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Abstract
Background—The purpose of this study was to evaluate the safety and efficacy of cetuximab
(C225), an antibody that inhibits epidermal growth factor receptor (EGFR) activity, with cisplatin
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and to explore associations between EGFR protein expression with patient demographics or
clinical outcome.

Methods—Women with advanced, persistent, or recurrent carcinoma of the cervix were eligible.
The women received cisplatin at 30 mg/m2 days 1 and 8 with a loading dose of cetuximab at 400
mg/m2 followed by 250 mg/m2 days 1, 8, and 15 in a 21 day cycle. Adverse events were assessed
with CTCAE v 3.0. Primary measure of efficacy was tumor response by RECIST. The study was
stratified by prior chemotherapy (CT). EGFR protein expression in pre-treatment tumor was
analyzed by immunohistochemistry.

Results—Between September 2004 and March 2008, 76 patients were enrolled. Of these, 69
were eligible and evaluable; 44 (64%) received prior chemotherapy. There were 4 responses in
each group, prior chemotherapy and no chemotherapy, 9% and 16%, respectively. Grade 4
toxicities included anemia (1), allergy (1), metabolic (1), and vascular (1). The most common
grade 3 toxicities were metabolic (15), dermatologic (8), fatigue (6), and gastrointestinal (6).
EGFR protein was expressed in 47/48 (98%) of tumors analyzed with a median cellular expression
of 81%. Exploratory analyses revealed a trend between the percentage of cells expressing EGFR
protein and PFS (hazard ratio =1.76, 95% confidence interval=0.96–3.21).

Conclusions—The combination of cetuximab with cisplatin was adequately tolerated but did
not indicate additional benefit beyond cisplatin therapy.
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INTRODUCTION
A survival benefit has been shown for patients with advanced stage cervical carcinoma from
the addition of chemotherapy (CT) to the primary radiation therapy (RT) regimen [1–3]. The
Gynecologic Oncology Group (GOG) evaluated the role of chemosensitization in their
landmark study comparing cisplatin alone, cisplatin, 5-FU, and hydroxyurea, or hydroxyurea
alone in patients with locally advanced cervical cancer [3]. In this study, both groups of
patients receiving cisplatin had longer progression-free survival (PFS) than those receiving
hydroxyurea alone. Stehman et al. confirmed that addition of cisplatin to radiation therapy
(RT) for patients with bulky stage IB cervical cancers significantly increased their survival
(relative risk of death = 0.54), compared to radiation therapy alone [4,1]. Despite these
exciting results, there remains a subset of patients with a relatively poor prognosis. This
includes patients with histologic evidence of metastatic disease to the lymph nodes [5–9].

Epidermal growth factor receptor (EGFR) is a transmembrane protein involved in cell
survival signaling pathways. EGFR overexpression has correlated with tumor resistance to
cytotoxic agents and radiation therapy [10–13]. EGFR blockade generally increases
radiosensitivity in vitro by modulating apoptosis, proliferation, and also increases
radioresponse in vivo [11–13]. C225 (cetuximab) is a chimeric monoclonal antibody that
binds EGFR and competes with ligand binding and tyrosine kinase activation [10–13].
Cancer cells treated with chemotherapeutic agents and cetuximab sequentially display a
supraadditive increase in growth inhibition versus cells treated with chemotherapy alone
[14].

In head and neck cancer, the combination of cisplatin, cetuximab, and concurrent radiation
produced a 100% overall response rate, 87% complete response, and 13% partial response
[15]. The observed 2 year disease free survival was 65%. A majority of cervical cancer
patients overexpress EGFR [16–19]. Fifty-four to 71% of patients with early and late FIGO
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stage cervical cancer patients have moderate to strong expression of EGFR protein
[16,19,20]. This overexpression is a poor prognostic factor independent of lymph node
status [16,19].

Given the evidence of cetuximab activity in squamous carcinomas of the head and neck, the
superior activity of cisplatin in the recurrent setting to date, and the poor prognostic effect of
EGFR protein overexpression observed in cervical cancer, this study evaluated the efficacy
of concurrent cisplatin and cetuximab chemotherapy in the cervical cancer population.

MATERIALS and METHODS
Study Design

Eligible women had advanced, persistent, or recurrent carcinoma of the cervix, were at least
4 weeks from last radiotherapy, at least 18 years of age, had a GOG performance status of 0,
1, or 2, had disease measurable by physical exam or medical imaging according to GOG
Response Evaluation Criteria in Solid Tumors (RECIST), and had adequate hematologic,
renal, hepatic, pulmonary, and cardiac function with no active infections. Cervical cancer
diagnosis was confirmed by retrospective chart review of pathologic reports. Women were
ineligible if they had a concomitant or prior malignancy (other than a non-melanoma skin
cancer), within the preceding 5 years, had prior chemotherapy for cervical cancer (except as
radiosensitizers), or had any prior anti-EGFR therapy. Patients provided written informed
consent consistent with federal, state, and local requirements and gave authorization
permitting the release of personal health information.

Assessments
Patients were assessed prior to each cycle of treatment. Radiographic disease measurements
were required every other cycle using standard RECIST version 3.0 response criteria [21].
OS was defined as length of time from date of enrollment to death or the date of last contact.
PFS was defined as the period from study entry until disease progression, death, or the last
date of contact. Progression-free interval (PFI) was defined as length of time from date of
diagnosis until the first recurrence before entering this study. Patients who received any
study drug were evaluable for efficacy and toxicity.

Treatment
Treatment consisted of cetuximab weekly (400mg/m2 for first dose followed by 250mg/m2
in all subsequent doses) and cisplatin 30mg/m2 given day 1 and 8, every 21 days. Cetuximab
was given on days 1, 8, and 15. Three weeks constituted a cycle. A cycle of therapy was not
administered unless the absolute neutrophil count was ≥1500 and platelets were ≥100,000ul.
Creatinine was required to be ≤1.5X institutional upper limit of normal (ULN). Bilirubin
was required to be ≤1.5× ULN (CTCAE v3.0 grade 1). SGOT and alkaline phosphatase
were required to be ≤2.5 × ULN (CTCAE v3.0 grade 1). Sensory and motor neuropathy for
each patient was required to be < grade 2.

Cisplatin dose adjustments were based on the hematologic toxicity. Treatment delays of up
to 14 days were permitted. Only women who experienced recurrent febrile neutropenia or
recurrent documented grade 4 neutropenia, persisting >7 days after dose reduction, were
allowed to receive growth factor support. Treatment modifications applied equally for day 1
and 8, with day 8 treatment held if the ANC was <1500/mcl cells or platelets were <75,000/
mcl. Subjects who failed to recover adequate counts within a 2-week delay were removed
from study. Amifostine or other protective agents were not allowed. Women were removed
from study therapy for disease progression, unacceptable toxicity, or by request, and
generally followed until death.
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Tissue Preparation and Histological Evaluation
Representative institutions submitted paraffin-embedded tumor blocks collected at the time
of primary diagnosis and before initiation of first-line chemotherapy and/or radiation therapy
for forty-eight patients. Analyses of EGFR expression was done blinded to clinical
outcomes.

Immunohistochemistry (IHC)
The EGFR pharmDx™ kit and monoclonal mouse anti-human EGFR (clone 2-18C9) IgG1
antibody (DAKO North America, Carpinteria, CA) were used for EGFR detection. Briefly,
deparaffinized tissue sections were microwaved in 0.01 M citrate buffer (pH 6.0) for 15
minutes. Sections were incubated overnight at 4°C with primary antibody (1:100). A biotin-
streptavidin-peroxidase detection system and 3,3’-diaminobenzidine substrate was used to
detect primary antibody (Vectastain Elite ABC kit; Vector Laboratories, Burlingame, CA).

Background staining, evaluated using the control antibody in place of primary, was
negligible (data not shown). Positive controls were colon cancer and stromal cells (internal).
Staining was evaluated by visual counting of at least 1000 cells from at least 10 random
high-powered fields (100X). Results were expressed as percentage/proportion of tumor cells
exhibiting any staining, regardless of intensity. Additionally, intensity was estimated in
comparison to the (internal) stromal cell control and scored as: 0, no staining; 1, weak
staining; 2, moderate staining; and 3, strong staining. H score was calculated by multiplying
the proportion and intensity, resulting in scores of 0–3. The reviewer (JF) was blinded to
stage, grade, and histology.

Statistical Analysis
The original study was designed to evaluate efficacy through tumor response with a true
probability (PR) of 40% considered clinically interesting against a null value of 20%
deemed uninteresting. The desired probabilities of type I and II (α and β) errors were 5%.
This required approximately 28 patients to the first stage and a cumulative accrual of 62 to
the second stage. The study required more than 6/28 responses to proceed to the second
stage and more than 17/62 to deem the regimen interesting. This design were close to
Simon’s optimum design but was modified for administrative flexibility [22].

After the study opened, Long et al. published results indicating that prior chemotherapy
could be prognostic [23]. Based on this finding, along with a negative interim result, data
from clinical trials published by Moore et al, Long et al, and (later) Monk et al was
examined by GOG administration [23–25]. This internal study indicated a relationship
between the probability of response and prior chemotherapy. Based on this analysis, along
with the interim results, a decision was made to reopen the study to second stage with a
stratified design utilizing the method by London and Chang [26].

London and Chang’s 2-stage conditional method was used where the null PR for patients
with and without prior chemotherapy were 10% and 20%, respectively. The interesting
levels of PR were 25% and 40%, respectively. The threshold frequency of responders for
deeming the regimen interesting depended on the frequency of patients with and without
prior chemotherapy. A cumulative accrual of 66 patients was targeted so that α ≈ β ≈ 0.05.

Given its prognostic significance [23–25], an analysis was performed according to the
patient’s disease status upon entry: Advanced (ADV), patients with advanced International
Federation of Gynecology and Obstetrics (FIGO) stage, ReCurrent Short duration (RCS),
patients who had persistent disease or PFI less than the median value, and ReCurrent Long
duration (RCL), patients who had a PFI greater than the median.
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Secondary and exploratory analyses were conducted to assess associations between patient
demographics, clinical outcomes, and biological characteristics. The purpose was to
characterize and screen in a hypothesis generating fashion. Tests with p-values less than 5%
were deemed suggestive and expected relationships with p-values between 5% and 10%
could be noted as a trend. Confidence intervals were presented without correction for
multiplicity. Tests used to assess associations included Fisher’s Exact, exact Chi-square,
Kendall’s tau-b correlation, and hazard ratios obtained with Cox modeling [22]. Variables
examined included prior chemotherapy, prior radiation therapy, prior PFI, age, disease
status, performance status, race, ethnicity, EGFR expression, response, PFS at 6 months,
overall PFS, and OS. Lack of suggestive associations should not be interpreted as definitive.

Additionally, an exploratory non-randomized comparison of this study to the cisplatin arms
of Moore et al. and Long et al. was conducted with Cox modeling to assess the potential
cytostatic activity of this regimen [23,24].

RESULTS
Seventy-six women were accrued between September 20, 2004, and March 3, 2008. Seven
subjects were excluded: wrong cell type (1), wrong primary (3), abnormal cardiac (1),
improper prior therapy (1), and never treated (1). Sixty-nine patients were eligible and
evaluable for treatment efficacy and toxicity. The patient characteristics are presented in
Table 1. Median age was 51 years (range 24–77). The majority of patients were: white, had
GOG performance status of 0, squamous histology, and were well to moderately
differentiated. A total of 56 patients had prior radiation therapy. Forty-four (64%) patients
had received prior platinum as a sensitizer to radiation therapy, thus London and Chang’s
design required at least 15 responders before the regimen would be deemed interesting,
which gave α≈β ≈4%. The median PFI was approximately 15 months.

The median number of cycles received in this phase II evaluation was 3. Eight patients
responded to therapy (4 in each group; Table 2). The estimated PR was 16% (marginal 90%
CI 6% – 33%) and 9% (marginal 90% CI 3% – 20%) in the no prior and prior chemotherapy
groups, respectively. The median PFS was 3.91 months (95% CI 2.73 – 4.53) with a median
OS of 8.77 months (95% CI 7.56 – 10.09; Figure 1).

Pre-treatment EGFR protein expression was analyzed by immunohistochemistry (IHC) in 48
patients. Unfortunately biopsies were obtained at primary diagnosis and not at the time of
relapse. EGFR protein was expressed in 98% of tumors analyzed. Many patients (49%) had
3+ staining intensity (Table 3). The percentage of cells staining positive and H-score were
dichotomized into higher or lower values based on the median values.

There were suggested associations between disease status and expression of EGFR. For
example, a greater proportion of patients in groups ADV and RCS had increased (3+)
staining intensity relative to RCL (Table 3B). RCL patients were also more likely to have a
lower percentage of cells staining positive (81% patients) and lower H-score (81% patients)
compared to their RCS or ADV counterparts (approximately 32% and 30% patients,
respectively; Table 3). Those with a higher percentage of cells staining positive had a trend
towards shorter PFS (HR=1.76, marginal 95% CI 0.96 – 3.21; Figure 2). There were no
other suggested associations or trends observed between EGFR expression (intensity or H
score) with PFS or OS. The non-randomized relative hazards for the PFS endpoint for the
regimen under study against the cisplatin arms of Moore et al and Long et al were 0.91 (95%
CI 0.68 – 1.23) and 0.94 (95% CI 0.70 – 1.26), respectively (Figure 3) [23,24].

There were no treatment-related deaths (Supplemental Table 1). Observed grade 4 toxicities
were anemia (1), allergy (1), metabolic (1), musculoskeletal (1), and vascular (1). Grade 3
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toxicities with more than 1 patient were leucopenia (4), neutropenia (3), anemia (5), allergy
(3), metabolic (15), dermatologic (8), fatigue (6), gastrointestinal (6), nausea/vomiting (6),
genitourinary/renal (3), and infection (5).

DISCUSSION
In the current study, the combination of cetuximab and cisplatin provided a clinical
objective response rate of 11%. Additionally, there was little evidence to suggest that
cetuximab benefits patients through cytostatic action as indicated by the HRs for PFS
obtained for this study against Moore et al and Long et al whose CIs include the value “1”
[23,24]. The observed data showed a possible negative impact on one measure of EGFR
(high percentage staining positive) and relatively no impact according to the other measures
(intensity and H-score). Patients who had longer PFI tended to express EGFR less strongly
(by any measure). Disease status has been long known to be a potent prognostic factor with
longer PFI associated with better prognosis [23,25].

Previous analysis of EGFR protein expression and prognosis in cervical cancer has yielded
conflicting results [19,27–31]. Authors have used a variety of methods to assess EGFR
protein expression, determine cut-offs, and percent positive [19,27–31]. Evaluation methods
include: IHC, radioligand-binding assay, and enzyme immunoassay [19]. Methods of
determining percent positive include: percentage of cells staining positive, intensity of
staining and H-score evaluation (calculated by adding or multiplying, depending on the
study, the scores for percentage and intensity). In this study we evaluated EGFR protein
expression by IHC and determined cut-offs using all 3 of the aforementioned methods:
percent positive, intensity, and H-score. Given the robust positive staining for EGFR protein
observed, we dichotomized the staining results for percent positive staining and H-score.
There was a trend identified between EGFR protein expression (percent staining) and PFS;
however, no other associations or trends were observed between EGFR expression (intensity
or H-score) with PFS or OS.

The EGFR signaling pathway, which is also frequently activated in colorectal cancer (CRC),
has been extensively investigated as a target for CRC therapy [32]. EGFR gene upregulation
occurs in approximately 60%–80% of CRC patients with 82% of tumors being EGFR
positive by IHC [33]. Expression of EGFR protein, however, has not correlated with
survival of CRC patients treated with cetuximab [32]. A randomized trial evaluated
cetuximab monotherapy versus cetuximab plus irinotecan in irinotecan refractory EGFR
positive tumors. The rate of response in the combination therapy group was significantly
higher than that in the monotherapy group (22.9% versus 10.8%, P=0.007). EGFR
expression, either as the percentage of EGFR positive tumor cells or as the maximal staining
intensity per cell, did not correlate with the clinical response rate (P=0.87 and P=0.64,
respectively) [33]. However, data from 16 chemotherapy refractory EGFR negative CRC
patients treated with cetuximab confirms cetuximab activity in EGFR deficient patients. In
these patients treated either with cetuximab alone (12.5%) or cetuximab plus irinotecan
(87.5%), 4 (16%) major responses were seen [34].

The one cancer site in which there is a positive correlation between EGFR expression and
response to cetuximab is head and neck cancer [35]. This cancer, like cervical cancer, is
thought to be high risk human papillomavirus (HPV) related. High risk HPV expression has
been identified in 96%–99% of cervical cancer patients and 20%–22% of head and neck
cancer patients [36–38]. Also like cervical cancers, robust expression of EGFR protein is
found in the majority of these cancers [35,39]. A randomized controlled phase III trial of
cisplatin plus cetuximab or placebo in the treatment of recurrent head and neck cancer found
enhancement of response for those patients with EGFR staining in >80% of cells [35]. The
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median PFS and OS for EGFR high patients randomly assigned to cisplatin with cetuximab
were 3.9 and 6.7 months, compared with 3.6 (P = 0.68) and 9.8 months (P = 0.45) for EGFR
high patients randomly assigned to cisplatin and placebo. Median PFS and OS for EGFR
low patients assigned to cisplatin and cetuximab were 5.0 and 10.0 months, compared with
3.3 (P=0.27) and 7.0 months for patients treated with cisplatin and placebo (P =0.32).
Proposed explanations for the lack of clinical response to cetuximab at high levels of EGFR
expression included the possible failure of cetuximab at the current dose to saturate the high
number of receptors present when EGFR staining is 3+ on > 80% of cells, and stochastic
interactions or other ligand-independent mechanisms of EGFR activation [35].

Human papillomavirus (HPV) 16 E6/E7 transcripts have been shown to increase expression
of EGFR protein in cervical cancer cell lines [40]. HPV16 E5 transcript has been shown to
stimulate EGFR activation by phosphorylation of Akt and ERK1/2 [41]. Given the fact that
the Kras mutation rate for cervical cancer is only 1–3%, HPV infection could influence
response to cetuximab in these cancers [42,43]. Thus, our results could be interpreted as an
enhancement of response to cetuximab in patients with decreased EGFR protein expression
in an HPV related malignancy. Alternatively, EGFR expression could be negatively
prognostic and the observed data merely reflect a regimen ineffective at countering its
affects.

Finally, EGFR gene copy number as determined by fluorescence in situ hybridization
(FISH) has been evaluated as a predictor of treatment outcome in cancers to include non-
small cell lung cancer (NSCLC) [44]. EGFR gene copy number did not predict survival
benefit. However, in NSCLC patients treated with cetuximab; patients with FISH-positive
tumors had a median progression-free survival time of 6 months compared with 3 months
for FISH-negative patient. Median survival time was 15 months for the FISH-positive group
compared with 7 months for patients who were FISH negative [45].

In conclusion, the combination of cetuximab with cisplatin was adequately tolerated but did
not indicate additional benefit beyond cisplatin therapy alone in this patient population.
There was a suggested trend indicating that patients with more expression of EGFR had
shorter PFS. Although the point estimate for the hazard ratio for survival indicated a similar
associated risk for death, the evidence was not strong enough to cast doubt on the hypothesis
of no relationship between EGFR and OS. It is possible that EGFR protein expression is an
important cause of the variability in disease status (and aggressiveness of tumor cells) before
study entry and continues to adversely affect the patients’ disease after enrollment. Given
the lack of activity observed in this study, these results could be interpreted as a regimen
with insufficient disruption of EGFR pathways. A previous study with the EGFR TKI,
erlonitinib, in recurrent cervical cancer also showed minimal activity [46]. However, pursuit
of anti-EGFR therapy may be a worthwhile endeavor through reformulation of cetuximab or
examination of other agents.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Progression free survival (PFS) and Overall Survival (OS) of study. The median PFS was
3.91 months (95% CI 2.73 – 4.53) with a median OS of 8.77 months (95% CI 7.56 – 10.09).
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Figure 2.
Kaplan-Meyer Survival curves of
A: PFS and Percent (P) Staining (PSP)
B: OS and Percent (P) Staining (PSP)
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Figure 3.
A non-randomized comparison of PFS for GOG 0076DD to the cisplatin arms of GOG 169
and GOG 179. The log-rank test statistic is non-significant.
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Table 1

Patient Characteristics

Characteristic Category No. of Cases % of Cases

Age 20–29 1 1.4

30–39 11 15.9

40–49 18 26.1

50–59 26 37.7

60–69 9 13.0

70–79 4 5.8

Race Asian 2 2.9

African American 5 7.2

Hispanic 9 13.0

White 53 76.8

Performance Status 0 47 68.1

1 or 2 22 31.9

Cell Type Adenocarcinoma, Unsp. 21 30.4

Clear Cell Carcinoma 1 1.4

Adenosquamous 5 7.2

Squamous Cell Carcinoma 41 59.4

Mucinous Adenocarcinoma 1 1.4

Grade 1: Well differentiated 6 8.7

2: Moderately differentiated 34 49.3

3: Poorly differentiated 29 42.0

Prior Platinum No 25 36.0

Yes 44 64.0

Prior Radiation No 13 18.8

Yes 56 81.2

Prior Surgery No 48 69.6

Yes 21 30.4

Disease Status ADV 13 18.8

RCL 26 37.7

RCS 30 43.5

Prior Cis-RT No 25 36.2

Yes 44 63.8
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Table 3

A: Pre-Treatment EGFR IHC Protein Expression Characteristics; B: EGFR IHC Protein Expression and
Disease Status; C: Tabulation Between PFS > 6 months and Percent Staining

IHC Measure n %

Intensity

1 14 30

2 10 21

3 23 49

P staining

High 25 52

Low 23 48

H-Value

High 25 52

Low 23 48

ADV
N(%)

RCS
N(%)

RCL
N(%)

Intensity

1 3 (27) 5 (25) 6 (37)

2 1 (9) 2 (10) 7 (44)

3 7 (64) 13 (65) 3 (19)

P Staining

High 7 (64) 15 (71) 3 (19)

Low 4 (36) 6 (29) 13 (81)

H-Value

High 8 (73) 14 (67) 3 (19)

Low 3 (27) 7 (33) 13 (81)

PFS> 6

P Staining Yes No

N (%) N (%)

High 5 (33) 20 (60)

Low 10 (67) 13 (40)

• ADV= advanced; ReCurrent Short (RCS) = Persistent or PFI ≤ median; ReCurrent Long (RCL) = PFI > median

• P Staining = dichotomy of percent staining at the median (0.81). If % staining ≥ 0.81, then P Staining =High.

• H-value = dichotomy of H score (percentage × intensity) at the median (1.44). If H-score ≥ 1.44, then H-Value= High.
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