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ABSTRACT

Introduction In locally advanced cervical cancer, nodal,
local and distant relapse continue to be significant
patterns of relapse. Therefore, strategies to improve the
efficacy of chemoradiation are desirable such as biological
pathway modifiers and immunomodulating agents. This
trial will investigate the impact of nelfinavir, a protease
inhibitor that targets the protein kinase B (AKT) pathway on
disease-free survival (DFS).

Methods and analysis Radiosensitising effect of
nelfinavir in locally advanced carcinoma of cervix is a
single-centre, open-label, parallel-group, 1:1 randomised
phase-lll study. Patients aged over 18 years with a
diagnosis of carcinoma cervix stage lll are eligible

for the study. After consenting, patients will undergo
randomisation to chemoradiation and brachytherapy arm
or nelfinavir with chemoradiation and brachytherapy arm.
The primary aim of the study is to compare the difference
in 3-year DFS between the two arms. Secondary aims
are locoregional control, overall survival, toxicity and
quality of life between the two arms. Pharmacokinetics

of nelfinavir and its impact on tumour AKT, programmed
cell death ligand 1, cluster of differentiation 4, cluster

of differentiation 8 and natural killer 1.1 expression will
be investigated. The overall sample size of 348 with

1 planned interim analysis achieves 80% power at a

0.05 significance level to detect a HR of 0.66 when

the proportion surviving in the control arm is 0.65. The
planned study duration is 8 years.

Ethics and dissemination The trial is approved by the
Institutional Ethics Committee-I of Tata Memorial Hospital,
Mumbai (reference number: IEC/0317/1543/001) and will
be monitored by the data safety monitoring committee.
The study results will be disseminated via peer-reviewed
scientific journals, and conference presentations. Study
participants will be accrued after obtaining written
informed consent from them. The confidentiality and
privacy of study participants will be maintained.

Strengths and limitations of this study

» This is the first large study investigating the role of
protein kinase B pathway inhibitor nelfinavir in local-
ly advanced cervical cancer in a randomised study.

» The statistical design of the study allows early anal-
ysis of drug activity at recruitment of 190/348 pa-
tients or 32/192 events.

» One of the key features of the study is the coexisting
pharmacokinetic and translational research work
which in future will be helpful in targeted treatment.

» The key limitations of the study include recruitment
from one centre and expected delay in the trial
completion.

» There is expected to be within group heterogeneity
with regards to distribution of node positive disease
and primary tumour extent.

» Based on revised International Federation of
Gynecology and Obstetrics stage Ill cervical cancer
2018 staging the outcomes in the standard arm may
be marginally different than expected due to relative
distribution of patients with locally versus nodal ad-
vanced stage.

Trial registration number The trial is registered with
Clinical Trials Registry-India (CTRI/2017/08/009265) and
ClinicalTrials.gov (NCT03256916).

INTRODUCTION

Background and rationale

Cervical cancer is the fifth most common
cancer globally and the fourth most common
cancer in women, with an age standardised
incidence of 13.3 per 100000 and mortality
of 7.3 per 100000. In India, it is the second
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most common cancer with an age standardised incidence
of 18 per 100000 and the second most common cause of
cancer death with an age standardised rate of 11.4 per
100000." The most significant change in the treatment
of locally advanced cervical cancer (LACC) was addition
of concurrent cisplatin to radiotherapy,™ which became
the standard treatment modality. Chemoradiation
results in 5-year overall survival (OS) of approximately
50%-55% in stage III LACC.” The 3-year disease-free
survival (DFS) ranges from 61% to 74%.% Since chemo-
radiation trials, further improvement in local control
and DFS is also reported by integrating image-based
brachytherapy and radiation dose escalation. Dose esca-
lation through brachytherapy has led to a change in the
patterns of failure, with 14%-21% of patients presenting
with distant visceral relapse and 9%-12% with para-aortic
nodal relapse. In addition, 11%-13% of patients still
present with pelvic failure after primary treatment.”"
As distant metastasis (including para-aortic nodal metas-
tasis) forms the predominant form of failure, strategies
to reduce relapses and improve OS include eliminating
micrometastasis through the integration of systemic
therapies have been tested."*® More recently, phase IIT
studies are testing the role of immunotherapy agents in
LACC. Ongoing trials are currently recruiting patients to
test pembrolizumab and atezolizumab within concurrent
and adjuvant setting.'? %’

In cervix cancer, activation of the phosphoinositide-3-
kinase—protein kinase B (PISK-AKT) pathway is associ-
ated with radiation resistance through epidermal growth
factor receptor signalling, enhanced tumour cell prolifer-
ation and cell survival.?! Phosphorylation of AKT (p-AKT)
results in the overexpression of hypoxia-inducible factor
l-alpha and osteopontin, which modulates angiogenesis
due to overexpression of vascular endothelial growth
factor. Increased expression of these proteins results in
increased resistance to radiation treatment.” In vitro,
preclinical studies have shown increased expression of
p-AKT to be responsible for radiation resistance in many
solid tumours.”>® Phosphoinositide-3-kinase catalytic
alpha (PIK3CA), involved in the PI3K-AKT-=signalling
pathway, is known to be an oncogene associated with
cervical cancer.”® Studies have demonstrated that the
most common gene mutation is in the PIK3CA gene, seen
in 14%-40% cancers.”>*®

Protease inhibitors (PIs) are a class of drugs that inhibit
the AKT phosphorylation pathway and have been of
recent interest in various malignancies. Nelfinavir has
been found to be the most efficacious of all PIs.*’ Nelfi-
navir significantly decreases the phosphorylated AKT
levels in the cancer cells and functions through other
cancer pathways.” *' Since nelfinavir has been used for
over a decade to treat patients with HIV infection with an
acceptable toxicity profile, it has the potential of being
repurposed into clinical trials to be tested as a radiosen-
sitizer. A phase-1 trial of nelfinavir with escalating doses
of gemcitabine and standard-dose cisplatin in locally
advanced pancreatic cancer undergoing chemoradiation

demonstrated acceptable toxicity at 1250 mg two times
per day dose of nelfinavir.”* Two phase-I studies reported
from the University of Pennsylvania and Maastricht
University Medical Centre evaluating toxicity and efficacy
of escalating doses of nelfinavir with concurrent cisplatin
and thoracic radiotherapy in advanced lung carcinoma
and rectal cancer demonstrated that the dose of 1250 mg
two times per day with cisplatin had acceptable toxicity
(no dose limiting toxicities were observed) and good
activity (metabolic response rate of 56%).*** Nelfinavir
has also been administered along with hypofractionated
stereotactic body radiation therapy (SBRT) in patients
with pancreatic cancer. While concurrent SBRT with
nelfinavir was deemed safe and feasible, five patients still
presented with gastrointestinal bleeding. Median failure-
free survival was 10 months.”® " A recently published
phase 1 study on determining the recommended dose
of nelfinavir along with the standard of care chemoradi-
ation in LACC reported that 1250 mg two times per day
dose was safe and had an acceptable toxicity profile.”

The present phase IIl randomised trial (radiosensitising
effect of nelfinavir in locally advanced carcinoma of cervix
(NELCER)), which is currently open to recruitment, is
designed to test the role of nelfinavir in improving DFS
when added to the therapeutic combination of chemora-
diation and image-based brachytherapy.

Objective

The primary objective is to report on 3-year DFS in
patients with stage III cervical cancer receiving stan-
dard chemoradiation and brachytherapy in combination
with nelfinavir when compared with standard treatment
(chemoradiation and brachytherapy). Secondary objec-
tives are to report the effect of nelfinavir on loco-regional
control, OS, toxicity and quality of life (QOL). In addi-
tion, pharmacokinetics and translational research studies
are planned. The impact of nelfinavir on hypoxic status
and efficacy of the drug in reference to cluster of differ-
entiation 4 (CD4), cluster of differentiation 8 (CDS8),
programmed cell death ligand 1 (PD-L-1) and natural
killer 1.1 (NK1.1) expression will be studied.

METHODS AND ANALYSIS

Trial design

The trial is a single centre, open-label, parallel-group,
1:1 randomised phase-III study to evaluate the efficacy
of an investigational drug (nelfinavir) in improving DFS
in patients diagnosed with International Federation
of Gynecology and Obstetrics stage III cervical cancer
(FIGO 2018).

Research setting

The NELCER study will be conducted at the Advanced
Centre for Treatment Research and Education in Cancer
(ACTREC) and Tata Memorial Hospital (TMH) of
Tata Memorial Centre, Mumbai, India, a grantin-aid
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institution under the Department of Atomic Energy,
Government of India.

Participant eligibility

Patients older than 18 years of age with a histologically
proven diagnosis of cervical cancer and FIGO 2018 stage
III (squamous, adenocarcinoma or adeno-squamous
histology) will be included. Patients should have adequate
bone marrow, liver and kidney function defined as neutro-
phil count 21500, platelet count =100 000, total bilirubin
<1.5 times the upper limit of normal (ULN), aspartate
transaminase and alanine aminotransferase <2.5x ULN
and creatinine <1.5 ULN or creatinine clearance >60mL/
min/1.73 m*. They should not have received prior chemo-
therapy or irradiation to the pelvis, should not have
recent (<3 months) severe cardiac disease (arrhythmia,
congestive heart failure, infarction) and should have the
ability to understand and sign an informed consent docu-
ment. Extra biopsy for translational research and blood
collection for pharmacokinetic studies exclusion criteria
includes patients with newly diagnosed or uncontrolled
diabetes mellitus with glycosylated haemoglobin>6.5% or
fasting blood sugar level of =126 mg/dL on primary
evaluation. Patients who are taking any drugs which
have pharmacological interaction with nelfinavir will
be excluded from the study. These include terfenadine,
cisapride, sildenafil, lovastatin or simvastatin and medica-
tion metabolised by the CYP3A4 isoenzyme. Antiarrhyth-
mics (amiodarone, quinidine), neuroleptics (pimozide),
sedative/hypnotic agents (midazolam, triazolam), ergot
derivatives, B-Hydroxy [-methylglutaryl-coenzyme A
(HMG-CoA) reductase inhibitors (atorvastatin), rifam-
picin, rifabutin, felodipine, nifedipine). Patients with
coexisting malignancy, HIV, haemophilia and those with
reduced creatinine clearance (less than 50mL/min),
pregnant and lactating patients and those with a history
of psychological, familial, sociological or geographical
condition potentially hampering compliance with the
study protocol and follow-up schedule, will not be taken
for inclusion in the study.

Outcomes

Primary outcome measures is to evaluate improvement in
3-year DFS and 3-year DFS by the addition of nelfinavir to
patients with advanced carcinoma of cervix and receiving
standard chemoradiation (cisplatin and radiotherapy).
Secondary outcome measures are to evaluate change
in locoregional control rates at 3-year, OS at 5-year in
test and control arms, incidence of grade 3/4 adverse
events in patients with advanced carcinoma of cervix
and receiving nelfinavir along with standard chemoradi-
ation (cisplatin and radiotherapy), changes in Akt levels
in the tumour from prenelfinavir to post external beam
radiotherapy (EBRT), change in tumour hypoxia using
multifunctional positron emission tomography (PET)/
MRI, interindividual variability of volume of distribu-
tion Cmax (maximum concentration) will be estimated,

interindividual variability of clearance of nelfinavir
clearence (litres per hour) and halfife (hours) will be
estimated.

Study interventions

Standard arm (chemoradiation)

Patients will undergo contrast enhanced CT for radi-
ation treatment planning. Target delineation will be
performed to include uterus, cervix, vagina with at
least 2cm caudal margin from lower extent of palpable
disease, parametrium and pelvic lymphnodes upto the
bifurcation of common iliac. When involved paraaortic
nodes will be included. No prophylactic paraaortic irra-
diation is planned. The total dose of pelvic EBRT will
be 45-50Gy/23-25 #/4.5-5 weeks. Pelvic EBRT will be
delivered preferably by intensity-modulated external radi-
ation with 6 MV/15 MV photon beams as per standard
guidelines. Involved nodes will receive an EBRT dose
of 55-60 Gy through simultaneous integrated boost. All
patients will receive concurrent cisplatin, administered
weekly with a dose of 40 mg/m?® by intravenous infusion
over 1 hour, 2-4hours prior to starting EBRT.

Biopsies will be performed at two different time
points—one before treatment initiation and another
at first brachytherapy. Patients will be evaluated by
the concerned investigators every week during radia-
tion therapy, and all the toxicities will be documented
according to the Common Terminology Criteria for
Adverse Events (CTCAE) V.4.0. All patients will undergo
image-based brachytherapy with an aim to receive a total
cumulative dose to 90%vol of high risk clinical target
volume (D90) >85Gy,, with 2c¢m® bladder, rectum,
sigmoid and bowel doses not exceeding 90 Gy,, 75 Gy,, 75
Gy, and 75 Gy,. The use of brachytherapy technique, that
is, intracavitary or intracavitary-interstitial will be guided
by the tumour response and organ at risk dose. Standard
guidelines for reporting or prescription will be followed
and all treatment will be completed in 56 days (8 weeks).

Intervention arm (nelfinavir plus chemoradiation)

Nelfinavir (Pfizer) will be administered orally to a dose
of 1250mg two times a day, 7-10days before the start
of chemoradiation and will continue for the entire
duration of EBRT. Nelfinavir will be administered with
food to increase bioavailability. Chemoradiation and
brachytherapy will be delivered as in the standard arm.
The study drug will continue for a total of 42 days until
the completion of EBRT. The trial schema is summarised
on figure 1.

Study investigations

All patients will undergo a baseline MRI of the abdomen
and pelvis. Extra sequence acquisition of MRI and
PET scan as part of research (like blood oxygen level
dependent MRI will be performed on 60 patients (30
in each arm). As MRI will be used for response assess-
ment and brachytherapy planning, in addition to axial
images, sagittal and coronal images will be obtained at

Chopra S, et al. BMJ Open 2022;12:055765. doi:10.1136/bmjopen-2021-055765

3



Pelvic RT
(45-50Gy/23-25#/5wks)

Nelfinavir

Study Schema

W YWY YW Y W

(1250 BID) | |
Imaging
PET &MRI

0

Multifunctional PET &MRI

I I I

—=_|

|

Weeks

(40 mg/m?) ﬂ ﬂ

Image Based
Brachytherapy

Nelfinavir Day-7

Ecakt Biopsy & Blood
Baseline
Pharmacokinetic
Sampling
. 5-7 days
PK Sampling

Figure 1

after Nelfinavir starting (before RT)

= 1t IF |6T|7T|BT|

Chemoradiation

Biopsy & Blood

A

At 1%t Image guided BT

Figure depicting the workflow of the clinical trial. At baseline patients undergo (A) MRI of the pelvis and (B)

positron emission tomography (PET) scan for clinical staging. Additional research biopsy is obtained for performing
immunohistochemistry (C, D). Following this patients are started on allocated intervention. Panel E and F demonstrate the
clinical treatment provided to the patients with radiation along with weekly concurrent cisplatin following which patients undergo
image guided brachytherapy. Panel E and F depicts the brachytherapy procedure and imaging. P-Akt, phosphorylation of
protein kinase B.RT, radiotherapy; PK, pharmacokinetic; BT, brachytherapy.

each examination. All patients will undergo blood sugar
evaluation, ECG and lipid profile at baseline, treatment
completion and 6 months of follow-up. Blood sugars and
liver function will also be monitored every 2weeks while
on chemoradiation.

Follow-up

Response assessment will be done clinicoradiologically
at 6months. MRI of the abdomen and pelvis will be
performed at 6months to demonstrate loco-regional
response. This will include (T1W, T1W+contrast, T2W,
diffusion and perfusion scan, obtained in axial, coronal
and sagittal sequences). Three-dimensional measure-
ments will be accepted of residual tumour. For nodal
disease, residual size will be documented. Patients with
suspicion of residual disease in the cervix will undergo
a biopsy. Subsequently, patients will be followed up with
an abdominopelvic MRI at 1 and 2 years from treat-
ment completion. All patients with local recurrence will
undergo a biopsy for confirmation. Annual chest X-ray
will also be performed to rule out distant metastasis.

Translational research studies

5mL blood sample and tumour biopsies will be taken
before nelfinavir use and after EBRT on the day of first
intracavity radiation therapy (ICRT). Phosphorylated
Akt and total Akt will be determined. Multifunctional

PET and MRI will be done in the first 30 patients of each
arm (total of 60 patients) to gain insight into changes
in tumour maximum standardized uptake value (SUV
max) and hypoxia following treatment with nelfinavir. In
addition, PDL-1, CD4, CD8 and NK 1.1 will be estimated
semiquantitatively in biopsies obtained at baseline and
brachytherapy.

Pharmacokinetic studies

Population pharmacokinetics of nelfinavir will be studied
in the group of patients receiving nelfinavir. For this, a
sparse sampling strategy will be followed. Four blood
samples will be collected from each patient at a steady
state (7-10days after the start of nelfinavir). A random
grouping table will be used to allot patients to one of the
groups for pharmacokinetic sampling. The sampling time
points are so selected to cover the interval of drug admin-
istration. In addition, one blood sample will be collected
before the last dose of administration of cisplatin.

Efficacy and Safety assessments

The use of nelfinavir is associated with an increase in
the frequency of stools, nausea, vomiting, rash, tingling,
numbness in hand and feet and tiredness. Nelfinavir is
also known to cause minor muscle pain, inflammation,
tingling, numbness in the hands and feet. The study drug
nelfinavir may also cause low blood counts, mandating
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blood transfusions. In a small proportion of patients,
low blood counts may cause fever and infection. These
side effects are caused by standard treatment (concur-
rent chemoradiation) and hence will be listed as adverse
events irrespective of arm allocation. However, any hospi-
talisation because of the above side effects will constitute
serious adverse events (SAE).

Accrual and duration of study

The estimated rate of accrual for this study is 5-7 patients a
month. Thus, patient accrual is expected to be completed
in 5 years. The total duration of the study is for 8 years, as
the patients will be followed up for three more years after
the accrual of the last patient to study the 3-year DFS. The
study had initiated recruitment in January 2018.

Randomisation

Randomisation is based on a 1:1 allocation ratio gener-
ated using Stata 14 software and uses permuted block
randomisation technique. All randomisation will be done
through the epidemiology and clinical trials unit at Tata
Memorial Centre, ACTREC. Once randomised, patients
will be treated according to the allocated arm.

Data collection and management

All study related data of the participants will be collected
on physical case report form (CRF) and transferred to
eCRF (REDCap). All data entry will be performed by
authorised personnel. European Organisation for the
Research and Treatment of Cancer Quality of Life Ques-
tionnaire (EORTC QLQ C-30), and its Quality-of-Life
questionnaire cervical cancer module (Cx-24) will be
used to document the patient’s QOL at each visit.

Statistical considerations and sample size calculation

The study’s primary endpoint is 3-year DFS which will
be defined as time in months from date of randomiza-
tion to date of any recurrence/relapse/death due to any
cause. This is a superiority trial design that intends to
demonstrate a 3-year improvement in DFS from 65%° 9%
to 75%. Using a group sequential design, considering a
HR of 0.66, 1:1 randomisation is planned. A safety anal-
ysis report is scheduled at 50% recruitment. Safety will
be assessed in terms of the following: diarrhoea>grade 3,
which does not settle with optimal use of antidiarrheal
medication for more than 3 days or any>grade 4 haema-
tological toxicity. The test regimen will be deemed to
be associated with higher toxicity if the incidence of the
above toxicities is different with a p value of <0.01. An
interim analysis is planned for futility at 32 events (or 190)
patients, and the final analysis is planned at 192 events.
With two-sided type, I error of 0.05 and type II error of
0.20, a total sample size of 348 patients is planned. The
details of statistical assumption are provided in online
supplemental appendix A.

Data monitoring
The study will be monitored by the Institutional Data
Safety Monitoring Sub-Committee, independent from

investigators and the sponsor, and a report will be
submitted to Institutional Ethics Committee (IEC). A
continuing review application will be submitted by PI at
a regular interval (annually) to the IEC to continue the
trial.

Events reporting

All adverse events occurring during the study will be
recorded using CTCAE V.4.0. All SAE will be reported to
the IEC within 24 hours of the occurrence. SAE’s related
to disease progression post 6 months of study treatment,
administration of salvage treatment and death due to
disease progression will be exempted from reporting to
the IEC.

Patients and public involvement

This trial was planned without patient and public involve-
ment at any stage of the study design, initiation, and
conduct.

ETHICS AND DISSEMINATION

Research ethics approval

The IECI of TMH, Mumbai has approved the study
(reference number: IEC/0315/1543/001).

Informed consent

The principal investigator (PI) or personnel delegated
by the PI before study-related investigations will obtain
written informed consent from the eligible patients.
Patients will be given appropriate time to decide
regarding study participation. Randomisation will be
performed after consent. The study does not involve
minors, pregnant mothers and neonates. Additional
consent for research on tumour tissue and blood will
be obtained. English version of the participant infor-
mation sheet and informed consent form, and addi-
tional consent for biological tissue sampling or banking
for research can be found as the supplemental material
of the manuscript

Confidentiality
Each participant will receive a study number allocated
for identification purposes. No personal information of
the participants will be shared with anyone other than
the study team members. All forms will be confiden-
tially maintained and will be signed by the principal or
coprincipal investigator. The final responsibility of data
handling will be the responsibility of the PI of the study.
Access to data: All study-related clinical data of the
participants will be securely maintained and will be avail-
able to study investigators only.

Dissemination policy

The results obtained from the study will be available to
healthcare professionals and the public through open
peerreviewed scientific journals, conference presenta-
tions .
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Ancillary and post-trial care
The study has been budgeted to provide patient costs of
medical treatment in case of severe adverse events during
study participation.

In summary, this phase III trial is designed to investi-
gate the impact of addition of repurposed drug nelfinavir
in improving 3-year DFS in women with LACC.

Author affiliations

'Department of Radiation Oncology, Tata Memorial Hospital and Advanced Centre
for Treatment, Research and Education in Cancer, Homi Bhabha National Institute,
Tata Memorial Centre, Mumbai, Maharashtra, India

%Department of Radiation Oncology, Tata Memorial Hospital, Homi Bhabha National
Institute, Tata Memorial Centre, Mumbai, Maharashtra, India

®Department of Radiation Oncology, Advanced Centre for Treatment, Research and
Education in Cancer, Homi Bhabha National Institute, Tata Memorial Centre, Navi
Mumbai, Maharashtra, India

“Clinical Biology Laboratory, Department of Radiation Oncology, Advanced Centre
for Treatment, Education and Research in Cancer, Homi Bhabha National Institute,
Tata Memorial Centre, Navi Mumbai, Maharashtra, India

SDepartment of Biostatistics, Tata Memorial Hospital and Advanced Centre for
Treatment Research and Education in Cancer, Homi Bhabha National Institute, Tata
Memorial Centre, Navi Mumbai, Maharashtra, India

®Department of Pathology, Tata Memorial Hospital, Homi Bhabha National Institute,
Tata Memorial Centre, Mumbai, Maharashtra, India

"Department of Clinical Pharmacology, Advanced Centre for Treatment, Research
and Education in Cancer, Homi Bhabha National Institute, Tata Memorial Centre,
Navi Mumbai, India

®Department of Pathology, Tata Memorial Hospital and Advanced Centre for
Treatment Research and Education in Cancer, Homi Bhabha National Institute, Tata
Memorial Centre, Mumbai, Maharashtra, India

®Department of Nuclear Medicine and Bio-Imaging, Tata Memorial Hospital, Homi
Bhabha National Institute, Tata Memorial Centre, Mumbai, Maharashtra, India
10Department of General Medicine, Tata Memorial Hospital, Homi Bhabha National
Institute, Tata Memorial Centre, Mumbai, Maharashtra, India

”Department of General Medicine, Advanced Centre for Treatment, Research and
Education in Cancer, Homi Bhabha National Institute, Tata Memorial Centre, Navi
Mumbai, Maharashtra, India

"2Department of Radiodiagnosis, Tata Memorial Hospital, Homi Bhabha National
Institute, Tata Memorial Centre, Mumbai, Maharashtra, India

SDepartment of Medical Oncology, Tata Memorial Hospital, Homi Bhabha National
Institute, Tata Memorial Centre, Mumbai, Maharashtra, India

Contributors SC and JSG contributed equally to this paper. SC is the Principal
Investigator and contributed in project concept, design, final approval and
manuscript preparation, review and submission. JSG is the Co-Principal Investigator
and contributed in project concept, design, final approval and manuscript
preparation, review and submission. PM contributed in protocol execution, review
of data, manuscript preparation and manuscript review and submission. JM
contributed in executing protocol, review of contents of the protocol, manuscript
preparation and final approval. SP contributed in drafting final protocol, review of
contents of the protocol, manuscript preparation and final approval. VP contributed
in establishing translational research, manuscript preparation and manuscript
review and submission. SK contributed in study design, statistical analysis plan,
manuscript preparation and manuscript review and submission. KD contributed

in translational research and immunohistochemistry read out, drafting final
protocol, review of contents of the protocol, manuscript preparation and final
approval. MNK contributed in designing the pharmacokinetic part of the clinical
study, drafting final protocol, review of contents of the protocol, manuscript
preparation and final approval. SM contributed in drafting final protocol (pathology
and immunohistochemistry), review of contents of the protocol, manuscript
preparation and final approval. MC contributed in manuscript preparation and
manuscript review and submission. SnS contributed in drafting final protocol
(nuclear medicine and PET related analytics) review of contents of the protocol,
manuscript preparation and final approval. VR contributed in drafting final
protocol,(nuclear medicine and PET related analytics) review of contents of the
protocol, manuscript preparation and final approval. VG contributed in drafting
final protocol, pharmacokinetic monitoring, review of contents of the protocol,

manuscript preparation and final approval. LN contributed in executing protocol,
review of contents of the protocol, manuscript preparation and final approval. ShS
contributed in drafting final protocol, review of contents of the protocol, manuscript
preparation and final approval. PrP contributed in drafting final protocol, review

of contents of the protocol, manuscript preparation and final approval. PaP in
drafting final protocol (radiology), review of contents of the protocol, manuscript
preparation and final approval. JG contributed in drafting final protocol, review of
contents of the protocol, manuscript preparation and final approval. SR contributed
in drafting final protocol, review of contents of the protocol, manuscript preparation
and final approval. SG contributed in drafting final protocol, review of contents of
the protocol, manuscript preparation and final approval. RE contributed in review
of contents of the protocol, manuscript preparation and manuscript review and
submission. UM contributed in drafting final protocol, review of contents of the
protocol, manuscript preparation and final approval. SG contributed in drafting

final protocol, review of contents of the protocol, manuscript preparation and final
approval.

Funding The trial is funded by intramural grant by the Department of Atomic
Energy- Clinical Trial Centre, Tata Memorial Hospital, Mumbai and extramural grant
by Varian Research Grants, Palo Alto USA (Award/Grant number is not applicable).

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not applicable.
Provenance and peer review Not commissioned; externally peer reviewed.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Supriya Chopra http://orcid.org/0000-0002-2656-1792
Sudeep Gupta http://orcid.org/0000-0002-6742-6378

REFERENCES

1 Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics 2020:
GLOBOCAN estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer J Clin 2021;71:209-49.

2 Morris M, Eifel PJ, Lu J, et al. Pelvic radiation with concurrent
chemotherapy compared with pelvic and para-aortic radiation for
high-risk cervical cancer. N Engl J Med 1999;340:1137-43.

3 Keys HM, Bundy BN, Stehman FB, et al. Cisplatin, radiation, and
adjuvant hysterectomy compared with radiation and adjuvant
hysterectomy for bulky stage Ib cervical carcinoma. N Engl J Med
Overseas Ed 1999;340:1154-61.

4 Rose PG, Bundy BN, Watkins EB, et al. Concurrent cisplatin-based
radiotherapy and chemotherapy for locally advanced cervical cancer.
N Engl J Med Overseas Ed 1999;340:1144-53.

5 Shrivastava S, Mahantshetty U, Engineer R, et al. Cisplatin
chemoradiotherapy vs radiotherapy in FIGO stage IlIB squamous
cell carcinoma of the uterine cervix: a randomized clinical trial. JAMA
Oncol 2018;4:506-13.

6 Raut A, Chopra S, Mittal P, et al. Figo classification 2018: validation
study in patients with locally advanced cervix cancer treated with
chemoradiation. Int J Radiat Oncol Biol Phys 2020;108:1248-56.

7 Sturdza A, Pétter R, Fokdal LU, et al. Image guided brachytherapy
in locally advanced cervical cancer: improved pelvic control and
survival in RetroEMBRACE, a multicenter cohort study. Radiother
Oncol 2016;120:428-33.

6

Chopra S, et al. BMJ Open 2022;12:¢055765. doi:10.1136/bmjopen-2021-055765


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-2656-1792
http://orcid.org/0000-0002-6742-6378
http://dx.doi.org/10.3322/caac.21660
http://dx.doi.org/10.1056/NEJM199904153401501
http://dx.doi.org/10.1056/NEJM199904153401503
http://dx.doi.org/10.1056/NEJM199904153401503
http://dx.doi.org/10.1056/NEJM199904153401502
http://dx.doi.org/10.1001/jamaoncol.2017.5179
http://dx.doi.org/10.1001/jamaoncol.2017.5179
http://dx.doi.org/10.1016/j.ijrobp.2020.07.020
http://dx.doi.org/10.1016/j.radonc.2016.03.011
http://dx.doi.org/10.1016/j.radonc.2016.03.011

8

10

11

12

13

14

20

22

23

Tan L-T, Potter R, Sturdza A, et al. Change in patterns of failure
after image-guided brachytherapy for cervical cancer: analysis

from the RetroEMBRACE study. Int J Radiat Oncol Biol Phys
2019;104:895-902.

Mahantshetty U, Krishnatry R, Hande V, et al. Magnetic resonance
image guided adaptive brachytherapy in locally advanced cervical
cancer: an experience from a tertiary cancer center in a low and
middle income countries setting. Int J Radiat Oncol Biol Phys
2017;99:608-17.

Potter R, Dimopoulos J, Georg P, et al. Clinical impact of

MRI assisted dose volume adaptation and dose escalation in
brachytherapy of locally advanced cervix cancer. Radiother Oncol
2007;83:148-55.

Lindegaard JC, Fokdal LU, Nielsen SK, et al. Mri-Guided adaptive
radiotherapy in locally advanced cervical cancer from a Nordic
perspective. Acta Oncol 2013;52:1510-9.

Gupta S, Maheshwari A, Parab P, et al. Neoadjuvant chemotherapy
followed by radical surgery versus concomitant chemotherapy and
radiotherapy in patients with stage 1B2, IIA, or lIb squamous cervical
cancer: a randomized controlled trial. J Clin Oncol 2018;36:1548-55.
Kenter G, Greggi S, Vergote |, et al. Results from neoadjuvant
chemotherapy followed by surgery compared to chemoradiation for
stage IB2-1IB cervical cancer, EORTC 55994. JCO 2019;37:5503.
University College, London. Induction chemotherapy plus
chemoradiation as first-line treatment for locally advanced cervical
cancer (INTERLACE). Available: https://www.clinicaltrials.gov/ct2/
show/NCT01566240

Mileshkin LR, Narayan K, Moore KN, et al. A phase lll trial of adjuvant
chemotherapy following chemoradiation as primary treatment for
locally advanced cervical cancer compared to chemoradiation alone:
the outback trial. JCO 2012;30:TPS5116.

Duenas-Gonzélez A, Zarbéa JJ, Patel F, et al. Phase lll, open-label,
randomized study comparing concurrent gemcitabine plus cisplatin
and radiation followed by adjuvant gemcitabine and cisplatin versus
concurrent cisplatin and radiation in patients with stage Ilb to IVA
carcinoma of the cervix. J Clin Oncol 2011;29:1678-85.

Horeweg N, Mittal P, Gradowska PL, et al. Adjuvant systemic therapy
after chemoradiation and brachytherapy for locally advanced
cervical cancer: a systematic review and meta-analysis. Cancers
2021;13:1880.

AstraZeneca. Study of Durvalumab with chemoradiotherapy for
women with locally advanced cervical cancer (CALLA) (CALLA).
Available: https:// https://clinicaltrials.gov/ct2/show/NCT03830866
Sharp M, Corp D. Study of chemoradiotherapy with or without
pembrolizumab (MK-3475) for the treatment of locally advanced
cervical cancer (MK-3475 A18/KEYNOTE-A18/ENGOT-cx11/
GOG-3047). Available: https:// https://clinicaltrials.gov/ct2/show/
NCT04221945

. Available: https://clinicaltrials.gov/ct2/show/NCT03612791

Ma YY, Wei SJ, Lin YC, et al. Pik3Ca as an oncogene in cervical
cancer. Oncogene 2000;19:2739-44.

Arcaro A, Guerreiro A. "The phosphoinositide 3-kinase pathway in
human cancer: genetic alterations and therapeutic implications.".
Curr Genomics 2007;8:271-306.

Li B, Yuan M, Kim I-A, et al. Mutant epidermal growth factor receptor
displays increased signaling through the phosphatidylinositol-3
kinase/Akt pathway and promotes radioresistance in cells of
astrocytic origin. Oncogene 2004;23:4594-602.

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

Zheng L, Zhang Y, Liu Y, et al. Mir-106B induces cell radioresistance
via the PTEN/PI3K/Akt pathways and p21 in colorectal cancer. J
Transl Med 2015;13:1-13.

Gupta AK, McKenna WG, Weber CN, et al. Local recurrence in head
and neck cancer: relationship to radiation resistance and signal
transduction. Clin Cancer Res 2002;8:885-92.

Cancer Genome Atlas Research Network, Albert Einstein College

of Medicine, Analytical Biological Services, et al. Integrated
genomic and molecular characterization of cervical cancer. Nature
2017;543:378-84.

Ojesina Al, Lichtenstein L, Freeman SS, et al. Landscape of genomic
alterations in cervical carcinomas. Nature 2014;506:371-5.

Scholl S, Popovic M, de la Rochefordiere A, et al. Clinical and
genetic landscape of treatment naive cervical cancer: alterations in
PIK3CA and in epigenetic modulators associated with sub-optimal
outcome. EBioMedicine 2019;43:253-60.

Storch CH, Theile D, Lindenmaier H, et al. Comparison of the
inhibitory activity of anti-HIV drugs on P-glycoprotein. Biochem
Pharmacol 2007;73:1573-81.

Gupta AK, Li B, Cerniglia GJ, et al. The HIV protease inhibitor
nelfinavir downregulates Akt phosphorylation by inhibiting
proteasomal activity and inducing the unfolded protein response.
Neoplasia 2007;9:271-8.

Xie L, Evangelidis T, Xie L, et al. Drug discovery using chemical
systems biology: weak inhibition of multiple kinases may

contribute to the anti-cancer effect of nelfinavir. PLoS Comput Biol
2011;7:e1002037.:44-6.

Brunner TB, Geiger M, Grabenbauer GG, et al. Phase | trial of the
human immunodeficiency virus protease inhibitor nelfinavir and
chemoradiation for locally advanced pancreatic cancer. J Clin Oncol
2008;26:2699-706.

Rengan R, Mick R, Pryma D, et al. A phase | trial of the HIV
protease inhibitor nelfinavir with concurrent chemoradiotherapy for
unresectable stage IlIA/IIIB non-small cell lung cancer: a report of
toxicities and clinical response. J Thorac Oncol 2012;7:709-15.
Rengan R, Mick R, Pryma DA, et al. Clinical outcomes of the HIV
protease inhibitor nelfinavir with concurrent chemoradiotherapy for
unresectable stage IlIA/IIIB non-small cell lung cancer: a phase 1/2
trial. JAMA Oncol 2019;5:1464-72.

Buijsen J, Lammering G, Jansen RLH, et al. Phase | trial of the
combination of the Akt inhibitor nelfinavir and chemoradiation for
locally advanced rectal cancer. Radiother Oncol 2013;107:184-8.
Wilson JM, Fokas E, Dutton SJ, et al. ARCII: a phase Il trial of the
HIV protease inhibitor nelfinavir in combination with chemoradiation
for locally advanced inoperable pancreatic cancer. Radiotherapy and
Oncology 2016;119:306-11.

Lin C, Verma V, Ly QP, et al. Phase | trial of concurrent stereotactic
body radiotherapy and nelfinavir for locally advanced borderline

or unresectable pancreatic adenocarcinoma. Radiother Oncol
2019;132:55-62.

Garcia-Soto AE, McKenzie ND, Whicker ME, et al. Phase 1 trial of
nelfinavir added to standard cisplatin chemotherapy with concurrent
pelvic radiation for locally advanced cervical cancer. Cancer
2021;127:2279-93.

Mittal P, Chopra S, Pant S, et al. Standard chemoradiation and
conventional brachytherapy for locally advanced cervical cancer:

is it still applicable in the era of magnetic resonance-based
brachytherapy? J Glob Oncol 2018;4:1-9.

Chopra S, et al. BMJ Open 2022;12:¢055765. doi:10.1136/bmjopen-2021-055765


http://dx.doi.org/10.1016/j.ijrobp.2019.03.038
http://dx.doi.org/10.1016/j.ijrobp.2017.06.010
http://dx.doi.org/10.1016/j.radonc.2007.04.012
http://dx.doi.org/10.3109/0284186X.2013.818253
http://dx.doi.org/10.1200/JCO.2017.75.9985
http://dx.doi.org/10.1200/JCO.2019.37.15_suppl.5503
https://www.clinicaltrials.gov/ct2/show/NCT01566240
https://www.clinicaltrials.gov/ct2/show/NCT01566240
http://dx.doi.org/10.1200/jco.2012.30.15_suppl.tps5116
http://dx.doi.org/10.1200/JCO.2009.25.9663
http://dx.doi.org/10.3390/cancers13081880
https://%20https://clinicaltrials.gov/ct2/show/NCT03830866
https://%20https://clinicaltrials.gov/ct2/show/NCT04221945
https://%20https://clinicaltrials.gov/ct2/show/NCT04221945
https://clinicaltrials.gov/ct2/show/NCT03612791
http://dx.doi.org/10.1038/sj.onc.1203597
http://dx.doi.org/10.2174/138920207782446160
http://dx.doi.org/10.1038/sj.onc.1207602
http://dx.doi.org/10.1186/s12967-015-0592-z
http://dx.doi.org/10.1186/s12967-015-0592-z
http://www.ncbi.nlm.nih.gov/pubmed/11895923
http://dx.doi.org/10.1038/nature21386
http://dx.doi.org/10.1038/nature12881
http://dx.doi.org/10.1016/j.ebiom.2019.03.069
http://dx.doi.org/10.1016/j.bcp.2007.01.027
http://dx.doi.org/10.1016/j.bcp.2007.01.027
http://dx.doi.org/10.1593/neo.07124
http://dx.doi.org/10.1371/journal.pcbi.1002037
http://dx.doi.org/10.1200/JCO.2007.15.2355
http://dx.doi.org/10.1097/JTO.0b013e3182435aa6
http://dx.doi.org/10.1001/jamaoncol.2019.2095
http://dx.doi.org/10.1016/j.radonc.2013.03.023
http://dx.doi.org/10.1016/j.radonc.2016.03.021
http://dx.doi.org/10.1016/j.radonc.2016.03.021
http://dx.doi.org/10.1016/j.radonc.2018.11.002
http://dx.doi.org/10.1002/cncr.33449
http://dx.doi.org/10.1200/JGO.18.00028

	Concurrent chemoradiation and brachytherapy alone or in combination with nelfinavir in locally advanced cervical cancer (NELCER): study protocol for a phase III trial
	Abstract
	Introduction﻿﻿
	Background and rationale
	Objective

	Methods and analysis
	Trial design
	Research setting
	Participant eligibility
	Outcomes
	Study interventions
	Standard arm (chemoradiation)
	Intervention arm (nelfinavir plus chemoradiation)

	Study investigations
	Follow-up
	Translational research studies
	Pharmacokinetic studies
	Efficacy and Safety assessments
	Accrual and duration of study
	Randomisation
	Data collection and management
	Statistical considerations and sample size calculation
	Data monitoring
	Events reporting
	Patients and public involvement

	Ethics and dissemination
	Research ethics approval
	Informed consent
	Confidentiality
	Dissemination policy
	Ancillary and post-trial care

	References


