least six
months is 0.2%-17.6%. This confidence interval excludes the minimally significant proportion
of 25%. The median PFS was 1.87 months (first quartile 1.48; third quartile 2.33) with a median
OS of 4.96 months (first quartile 3.65, third quartile 8.12) (Table 2). Figure 1 provides a plot
of the Kaplan-Meier estimates of OS and PFS.

The median number of cycles administered was two (range, 1-5). Grade 3 or 4 toxicities are
summarized in Table 3. Grade 3 diarrhea occurred in only three patients. Other grade 3
gastrointestinal related toxicities included nausea (2), emesis (2), dehydration (1) and anorexia
(1). Anemia was the only grade 3 or 4 hematologic toxicity observed. Only two patients had
grade 3 rash, although 15 patients had milder forms. One patient had grade 4 renal toxicity that
reversed with bilateral percutaneous nephrostomy tube placements, suggesting that the ureteral
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obstruction was due to progressive disease rather than secondary to drug effect. There were 9
patients that required dose modifications. Four patients were delayed for at least seven days
on at least on occasion.

Discussion

The EGFR is known to be highly expressed on the surface of cervical carcinoma cells. Many
of the early studies that elucidated the biology of the EGFR employed the human cervical
squamous carcinoma cell line, A431(26,27). Thus, cervical cancer was a logical disease in
which to evaluate an EGFR inhibitor. However, we observed no objective responses nor were
there many patients who sustained a prolonged period of stable disease. Our data using erlotinib
were similar to the data obtained by Goncalves and colleagues using gefitinib in recurrent or
metastatic cervical carcinoma (28). They also did not observe any objective responses. They
reported a stable disease rate of 20% with a median duration of 111.5 days (range, 77-188
days). The median PFS and OS were 37 days and 107 days, respectively, which are similar to
our own observations of 1.87 and 4.96 months, respectively. In their study, disease control did
not correlate with EGFR expression. Arias-Pulido and co-investigators analyzed 89 patient
samples for EGFR mutations in exons 19-21(29). In addition, nine cervical cancer cell lines
were similarly evaluated for mutations in exons 18-21 similar to what had been previously
done in lung cancer specimens. No mutations were detected in any sample in either group. In
a separate study, no amplification of the EGFR gene was detected(30). These findings may
explain the lack of activity of EGFR TKI despite the high level of expression of EGFR. Similar
results have been seen in EGFR TK1 monotherapy trials in breast, head and neck, renal cell,
prostate, ovarian and endometrial cancers(31).

A recent study evaluating the mechanism of acquired resistance to erlotinib in A431 cells
demonstrated that the extent of gene amplification or mutation was not altered as erlotinib
resistance was induced in these cells(32). Erlotinib similarly reduced the levels of
phosphorylated EGFR in both sensitive and resistant cell lines. However, mutated in multiple
advanced cancers 1/phosphatase and tensin homologue (MMAC1/PTEN) was induced and
phosphorylated Akt was suppressed cells in sensitive cells but not resistant cells.
Overexpression of MMAC/PTEN by transfection with Ad.MMAC1/PTEN or by
pharmacological suppression of Akt activity restored erlotinib sensitivity in resistant A431
cells. Conversely, transfection of parental A431 cells with constitutively active Akt was
sufficient to induce resistance to erlotinib. Thus, erlotinib resistance is, at least in part, mediated
by MMACL/PTEN down regulation and/or increased Akt activation and may be reversed in
the presence of inhibitors of signaling through the phosphatidlylinositol-3-kinase pathway.

Monoclonal antibodies against EGFR have a different spectrum of clinical activity. They are
active in chemotherapy refractory colorectal cancer and also may be more active than EGFR
TKIs in head and neck cancer(33-38). These antibodies, including cetuximab and
panitumumab, have a different mechanism of action compared with the TKIs and also combine
well with chemotherapy or radiation.

In in vitro systems, cervical cancer cell lines were demonstrated to be highly sensitive to
cetuximab mediated antibody dependent cell mediated cytotoxicity. These reactions were
further augmented by the presence of complement(9). The combination of EGFR monoclonal
antibody and cisplatin inhibits tumor growth unresponsive to either agent as monotherapy in
mice bearing human squamous cell xenografts and the antitumor activity appears to be
independent of the level of EGFR expression(39).

The negative results of TKI therapy targeting EGFR in the treatment of metastatic cervical
cancer do not necessarily carry over to the monoclonal antibodies. There are ongoing trials
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within the GOG evaluating cetuximab in combination with cisplatin as front-line treatment for
patients with metastatic squamous cell carcinoma of the cervix in a phase Il trial and in a phase
I trial of cetuximab in combination with radiation and weekly cisplatin for front-line treatment
of locally advanced disease. The results of these trials will assist in determining how to further
develop EGFR inhibitors in the treatment of cervical cancer.

There have been concerns raised about the potential for bias introduced by dichotomizing a
time-to-event endpoint. More specifically, whether the statistic is an unbiased estimate of the
parameter it is proposing to estimate. In particular, whether the proportion of patients deemed
progression-free at six months according to protocol procedures and methods using a Kaplan-
Meier (KM) estimate is an unbiased estimate of the probability of truly being progression-free
at six months. The strict answer to this question is obvious. The statistic is not an unbiased
estimate of this probability. One source of bias can result from informative censoring. For
example, if censored observations are associated with debilitated patients not being able to
obtain CT scans to document disease progression, then the KM estimate is positively biased
for the probability of being progression-free at 6 months. This problem is countered in two
ways. First, the maturity of the data in the historical controls is quite advanced, so there are
relatively few cases that are censored. Second, when evaluating a new agent against the
historical record, cases that are censored before 6 months are considered treatment failures,
yielding a conservative (perhaps negatively biased) estimate in this regard.

Another potential source of bias stems from the timing of the radiological/imaging exams
(scans). The date of disease progression is often reported as the date confirmed by these scans.
However, the date of actual progression occurred some time before the scan, so the data are
technically interval censored. Treatment delays caused by drug toxicities can cause delays in
the scanning for disease progression. Therefore, more toxic drugs could appear to be more
active simply by causing greater delays in the timing of the scans. This problem could be
corrected to some extent if all surviving patients were required to be scanned at exactly 6
months. Then a greater proportion would be determined to have progressed at that time,
providing a more accurate estimate of the parameter of interest. However, the magnitude of
bias is expected to be fairly small with inactive agents. Additionally, the historical controls
were not assessed in such a manner. The best information available to us is a Kaplan-Meier
estimate at 6 months, which was used to determine the baseline level of activity to assess
regimens in future studies that were assumed to be conducted in a similar fashion. Requiring
a scan at exactly 6 months (or nearly so) may provide a reduced biased estimate for the
parameter specified but could adversely disrupt the operating characteristics of design by
yielding one with lower than expected type | error and statistical power. Furthermore, a 6 month
scan cannot correct systematic bias caused by patient treatment patterns. For example, more
toxic drugs can cause patients to withdraw from the study for toxicity. These patients can
subsequently move onto a more active regimen thereby giving an inflated estimate of being
progression-free at 6 months. Only a large, randomized phase I11 study would be able to assure
of a fair comparison with a high level of confidence. Like most phase Il studies, this one has
inferential limitations. Therefore, it is important to keep in mind that the primary objective of
the study is to screen agents, with as few patients as possible, for sufficient activity to deem
them worthy of further study in a fully powered phase I11 study. Implicit in that objective is
the tolerance of some acceptable sacrifice to scientific validity of the study such as possible
bias in the estimate of the primary endpoint.
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Overall and Progression—Free Survival

SurviPFS  Censored Failed Total
PFS 0 25 25
__ __ Survival 1 24 25

Months on Study

Figure 1.

Plot of the Kaplan-Meier Estimates of Overall Survival and Progression-Free Survival. Note
that 22, 10, 5, and 3 patients were at risk for progression or death at 1, 2, 3 and 4 months
respectively. One patient remained progression-free at 12 months. Also note that 24, 23, 21,
16, 12,11, 11, 9, 5, and 3 patients were at risk of death at 1,2,3,4, 5, 6, 7, 8, 9, and 10 months
respectively. One patient was censored near 12 months, and 2 patients survived for more than
12 months.
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Patient Characteristics and Response

Table 1
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Age (median, years)
(range)
Performance Status
0
1
2
Prior Chemotherapy
1 regimen
2 regimens
Prior Radiation
Prior Surgery
Grade
1
2
3
Courses
Median
(range)
Response
CR/PR® (%)
Stable and PFS® >6 months
Stable and PFS < 6 months
Progression
Indeterminate
Progression-Free Survival (months)
Median
1% quartile
3" quartile
Range
Overall Survival (months)
Median
1% quartile
3rd quartile
Range

47
(27-83)

12

18

24
19

13
12

2
(1-5)

0(0)
1(4)
3(12)
17(68)
4 (16)

1.87

1.48

2.33
0.79-19.06

4.96

3.65

8.12
0.79-19.06

a . . .
—CR: complete response; PR- partial response; PFS- progression-free survival
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Table 2
Grade 3 or 4 Toxicities
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Toxicity Grade (n=25)

Fatigue
Nausea
Emesis
Diarrhea
Dehydration
Anorexia

Anemia

N W kW N NN

Rash
*
Renal

Infection without neutropenia 2

*
Reversible
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Grade 3 or 4 Toxicities
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Toxicity Grade (n=25)

Fatigue
Nausea
Emesis
Diarrhea
Dehydration
Anorexia

Anemia

N W kW N NN

Rash
*
Renal

Infection without neutropenia 2

*
Reversible
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