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HIGHLIGHTS

« Cervical cancer cells often express the epidermal growth factor receptor (EGFR).
= However, the addition of cetuximab to chemotherapy did not produce benefit for advanced/recurrent cervical cancer patients.
« The presence of PIK3CA mutations may be associated with resistance to cetuximab treatment.
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ABSTRACT

Background. Cervical cancer cells often express Epidermal Growth Factor Receptor (EGFR). Cetuximab (CET),
an anti-EGFR antibody, can be safely combined with carboplatin (C) and paclitaxel (P), a standard treatment for
advanced/recurrent cervical cancer (ARCC) patients.

Patients and methods. ARCC patients, ECOG PS < 1, were randomized to CP for 6 cycles with or without CET
(400 mg/m? one week before starting CP, then 250 mg/m? weekly) until disease progression or unacceptable
toxicity. Event-free survival (EFS) was the primary endpoint. With a 4.5 months expected median EFS and a
6.4 months predicted EFS (HR 0.70), 0.20 one-tailed o and 80% power, 89 events were required for the final
intent-to-treat analysis.

Results. 108 patients were assigned to CP (n = 53) or CP-CET (n = 55). Median age was 50, 69% were PSO, 76%
had recurrent disease, 91% had distant metastasis and 57% had received previous chemotherapy. After a median
follow-up of 23 months, 102 patients had an event, 97 progressed and 61 died. Median EFS was 4.7 and
6.0 months (one-tail P = 0.43), median PFS was 5.2 and 7.6 months (one-tail P = 0.20) and median OS was
17.7 and 17 months (one-tail P = 0.27), with CP and CP-CET, respectively. There was no difference in the occur-
rence of severe adverse events, except for skin toxicity. Biomarker analysis, in a small subgroup of patients, sug-

gests that PIK3CA mutation might be predictive of CET resistance.
Conclusion. CP-CET was not more active than CP alone in unselected ARCC patients.

© 2019 Elsevier Inc. All rights reserved.

1. Introduction

Cervical cancer is the fourth most common female cancer worldwide
and has the fourth highest cancer-related mortality rate in women, with
estimates of 528.000 new cases and 266.000 deaths from the disease per
year [1]. Effective screening and prevention programs have resulted in a
75% decrease in the incidence and mortality of cervical cancer over the
past 50 years. However, in developing countries, cervical cancer ac-
counts for almost 12% of all cancers in females and remains the most
common cancer in women in eastern and central Africa.

Surgery and chemo-radiotherapy may cure early-stage disease.
However, patients with recurrent or metastatic cancer have limited
therapeutic options. The epidermal growth factor receptor (EGFR) path-
way is important in cervical cancer progression; EGFR is expressed with
increasing levels from intraepithelial to localized and to invasive meta-
static disease [2,3]. Cetuximab, an anti-EGFR monoclonal antibody effec-
tive in colorectal [4-6] and head and neck cancer [7], inhibits tumor
proliferation in cervical tumor cell lines [3], and can be safely combined
with full-dose carboplatin and paclitaxel [8], which is a standard option
for treatment of advanced or recurrent cervical cancer patients [9-12].

We performed a randomized phase 2 study to measure the activity
of the addition of cetuximab to carboplatin plus paclitaxel.

2. Patients and methods
2.1. Study design

A phase 2, prospective, open-label, randomized (1:1), multicenter
clinical trial was performed (ClinicalTrials.gov ID: NCT00997009 and
EudraCT number: 2009-010099-74), comparing Carboplatin plus Pacli-
taxel (standard) versus Carboplatin plus Paclitaxel plus Cetuximab
(experimental).

Event-free survival (EFS) was the primary end-point, defined as the
time from randomisation to progression, death without progression,
premature definitive discontinuation of the whole treatment or loss to
follow up, whichever occurred first.

Because of the exploratory nature of the study, a so-called relaxed
statistical design was applied: one-tail test, significance level equal to
20%, power equal to 80% [13,14]. Assuming a median EFS in the standard
arm equal to 4.5 months and a median EFS in the experimental arm
equal to 6.4 months (corresponding to a Hazard ratio of 0.70), 89 events
were required and 108 patients (54 for each arm) were planned (EAST 5
software, Cytel Software, Cambridge, MA, US.A.).

Secondary endpoints included progression-free survival (PFS), overall
survival (OS), toxicity and objective response rate (ORR). Patient registra-
tion, randomisation (by a computer-driven minimization procedure), and
data collection were performed through the website of the Clinical Trial
Unit, National Cancer Institute, Napoli, Italy (http:\\www.usc-intnapoli.
net). Randomisation was stratified by the number of previous chemother-
apy (none vs one), the presence of distant metastases (no vs yes) and the
centre. No blinding procedure was planned.

2.2. Study population

Women with advanced or recurrent cervical cancer, untreated or
having failed only one previous chemotherapy (with or without con-
comitant or sequential radiotherapy and with at least 6 months of
progression-free interval), not amenable for surgery or radiotherapy,
with at least one measurable lesion by the Response Evaluation Criteria
In Solid Tumors (RECIST [15]), an ECOG performance status <1, and a life
expectancy >3 months were eligible. Adequate hematopoietic (absolute
neutrophils count >1500/mm?; platelets count >100,000/mm?; hemo-
globin >9 g/dl), hepatic (SGOT or SGPT<3 UNL or < 5 ULN in presence
of liver metastases, alkaline phosphatase <3 ULN, total bilirubin <1.5
UNL), and renal (calculated creatinine clearance >45 ml/min) function
were required.

Exclusion criteria were: a history of heart failure, angina pectoris,
myocardial infarction (within 1 year from study entry), uncontrolled
hypertension or arrhythmia; active infection requiring antibiotics; pre-
vious invasive malignancy within the past 5 years except non-
melanoma skin cancer; residual peripheral neuropathy >grade 2 ac-
cording to Common Terminology Criteria for Adverse Events (CTCAE)
version 3.0; concurrent treatment with other experimental drugs; preg-
nancy and breast-feeding. The study was approved by Ethics Commit-
tees at each participating Institution, and the patients signed informed
consent before any study related procedure.

2.3. Study treatment

Patients were randomly assigned 1:1 to receive either carboplatin
plus paclitaxel (standard arm) or carboplatin plus paclitaxel plus
cetuximab (experimental arm).

Patients in both arms received iv paclitaxel 175 mg/m? (diluted in
250 ml of 0.9% saline and infused intravenously over 3 h) and
carboplatin AUC 5 (diluted in 0.9% saline solution and infused intrave-
nously over 30 min) on day one every 21 days, for a maximum of
6 cycles.
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Patients in the experimental arm received cetuximab, at a loading iv
dose of 400 mg/m? over 120 min, one week before starting chemother-
apy, and further weekly infusion at the dose of 250 mg/m? over 60 min,
until disease progression, prolonged or unacceptable toxicity or
patient's withdrawal.

In the experimental arm, a prophylactic premedication with dexa-
methasone 8 mg iv and antihistamine (such as diphenhydramine
50 mg) iv was mandatory before the first administration of cetuximab
and strongly recommended before the following weekly doses. In
both arms, a prophylactic premedication with dexamethasone 20 mg
(or hydrocortisone 250 mg), chlorpheniramine 10 and ranitidine
50 mg iv was given before paclitaxel infusion.

In both arms, chemotherapy had to be deferred if absolute neutro-
phils count <1500/mm?, platelets count <100,000/mm?>, or organ toxic-
ity grade > 2 (excluding alopecia and skin toxicity), for up to two
consecutive weeks, until recovery. In case of longer than 2 weeks
delay, chemotherapy had to be discontinued. Chemotherapy dose had
to be reduced by 20% in case of neutrophils <500/mm? for a period of
>7 days or platelets <50,000/mm?. In case of grade < 2 neurotoxicity
paclitaxel dose had to be reduced by 20%, while it had to be definitively
stopped in case of grade > 3 neurotoxicty. In case of chemotherapy delay
or stop, cetuximab could continue as planned.

Cetuximab had to be delayed in case of grade > 3 skin toxicities, for
up to two consecutive infusions, until toxicity resolved to grade < 2.
Cetuximab dose did not change after the first delay, while it had to be
reduced to 200 mg/m? and 150 mg/m? after the second and third occur-
rence of a grade > 3 skin toxicity, respectively. Dose reductions were
permanent. Patients should have discontinued cetuximab if more than
two consecutive infusions were withheld or on the fourth occurrence
of a grade > 3 skin toxicity despite appropriate dose reduction.
Cetuximab infusion rate had to be decreased by 50% after the first occur-
rence of grade < 2 allergic/hypersensitivity reaction, while it had to be
definitively stopped in case of grade > 3 allergic/hypersensitivity reac-
tion or on the second occurrence of a grade < 2 allergic/hypersensitivity
reaction despite appropriate infusion rate reduction. In case of
cetuximab delay or stop, chemotherapy could continue as planned.

24. Patient evaluation

Disease assessment including clinical examination, abdomino-pelvic
CT scan and chest X-ray, were performed at baseline and repeated every
3 cycles during chemotherapy and every 3 months thereafter. Objective
response was codified according to RECIST. Safety assessment included
physical examination, blood tests (haematology and biochemistry) and
collection of adverse events history, every 3 weeks during treatment
and until 30 days after the last administration of study drugs. An EKG
was performed every three cycles during chemotherapy. Adverse
events were coded according to CTCAE version 3.0. Skin toxicity was
also graded according to the MASCC (Multinational Association of Sup-
portive Care in Cancer) EGFR-inhibitor skin toxicity tool (MESTT©) [16].

2.5. Biomarker analysis

Formalin fixed paraffin embedded (FFPE) baseline tumor samples
from primary tumor or metastasis were collected for ancillary not man-
datory, biomarker study. FFPE samples were analyzed at the Laboratory
of Cellular Biology and Biotherapy, Istituto Nazionale per lo Studio e la
Cura dei Tumori “Fondazione G.Pascale” IRCCS, Napoli- Italy by using a
next generation sequencing approach based on the lon AmpliSeq™
technology. In particular, 10 ng of genomic DNA were analyzed with
the Oncomine Solid Tumor DNA kit that targets over 500 hotspot muta-
tions in the following 22 genes: KRAS, EGFR, BRAF, PIK3CA, AKT1,
ERBB2, PTEN, NRAS, STK11, MEK1, ALK, DDR2, CTNNB1, MET, TP53,
SMAD4, FBXW7, FGFR3, NOTCH1, ERBB4, FGFR1, FGFR2. [17] Data anal-
yses were performed using lon Reporter™ Software. Mutations were
confirmed by Sanger sequencing and/or Real Time PCR based assays.

2.6. Statistical analysis

Efficacy analyses were done on an intention-to-treat basis. EFS was
defined as the time from randomisation to progression, death without
progression, premature definitive discontinuation of the whole treat-
ment or loss to follow-up, whichever occurred first. Patients who
discontinued the treatment due to symptomatic deterioration in ab-
sence of radiologic progression were considered as progressive at the
date of symptomatic deterioration. Treatment was considered as pre-
maturely discontinued if all the planned drugs were definitively
suspended for reasons different from progression or protocol comple-
tion. A patient was considered as lost to follow-up if at the date of the
database lock for the primary analysis she missed the last two consecu-
tive follow-up visits. Patients who did not have an event according to
the above definition were censored at the last visit, when the patient
was known to be alive and free from progression.

PFS was defined as the time from randomisation to progression or
death (whichever occurred first) or date of last visit when the patient
was known to be alive and free from progression. OS was defined as
the time from randomisation to death or date of last follow-up for pa-
tients alive. Median follow-up was calculated according to the reverse
Kaplan-Meier technique. EFS, PFS and OS curves were estimated by
Kaplan-Meier product limit method and compared by log-rank test.

ORR was defined as the proportion of complete plus partial re-
sponders among patients with at least one target lesion according
RECIST. Patients eligible for the evaluation of the response who did
not perform the restaging were classified as “not evaluated” and conser-
vatively included among the non-responders. Independent review of
radiologic tests was not performed and no formal rules regarding
blinding of local radiologists were implemented into the protocol.
ORRs between the treatment arms were compared by chi-square test.

All subjects who received at least one dose of study treatment were
included in compliance and safety analyses. For each toxicity and each
patient, the worst degree ever suffered during treatment was used for
the analysis. The whole pattern of toxicity (all grades) was considered
for each item and compared between arms by exact Kruskal-Wallis lin-
ear rank test.

Statistical analysis of biomarkers data was exploratory and hypothe-
ses generating. It was limited in its scope by the low number of samples
that were collected. For the most frequent mutation (PIK3CA) the possi-
ble existence of a first-order interaction with treatment effect was
tested with the likelihood-ratio test of two nested models, with and
without interaction; results were summarized in a forest plot reporting
HRs and 95% Cls.

Statistical analyses were performed using Stata/MP 14.2 (StataCorp
LLC, College Station, TX, USA). Exact tests were performed using Cytel
Studio 10 (Cytel Software, Cambridge, MA, USA).

3. Results
3.1. Patient characteristics

From February 3, 2010 to May 8, 2013, 108 patients were randomly
assigned to standard (n = 53) or experimental (n = 55) arm (Fig. S1).
One patient withdrew consent immediately after randomisation. There-
fore, analyses included 107 patients. Baseline characteristics were bal-
anced between the arms (Table 1). All 107 patients received at least
one dose of the assigned treatment and were included in compliance
and safety analyses.

3.2. Treatment compliance

Median number of chemotherapy cycles was 6 (IQR 4-6) in the both
arms. Median relative dose intensity (RDI) for carboplatin was 92% (IQR
86%-100%) and 91% (IQR 85%-98%) in the standard and experimental
arm, respectively. Median RDI for paclitaxel was 90% (IQR 80%-98%)
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Table 1
Baseline characteristics.

Carboplatin/paclitaxel Carboplatin/paclitaxel +

(n=>52) Cetuximab (n = 55)

Median age (IQR) 52 (44-62) 47 (41-60)
Previous chemotherapy

No 22 (42%) 24 (44%)

Yes 30 (58%) 31 (56%)
Previous RT

No 23 (44%) 24 (44%)

Yes 29 (56%) 31 (56%)
Previous surgery

No 17 (33%) 14 (25%)

Yes 35 (67%) 41 (75%)
Distant metastasis

No 9 (17%) 10 (18%)

Yes 43 (83%) 45 (81%)
ECOG performance status

0 33 (64%) 40 (73%)

1 19 (36%) 15 (27%)
Histotype

Adenocarcinoma 11 (21%) 12 (22%)

Squamous 41 (79%) 43(78%)
Grade

1 1(2%) 1(2%)

2 8 (15%) 20 (36%)

3 31 (60%) 27 (49%)

Not known 12 (23%) 7 (13%)

and 89% (IQR 80%-94%) in the standard and experimental arm, respec-
tively. Median RDI for cetuximab was 82% (IQR 76%-90%). At least one
dose reduction was applied to chemotherapy in 17 (33%) and 21
(38%) patients in the standard and experimental arm, respectively.
Cetuximab dose was reduced in 4 patients (7%). Overall, 35 (67%) and
34 (62%) patients completed the planned chemotherapy. Chemother-
apy was discontinued for reasons other than completion or progres-
sion/death in 3 (6%) and 7 (13%) patients in the standard and
experimental arm, respectively. Cetuximab was discontinued due to
toxicity or refusal by 13 patients (24%); one patient was still on treat-
ment at the time of the analysis (Table S1).

3.3. Activity analysis

After a median follow-up of 23 months (95% CI: 20-26), 102 patients
(48 in the standard and 54 in the experimental arm) had an event for
the primary analysis. The event was progressive disease for 83 patients,
death without evidence of progression for 2 patients, definitive stop of
the treatment for 15 patients and loss to follow-up for 2 patients. Over-
all, 97 patients progressed (45 in the standard and 52 in the experimen-
tal arm) and 61 died (30 and 31, respectively).

Median EFS was 4.7 (95%Cl: 4.1-6.5) with the standard and 6.0 (95%
Cl: 4.4-7.6) months with the experimental treatment; the difference
was not statistically significant (HR 0.97, 95%Cl: 0.66-1.43; one-tail P
= 0.43). Median PFS was 5.2 (95%CI: 4.5-7.8) and 7.6 (95%Cl: 5.6-9.0)
months (HR 0.84, 95%CI: 0.56-1.26; one-tail P = 0.20) and median OS
was 17.7 (95%CI: 11.0-31.6) and 17 (95%CI: 12.5-NA) months (HR
0.85, 95%CI: 0.52-1.42; one-tail P = 0.27), with standard and experi-
mental treatment, respectively (Fig. 1).

Twenty-one patients (8 in the standard arm and 13 in the stan-
dard arm) did actually not have measurable disease according to
RECIST at baseline assessment. Therefore, 86 (80.4%) patients were
eligible for response analysis, 44 (84.6%) and 42 (76.4%) in the
standard and experimental arm, respectively. Nineteen patients
(43%, 95%Cl: 30%-58%) in the standard and 16 patients (38%, 95%
Cl: 25%-53%) in the experimental arm achieved an objective
response (P = 0.79) (Table S2).

3.4. Safety analysis

One patient died for a stroke during standard treatment. There was
no difference between treatment arms in the occurrence of adverse
events, except, as expected, for diarrhoea (mainly grade 1) and skin tox-
icity (Table S3).

At least one severe (grade > 3) adverse event was reported in 30
(58%) patients in the standard and 44 (80%) in the experimental arm.
Severe skin toxicity was reported only in the experimental arm (9 pa-
tients reported a grade 3 skin toxicity, 6 of whom had acneiform skin
rash). Twelve patients reported a severe (all grade 3) toxicity with
MESTT in the experimental arm (Table S4).

3.5. Biomarker analysis

Tumor samples were collected for 20 patients, 10 in the
standard and 10 in the experimental arm. Mutations were found
for 5 genes out of 22 tested: PIK3CA (11 cases), KRAS (4 cases),
TP53 (3 cases), ERBB2 and SMAD4 (1 case each - Fig. S2 and
Table S5).

A statistically significant interaction between treatment effect on
EFS and PIK3CA mutational status was found suggesting a benefit of
cetuximab in the PIK3CA wild-type subgroup (HR 0.09, 95% CI:
0.01-0.87) but not in the PIK3CA mutant cohort (HR 1.69, 95% Cl:
0.46-6.47; P for interaction = 0.001, Fig. S3).

4. Discussion

The addition of cetuximab to carboplatin and paclitaxel in the treat-
ment of patients with advanced or recurrent cervical cancer, did not im-
prove EFS, PES, OS nor ORR in the MITO CERV-2 trial.

Other three unsuccessful phase 2 trials of cetuximab in advanced
cervical cancer have been conducted. Cetuximab alone produced no
objective response and an unsatisfactory PFS rate at 6 month
among 35 pretreated patients, in a single-arm GOG trial [18]. A
single-arm trial performed by GINECO testing the combination of
cetuximab with cisplatin and topotecan as first-line chemotherapy
for advanced disease was stopped early, with 19 enrolled out of 44
planned patients, for an unexpected excess of severe and fatal toxic-
ity (infections and myelotoxicity) [19]. Finally, the combination of
cetuximab with cisplatin in first line treatment was tested by GOG
in 76 patients and was not active as predicted. In this study, a corre-
lation was found between a high tumor EGFR expression and
advanced stage and shorter PFS [20].

The combination tested in MITO CERV-2 (cetuximab plus carboplatin
and paclitaxel) has been largely evaluated in lung cancer treatment, and
was therefore considered safe. Indeed, we had no problem of tolerability
and the addition of cetuximab increased skin toxicity only.

In our study, EFS was chosen as primary end-point since it includes
discontinuation of treatment due to causes different from progression,
such as toxicity or patient choice, as event; this might be relevant for a
treatment scheduled until progression of disease. However, the addition
of cetuximab did not substantially improve also the secondary
outcomes.

Our study enrolled molecularly unselected patients, while ge-
netic alterations of signalling pathways downstream the EGFR, in-
cluding RAS, BRAF and PIK3CA, have been demonstrated to produce
resistance to anti-EGFR agents in pre-clinical and clinical studies
[21,22]. Unfortunately, collection of samples for biomarker analyses
was not mandatory in our study and even if we spent a very long
time trying to collect such samples we were able to collect them for
<20% of the patients. However, even with limitations due to small
numbers, our findings support that PIK3CA mutations might be pre-
dictive of resistance to cetuximab treatment. Our data are consistent
with those coming from a randomized study of radio-chemotherapy
plus cetuximab in 78 patients with locally advanced cervical cancer,
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Fig. 1. Panel A: Event-free survival (EFS) curves by treatment arm. Panel B: Progression-free survival (PFS) curves by treatment arm. Panel C: Overall survival (OS) curves by treatment arm.

where no tumor had an EGFR mutation, 4% of tumors only had a chemotherapy alone and does not deserve phase 3 testing in unselected
KRAS mutation while 22% had a PIK3CA mutation [23]. A complete advanced or refractory cervical cancer patients.
response was observed in 27% of patients without PIK3CA mutations
but in none of the patient with one or more PIK3CA mutations, sug-
gesting a correlation between these mutations and cetuximab Disclosures
resistance.
In conclusion, our trial showed that the addition of cetuximab to Merck KGaA, Darmstadt, Germany, provided the experimental drug,
carboplatin and paclitaxel was feasible but not more effective than free of charge, and partial funding without any role in data collection,
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