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Abstract

Background Cervix cancer (CC) represents the fourth
most common cancer in women. Treatment involving cis-
platin and radiotherapy has been the standard for locally
advanced disease. Everolimus inhibits the aberrant activ-
ity of mTOR that is part of carcinogenesis in CC. Further
everolimus inactivates the HPV E7 oncoprotein and inhib-
its its proliferation. Preclinical models have suggested that
everolimus sensitizes tumoral cells and vasculature to cis-
platin and radiotherapy.

Methods In a 3 4+ 3 design, the trial aimed to treat three
dose levels of at least three patients with daily doses of
everolimus (2.5, 5 and 10 mg/day), cisplatin and radiother-
apy delivered in a 9-week interval in CC patients, stage 1IB,
IITA or IIIB. Patients received everolimus from day —7 up
to the last day of brachytherapy. Primary objective was to
evaluate safety, toxicity and the maximum-tolerated dose
(MTD) of everolimus in association with cisplatin and radi-
otherapy. Pharmacokinetic (PK) parameters and response
rates were analyzed as secondary objectives.

Results Thirteen patients were enrolled, 6 at 2.5 mg, 3 at
5 mg and 4 at 10 mg. Four patients did not complete the
planned schedule, 1 at 2.5 mg presented grade 4 acute renal
failure interpreted as dose-limiting toxicity (DLT) and 3 at
10 mg: 1 with disease progression, and 2 with DLTs—1
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grade 3 rash and 1 grade 4 neutropenia. PK results were
characterized by dose-dependent increases in AUC and
Cmax'

Conclusions The MTD of everolimus in combination with
cisplatin and radiotherapy has been defined as 5 mg/day.
The data regarding safety and response rates support fur-

ther studies.

Keywords Cervix cancer - Phase I - Everolimus -
Cisplatin - Radiotherapy

Introduction

Cervix cancer (CC) is a public health problem representing
the fourth most commonly diagnosed cancer and the fourth
cause of cancer death in women worldwide [1].

Several studies have demonstrated the superiority of
platinum-based chemotherapy combined with radiotherapy
compared to radiotherapy alone for patients with locally
advanced CC [2-9]. However, the results are still disap-
pointing, with a 5-year survival rate lower than 50 % [8].
Novel strategies to improve the prognosis of these patients
are needed.

The mammalian target of rapamycin (mTOR) is a serine/
threonine kinase that is a central regulator of growth, cel-
lular proliferation and survival in the phosphatidylinositol
3-kinase (PI3K)/AKT pathway and is present in two intra-
cellular complexes, namely mTOR complex 1 (mTORC1)
and mTORC2. Downstream targets of mTORCI1 are the
protein translation regulator 4E-BP1 and the ribosomal S6
protein kinase (p70S6K) [10]. The high aberrant activity
of mTOR complexes seems to be the underlying cause of
carcinogenesis in gynecological cancers, and its inhibition
represents a promising treatment strategy [11].
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Virtually all CCs (more than 99 %) are caused by high-
risk human papillomavirus (HPV) [12]. The HPV E7
oncoprotein is essential for CC carcinogenesis. The AKT
phosphorylation demonstrated in samples of CC sug-
gests a constitutive activation of the PI3K/AKT pathway
in patients [13]. Moreover, mTOR inhibitors block the
4E-BP1-protein phosphorylation and significantly reduce
the level of E7 protein on in vitro models, leading to an
accumulation of cells on G1 phase and thereby inducing
apoptosis [14]. In addition, it is established that radiation
activates the PI3K/AKT pathway and that mTOR inhibitors
sensitize tumor and endothelial cells to cisplatin and radio-
therapy effects [15].

Everolimus, a mTOR inhibitor, is a derivative of rapa-
mycin for oral administration. It has been tested and
approved by the FDA for adult patients with advanced hor-
mone receptor-positive, HER2-negative breast cancer in
combination with exemestane, progressive neuroendocrine
tumors of pancreatic origin, advanced renal cell carcinoma
after failure of treatment with sunitinib or sorafenib, and
pediatric and adult patients with subependymal giant cell
astrocytoma.

Based on the mechanisms of carcinogenesis in CC [12],
preclinical data [13—15] and the results of everolimus use
in different tumors [16-18], a regimen adding everolimus
to cisplatin and pelvic radiotherapy for locally advanced
CC was set out. The primary objective was to evaluate the
safety, toxicity and the maximum-tolerated dose (MTD) of
everolimus in combination with chemo-radiotherapy. Phar-
macokinetic parameters and response rates were analyzed
as secondary objectives.

Patients and methods
Study design and statistics

This was a single-institution, phase I study to determine
the safety, tolerability and the MTD of everolimus in com-
bination with pelvic radiotherapy and cisplatin for locally
advanced CC.

The local ethics committee and the national ethics com-
mittee approved the protocol and its subsequent amend-
ments. The study was done in accordance with the ethical
principles from the Declaration of Helsinki and with Good
Clinical Practice as defined by the International Conference
on Harmonization. All participating patients gave written
informed consent.

In a modified Fibonacci schedule, three cohorts (from 3
to 6 patients) were included with progressive increments of
the everolimus dose (2.5 mg, 5 mg and 10 mg/day). Intra-
patient dose escalation was not permitted. Patients were
followed up for 14 weeks (10 weeks of treatment plus
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4 weeks of observation). After this period, the absence of
dose-limiting toxicity (DLT) allowed progression to the
next dose level until the maximum planned dose (10 mg). If
1 out of 3 patients experienced a DLT, 3 additional patients
would be enrolled at the same dose level. If two patients
presented DLT at 2.5 mg, the study should be interrupted.
If two patients presented DLT at 5 or 10 mg dose levels, the
MTD would be defined as the previous dose level.

Toxicity analysis was conducted in all included partici-
pants. The efficacy analysis was conducted, and descriptive
statistics on patient characteristics were done.

Eligibility criteria

Patients with pathologically confirmed squamous cell carci-
noma of the uterine cervix were eligible if they were older
than 18 years old, had an Eastern Cooperative Oncology
Group (ECOG) performance status (PS) of 0-2, an Inter-
national Federation of Gynecology and Obstetrics (FIGO)
stage of IIB, IIIA or IIIB, a measurable lesion accord-
ing to the Response Evaluation Criteria in Solid Tumors
(RECIST) criteria version 1.1, an adequate renal, hepatic,
and bone marrow function, and a normal lipid profile. For
women at reproductive age, a serum-negative B-human
chorionic gonadotropin assay was required and a contra-
ceptive method along the entire study was recommended.

Exclusion criteria included a previous malignancy in the
last 5 years, positive para-aortic lymph nodes in the imag-
ing evaluation, uncontrolled diabetes, pulmonary and car-
diovascular disease, psychiatric disorders, and known HIV,
hepatitis B and C infection.

Study assessment and follow-up

Patient demographics and medical history were assessed;
all participants underwent a physical examination (includ-
ing gynecological exam), complete laboratory review,
pulmonary function test, thorax and abdominal computed
tomography (CT), pelvic magnetic resonance imaging
(MRI) and positron emission tomography with CT fusion
(PET/CT) before enrollment. Physical examination, vital
signs, PS, laboratory panel and toxicities were reviewed
weekly during the entire treatment. Systemic toxicity was
graded according to the Common Terminology Criteria for
Adverse Events (CTCAE), version 3.0.

Baseline biopsies, within 1 week of treatment and
12 weeks post-treatment, as well as blood samples were
collected for molecular analysis according to the Brazil-
ian National Tumor Bank guidelines. Blood samples for
everolimus pharmacokinetics analysis were also collected
according to a specified protocol. Morphologic (pelvic
MRI) response assessment according to RECIST 1.1 and
metabolic (PET/CT) response assessment using visual
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Day-7

5 Weeks- Radiotherapy +

Cisplatin D0, D7.D14. D21, D28

Daily Everolimus

End of Treatment End of Study

D56

12 Weeks

Brachytherapy

4 Insertions

Fig. 1 Therapeutic plan

Table 1 Dose escalation plan

Dose level Everolimus (day —7 until last Cisplatin (days 0, 7, 14, 21 and 28) Radiotherapy Brachytherapy
day of brachytherapy) (mg/m?)
(mg)
2.5 40 4500 cGy, 25 fractions 2400 cGy, 4 insertions
5 40 4500 cGy, 25 fractions 2400 cGy, 4 insertions
3 10 40 4500 cGy, 25 fractions 2400 cGy, 4 insertions

analysis took place on week 12 after the end of treatment.
Afterward, follow-up visits were performed following local
practice.

Therapeutic plan

Three dose-level escalations were planned in consecutive
cohorts of patients receiving everolimus orally in doses of
2.5, 5 and 10 mg. Radiotherapy and cisplatin doses were
fixed. Everolimus was started 7 days before chemo-radia-
tion to allow stable blood levels and was continued daily
until the last day of brachytherapy (Fig. 1).

Chemotherapy was started concurrently with radiother-
apy. Planned chemotherapy consisted of weekly cisplatin

40 mg/m2 (maximum dose of 70 mg) on days O, 7, 14, 21,
and 28 (Table 1).

Radiotherapy was delivered during 9 weeks—telether-
apy with 4500 cGy divided into 25 daily fractions, 5 days
a week, followed by brachytherapy in 4 weekly insertions.
During the brachytherapy, cisplatin was not administered.
Teletherapy with megavoltage photons energy was planned
according to CT using four isocentric fields (anteroposte-
rior x posteroanterior—AP x PA and lateral x lateral—
LAT x LAT). Treatment volume was based on ICRU 50
with the gross tumor volume corresponding to the primary
tumor, and the clinical target volume embracing the pel-
vic lymphatic draining (paracervical, internal and external
iliac, obturator, presacral, and part of common iliac lymph
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nodes), the whole uterus, bilateral parametria, presacral
nodes, uterosacral ligaments and any other paracervical
tissue involved. The first insertion of brachytherapy with
iridium-192 was done on the last teletherapy week, after
its end. Individual planning was designed for 600 cGy
prescribed at point A each insertion, as per ICRU Report
38 recommendations. The maximum delay allowed for
total dose administration was 2 weeks for teletherapy and
2 weeks for brachytherapy.

Criteria to define dose-limiting toxicity

In general terms, DLT was defined as a single grade 4 tox-
icity related to the use of everolimus, except for rash, or
any persisting grade 3 toxicity. For example, neutrophils
lower than 500/mm? (grade 4) or lower than 1000/mm>
with fever; platelets count lower than 25 x 10°/mL (grade
4) or grade 3 thrombocytopenia (<50 to 25 x 10°/mL)
lasting more than 2 weeks; creatinine clearance remain-
ing lower than 45 mL/min for two consecutive weeks, or
for three non-consecutive weeks; grade 3 or 4 ototoxicity
or neuropathy; grade 4 diarrhea or grade 3 diarrhea per-
sisting for more than two consecutive weeks, or for three
non-consecutive weeks; grade 4 rash or grade 3 rash per-
sisting for more than 1 week; grade 4 fatigue; grade 3 or
4 pneumonitis and grade 3 or 4 non-hematologic toxicity
(not including those specified above) were DLTs. Patients
with grade 2 or 3 hypophosphatemia, hyperglycemia, or
hypercholesterolemia/hypertriglyceridemia without clinical
symptoms, were allowed to continue the treatment without
interruption. Grade 4 lymphopenia was considered DLT if
associated with an opportunistic infection. Once a DLT was
detected, everolimus was permanently discontinued and the
treatment with radiotherapy and cisplatin was administered
according to physician’s discretion.

Pharmacokinetics

Sequential blood samples for pharmacokinetic (PK) analy-
sis were collected on days —7 and 0, immediately before,
and 1, 2, 4, 8 and 24 h after administration of everolimus.
Additional samples were collected at 24 h after everoli-
mus administration on treatment days 7, 14, 21, 28, 35,
42, 49 and 56. Blood specimens were collected in plas-
tic tubes containing potassium EDTA, frozen at —20 °C
within 60 min and stored. The quantification of everoli-
mus in plasma by LC-MS/MS was performed at DASA
(Diagnésticos da América S.A., Rio de Janeiro, RJ, Bra-
zil), according to the procedures previously described
[19], using everolimus-d4 as the internal standard. After
chromatographic separation, the species were monitored
at the transitions (m > z) 975.6 — 908.5 for everolimus
(ammonium adduct) and 979.6 — 912.15 (everolimus-d4).
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The quantification limit for everolimus was 1.0 ng/
mL; the intra- and inter-day CVs were 11.7 and 12.8 %,
respectively.

The PK parameters C,,, (maximal everolimus plasma
concentration) and 7,,,, (time of occurrence of C,,,) on
days —7 and zero were obtained from the measured everoli-
mus plasma concentrations. Non-compartmental analysis
of the plasma concentration data points on days —7 and
0 provided the area under the concentration—time curve
from zero time to 24 h (AUC). Estimates of the everolimus
AUC after administration on treatment days 7, 14, 21, 28,
35, 42, 49 and 56 were based on the reported tight correla-
tion between the everolimus plasma concentration at 24 h
(C,4p) and the respective AUC. To validate this approach,
we first examined the correlation between C,y, and AUC
after everolimus administration on days —7 and O to all our
patients and obtained a correlation coefficient R? = 0.82
(p < 0.0001). The corresponding linear regression equation
(AUC = 30.9 + 28.5 x C,4,) was then applied to estimate
the AUC corresponding to the samples collected at 24 after
everolimus administration on treatment days 7, 14, 21, 28,
35,42, 49 and 56.

Results
Patient characteristics

From December 2011 to April 2014, 15 patients were
screened, being 13 patients included and two screening
failures. All 13 patients deemed eligible were included in
the safety population and 12 patients in the response evalu-
ation. At baseline, the median age was 43 years (range
30-63), the FIGO stage was IIB in 53.9 %, IIIA in 7.7 %,
and IIIB in 38.4 % of patients; and the PS was 0 in 15.4 %
and 1 in 84.6 % of patients. Patients were categorized
according to the Brazilian census as white (38.4 %), brown
(“pardo” in Brazilian Portuguese) (38.4 %) and black
(23.2 %) (Table 2). The median duration of therapy for
patients who completed the planned schedule was 72 days
(range 64-77).

Toxicity

Dose escalation proceeded through to cohort 3 (everoli-
mus, 10 mg/day); six patients were included at dose level
2.5 mg, 3 at dose level 5 mg and 4 at dose level 10 mg.
Four patients did not complete the planned schedule, one
patient at dose level 10 mg was included with an estimated
creatinine clearance lower than 60 mL/min and during the
first week of everolimus presented clinical disease pro-
gression—for this reason, she was discontinued from the
study and was treated according to the standard of care,
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being replaced by another patient included at the same
dose level; other three patients experienced DLTs and
did not complete the planned schedule—one patient in
the lowest dose level and 2 in the highest dose level due
to renal failure, grade 3 rash lasting more than one week
and grade 4 neutropenia, respectively. All DLTs were
completely reversible after discontinuation from the trial;

Table 2 Patients characteristics

Characteristics Patients [1 (%)]
Median age (years) 43 (range 30-63)
ECOG PS

0 2(15.4)

1 11 (84.6)

2 0
Stage

1B 7 (53.9)

A 1(7.7)

111B 5(38.4)
Race

White 5(38.4)

Black 3(23.2)

Brown 5(38.4)
Total 13 (100)

Table 3 Treatment delivery

thereafter, patients were treated according to local guide-
lines. No DLTs were reported in the intermediate dose
level (Table 3).

All patients had at least 1 adverse event (AE). Most
frequent AEs (>30 % of occurrence, all grades) were
as follows: diarrhea (76.9 %), nausea (76.9 %), anemia
(61.6 %), leukopenia (61.6 %), dysuria (61.6 %), lympho-
penia (53.9 %), neutropenia (53.9 %), vomiting (53.9 %),
radiodermitis (38.5 %), systemic rash (38.5 %), increased
levels of alanine aminotransferase (ALT) (38.5 %), aspar-
tate aminotransferase (AST) (30.8 %) and dysgeusia
(30.8 %). Other class AEs as mucositis, fatigue, pneumo-
nitis, hypophosphatemia, hyperglycemia and hypercho-
lesterolemia were less frequent in the treated population.
There were no treatment-related deaths. The most common
grade 3 or 4 AEs were lymphopenia (53.9 %), leukope-
nia (30.7 %), neutropenia (30.7 %) and anemia (15.4 %)
(Table 4).

Efficacy assessment

Response assessment was done 12 weeks after the end of
treatment. Twelve patients were evaluable for response.
Eleven out of 12 evaluable patients (91.6 %) experienced
complete response (CR), 1 (8.4 %) partial response (PR)
and objective response rate (ORR = CR + PR) of 100 %

Dose level ~ Subject number  Everolimus (days)  Cisplatin (weeks)  Radiotherapy (frac- Brachytherapy (inser- Treatment duration
tions delivered) tions delivered) (since day —7)*
1 1 74 5 25 4 74
2 64 5 25 4 64
3% 35 4 25 4 94
4 73 5 25 4 76
5 NA NA NA NA NA
66 5 25 4 66
7 73 5 25 4 73
2 8P NA NA NA NA NA
9 66 5 25 4 66
10 77 5 25 4 77
11 70 5 25 4 69
3 12% 57 5 25 4 70
13 72 5 25 4 72
14° 7 NA NA NA NA
15¢ 49 5 25 4 88

NA not applicable

@ Planned treatment—cisplatin 40 mg/m*week for 5 weeks, radiotherapy 4500 cGy in 25 fractions, brachytherapy 2400 cGy in 4 insertions and

everolimus for 63 days if no radiotherapy/brachytherapy delay or toxicity

® Screening failure
¢ Patient excluded due to clinical disease progression

4 Patient experienced DLT
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Table 4 Most frequent adverse events

Adverse event

Any grade (>30 % of occur-  Grade > 3—([n (%)]

rence)—|n (%)]

at the end of treatment according to RECIST 1.1. Using
the metabolic response assessment (PET/CT), 9 (75 %)
patients had CR and 3 (25 %) had PR.

Diarrhea 10 (76.9) 1.7 Pharmacokinetics
Nauseas 10 (76.9) 1(7.7)
Anemia ' 8 (61.6) 2054 The everolimus concentration in plasma versus time curves
LeukoPema 8(61.6) 4307 following administration of 2.5, 5 or 10 mg on days —7
Dysuria . 8(61.6) 0 (first dose) and O (after 7 daily doses) is shown in Fig. 2,
Ly mphOPe.ma 8(61.6) 7(53.9) and the pharmacokinetic data are summarized in Table 5.
Neutropenia 7 (53.9) 4307 Despite considerable inter-individual PK variability, there
Vomiting 7(53.9) L(7.7) were dose-dependent increases in the median values for
Radiodermatitis 5 (38.5) 0 C,.ax and AUC at both days -7 and 0. The AUC, but not
Systemic rash 5 (38.5) L(7.7) C,ax» increased significantly (p < 0.0001, paired t test for
Constipation 5 (38.5) 0 combined three dose levels) between days —7 and 0. The
ALT increased 5 (38.5) 0 estimated AUC for the doses administered on days 7, 14,
AST increased 4 (30.8) 0 21, 28, 35, 42, 49 and 56 (Table 1) did not differ signifi-
Dysgeusia 4(30.8) 0 cantly from the AUC measured at day zero (p = 0.61,
Renal failure 0 L(7.7) ANOVA test for combined three dose levels).
A Day-7 B Day 0
20 - 20 -
- Everolimus 2.5 mg daily (n=
"z 16 A 16 -
=
£ 124 12
)
g 8- 8 -
S — = .
o 4 4 %
i} . i 0 —
{_E\ 30 4 Everolimus 5 mg daily (n = 3) 30 4
2
= 20 4 20 A
3
£
g 10 - 10
i =—_ B ———
50 - Everolimus 10 mg daily (n =4) 50 1 R
£ 40 4 . 40
d) V.
£ 30 - 30 - \
g
£ 20 . 20 - A\
2 \ *\.i \x
g 10 - . 10 » T —_—
L, —_— Y/ ——— D )
0 2 4 8 24 0 2 4 8 24
Time (h) Time (h)

Fig. 2 Everolimus concentration in plasma versus time curves following administration of 2.5, 5 or 10 mg. a Day —7 (first dose). b Day 0 (after

7 daily doses)
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Table 5 Pharmacokinetic

5 mg/daily

10 mg/daily

109.2 (96.4-147.7), 3
141.1 (139.8-158.5), 3
119.4 (54.0-154.1), 3
127.1 (127.1-288.8), 3
104.0 (69.4-208.0), 3
138.7 (50.1-188.7), 3
146.4 (46.3-181.0), 3
119.4 (50.1-219.5), 3
92.5 (34.7-157.9), 3
127.1 (42.4-131.0), 3

168.0 (137.9-215.1), 4
291.2 (228.6-386.8), 4
227.2(61.7-327.3), 3
250.3 (92.5-616.1), 3
192.6 (42.4-200.3), 3
196.4 (65.5-369.7), 3
142.5 (34.7-208.0), 3
194.5 (54.0-335.1), 2
256.1 (80.9-431.3), 2
136.8 (34.7-238.8), 2

5 mg/daily

10 mg/daily

. ) Days AUC (ng h/mL)?
parameters of daily everolimus
2.5 mg/daily
=7 66.6 (42.1-132.5), 6
0 112.8 (57.2-172.8), 6
7 171.4 (46.3-211.8), 6
14 121.4 (38.6-338.9), 6
21 115.6 (46.3-254.2), 6
28 159.9 (50.1-288.8), 6
35 127.3 (38.6-323.5), 5
42 104.1 (34.7-308.1), 5
49 92.5(34.7-161.8), 5
56 88.7 (30.9-181.0), 5
Days Cnax (ng/mL)
2.5 mg/daily

=7 10.4 (4.7-16.2), 6
0 9.9 (7.1-15.6), 6

12.9 (11.3-29.6), 3
14.8 (13.2-23.9), 3

18.9 (18.1-39.4), 4
35.5 (22-47.7), 4

Data for AUC and C

max

expressed as median (range), number of patients

4 AUC for days 7-56 estimated as described in text

Discussion

The carcinogenesis of CC is complex and driven by HPV
[12]. Different alterations on cell signaling pathways are
induced by HPV and may represent potential targets for
more rational therapeutic approaches [11, 20].

In that line, we have previously explored the overexpres-
sion of the EGFR pathway in both preclinical and clinical
models [21-24]. In this HPV-driven context, the mTOR
pathway emerged as another potential target through dis-
tinct alterations [13—15]. In our hands, the addition of
everolimus on the top of cisplatin-based chemo-radiation
for CC patients was feasible at a MTD of 5 mg.

Everolimus has been already tested in combination
with radiotherapy, cisplatin or both in phase I trials for
different indications. The use of everolimus given with
weekly cisplatin (30 mg/m® for 6 weeks) and concur-
rent intensity modulated radiotherapy for patients with
locally and/or regionally advanced head and neck cancer
was tested, and 5 mg/day was the recommended phase 11
dose; the DLTs appeared to be primarily related to inten-
sification of local toxicities in the radiation field and
were reversible with discontinuation of study drug [25].
Everolimus was also explored in 2 phase I trials in com-
bination with concurrent radiation and temozolomide in
newly diagnosed glioblastoma patients, and everolimus
was successfully escalated to 10 mg daily and well toler-
ated with an acceptable toxicity profile [26, 27]. Recently,
everolimus combined with concurrent radiotherapy fol-
lowed by chemotherapy with vinorelbine and cisplatin in

unresectable non-pretreated stage III/IV non-small cell
lung cancer was published, and the recommended phase 11
dose was 50 mg/week [28].

Any grade of diarrhea was described in 55 % of patients
treated with platinum-based chemotherapy and radiother-
apy in a phase III trial and grades 3 or 4 diarrhea in 9.8 %
[4]. Grades 1-4 anemia (48 %), leukopenia (37.5-87.7 %),
neutropenia (63.9 %), vomiting (62.3 %), radiodermati-
tis (5.7-22.5 %) were also frequent AEs in phase III trials
of chemo-radiation [2, 4-6]. Phase III studies employing
everolimus have shown as AEs: systemic rash (29-49 %),
diarrhea (30-34 %), nausea (20-26 %), dysgeusia (10-
17 %), anemia (17-92 %), vomiting (15-20 %) [17, 18]
and increased AST (21 %) and ALT (25 %) levels [18].
Paralleling our data to the above-mentioned studies, the
most commonly reported AEs in the current phase I were
hematological (anemia, leucopenia, lymphopenia, and neu-
tropenia), gastrointestinal (diarrhea, nausea, and vomiting),
dermatological (radiodermatitis and systemic rash), hepatic
(increased levels of ALT and AST) and urinary (dysuria),
in accordance with AEs from phase III trials formerly
reported. In-field toxicity was a major concern, once pelvic
radiotherapy alone may induce diarrhea and radiodermatitis
[2-7] and the combination with everolimus could overlap
the toxicity profile within irradiated areas, though unex-
pected pelvic AEs were not detected.

The DLTs in the present study were renal failure, neutro-
penia and rash. Neutropenia is consistent with prior obser-
vations regarding the additive myelosuppressive effects
of mTOR inhibitors when combined with platinum-based
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chemotherapy [29]. Rash is an expected class effect of
mTOR inhibitors [18]; renal failure is an event related to
the natural history of CC [2-7] and is a frequent side effect
of cisplatin, especially when combined with diarrhea and
dehydration.

Focusing on metastatic CC patients, some trials have
evaluated the effect of treatment with mTOR inhibitors. A
phase 1 trial has evaluated 74 heavily pretreated patients
with gynecologic and breast malignancies treated with
liposomal doxorubicin, bevacizumab and temsirolimus, an
intravenous mTOR inhibitor. Thirteen CC patients were
included with 2 PRs observed [30]. Forty-one patients
with advanced gynecologic malignancies were treated with
bevacizumab and temsirolimus in a phase I trial including
six patients with CC. Among all patients, 20 % had stable
disease (SD) lasting more than 6 months [31]. A non-rand-
omized phase II trial included 38 patients with CC and up
to 1 prior line of chemotherapy for metastatic or recurrent
disease, treated with temsirolimus. The median duration of
SD was 6.5 months (range 2.4—-12.0), and 28 % (95 % CI
14-43) of patients had SD lasting for 6 months or more.
The toxicities were manageable and main grade 3 and 4
toxicities included hematologic and hepatic side effects
[32].

Interestingly, most of the influential trials using plat-
inum-based chemotherapy and radiotherapy for locally
advanced CC have not reported efficacy assessment in
terms of response rate [2, 3, 5, 7]. In the current trial, 12
patients were evaluable for response and 11 (91.6 %) expe-
rienced CR at the end of treatment. Despite the restric-
tions of comparing results across different studies, these
responses are remarkable when in parallel with histori-
cal data, where CR was observed in 38-75 % of patients
[33-36].

When analyzing our phase 1 data, some caveats must be
considered. Radiotherapy regimen encompassed 5 weeks
of chemo-radiation and 4 weeks of brachytherapy (total
treatment time of 63 days without interruptions, consid-
ering the first week of everolimus alone). In our trial, all
patients completed the planned radiation therapy—except
the one who was discontinued due to disease progres-
sion—some patients were treated in longer periods due
to holiday breaks, preventive radiotherapy device mainte-
nance and treatment interruptions related to toxicities. We
have included only patients with the histological diagno-
sis of squamous cell carcinoma; nevertheless, adenocarci-
noma accounts for approximately 20 % of CC worldwide.
Whether the data generated on adenocarcinoma would be
similar is yet to be tested. It must be considered, though,
that previous data from our group suggest that adenocarci-
nomas are, in general, treated in the same manner and have
similar therapeutic response rates [37]. Because of the dis-
mal prognosis, we have also excluded IVA stage CC.
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PK results were characterized by dose-dependent

increases in AUC and C,,, but dose proportionality

was not clear due to large inter-individual variability at
each dose level. The PK results are consistent with those
observed in subjects with advanced solid tumors treated
with everolimus monotherapy [38], and no significant
changes were observed in the PK profile of everolimus
due to concurrent administration of cisplatin as previously
described [29]. Samples of blood and tumor tissue were
collected at different stages of the treatment, aiming for
future genomic and proteomic studies.

In conclusion, in combination with cisplatin and radio-
therapy the MTD of everolimus has been defined as 5 mg/
day. To the best of our knowledge, this is the first report
combining everolimus, cisplatin and pelvic radiotherapy
for locally advanced CC. These safety data may be appli-
cable to other pelvic tumors. The data regarding safety and
response rates support further studies with everolimus and
may shed light on other combinations tackling the same
signaling pathway including PI3K inhibitors.
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