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AML is swarming with challenges

i

-
-

October 2016

Strikingly heterogeneous at diagnosis,
acute myeloid leukaemia (AML) is a
complex disease that has a rapidly
evolving and distinct pattern of molecular
abnormalities. Many important kinases and
proteins are involved, with up to two-thirds
of AML patients having a FLT3 (ITD or TKD)
and/or NPM1 mutation.'?

Progress has been made in supportive
treatment as well as in understanding the
prognostic importance of oncogenic drivers
underlying the onset of AML. Although there
have been many incremental advances over
several decades, challenges remain.?

Novartis Oncology is dedicated to the
international research effort to find new
options for AML patients worldwide.

For more information, please visit:
www.AMLchallenges.com

FLT3, FMS-like tyrosine kinase 3; ITD, internal tandem duplication;
NPM1, nucleophosmin 1; TKD, tyrosine kinase domain.

References: 1. Patel JP, Génen M, Figueroa ME, et al. Prognostic
relevance of integrated genetic profiling in acute myeloid leukemia.
N EnglJ Med. 2012;366:1079-1089. 2. Ferrara F, Schiffer CA.
Acute myeloid leukaemia in adults. Lancet. 2013;381:484-495.
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Welcome

Welcome to the latest edition of EMJ Oncology, providing a selection of articles regarding research from
across the field of oncology as well as news from the European Society for Medical Oncology (ESMO)
Congress, which took place this year in the beautiful Nordic city of Copenhagen, Denmark.

This year’s congress spanned 5 days, welcoming participants from across the globe. There is no doubt
that this year’s event had something for all healthcare professionals in the oncological sphere. Within this
edition, we have included a broad range of abstract reviews from the congress as well as an analysis of
the major highlights of the event in our congress review section.

Moving on to our carefully selected peer-reviewed articles, we provide a manuscript by Nielsen et al.
who explore muscle dysfunction in childhood cancer. This fascinating piece suggests that skeletal muscle
toxicities could be an integral part of the development of late effects in childhood cancer survivors.
In terms of the future, the authors urge the importance of investigating the impact of such treatment
which would improve the overall quality of childhood cancer survivorship.

Also included is Lipski et al. who discuss the safety and efficacy of endoscopic surgery. Within their
article, the authors warn that despite some studies showing positive results, further research into newer
technologies regarding endoscopic surgery are needed to improve the ability to manage pathologies
endoscopically. Adil et al. provide a review on gastrointestinal stromal tumours, which are commonly known
to occur in all parts of the gastrointestinal tract in patients in their 50s and 60s.

Kaggwa et al. look at the occurrence of bladder outlet obstruction in men with prostate cancer in a
Sub-Saharan environment. This retrospective study was conducted in an urban teaching hospital, measured
patients’ ability to pass urine through the urethra, and set out to investigate the efficacy of certain
therapies to relieve such symptoms. Blau et al. discuss recently discovered somatic mutations in the context
of stem cell transplantation in myelodysplastic patients, and additionally, Kérner et al. examine microRNAs
that confer resistance to different treatments in breast cancer.

This edition is one not to be missed. We hope you find some fascinating insights into the ever-expanding
world of oncological research which you can incorporate into your daily practice. We are confident that
next year’s edition will provide in-depth coverage of further developments in this exciting field of study,
including features from ESMO 2017, taking place in Madrid, Spain.

Spencer Gore

Director, European Medical Journal

European Medical Journal Oncology is published once a year.
For subscription details please visit www.emjreviews.com

All information obtained by European Medical Journal and each of the contributions from various sources is as current and
accurate as possible. However, due to human or mechanical errors, European Medical Journal and the contributors cannot
guarantee the accuracy, adequacy, or completeness of any information, and cannot be held responsible for any errors or
omissions. European Medical Journalis completely independent of the review event (ESMO 2016) and the use of the organisations
does not constitute endorsement or media partnership in any form whatsoever.

Front cover and contents photograph. Copenhagen, Denmark, home of ESMO 20]6.

ONCOLOGY ¢ November 2016 EUROPEAN MEDICAL JOURNAL

9



EFEUROPEAN
MEDICAL JOURNAL

CALL

PAPERS

=

If you are interested in submitting a paper g - =
to EMJ, contact: editor@emjreviews.com -

Follow us:

00060

www.emjreviews.com

EUROPEAN UNION
Investing in Your Future

European Regional
Development Fund 2007-13




oo
Foreword

Dr Ahmad Awada

Head of the Medical Oncology Clinic, Jules Bordet Institute,
Brussels, Belgium.

Dear Colleagues,

| would like to wish you a very warm welcome to EMJ Oncology 4.1, which puts all the latest news and
progress across the field of oncology into the spotlight, including a comprehensive and engaging report
on the European Society for Medical Oncology (ESMO) 2016 Congress, hosted in the spectacular city of
Copenhagen, Denmark.

Record numbers were seen at this year’s congress with a total of 20,522 participants in attendance as well
as a large volume of impactful and top quality research. The congress review selection features a detailed
collection of the most topical and insightful presentations made at the event, making it an informative read
for all interested parties.

(14 The congress review selection features a detailed collection of
the most topical and insightful presentations made at the event,
making it an informative read for all interested parties. %9

As always, EMJ Oncology is proud to showcase a selection of peer-reviewed articles spanning a number
of important oncological topics. Our Editor’s Pick for this publication is a riveting read by Nielsen et al.,
covering the physiological manifestations of treatment-induced muscular toxicities in paediatric oncology
and moving on to assess the value of structured exercise as a focussed countermeasure. Furthermore,
Adil et al. have penned a paper reviewing the genetics, pathology, risk stratification, clinical characteristics,
investigation, and treatment of gastrointestinal stromal tumours; Koérner et al. summarise the role
microRNAs play in the carcinogenesis and treatment of breast cancer, one of the deadliest cancer types
globally; Kaggwa et al. report on a study conducted at the Mulago National Referral Hospital, Kampala,
Uganda, evaluating the utility of high-dose external beam radiation therapy combined with bilateral
subcapsular orchidectomy in the relief of bladder outlet obstruction caused by prostate cancer.
Additionally, Lipski et al. consider the latest indications for endoscopic endonasal surgery, as well as
describing advantages of endoscopic surgery for aggressive benign tumours.

| took great pleasure in perusing this publication and trust that you will find it similarly absorbing and
glean fresh insights into the immense progress being made in oncology.

Kind regards,

/7 Ahmad Awada

Head of the Medical Oncology Clinic, Jules Bordet Institute, Brussels, Belgium.
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ESMO ANNUAL CONGRESS 2016

BELLA CENTER,
COPENHAGEN, DENMARK
7™-T OCTOBER 2016

Welcome to the

European Medical Journal review of the
European Society for Medical
Oncology Congress

place over 5 days and welcomed 20,522 participants. During the closing

press conference, Prof Andrés Cervantes, Scientific Chair of the ESMO 2016
Congress, commented: “ESMO 2016 Congress has broken records, not only of
attendance, but in terms of the quality science being presented that will impact
the practice of oncology.”

‘ his year, Copenhagen played host to the annual ESMO Congress which took

Over 1,640 studies were presented, including 47 late-breaking trials and over
1,500 posters. The leading countries contributing to this year’s vast number of
delegates were: the USA, France, the UK, Germany, Spain, Switzerland, Italy, China,
Japan, and Denmark. Prof Cervantes noted the importance of such a popular
and successful congress, stating: “This is certainly a record number, but what is
most important is the good news for physicians and patients in many areas of
unmet needs such as ovarian cancer, lung cancer, renal cell carcinoma, sarcomas,
and other less common diseases.”

Prof Solange Peters, ESMO 2016 Press Officer and member of the EMJ Oncology
Editorial Board, reflected on the most prominent aspects of the congress:
“The accent on immunotherapy, that has changed the oncology landscape,
as well as targeted therapies and personalised medicine in general; the use of
biomarkers for predicting response and outcomes is of huge benefit to patients.
Beyond data, our pre-occupation is about patients; that is why a study on quality
of life, beyond survival, was included in a Presidential Symposium. That is also
why we have a hugely successful Patient Advocacy Track and we also publish
guidelines for cancer patients.”

During the Women for Oncology Session, Prof Sumitra Thongprasert was awarded
the ESMO Women for Oncology Award for her career as a distinguished role model
for women in oncology among countless other achievements. Three renowned
oncologists were also presented with ESMO awards in the opening session of
the congress: Prof Alberto Sobrero was presented with the ESMO Award for his
remarkable original work and countless publications in the field of gastrointestinal
cancers; Prof Carlos Caldas received the Hamilton Fairley Award for his



outstanding contributions to cancer science and clinical/translational research;
and Prof Sir Richard Peto was awarded the ESMO Lifetime Achievement Award,
recognising his extensive involvement in cancer research and education.

Prof Ulrik Lassen, ESMO National Representative for Denmark and Local Officer
for the ESMO 2016 Congress, stated: “ESMO brought us a lot of information in
terms of better practice and science, and we will be busy in the coming months
finding ways to integrate this new knowledge into our oncology practice.”

In the following congress review section, we bring you descriptions of some of
the most impactful presentations that were made at the event. This includes
a vast range of possible new treatments for conditions such as non-small cell
lung cancer, breast cancer, and ovarian cancer. In addition, there is coverage of
a study which looked at the issue of the lack of reporting on adverse events in
targeted therapy and immunotherapy trials, and another which analysed the
financial implications that face cancer patients around the world in regard to
their treatment, amongst many others.

Following the clear success of this year’s congress, we look forward to reviewing
the next ESMO annual congress in Madrid, Spain, in 2017.

66 ESMO brought us a lot of information in terms of better practice
and science, and we will be busy in the coming months finding ways
to integrate this new knowledge into our oncology practice. 29
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Congress Highlights

ESMO-MCBS: A Quantification Tool
for the Treatment of Rare Cancers

THE FIRST practicality study to assess the
potential application of the ESMO-Magnitude
of Clinical Benefit Scale (ESMO-MCBS) tool
within clinical practice has shown promising
results, as presented in a ESMO press release
dated 10t October 2016.

Developed and first analysed in field testing
by the Medical University of Vienna (MUV),
Vienna, Austria, one of the largest cancer
research centres in Europe, a second
study of the ESMO-MCBS tool has reflected
that its applications may extend even
further to potentially become a global online
implement for the assessment and treatment
of rare cancers.

The ESMO-MCBS considers predefined
drug trial endpoints, overall survival and
progression-free rates, and corresponding
quality of life or toxicity results. Developed as
a three-step approach, this innovative study
retrospectively acquired data on common
treatments presently used throughout practice,
before assessing these with the ESMO-MCBS
and evaluating the overall grades to ascertain
the feasibility of their use within a real-life
clinical context. The study looked particularly
at neuroendocrine tumours, glioblastoma,

ONCOLOGY ¢ November 2016

and thyroid, pancreatic, ovarian,
head/neck, and urothelial cancers.

sarcomas,

¢¢ We found that the ESMO-MCBS
is a helpful tool for clinical
practice in rare tumours, as well
as for common tumour entities,

if randomised data is available. 99

Of particular interest, the study obtained
supporting data on the clinical benefit of
CHECKMATE 141 checkpoint inhibitors, which
scored an EMSO-MCBS value of 3, consistent
with the results seen in practice. However,
it was noted that the scale’s use for the
treatment of rare cancers is limited by the
volume and variety of published clinical
trial data. Dr Barbara Kiessewetter, Clinical
Division of Oncology, Medical University of
Vienna, Vienna, Austria, explained, “We found
that the ESMO-MCBS is a helpful tool for
clinical practice in rare tumours, as well as for
common tumour entities, if randomised data
is available. It supports treatment decisions
based on the expected clinical benefit.
It is very simple to use and we feel that it is
going to prove to be a very important tool
for daily clinical practice based on our study
results. Clinicians can go back to the data
when considering new treatments and use the
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ESMO-MCBS online to analyse what can be
expected from a new approach.”

Are Fibroblastic Growth Factor
Receptor Inhibitors the Future
for Rare Cancer Treatment?

THE FIRST dose escalation study in humans of
pan-fibroblast growth factor receptor (FGFR)
inhibitor BAY 1163877 has been investigated
for its utility as a potential treatment of locally
advanced or metastatic tumours, discussed in
a ESMO press release dated 8™ October 2016.

FGFR expression is often dysregulated via
both epigenetic and genetic mechanisms in
many types of cancer, particularly in bladder
cancers. This potent, oral, novel anticancer
therapy is designed to inhibit FGFRs 1-3,
meaning the messenger RNA (MmRNA)
expression levels of FGFR in each individual
patient may correlate with the potential
benefit of BAY 1163877 therapy thus acting
as a sensitive biomarker. Dr Markus Joerger,
attending Medical Oncologist, St Gallen Cancer
Centre, St Gallen, Switzerland, explained:
“Most studies of FGFR inhibitors have
looked at FGFR abnormalities in tumours
with limited success. This study used an
innovative biomarker approach for tumour
FGFR mRNA expression.”

Conducted across six  countries, this
multicentre Phase | trial enrolled a total of
80 patients; 23 for a dose-escalation phase
and 57 for an expansion phase. The type of
cancer exhibited by each individual was not
limited within this study, and included but

was not limited to, bladder cancer, head and
neck cancer, and lung cancer.
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Patients were divided into six dose cohorts,
ranging from 50-800 mg twice daily.
No dose-limiting toxicities were observed;
the majority of patients developed slight

hyperphosphataemia, however, this is
seen with all FGFR inhibitors. As a result,
it is recommended that the maximum

concentration of 800 mg be used in further
Phase Ill trials. Within the expansion cohort
3 out of 8 bladder cancer patients showed
partial remission. Patients with squamous cell
carcinoma of the head and neck, squamous
cell lung cancer, and adenoid cystic carcinoma
were also observed to exhibit partial remission.

¢¢ FGFR inhibitors may provide
a therapeutic opportunity to

patients with rare tumours. 99

Prof Giuseppe Curigliano, Chair of the Division
of Early Drug Development Therapeutics,
European Institute of Oncology, Milan, Italy,
commented: “FGFR inhibitors may provide
a therapeutic opportunity to patients with
rare tumours.”

Optimism for the Future of
Metastatic Bladder Cancer Treatment

METASTATIC bladder cancer patients
who are not eligible for current cisplatin-
based chemotherapy could benefit from
immunotherapy. A ESMO press release dated
8" October 2016 elucidated the promising
results of two recent Phase Il trials measuring
the safety and efficacy of these classes of
drugs in first and second line treatment of
the disease.

Researchers presented data on the first
100 patients to be studied in the Phase Il
KEYNOTE-052 trial; this study tested a
programmed cell death-1 (PD-1) blockade
with pembrolizumab as first-line therapy in
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patients suffering from metastatic or locally
advanced bladder cancer, who were not
eligible for cisplatin. The primary endpoint
of an objective response rate of 24% was
targeted. At the time of the presentation,
the median duration of response had not yet
been reached and treatment had been well-
tolerated. The biomarker cut point identifying
patients most likely to respond to treatment
was set at >10% total PD-L1 expression in
immune cells or tumour cells, and 30 patients
achieved this. Eleven of these patients (37%)
responded to treatment.

66 \We expect even more dramatic
changes in the coming years
with the use of immunotherapy
in other clinical stages and
as combination therapy. 929

The second Phase Il study, CHECKMATE 275,
evaluated 265 metastatic bladder cancer
patients who had progressed following first
line platinum-based chemotherapy. The team
studied the PD-1 inhibitor nivolumab, assessing
its safety and activity with the primary
endpoint: an objective response rate of
19.6%. The median follow-up of the study was
7 months but median duration of response
had not been reached. The objective response
rate in the study was found to be higher than
historically achieved with chemotherapy,

for patients with tumours expressing either
higher or lower levels of PD-L1.
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Dr Maria
Professor

De
for

Clinical
Research
Centre, Warwick Medical School, University of
Warwick, Coventry, UK, commented: “Immune

Associate
Cancer

Santis,
Oncology,

checkpoint inhibitors have started to alter
the therapeutic landscape for bladder cancer.
We expect even more dramatic changes
in the coming vyears with the use of
immunotherapy in other clinical stages and as
combination therapy.”

Poor Reporting of Adverse
Events in Targeted Therapy
and Immunotherapy Trials

REPORTING of adverse events in trials of
targeted therapies and immunotherapies
has been suboptimal in recent years, thereby
withholding vital information about the safety
of drugs, according to research presented in
a ESMO press release dated 5" October 2016.

For this study, the publications of 81 trials for
the treatment of solid malignancies in adult
patients approved by the US Food and Drug
Administration (FDA) were assessed. Over
90% of the trials scored poorly in reporting
recurrent and late toxicities as well as the true
duration of adverse events. Additionally, the
time point of the adverse event occurrence
was not adequately reported in 86% of the
trials and only adverse events that occurred
at a frequency above the fixed threshold
were reported in 75% of published trials.

Limitations in the method for presenting
adverse events, in the follow-up interval
assessment, and in describing toxicities

leading to therapy withdrawal, were found
in over half of the publications assessed.
Researchers also discovered that in one-third
of the trials, dose reductions due to adverse
events were not reported at all.
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“Toxicities of targeted agents and
immunotherapy are obviously different from
the toxicities we are used to observing and
treating due to chemotherapy, and there are
some aspects of the toxicities of these newer
agents that we are not so well-informed
about,” stated the Principal Investigator of
the study, Dr Paolo Bossi, Head and Neck
Unit, Fondazione IRCCS Istituto Nazionale dei
Tumori, Milan, Italy, in a ESMO press release
dated 5% October 2016.

Despite this, Dr Bossi expressed optimism
with regards to novel methods that have
become available in recent years to improve
the quality of adverse event reporting:
“The most important and innovative one is
the PRO-CTCAE form, which is the patient-
reported outcome version of the common
toxicity criteria of adverse events, and which
will allow physicians to collect the symptoms
as reported by the patients, considering also
the severity, intensity, and influence of the
symptoms on their quality of life.”

For the full interview with Dr Paolo Bossi, at
ESMO click here.

¢¢ Toxicities of targeted agents and
immunotherapy are obviously
different from the toxicities we are
used to observing and treating
due to chemotherapy, and there
are some aspects of the toxicities
of these newer agents that we
are not so well-informed about. 99
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Single-Arm Trials Grant Patients
Rare Cancer Drugs Earlier

OPPORTUNITIES to accelerate the time
of cancer drug development and approval
are provided by single-arm trials (SATs),
especially for drugs with dramatic activity and
significant biological rationale, according to a
ESMO press release dated 10" October 2016.

As regulatory guidance regarding the
circumstances in which SATs are able to offer
adequate evidence to achieve European Union
(EU) authorisation is limited, the European
Medicines Agency (EMA) and ESMO are
currently working together to clarify evidence
requirements for market access decision-
makers, patients, and medical professionals as
well as making innovative cancer drugs more
widely available.

An analysis of the role SATs played in 263
applications for initial approval or indication
extension for cancer drugs reviewed by EMA
between 1995-2014 was recently carried out.
[t was discerned that approximately 20% of
cancer drug approvals in the EU during this
period were based on results from SATs,
as well >50% of the initial authorisations
for haematological malignancies. Dr Jorge
Martinalbo, Scientific Advisor, EMA,
reported that: “Altogether this reflects the
flexibility of regulatory requirements for
approval, supported by early access tools like
conditional and exceptional circumstances
authorisations used in almost half of the initial
approvals based on SATs.”

: , = "5 2l B
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¢¢ Clinical researchers must develop
new solutions that span from
proof of concept to effectiveness,
constantly taking the challenges
to bring solid evidence to patients
and not too easily compromising
towards easier routes such as
SATs which should be limited to
situations where strong biological
evidence emerges in absence
of relevant existing therapeutic
strategies and/or unmet needs. 99

Another obstacle facing patients who wish
to have access to new cancer drugs is the
financial cost which was a main discussion
point in a recent workshop held jointly by
EMA and ESMO. The meeting focussed on
evidence requirements and challenges facing
cancer drug approval and reimbursement
decisions based on SATSs.

Commenting on the study Dr Denis Lacombe,
Director General, European Organisation for
Research and Treatment of Cancer (EORTCQ),
cautioned: “Clinical researchers must develop
new solutions that span from proof of concept
to effectiveness, constantly taking the
challenges to bring solid evidence to patients
and not too easily compromising towards
easier routes such as SATs which should be
limited to situations where strong biological
evidence emerges in absence of relevant
existing therapeutic strategies and/or unmet
needs. Discussing SATs outside of a complete
transformation of clinical research may

jeopardise appropriate recognition of SATs
where they may be useful and is certainly a
disservice to patients.”
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Sharp Disparities in Cancer
Treatment Availability Across Europe

DISCORDANCE in the availability of access
and reimbursement of innovative treatments
for metastatic melanoma patients across
Europe has raised ethical questions regarding
healthcare inequality, reports a ESMO press
release dated 7t October 2016.

The web-based online survey, conducted in
34 oncology centres across 29 European
countries, found that while 70% of western
European patients received the latest first-
line treatments as recommended by European
Guidelines, <10% of eastern European patients
had access to the same therapy. These numbers
become all the more significant in light of
the improvements to long-term survival for
metastatic melanoma patients over the past
5 years with innovative medicines; durable
responses of up to 10 years are now reported.
Nonetheless, the majority of Eastern and
South-Eastern European patients continue to
receive palliative chemotherapy.

Commenting on the disparities, Dr Alexandru

Eniu, Chair of the ESMO Global Policy
Committee, said: “This study confirms
what ESMO has highlighted in the past:

access to the best treatment according to
evidence-based clinical guidelines such
as ESMO’s, is not equal across Europe.
ESMO advocates for equal access to treatment
and care, which is the fundamental right of
every patient. Despite the encouraging rate
of new medicine development, there are still
unacceptable inequalities in the availability
and accessibility of new and effective cancer
medications across Europe.”
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With melanoma rates in Europe at 1 in 100
people and rising, the findings of the study
are projected to become more pronounced
if stakeholders fail to act. The survey found

that across Europe, 27% of all metastatic
melanoma  patients had not received
access to the latest treatments. Moreover,

registration and reimbursement estimations

stood at 75% and 58% compared with
42% and 18% in Western and Eastern
Europe, respectively, for the BRAFiI+MEKI

immunotherapy combination treatment.

¢¢ Despite the encouraging rate of
new medicine development, there
are still unacceptable inequalities
in the availability and accessibility
of new and effective cancer
medications across Europe. 99

Universal access to healthcare has been
called into question by the stark reality of
both figures and similar findings in studies
concerning other forms of cancer. Advocacy
and data collection, along with reimbursement
and access programmes were among the
appeals by the authors to combat these
continuing trends.

Positive Trial Results Set the
Stage for New Paediatric
Brain Cancer Treatment

THERAPY trialled for the treatment of
paediatric brain cancer may completely change
the way low-grade gliomas in children with
the mutation are treated.
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According to a ESMO press release dated

7t October 2016, the drug dabrafenib
specifically targeting the cancer mutation,
has shown a high response rate with a low
toxicity rate in a Phase /Il trial, opening
up the possibility of combining dabrafenib
with a MEK inhibitor to treat these patients;
previous studies have shown that combining a
BRAF inhibitor with a MEK inhibitor produces
more activity and reduce toxicity for a longer
period of time in adult patients.

The first trial focussed on determining the
correct dosage for the following trial and
found no significant toxicity limitations. The
Phase Il trial went on to assess the toxicities
associated with dabrafenib, a selective
inhibitor of mutant protein, and whether it
could cause tumours to shrink. Patients
recruited for the study (N=32) with the BRAF
V600-mutant low-grade glioma ranged from
1-16 years old; 15 participated in the Phase |
trial, and 17 in Phase Il. Of the patients treated,
23 out of 32 responded to the drug with
1 patients’ tumours reducing by more
than half of their original size and 2 patients’
tumours disappearing completely. Currently,
13 patients have stable disease of a 6-month
duration and 11 of them remain on therapy.

¢ \We want to make the response
rate with dabrafenib even
higher by combining it with
a MEK inhibitor since that
works in adults. 929
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Currently the side effects of radiation
therapy can cause lifelong complications
such as cognitive damage and secondary
malignancies. This study provides hope that
a combination therapy of dabrafenib and a
MEK inhibitor could be utilised in the future,
meaning low-grade gliomas can be treated
by being targeted specifically, without such
risks. A trial combining the two drugs is
currently underway.

Lead author Dr Mark Kieran, Paediatric Medical
Neuro-Oncology, Dana-Farber Cancer Institute,
Boston, Massachusetts, USA commented:
“We want to make the response rate with
dabrafenib even higher by combining it with a
MEK inhibitor since that works in adults.”

Intramuscular Injections as an
Alternative Standard of Care

POSITIVE results of a new study investigating
the effects of fulvestrant in women with
breast cancer suggest a potential alternative
therapy for those requiring a low toxicity
approach, reports a ESMO press release dated
8t October 2016.

A hormonal therapy, fulvestrant is an oestrogen
receptor degrader that works selectively,
meaning it can target hormone receptor
function without affecting oestrogen levels.
With progression-free survival (PFS) as the
primary endpoint, the Phase lll, double-blind,
multicentre study randomised patients (1:1) to
1 mg of anastrozole daily (n=232) or 500 mg
intramuscular injections of fulvestrant at O,
14, and 28 days and every 4 weeks thereafter
(n=230). All patients were also administered
one line of chemotherapy. Inclusion criteria
enrolled patients with inoperable endocrine
receptor and/or progesterone receptor-
positive locally-advanced or metastatic
breast cancer, who had received no previous
hormonal therapy.

66 For patients with non-visceral
disease whose life is not
immediately threatened by
breast cancer, a group for whom
physicians would typically choose
endocrine therapy as a first
approach, it looks like fulvestrant
could be a new standard of care

compared to anastrozole. 9

The results were significant at both group
and subgroup levels of analysis. The 21%
improvement in PFS between the fulvestrant
and anastrozole groups (16.6 months versus
13.8 months), noted after a median follow-up
of 25 months, was found to be statistically
significant at p=0.048. For those whose
cancer had not metastasised to the lungs or
liver at baseline, PFS was further extended
in the fulvestrant arm (22.3 months versus
13.8 months).

Despite some adverse events such as
arthralgia (16.7% versus 10.3%) and hot flushes
(M.4% versus 10.3%), according to lead author
Prof Matthew Ellis, Lester and Sue Smith
Breast Center, Baylor College of Medicine,
Houston, Texas, USA, fulvestrant was generally
tolerated as well as anastrozole. “For patients
with non-visceral disease whose life is not
immediately threatened by breast cancer,
a group for whom physicians would typically
choose endocrine therapy as a first approach,
it looks like fulvestrant could be a new

standard of care compared to anastrozole,”
Prof Ellis commented.

EUROPEAN MEDICAL JOURNAL

9

23



Nonetheless, the strict inclusion criteria,
combined with the advances in other
CDK4/6 and aromatase inhibitor combination
therapies, means that further investigations
are paramount in defining the right therapy
for the right patient.

Ribociclib Improves Progression-Free
Survival in Advanced Breast Cancer

COMBINING letrozole therapy with the
CDK4/6 inhibitor ribociclib was reported
in a ESMO press release, dated 8t October
2016, to significantly improve progression-
free survival in postmenopausal women
with hormone receptor-positive advanced
breast cancer.

66 The results of this trial represent
a compelling proof of principle,
and suggest a paradigm shift in

metastatic HR* breast cancer. 2%

The randomised, double-blind MONALEESA2
study randomly assigned 668 postmenopausal
women with hormone receptor-positive,
HER2-negative advanced breast cancer, who
had not undergone any systematic treatment
previously, to two treatment groups. The first
group was assigned ribociclib (600 mg/day,
3-weeks-on/1-week-off) and letrozole

(2.5 mg/day, continuous), whilst the second
was given letrozole plus a placebo.
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[t was discovered that the ribociclib group
showed a 44% improvement in progression-
free survival compared with the placebo
group (hazard ratio: 0.556, p=0.00000329).
Patients with measurable disease at baseline
had a significantly greater objective response
rate within the ribociclib group (53% versus
37%, p=0.00028), as well as an improved
clinical benefit rate (80% versus 72%, p=0.02).
While serious adverse events presented in
<5% of patients, other adverse events
were far more common in the ribociclib
group compared with the placebo group.
For instance, neutropenia occurred in 59% of
ribociclib patients and 1% of patients within
the placebo group; leukopenia occurred in 21%
and 1%, respectively. Despite the increase in
toxicity, it was felt that the magnitude of the
associated clinical benefit outweighed this,
and that the addition of ribociclib to letrozole
therapy proved beneficial.

Commenting on these findings, principal
investigator Prof Gabriel Hortobagyi,
Department of Breast Medical Oncology,

Division of Cancer Medicine, The University
of Texas MD Anderson Cancer Center,
Houston, Texas, USA, announced: “The results
of this trial represent a compelling proof
of principle, and suggest a paradigm shift
in metastatic HR* breast cancer. They also
suggest that testing combinations of ribociclib
with other inhibitors of various signalling
pathways might lead to additional progress
in the management of several subtypes of
breast cancer.”

Outcomes for Ovarian Cancer
Patients Significantly Improved
with the Drug Niraparib

SURVIVAL outcomes of platinum-sensitive
recurrent ovarian cancer patients are
significantly improved following treatment
with the PARP inhibitor niraparib, according to
a ESMO press release dated 8™ October 2016.

Treatment options are currently very limited
for recurrent ovarian cancer. For example,
the only options available for maintenance
therapy within the European Union (EU) are
bevacizumalb, which can only be used once
and improves progression-free survival by
just a few months, and the PARP inhibitor
olaparib, which can only be used by patients
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with a germline BRCA mutation. Outside of
the EU, no maintenance therapy is approved.
The ENGOT-OV16/NOVA trial therefore
sought to determine the safety and efficacy
of the inhibitor, niraparib, as a maintenance
therapy for this form of cancer.

¢¢ Niraparib significantly improved
all endpoints across a broad
patient population representing
70% of all ovarian cancer patients.
These landmark results could
change the way we treat

this disease. 929

In the study, 553 recurrent ovarian cancer
patients were divided into two cohorts: those
with a germline BRCA mutation (n=203) and
those without (n=350). The participants were
randomised 2:1 to be treated with a 300 mg
dose of niraparib or placebo once daily.
The primary endpoint of progression-free
survival was significantly higher in patients
given niraparib than those who received the
placebo in both the germline BRCA mutation
group and the non-germline BRCA mutation
group (median: 21.0 versus 5.5 months and
9.3 versus 3.8 months, respectively). The
secondary endpoints of second progression-
free survival, time to first subsequent
treatment, and chemotherapy-free interval

were also significantly improved in those who
received niraparib compared to placebo
both cohorts.

in
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“This is a breakthrough for patients with
ovarian cancer,” stated lead author Dr Mansoor
Raza Mirza, Chief Oncologist, Department
of Oncology, Rigshospitalet, Copenhagen
University Hospital, Copenhagen, Denmark, in
a ESMO press release dated 8™ October 2016.
“We have never seen such large benefits in
progression-free survival in recurrent ovarian
cancer. Niraparib significantly improved all
endpoints across a broad patient population
representing 70% of all ovarian cancer
patients. These landmark results could change
the way we treat this disease.”

Ceritinib Increases Progression-Free
Survival in Lung Cancer

CERITINIB increases progression-free
survival (PFS) compared with chemotherapy
in crizotinib-pre-treated non-small cell lung
cancer (NSCLC) patients harbouring an
anaplastic lymphoma kinase (ALK)
rearrangement, as disclosed in a study
presented in a ESMO press release dated
9th October 2016.

In this study, 231 patients with NSCLC
who had been treated with crizotinib were
randomised 1.1 to receive either ceritinib or
chemotherapy (pemetrexed or docetaxel). If a
patient discontinued chemotherapy because
of disease progression, they could cross over
to ceritinib. The study’s primary endpoint was
PFS. Results demonstrated that the median
PFS was significantly improved in the ceritinib
arm compared with the chemotherapy arm
(5.4 versus 1.6 months, hazard ratio: 0.49,
pP<0.001). In addition, ceritinib improved the
overall response rate to 39.1%, compared with
6.9% for chemotherapy. Toxicities in patients
taking ceritinib were similar to those observed
in previous Phase | and Il studies, with the
most common Grade 3/4 adverse events
being nausea and vomiting (both 7.8%). There
was also a significant improvement in patient
reported outcomes, such as lung cancer-
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specific symptoms and overall health status,
with ceritinib as compared with a placebo
(p<0.05). While there was no improvement
in overall survival with ceritinib, it was
suggested that this might be as a result of
the patients who crossed over, diluting the
potential improvement.

¢6¢ This study opens up a new
treatment paradigm after

crizotinib failure. 29

Commenting on the implications of these
findings for clinical practice, the lead author
of the Phase Il ASCEND-5 study Prof Giorgio
Scagliotti, Full Professor of Respiratory
Medicine, Department of Oncology, University
of Torino, Torino, Italy, announced: “This study
opens up a new treatment paradigm after
crizotinib failure. It would be logical now to
give a sequence of active drugs, starting with
crizotinib in first line and moving to ceritinib
in second line.”

Survival Benefits in New Drug to
Treat Non-Small Cell Lung Cancer

THE FIRST Phase Il study of atezolizumab,
a programmed death ligand-1 (PD-L1) inhibitor,
has shown significant improvements in survival
compared to standard chemotherapy reported
in a ESMO press release dated 9" October
2016. The OAK study registered 1,225
patients who had previously been treated
for non-small cell lung cancer (NSCLQ).
The investigators began by stratifying
patients into groups according to their PD-L1
status, number of chemotherapy regimens,
and histology, then randomised the patients
to receive either intravenous atezolizumab
(1,200 mg) or docetaxel (75 mg/m?), every
3 weeks.

Initial analysis during the trial of 850 of the
patients exhibited a 27% improvement in
overall survival (OS) in patients receiving
atezolizumab compared to those treated with
docetaxel. This was regardless of their PD-L1
expression levels and included patients with
PD-L1 expression of <1%. When patients
were organised into PD-L1 expression levels,
the OS was 59% among patients in the
highest tertile of PD-L1 expression who were
treated with atezolizumab, compared with the
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group treated with docetaxel. In the groups
where PD-L1 expression was non-existent
there still remained a 25% improvement
in OS in atezolizumab patients compared
with docetaxel. Similar improvements
were seen in patients with squamous and
non-sgquamous histology.

Investigator Dr Fabrice Barlesi, Multidisciplinary
Oncology and  Therapeutic Innovations
Department, Aix-Marseille University and the
Assistance Publique Hobpitaux de Marseille,
Marseille, France, confirmed the importance of
the results stating: “Atezolizumab offers a new
second-line therapeutic strategy for patients
with NSCLC, regardless of the PD-L1 status of
the tumour.” Prof Martin Reck, Department of
Thoracic Oncology, Lung Clinic Grosshansdorf,
Grosshansdorf, Germany, added: “This is a
very important piece of information on the
role of PD-L1/PD-1 antibodies in treatment of
NSCLC, and confirms the OS benefits shown
in the POPLAR and CHECKMATE trials.”

66 Atezolizumab offers a new
second-line therapeutic strategy
for patients with NSCLC,
regardless of the PD-L1

status of the tumour. 929

In response to next stages or possible future
trials, Prof Reck explained: “My suggestion
would be that PD-L1 is perhaps one imperfect
surrogate marker to describe the activity;
it is a good enrichment factor but we need
additional markers for the characterisation
of patients who might not benefit from this
treatment or who might really benefit.”
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Pembrolizumab with First-Line
Chemotherapy Significantly
Improves Outcomes

INCLUDING pembrolizumab, a programmed
cell death-1 (PD-1) antibody, to standard
first-line chemotherapy for treatment-naive,
non-squamous non-small cell lung cancer
(NSCLC) patients was found to greatly
improve response rates and progression-free
survival, according to study results presented
in a ESMO press release dated 9t October 2016.

In carrying out this Phase Il study, 123 patients
with  Stage 1lIB/IV, chemotherapy-naive,
non-sguamous NSCLC were randomly
selected and split into two groups. While
both groups were treated with four cycles
of carboplatin and pemetrexed (500 mg/m?
every 3 weeks), Group 1 also received
24 months of treatment with pembrolizumab
(200 mg every 3 weeks) while Group 2 did
not. Researchers followed up patients after a
median of 10.6 months.

A significantly larger objective
rate (55% versus 29%, p=0.016) in Group
1 compared with Group 2 was identified.
Furthermore, Group 1 patients were found
to have an improved progression-free
survival rate (median of 13.0 months versus
8.9 months), though the 6-month survival
rate remained similar for both groups at 92%.

response

While it should be noted that there was
a greater incidence of adverse events of
Grade 3 or above in Group 1 patients

(39% versus 26%) compared with Group 2
patients, ultimately this did not appear to
have an effect on treatment discontinuation
rates or treatment related deaths, with 10% of
Group 1 patients and 13% of Group 2 patients
discontinuing treatment.
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66 |f these benefits are confirmed

in an ongoing Phase Il trial,
the results may radically alter
the treatment paradigm in

advanced NSCLC. 29

This was the first randomised Phase |l trial to
evaluate the impact of adding a monoclonal
antibody  targeting PD-1 to standard
chemotherapy in cases of treatment-naive,
non-sguamous NSCLC. Speculating on
the broader implications of these findings,
the study’s principal investigator Dr Corey
Langer, Director, Thoracic Oncology,
Hospital of the University of Pennsylvania,
Philadelphia, Pennsylvania, USA, commented:
“If these benefits are confirmed in an ongoing
Phase Il trial, the results may radically alter
the treatment paradigm in advanced NSCLC.”

Sunitinib: A Potential Adjuvant
Therapy for High-Risk Renal
Cell Carcinoma

A PHASE Ill, randomised, double-blind trial
of the inhibitor sunitinib as a novel adjuvant
treatment for renal cell carcinoma (RCC)
development following nephrectomy has
shown promising results, reports a press
release from this year’s ESMO Congress dated
10t October 2016.

A distinguishable characteristic of kidney
cancer is its extremely high recurrence rate

of <50% in some patient subgroups, even
following partial or total nephrectomy.
Although positive therapies to control

metastases are already available, no standard
adjuvant treatments for kidney cancer have
been specifically developed.

Within this trial, sunitinib, a receptor tyrosine
kinase inhibitor, was used to establish a
primary endpoint of disease-free survival
among therapy-naive, high-risk RCC patients
following nephrectomy. Split into two separate
groups, the results of sunitinib versus placebo
over a l-year period were monitored; 50 mg
was administered daily following a 4-weeks-
on, 2-weeks-off schedule. One patient was
permitted to drop down to 37.5 mg.

Abdominal computed tomography (CT)
scans of each patient were evaluated by
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an independent central review committee
of radiologists. Cancer still localised to the
kidneys, found within lymph nodes of close
proximity, metastases, or second malignancies,
were noted as recurrences. Where
disagreement between the panel and authors
arose, biopsies of the respective tumour
were sampled to detect the presence of
cancerous cells.

¢¢ Sunitinib is a potential new option
for adjuvant therapy in RCC,
given the increase in disease-
free survival and the manageable
safety profile. 99

Following the collation of data, the disease-free
survival rate of patients on sunitinib therapy
versus placebo was significantly increased
(6.8 years versus 5.6 years; hazard ratio
0.761, p=0.03). Although recurrence events
categorised as >Grade 3 were more common
in sunitinib-treated individuals (62.1% versus
21.2% on placebo), serious adverse events
were comparable and no deaths were
recorded as a result of drug toxicity.

Lead author Prof Alain Ravaud, Head of

Medical Oncology, University Hospital of
Bordeaux, Bordeaux, France, emphasised:
“Sunitinib is a potential new option for

adjuvant therapy in RCC, given the increase
in disease-free survival and the manageable
safety profile.” However, the adjuvant study
ASSURE followed a very similar design and yet
showed no difference in disease-free survival
rates. To corroborate these new results, further
meta-analyses would be needed.
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Adjuvant Ipilimumab Improves
Overall Survival in High-Risk
Melanoma Patients

OVERALL SURVIVAL (OS) in patients with
high-risk Stage Ill melanoma was significantly
improved using ipilimumab as an adjuvant
therapy, according to a ESMO press release
dated the 8™ October 2016 discussing the
results of the EORTC 18071 Phase Il trial.
Summarising the trial’s findings, lead author
Prof Alexander Eggermont, Director General,
Gustave Roussy Cancer Campus Grand Paris,
Villejuif, France, stated: “Ipilimumab adjuvant
therapy brings a significant improvement of
OS and has a favourable risk-benefit ratio.
It clearly represents a serious option for
patients with Stage lll melanoma.”

¢¢ |pilimumab adjuvant therapy
brings a significant improvement
of OS and has a favourable
risk-benefit ratio. 99

This was the first effort to test a checkpoint

blockade such as ipilimumab in adjuvant
therapy for melanoma. The trial randomly
assigned 951 patients to either ipilimumab

or a placebo during 2008-2011. In 2015, after
the study had met its primary endpoint,
it was announced that ipilimumab had greatly
improved recurrence-free survival after a
median follow-up of 2.3 years. In 2016, with
a median follow-up of 5.3 years, the authors
reported the impact of ipilimumab on OS;
it was found to reduce the relative risk of
death by 28%. Furthermore, the OS rate after
5 years was 11% higher in those treated with
ipilimumab (65%) compared with those given
the placebo (54%). While ipilimumab has
been shown to cause immune-related adverse
events, there were no additional toxicities
or deaths since the initial report at
2.3 years. The key Grade 3-4 adverse events
were gastrointestinal (16%), hepatic (11%),
and endocrine (18%).

The findings of this trial are expected to
pave the way for other studies focussing on
checkpoint blockade to attempt to improve
cure rates in the adjuvant setting of melanoma
and other types of disease.
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47 late-breaking trials

Metastatic Renal Cell Carcinoma
Patient Survival Aided
by Cabozantinib

PROGRESSION-FREE SURVIVAL and response
rate in patients is significantly improved
by cabozantinib compared with sunitinib,
according to a ESMO press release dated
10t October 2016.

While both sunitinib and cabozantinib target
tyrosine kinases, cabozantinib also inhibits the
activity of MET and AXL proteins. A recent
Phase Il multicentre trial included 157 patients
who had untreated clear-cell metastatic renal
cell carcinoma of poor or intermediate risk.
Patients were randomised either to take oral
cabozantinib (60 mg once daily), or to sunitinib
(50 mg once daily, 4-weeks-on, 2-weeks-off).

¢¢ Obviously, this study will raise a
lot of questions, such as whether
these results are expandable to
all metastatic renal cell carcinoma
patients, including the good

pPrognosis group... 29
A 31% reduction in the median rate of
progression or death was observed in the

cabozantinib patients compared with sunitinib
patients (8.2 months versus 5.6 months;
pP=0.012), and the objective response rate
in the cabozantinib arm was far greater
than in the sunitinib arm (46% versus 18%,
respectively). The incidence of Grade 3 or
higher adverse events, including diarrhoea,
fatigue, hypertension, palmar-plantar
erythrodysesthesia, haematological events,
and toxicity forced 16 patients to end their
treatment earlier than anticipated. This was
similar between the both arms of the study:
70.5% in the cabozantinib arm, and 72.2% in
the sunitinib arm.

Although the study did not include good-risk
patients, it is believed that cabozantinib will
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prove equally as successful in such patients
according to the principal investigator
Dr Toni Choueiri, Director of the Lank Center
for Genitourinary Oncology, Dana-Farber
Cancer Institute, Boston, Massachusetts, USA.

Dr Bernard Escudier, Chairman of the Renal
Cancer Unit, Institut Gustave-Roussy, Villejuif,
France, commented: “Obviously, this study
will raise a lot of questions, such as whether
these results are expandable to all metastatic
renal cell carcinoma patients, including the
good prognosis group; whether cabozantinib
should become a new standard of care in the
first-line setting; and how we should interpret
all the ongoing Phase Il first-line studies
which selected sunitinib as the control arm.”

Nevertheless, these results are likely to
provide new expectations for the treatment
of this condition, according to Dr Escudier.

Neoadjuvant Chemotherapy and
High-Risk Carcinoma Patients

IFOSFAMIDE in conjunction with an
anthracycline as an adjuvant therapy has
been trialled for the treatment of soft tissue
sarcoma patients, explains a ESMO press
release dated 10" October 2016. Patients with
cancer isolated to the trunk or extremities and
at high risk of relapsing showed a significant
extension of survival on the therapy when
compared with histologically-tailored regimes.

In this multicentre European randomised
assessment, 287 patients were selected
using a risk of relapse averaging 60-70%,
and categorised into five histological subtypes
representative of roughly 80% of soft tissue
sarcoma cases detected within an extremity
or trunk wall. Each subgroup was randomised
111 to determine their therapy regime;
patients were trialled preoperatively on either
epirubicin plus ifosfamide for three cycles
(120 mg/sagm and 9 g/sgm, respectively)
or a specific histologically-tailored therapy:
gemcitabine plus docetaxel for patients
with undifferentiated pleomorphic sarcoma;
trabectedin for high-grade myxoid
liposarcoma; high-dose prolonged infusion
of ifosfamide for individuals with synovial
sarcoma; etoposide plus ifosfamide in
malignant peripheral nerve sheath tumours;
or gemcitabine plus dacarbazine for
leiomyosarcoma patients.
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66 |n this 80% of patients who have
a high-risk soft tissue sarcoma
of the trunk or extremities,
it is worthwhile considering
chemotherapy with epirubicin
plus ifosfamide because their
prognosis is improved by 20%. 99

Patients given epirubicin plus ifosfamide
reflected a higher relapse-free rate at
46 months compared to both those following
a histology-driven regimen (0.62 versus
0.38, p=0.004) and the overall survival of
the participants (0.89 versus 0.64, p=0.033).
Principal investigator Dr Alessandro Gronchi,
Chair of Sarcoma Surgery at the National
Cancer Institute, Milan, Italy, emphasised,
“In this 80% of patients who have a high-risk
soft tissue sarcoma of the trunk or extremities,
it is worthwhile considering chemotherapy
with epirubicin plus ifosfamide because their
prognosis is improved by 20%.”

The aim of this study was to provide evidence
of a one-third reduction in recurrence for
high-risk patients; this primary target however
was not met. Additionally, the study failed
to provide evidence of any benefit from
histologically-tailored regimens. Prof Thomas
Brodowicz, Program Director of the Bone
and Soft Tissue-Sarcoma Unit, Department
of Medicine, Medical University Vienna,
Vienna, Austria, commented, “What we can
conclude out of this is that the neoadjuvant
anthracycline plus ifosfamide is better than
the histology-driven regimens, but the

question still is, is it better in comparison to
no treatment?
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The Financial Burden
for Cancer Patients

FINANCIAL burden experienced by cancer
patients regarding their treatment was
discussed at this year’'s ESMO Congress.
According to a ESMO press release dated the
10t October 2016, researchers argued that
such a burden not only impacts a patient’s
financial circumstances but also ameliorates
quality of life and subsequently increases the
risk of death.

It has been noted that even in countries where
the national public health systems cover the
majority of expenses, additional costs still
negatively impact patients financially. For the
purpose of this research, the study defined
‘financial burden’ as any financial difficulty
reported at Dbaseline. Investigators also
defined ‘financial toxicity’ as a worsening of
the financial score.

Lead investigator Dr Francesco Perrone,
Director, Unita Sperimentazioni Cliniche,
National Cancer Institute, Naples, Italy, and
colleagues, gathered data from a pooled
analysis of 16 prospective multicentre trials
conducted within Italy, with a total of 3,670
patients with either lung, breast, or ovarian
cancer. Included in the trial was The European
Organisation for Research and Treatment
of Cancer (EORTC) quality of life C30
guestionnaire, which asked patients to assess
their financial difficulties in relation to their
disease or treatment on a scale from ‘not at all’
to ‘very much’.

66 ..oncologists should pay attention
to the social and economic
possibilities of our patients and
try to advise them regarding
their rights in terms of public
support and respect due
to their condition. %9

Results from the analysis identified a visible
link between cancer treatment and financial
burden, present in 26% of the patients at
baseline, and was associated with a greater
risk of a poorer global quality of life of 35%
(p=0.009). In regards to financial toxicity,
this was observed in 22.5% of the 2,735 who
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completed the subsequent questionnaire and
was associated with a 20% increase in the
risk of death (p=0.007).

The results of this study, although moderate,
still indicate that the financial risks of having
cancer need to be better prioritised to lessen
the burden. Dr Perrone commented: “Based
on common sense, we oncologists should
pay attention to the social and economic
possibilities of our patients and try to advise
them regarding their rights in terms of public
support and respect due to their condition.”

Patient Adherence to Oral
Cancer Therapy Influenced
by Cognitive Function

THE IMPACT of cognitive disorders upon
patient adherence to oral anti-cancer therapies
is believed to be wildly underestimated
following a recent study, according to a ESMO
press release dated 4" October 2016.

The development of oral anti-cancer drugs
in recent years has exposed a surprisingly
high frequency of patients not adhering
to their prescriptions, something seen
most commonly among elderly patients.
Prof Florence Joly, Centre Francois Baclesse,
Caen, France, explained: “The objective
of this initial study was to assess the
relationship between cognitive functions and
oral medication adherence in order to identify
the patient profiles who are more likely to
be non-adherent.”

Dr Joly stated: “This study included patients
starting a new oral therapy and half were
>70 years of age. Before starting treatment,
a standardised neuropsychological test
battery including an assessment of autonomy,
depression, and anxiety were performed.
Information on socio-demographic conditions
was also collected.”

Of the 126 patients included in the
study, 1M1 (88%) completed the adherence
qguestionnaires at 1 month, showing an
adherence rate of 90%. The Montreal Cognitive
Assessment (MoCA) showed that 50%
suffered from global cognitive impairment,
and that depression and working
memory disorders were strongly linked with
non-adherence (4.67, [111-19.59], p=0.0352

and 1.38, [1.03-1.85], p=0.0326, respectively).
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ONLY 14

LEFEERE] N

In the study, depression and working
memory dysfunctions proved to be indicators
of non-adherence. It is therefore vital that
physicians focus on cognitive functions before
prescribing the oral anti-cancer therapy in
order to distinguish patients who are most
likely not to take the drugs, so the physician
can make a more informed decision about
patients’ treatment.

¢6¢ So instead of enforcing adherence
against patients’ preferences,
we need to first understand and
then tackle the true reasons

underlying non-adherence. 99

Dr Bettina Ryll, Chair of the ESMO Patient
Advocacy Working Group, noted: “I believe the
current concept of adherence is too narrow
i.e. physicians expect patients to take their
medication as prescribed, and non-adherence
is considered a form of disobedience.
Intentional non-adherence, the patient
deciding not to take medication as indicated,
is actually revealing patients’ true
preferences, and these might simply be very
different from what physicians and other
stakeholders consider relevant.” She added:
“So instead of enforcing adherence against
patients’ preferences, we need to first
understand and then tackle the true reasons
underlying non-adherence.”

For the full interview with Prof Florence Joly,
at ESMO click here.
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22,522

participants

ESMO Calls for Improved
Participation in Cancer
Screening Programmes

A SELECTION of presentations at this year’s
ESMO congress have demonstrated the
extremely low participation rates in cancer
screening programmes across the globe.
The studies, summarised in a ESMO press
release dated 6" October 2016, looked at the
possible reasons for the low numbers seen
across screening programmes for a variety of
the most common cancers.

66 |n this particular period of
extreme evaluation of cost/
effectiveness ratio, screening is
still the best investment for the

health of our populations. 29

An Australian study used questionnaires to
gather data from 1,562 participants on their
views on cancer screening programmes,
finding that time constraints and cost were the
predominant reasons for non-participation.
The proposal of a ‘one stop cancer screening
shop’ received support from the vast
majority of participants (85.3%; confidence
interval 83.4-86.9).

The diagnoses made following emergency
presentation of cancer symptoms were
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researched and presented within a second
study. The team demonstrated the efficacy of
nurse-led Acute Diagnostic Oncology Clinics
(ADOCs) as an addition to current outpatient
cancer diagnostic pathways. The clinics
could help reduce the number of emergency
presentations by supporting primary care
physicians in urgent cases, thus allowing earlier
diagnosis and improved patient outcomes.

A study in France has found that participation
in mammography screening amongst
non-breast cancer survivors is lower than that
of the general population (78% versus 87%),
demonstrating that awareness of a second
cancer, distinct from the recurrence of a
primary cancer, must be improved. The
authors hope that by increasing awareness
of the necessity of mammography screening,
high-risk patients will be easier to identify
and therapy can be initiated earlier.

Finally, a study into lung cancer screening
amongst smokers has revealed that intention
to take part in screening programmes
amongst current smokers linked with an
intention to stop smoking. However, barriers
to participation amongst smokers in general
were found to be complex. Further research
is needed to establish significant data.

Prof Virgilio Sacchini, Weill Cornell Medical
College, New York City, New York, USA,
commented: “The studies being presented
at the ESMO 2016 Congress should help
encourage doctors and patients to respond
to screening programmes proposed by
national health services. [..] In this particular
period of extreme evaluation of cost/
effectiveness ratio, screening is still the best
investment for the health of our populations.”

Nivolumab Immunotherapy Superior
for Cancer of The Head and Neck

IMMUNOTHERAPY is fast becoming the
future of cancer therapy across the globe.
Now, patient-reported outcomes from the
CHECKPOINT 141  trial (NCT02105636)
have reflected a statistically significant and
clinically relevant benefit from nivolumab
treatment, not only regarding overall survival
rates, but also the maintenance of quality
of life, as explained in a ESMO press release
dated 9™ October 2016.
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Squamous cell carcinoma of the head and neck
(SCCHN) patients can present with additional
clinical complications compared with other
cancers, for example, growths of the neck can
impair eating, speaking, and lead to social
isolation in some cases. Consequently, patient-
completed questionnaires regarding cancer
therapy often overlook important aspects
negatively influencing quality of life when
evaluating effectiveness.

To target this, Prof Kevin Harrington, Division
of Radiotherapy and Imaging, Institute of
Cancer Research, London, UK, and team
utilised guestionnaires encompassing
functional capacity during everyday life in
addition to the patients’ social, cognitive,
and emotional wellbeing for the completion
of their randomised, open-label, Phase Il trial.

In total, 361 patients with recurrent or
metastatic SCCHN were split into two
treatment arms; those who received

anti-PD-1 nivolumab and those who received
their physician’s choice of standard care. Of
these, 129 patients completed questionnaires
at baseline and during follow-up at 9 and
15 weeks. Collating the physical aspects
and symptoms that were experienced,

the researchers calculated an overall global
health score for each participant.

14

nivolumab therapy was shown to maintain
scores comparable to baseline more
competently compared with standard
treatment regimes. In some SCCHN patients,
functionality even improved from baseline
across the therapeutic period. Prof Harrington
explained, “Nivolumab not only prolongs life
but it does so while maintaining function and
reducing symptoms compared to standard of
care chemotherapy.”

As nivolumab is only found to benefit roughly
one-third of patients, the assessment of
biomarkers for targeted therapy proves the
next milestone pursued by researchers across
cancer immunotherapy investigation. Prof
Sandrine Faivre, Beaujon University Hospital,
Clichy, France, commented, “This is the first
study to show that an immunotherapy is
superior to classical treatment options for
improving quality of life and symptoms, on top
of prolonging survival.”

Nivolumab not only prolongs life but it does so while maintaining

function and reducing symptoms compared to standard of

care chemotherapy.
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Paolo Bossi

Head and Neck Unit, Fondazione IRCCS Istituto Nazionale dei Tumori, Milan, Italy.

During the earlier congress review section,
we included a review of an innovative presentation
about the reporting of adverse events in clinical
trials of targeted therapies and immunotherapies.
The principal investigator of this study was Dr Paolo
Bossi and the EMJ team was honoured to interview
the distinguished Italian oncologist at the ESMO
annual meeting. In our discussion we found out
more about the study and its possible implications
for medical practitioners and patients alike.

We began by asking Dr Bossi the reasons behind
the review of trials that led to the approval of
new drugs from 2000-2015. “A precise, clear, and
unbiased way of reporting the adverse events is
vital to ensure the safety of the drugs,” he answered,
“it is also important in order to have shared
decision-making in engaging with discussion with
a physician and the patient. In my original clinical
practice, when | start a new treatment with a patient,
| have to tell him or her what are the expected
results of this drug which are the benefits the
patient wants to have. But there is the other side of
the coin, so the adverse event, if | am able to know,
to explore, to analyse in a good way which of the
toxicities | expect from this drug, | will be able to
more clearly explain these to the patient and | will
have more compliance and the patient will be more
alert to the treatment itself.”

As can be seen from our congress review story,
the results of this study displayed a worrying
lack of reporting of such events with many of
the trials scoring poorly in reporting recurrent
and late toxicities and the duration of adverse
events. So what are the main factors behind these
disappointing figures according to Dr Bossi?
“I think that as an oncology community we are
accustomed to dealing with the chemotherapy
of adverse events; it is a 40-year-old story,” he
stated, “But we are somewhat new, inexperienced
even, in toxicity of targeted therapies and
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immunotherapy. For example, there is a fast-track
approval for new drugs and that is a very lucky thing
because it means that the specific drugs are able to
cover patient needs. But the other side of the coin
is that sometimes we are not given the opportunity
to catch the late toxicity of the drug if | have a
fast-track approval and so my great concern is
that we have to pay more attention also to the
post-marketing reports of the adverse events of
these new drugs.”

The specialist in head and neck cancer then went
on to describe an often under-recognised issue
that is heavily related to this: the duration of
adverse events from certain drugs. “l used to call
the duration of the adverse event the third axis,
because if you evaluate the frequency of an
adverse event or the intensity, the duration of
the adverse event is not wusually reported in
clinical trials. For example, you know that with
chemotherapy we may expect higher grade adverse
events but generally with a limited duration.
With targeted agents or immunotherapy this is not
so true: these kind of treatments are somewhat
better-tolerated by the patient, but there is the
cost of longer duration of adverse events, even if of
a lower grade.”

He then gave an example to better illustrate this
point: “If you have a chemotherapy drug that causes
mucositis, diarrhoea, nausea, and vomiting of a
higher grade, for some Grade 3 and 4, it is typical
that we expect this specific period of time from
one cycle to another. Generally, by and large, it lasts
2 or 3 days, so the patient spends 2 or 3 days with
a higher grade toxicity. On the other side, when
you have targeted agents, it is difficult to reach
such a high grade of the mucositis or nausea and
vomiting and so on, but it is typical to have a
longer duration of months in which the patient has
got low grade diarrhoea or mucositis or fatigue
and so on.” Dr Bossi added: “So | do not know
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which of the toxicities are more troublesome to
the patient. | think we should be able to precisely
describe to our patient what we expect upon
this specific drug because in this way | think we
will be able to prolong the treatment when it is
effective and not to stop it because of some
unexpected side effects.”

As a prominent member of several major oncology
societies and an author of a large number of
important papers in his specialist areas, Dr Bossi
certainly has a prominent voice within the oncology
community. We asked him about his thoughts
on the potential impact of this study on fellow
medical professionals in the future. “As physicians
we envision that it will push us to give more
attention to these kind of events,” he opined.

Dr Bossi had a thoughtful tone as he made his
concluding remarks to us: “I think that this research
will have the greatest impact on me because | will
be more critical in reading and observing a new
paper, and telling my next patient what he or she
expects from this specific drug. In the future | would
like to have more trials reporting the third axis,
the duration of the adverse events. There is
another key point in the future that will happen:
more attention to the patient report on their health.
This is not an alternative way in assessing an
adverse event but is a complimentary one which
will have the patient voice more listened to, and we
will be able to capture, in a more sophisticated way,
the adverse events of the specific trials.”

¢6 A precise, clear, and unbiased way of reporting the adverse
events is vital to ensure the safety of the drugs. %9

Florence Joly

Centre Francois Baclesse, Caen, France.

During the ESMO 2016 Congress we sat down with
Prof Florence Joly to discuss her new research
findings, which were presented as a part of the
event. To examine the effect of relative cognitive
function on oral treatment adherence, her team
conducted a longitudinal study that evaluated
>100 patients, with a median age of 70 years old,
receiving targeted therapy or hormone therapy for
metastatic disease. “For us it was a very important
topic to assess the cognitive function of the patient
before starting an oral therapy, because nowadays
in oncology, we have more and more drugs
taken orally,” Prof Joly explained. At baseline, they
found that 50% of the enrolled patients had
moderate cognitive decline; of that 50%, only 10%
demonstrated poor treatment adherence. “But
among these patients, we identified that the two
major parameters that may influence on the
observance were depression (patients who had
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depression were at 4-times the risk) and also
cognitive dysfunction and especially working
memory.” Outlining the importance of the latter, Prof
Joly emphasised that: “It is particularly important
because we know that working memory is one
part of the memory that declines with age, and it
is particularly important because this domain of
memory is implicated in multi-tasking; for example,
for the patients who have multiple pills to take,
it could impact on the non-observance.”

Highlighting that the median number of
medications per patient in their study was six,
Prof Joly drew our attention to the difficulty patients
may experience in managing multiple treatments.
“TAnd] we think it is a major point to improve
for the future, and more particularly among the
onco-geriatric domain, we have to improve the
assessment of cognitive function of our patients ...
because this is a major issue if we want to be sure
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that patients take correctly their pills ... because they
could be exposed to some toxicity if we do not take
this precaution.” Another important point alluded
to by the professor was the fact that oncologists
are only recently becoming alert to the impact
of cognitive function on adherence to treatment.

In the past, most treatments have been
administered through intravenous routes, “..but
with the development of targeted therapy

nowadays, we have some treatments that are taken
at home by oral route, and we have to be sure that
patients take the treatments correctly.” To further
illustrate this notion, Prof Joly drew a pertinent
contrast with colleagues working in other fields,
for example diabetes, who may follow-up with
patients for a long period to observe and ensure
treatment adherence.

Prof Joly noted that there were some unexpected
findings from the study. They expected to
observe a correlation between the degree of
treatment adherence and patient living situations.
For example, patients who lived in couples were
expected to demonstrate better adherence than
patients who lived alone. “We could think that
the wife [for example] could help to take the pill,
but we did not find that,” she stated. “Really, our
two major factors that could influence observance
were depression and cognitive dysfunction.”
Furthermore, when asked about the impact of
states of anxiety, the professor explained that:
“We did not have a high proportion of patients with
anxiety, we had a high proportion of patients who
had some depression so maybe that is why we just
found it among patients with depression and not
with anxiety.”

Most of the patients in Prof Joly’s study were
metastatic, thus the team found that there was no
intentional non-adherence as most wanted active
treatment. “Though we do not have the problem
of intentional non-observance in this group of
patients, it is not the case when you are in an
adjuvant setting of patients taking their pills,
for example breast cancer [patients] for 5 years,”
she elucidated. These patients may be more
frustrated and demonstrate intentional non-
adherence, however for the patients in her study,
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the non-adherence was a result of cognitive
dysfunction. The other difficulty lies in identifying
those patients with cognitive decline. “It is not so
easy because it is not patients who have major
cognitive decline, so the first time you meet them
you do not realise they have cognitive decline so
you have to do some more subtle tests instead
of the tests we use in Alzheimer’s disease,”
the professor explained.

Reflecting on the importance of the research,
Prof Joly asserted that: “I think it is a major point
we have to progress because imagine, [with] seven
pills, eight pills, there are so many interactions,
so for the efficacy of our drug, maybe we are not on
the top of what we would like to do, [but] I think
it is [nonetheless] particularly important and | insist
among elderly patients before starting an oral
treatment in oncology to check all the treatments
they have and to see if we can decrease this list,
and to be sure that there is no interaction on that
[list]. Some new generations of oral treatment,
for example PARP inhibitors, they are eight pills in
the morning and in the evening, so imagine if you
are already taking six pills; it is a very important
issue, | think a major issue, we need to work on.”

The professor also made some useful suggestions
as to how this research could be expanded and
applied in the future. “..my opinion is now we have
to introduce geriatric oncology clinics in other
parts of the world, because in France we have
developed some specific clinics for elderly patients,
and in this type of clinic we assess all comorbidities
and factors linked to age to help the decision of
the best oncological strategy. We should include
the cognitive assessment better than we do today,
and it could help the decision. For example, if you
have two alternative possibilities for treatment,
one iv. and one oral, if the patient has cognitive
decline maybe it is better to have iv, or if you
choose to do an oral treatment, maybe you have to
organise nurse assistance at home to be sure the
treatment is taken correctly.”

¢ _my opinion is now we have to
introduce geriatric oncology clinics
in other parts of the world...
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MEETING SUMMARY

This symposium provided an overview of the efficacy and safety of multikinase inhibitors in colorectal
cancer, including treatment sequencing, followed by an examination of the evidence in support of
combination therapies and the use of regorafenib in gastrointestinal stromal tumours (GISTs) and other
sarcomas. Prof Axel Grothey opened the symposium by introducing multikinase inhibitors and their role in
treating malignancies. Prof Marc Ychou reviewed the Phase Il studies supporting the use of regorafenib in
later lines of therapy for patients with metastatic colorectal cancer (mCRC). Prof Grothey then discussed
practical considerations when treating patients with regorafenib, including treatment sequencing and
management of adverse events (AEs). Prof Jean-Yves Blay reviewed the efficacy and safety of regorafenib
in treating GISTs and other sarcomas. Prof Eric Van Cutsem discussed potential future roles for regorafenib
in treating difficult-to-treat malignancies such as advanced gastric and oesophagogastric cancer.
Dr Jordi Bruix then demonstrated the possibility of using regorafenib as a second-line therapy in patients
with hepatocellular carcinoma (HCC) who have progressed following sorafenib therapy.

Introduction malignancies, such as colorectal cancer, gastric
cancer, HCC, and sarcomas, including GISTs.
However, many oncologists remain unfamiliar with
Oral multikinase inhibitors have the potential to multikinase inhibitors and their role in treating
improve outcomes for patients with a variety of gastrointestinal tumours, despite >2 vyears of

Professor Axel Grothey
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real-world experience since regorafenib received growth factor receptors [VEGFR] 1-3 and TIE-2),
marketing approval in Europe. tumour microenvironment (e.g. platelet-derived
growth factor receptor [PDGFR]- and fibroblast
growth factor receptor), and oncogenesis (e.g. RAF,

Maximising Patient Benefit RET proto-oncogene, and stem cell growth factor

with Third-line Treatment of receptor [KITD).

Metastatic Colorectal Cancer Regorafenib has demonstrated an overall survival
(OS) and progression-free survival (PFS) benefit
in patients with mCRC who have progressed after
Regorafenib is an oral multikinase inhibitor that standard therapies in the randomised, placebo-
targets multiple proteins which target kinases controlled CORRECT and CONCUR (performed in
involved in angiogenesis (e.g. vascular endothelial Asian patients) trials (Figure 1).2%

Professor Marc Ychou

CORRECT Trial —e— Regorafenib 160 mg
100 + —e— Placebo
Median OS (95% CI):
75 Regorafenib 6.4 months (5.8-7.3)
Placebo 5.0 months (4.4-5.8)
HR: 0.77 (0.64-0.94), p=0.0052
&
s 501
(@)
254
O T T T T T T 1
0 2 4 6 8 10 12 14
Numbers of Time since randomisation (months)
patients at risk
Regorafenib 452 352 187 93 33 7
Placebo 221 150 75 32 9 3
CONCUR Trial —— Regorafenib 160 mg
100 - — Placebo
e Censored patients
75 Median OS (95% CI):
Regorafenib 8.8 months (7.3-9.8)
Placebo 6.3 months (4.8-7.6)
9 HR: 0.55 (0.40-0.77), p=0.0016
s 504
@)
254
O T T T T T T T T 1
0 2 4 6 8 10 12 14 16 18
Numbers of Time since randomisation (months)
patients at risk
Regorafenib 136 131 13 88 72 52 42 24 4 -
Placebo 68 63 45 35 23 15 1 4 1 -

Figure 1: Overall survival benefit for patients with metastatic colorectal cancer who were administered
regorafenib as a third or fourth-line treatment option.

Cl: confidence interval; HR: hazard ratio; OS: overall survival.

Adapted from Grothey et al. 2013 and Li et al. 2015.23
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Interestingly, the lower hazard ratios (HRs) for
OS in the CONCUR trial are largely thought
to relate to lower levels of pretreatment with
targeted therapies in CONCUR compared with
the CORRECT trial, in which all patients were
pretreated with bevacizumab.?® Comparable PFS
outcomes have also been observed in the real-world
setting in patients administered regorafenib in a
third-line setting.*

A clinical benefit of regorafenib as a third or fourth-
line therapy in patients with mCRC is the ability
to achieve stable disease in a high percentage of
patients. Tumour changes observed in patients with
stable disease may provide early clinical markers
for predicting therapeutic efficacy. One such
marker is cavity formation within lesions, which is
frequently observed in patients receiving anti-
angiogenic therapy for primary lung tumours or
pulmonary metastases.® A retrospective analysis
of 108 patients enrolled in the CORRECT study
(75 and 33 patients in the regorafenib and placebo
arms, respectively) found that cavitation of lung
metastases after 8 weeks of treatment was a
feature observed exclusively in patients treated with
regorafenib (38.7% versus 0.0% of patients treated
with regorafenib or placebo, respectively; p<0.01).%
Additionally, the presence of lung cavitation was
associated with the absence of progressive disease
at Week 87

Other potential markers have also been explored as
indicators of drug efficacy. Some correlation was
observed between several clinical characteristics
(including Eastern Cooperative Oncology Group
Performance Status [ECOG PS], the number of
metastatic sites, and the time from diagnosis
of metastatic disease) and extended PFS
(>4 months) in the CORRECT study (representing
19% of patients in the regorafenib arm),® and a
retrospective study in Japan (N=121), which also
reported that patients administered regorafenib
with a decrease in serum cancer antigen 19-9
(CA19-9) levels of >10% had a longer PFS than
those whose CA19-9 levels did not decrease after
one cycle of regorafenib treatment.® Additionally,
the Colorectal Cancer Consortium Consensus for
molecular subtypes has used a gene expression-
based CRC classification to stratify patients with
MCRC into four consensus molecular subtypes
(CMS)1-4.° Preliminary data suggest that CMS can
be used as a prognostic marker for regorafenib
efficacy, with greater OS and longer PFS being
observed in patients with CMS2 and CMS4.112
However, this still needs to be validated in a large
patient population.
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In conclusion, regorafenib has demonstrated a
benefit in improving survival in both Western
and Asian populations.?® Imaging and molecular
markers, such as cavitation of lung metastases
and serum CA19-9 levels, are potential indicators
of regorafenib efficacy.®’® In the future, further
research elucidating the molecular markers
that predict drug efficacy will be beneficial for
identifying patients who are most likely to benefit
from regorafenib therapy.

Practical Treatment Sequencing in
Third-Line Metastatic Colorectal Cancer

Professor Axel Grothey

Improved outcomes in patients with mCRC are
being driven by the sequential use of multiple
lines of treatment™ While guidelines provide
direction on appropriate patient selection and
treatment sequencing in first and second-line
therapy, numerous options are now also available
in the third and fourth lines, including regorafenib
and TAS-102.4%

Regorafenib has been shown to be efficacious in
two large Phase Il studies as a third or fourth-line
treatment for patients with mCRC (52% of patients
in CORRECT and 59% in CONCUR received <3 prior
therapies for mCRC),?® particularly in patients who
have been less heavily pretreated with targeted
therapies.® While oncologists can be wary of
treatment-related AEs, regorafenib has a different
mechanism of action and AE profile compared with
chemotherapy, which may be beneficial, particularly
for patients with myelosuppression.?3” Regorafenib
treatment may also offer an opportunity for
patients to have a break from chemotherapy,
before being re-challenged, if appropriate.?®

Patients selected for regorafenib therapy should
generally be less heavily pretreated, have an ECOG
PS of O or 1, and be capable of understanding
and managing treatment-related AEs.® Fatigue
and hand-foot skin reactions tend to appear early
in patients treated with regorafenib, so patients
should be educated on how to manage these AEs.”®
For example, patients may be advised to remove
calluses, dead skin, make their skin smoother, and
wear comfortable shoes.” Reminding patients that
they may experience fatigue and voice changes also
allows them to prepare for therapy.”

Regular and frequent monitoring (weekly during
the first 2 months) of patients treated with
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regorafenib is recommended so that therapy can
be interrupted or reduced before any serious
AEs occur® The dose of regorafenib can also be
titrated to meet the needs of individual patients.®

Patients whose disease progressed following
regorafenib therapy can subsequently be treated
with  chemotherapy. In the CORRECT study,
26% of patients were treated with chemotherapy
following regorafenib.? In the real-world experience
(Mayo Clinic,c, MD Anderson Cancer Center,
University of Southern California, California, USA;
N=173), it was found that 37% of patients treated
with regorafenib went on to receive subsequent
therapy (either standard chemotherapy or an
investigational therapy in a clinical trial), with disease
control achieved in 61% of patients treated with
chemotherapy after regorafenib.?°

TAS-102 remains a treatment option for
patients who have progressed on regorafenib.
In the randomised, placebo-controlled Phase |l
RECOURSE study, the clinical benefit associated
with TAS-102 was maintained irrespective of prior
treatment with regorafenib.” Data from a small
retrospective Japanese study (N=43) indicated
that better outcomes are observed with TAS-102
treatment in regorafenib-pretreated  versus
regorafenib-naive patients.?’ Furthermore, patients
who were administered regorafenib before TAS-102
had increased OS.”

Further investigation is needed regarding the use
of regorafenib in combination with other regimens,
including chemotherapy and targeted therapies.?>?
For example, second-line therapy with regorafenib
(160 mg Days 4-10 and 18-24) in combination
with FOLFIRI (Days 1-2 and 15-16) significantly
increased PFS (primary endpoint), but not OS,
compared with FOLFIRI alone in patients with
MCRC who have progressed following first-line
oxaliplatin-based chemotherapy, and was generally
well-tolerated with little increase compared with
the control chemotherapy regimen.?> However,
more prospective data are required in this realm
before it is fully integrated into clinical practice.
Furthermore, preclinical studies combining anti-
VEGF therapy with immune checkpoint blockade
suggest a favourable anti-tumour response, and
preclinical data indicate that, in theory, regorafenib
may enhance anti-tumour activity when combined
with these therapies.*

Therefore, while regorafenib is recommended as
a third or fourth-line treatment for patients with
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MCRC, treatment sequencing and the timing of
later lines of treatment should be considered
when attempting to achieve optimal survival
outcomes. Future research will further clarify the
role of regorafenib in treating patients with mCRC,
including optimal dosing combination therapies.?*2>

Targeting Kinase Pathways to Treat
Progressive Gastrointestinal Stromal
Tumours and Other Sarcomas

Professor Jean-Yves Blay

Sarcomas are a relatively rare form of cancer,
accounting for approximately 1% of all tumours.?
GISTs are the most common sarcomas, and are most
frequently driven by gain-of-function mutations in
KIT and PDGFRA.?

The tyrosine kinase inhibitor (TKI) imatinib is
the standard first-line therapy for patients with
metastatic and/or unresectable GISTs.222° However,
the impact of targeted treatment with imatinib
depends on the nature of the underlying mutation.
For example, imatinib 400 mg is effective when
treating most GISTs, but patients with exon
9 mutations require 800 mg to achieve optimum
PFS. In addition, certain gene mutations confer
resistance to imatinib, particularly mutations
involving PDGFRA, and these more difficult-to-treat
GISTs require different treatment approaches.

Oral multikinase inhibitors, such as sunitinib and
regorafenib, are second and third-line treatment
options, respectively, for patients with GISTs who
have progressed following imatinib treatment.*°
However, resistance to treatment with TKls can
emerge through the clonal selection of additional
mutations, mostly in exon 17 and 18, or 13 and 14,
of KIT. Therefore, the kinase inhibition profiles of
multikinase inhibitors are clinically important.

The benefits of regorafenib in treating advanced
GISTs have been well-documented. In a single-
arm Phase |l study, patients with unresectable
or metastatic GISTs (N=33) that had progressed
following imatinib and sunitinib treatment, and
were treated with regorafenib, had a PFS of 13.2
months and an OS of 25.0 months.3' The Phase IlI
GRID study reported that regorafenib significantly
improved PFS (HR: 0.27 [95% confidence interval
(CH: 0.19-0.39]) compared with placebo in patients
with advanced GISTs that progressed after failure
of imatinib and sunitinib.® Of particular interest
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was that the activity of regorafenib was similar in
patients with KIT exon 9 and exon 11 mutations
(HR: 0.21 [95% CI. 0.098-0.458] for exon
11 mutations versus HR: 0.24 [95% CI: 0.07-0.88]
for exon 9 mutations; Figure 2).52 Regorafenib was
found to be efficacious in patients with previously
treated GISTs, regardless of the presence of
secondary KIT mutations.>**? Furthermore, the
AE profile of regorafenib was consistent with
that observed in other studies, but the rate of
discontinuation due to AEs was similar to placebo.?
Following on from these results, the efficacy
and safety of alternating between imatinib and
regorafenib therapy as a first-line therapy for
patients with GISTs is being investigated in a
Phase Il trial.3®

Regorafenib may also be effective in treating
patients with soft-tissue, visceral, and bone
sarcomas. The PALETTE study demonstrated
improved median PFS in patients with a soft-
tissue sarcoma and progressive disease following
treatment  with  chemotherapy, administered
the multikinase inhibitor pazopanib compared
with placebo (4.6 versus 1.6 months; HR: 0.31
[95% Cl: 0.24-0.40], p<0.0001).3* Following this,
the randomised Phase |1 REGO-SARC study
explored regorafenib in doxorubicin-pretreated
patients with a variety of soft-tissue sarcomas.
There was no significant difference observed for

the liposarcoma cohort but improvement in PFS
compared with placebo was observed in:%

e Leiomyosarcoma (3.7 versus 1.8 months;
HR: 0.46 [95% CI: 0.26-0.80], p=0.005)

* Synovial sarcoma (5.6 versus 1.0 months;
HR: 0.10 [95% Cl: 0.03-0.35], p<0.00001)

¢ Other sarcomas (2.9 versus 1.0 months;
HR: 0.46 [95% Cl: 0.25-0.82], p=0.006)

Overall, in a pooled analysis, regorafenib was
found to increase PFS for non-adipocytic sarcoma
(4.0 versus 1.0 months; HR: 0.36 [95% CI: 0.26-0.53],
p<0.0001) and exhibited a trend towards increased
OS (13.4 versus 9.0 months; HR: 0.67 [95% CI:
0.44-1.02], p=0.06). In this study, the AE profile
was consistent with the known safety profile
of regorafenib.'s

Further investigations of the role of regorafenib in
treating patients with metastatic bone sarcomas
that cannot be cured by surgery or radiotherapy
are also currently underway in the REGOBONE
study.®® Patients are currently being randomised to
regorafenib or placebo and data from this study
will be disseminated in due course.

Regorafenib therefore offers a potential treatment
option for patients with GISTs who have
progressed following prior TKI therapy or who
present with secondary resistance mutations.?"33

100

90 -
80 -
70 1

60 - il S
50 1

PES (%)

40
301
20 |
104 i

_____________

Secondary KIT mutation absent
Placebo (n=25)
Regorafenib (n=61)

Secondary KIT mutation present
------- Placebo (n=27)
------- Regorafenib (n=50)

100

150

200 250 300

Time from randomisation (days)

Figure 2: Progression-free survival in patients with a gastrointestinal stromal tumour with secondary

KIT mutations.
PFS: progression-free survival.
Adapted from Demetri et al. 2013.%2
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Likewise, regorafenib may offer a potential
treatment option for patients with other soft tissue
sarcomas or bone sarcoma, and studies of the
efficacy and safety of regorafenib in these patients
are ongoing.3>36

The Emerging Role of Multikinase
Inhibitors for Treatment of Refractory
Advanced Oesophagogastric Cancer

Professor Eric Van Cutsem

Gastric and oesophageal cancers are common
causes of cancer-related deaths worldwide® yet
relatively few treatment options are available.
Surgical resection offers the only potentially
curative option, although many patients present
with advanced disease or develop metastases
post-resection.®®3° Multikinase inhibitors, such as
regorafenib, represent a potential therapeutic
option for patients for whom curative resection is
not an option.

Current  treatment options for advanced
oesophagogastric cancer either inhibit the human
epidermal growth factor receptor 2 (HER2) or act
by antagonising VEGFR2. The European Society of
Medical Oncology (ESMQO) guidelines recommend
trastuzumab in  combination with  doublet
chemotherapy as a first-line treatment option for
patients with HER2-positive gastric cancer,* but for
patients with HER2-negative tumours, ramucirumab,
an anti-VEGFR2 monoclonal antibody, is the only
approved targeted therapy.*°

For patients with advanced gastric cancer, an
extensively targeted approach aimed at selectively
inhibiting VEGFR2 is an alternative treatment
option. Apatinib, a TKI that targets endothelial

migration and proliferation, is believed to
be effective in combination with cytotoxic
chemotherapy.? In a Chinese Phase Il study,

apatinib significantly increased OS by 1.8 months
compared with patients administered a placebo to
6.5 months (HR: 0.71 [95% Cl: 0.54-0.94], p=0.015),
making apatinib a potentially attractive treatment
option for patients with advanced gastric cancer.#?
The randomised, double-blind, placebo-controlled
Phase Il INTEGRATE study investigated regorafenib
in patients with a metastatic or locally
recurrent gastric or oesophagogastric junction
adenocarcinoma that were refractory to first or
second-line chemotherapy (N=152 [regorafenib,
n=100; placebo, n=52]) as the molecular targets of
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regorafenib include kinases that act downstream
from VEGFR2.%% In this study, regorafenib treatment
resulted in a significant increase in PFS versus
placebo (2.6 versus 0.9 months; HR: 0.40 [95% CI:
0.28-0.59], p<0.001) and a non-significant longer
trend in OS.*# Additionally, regorafenib was
generally well-tolerated, with an AE profile that
was consistent with those previously reported in
other studies.?*** Following this data, the Phase Il
INTEGRATE Il study regorafenib is further
investigating the efficacy and safety of regorafenib
in patients with treatment-refractory advanced
oesophagogastric cancer.*

Therefore, while  treatment  with  first-line
trastuzumab and second-line ramucirumab s
possible for patients with HER2-positive gastric
cancer,’®4 oral multikinase inhibitors such as
apatinib and regorafenib may offer an effective
treatment option for patients with advanced
oesophagogastric cancer who have limited
treatment options. 443

State-of-the-Art Treatment of
Hepatocellular Carcinoma

Doctor Jordi Bruix

Most physicians consider HCC to be a disease
that lacks effective treatment options, despite the
availability of therapies that effectively improve
patient survival and as such are recommended in
evidence-based practice guidelines. Treatment
is recommended based on an HCC-specific
staging model that delineates HCC into different
evolutionary stages.* Importantly, the pattern
and location of disease in patients with HCC
dictates whether surgical resection, transplantation,
ablation, or transcatheter chemoembolisation is
feasible, or whether the patient should be treated
with systemic therapy.

Almost 10 years ago, a new era in the treatment of
HCC was heralded when the first data indicating
that sorafenib, a drug unsuitable for locoregional
therapy, increased OS for both Western and
Asian patients with HCC were disseminated.“®4
Since then all Phase IlI trials of novel systemic
therapies for HCC have failed to improve outcomes
in first or second-line settings. Hence, sorafenib
was the sole systemic agent providing survival
benefit.*®> However, data from the Phase |l
placebo controlled trial demonstrated the efficacy
of regorafenib as a second-line treatment in
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patients with HCC who progressed following
sorafenib therapy.®® In addition, the study showed
a manageable safety profile, with drug-related AEs
causing treatment interruption in 10% of patients.
Quality of life, measured by patient-reported
outcomes, was not affected by treatment.

In the randomised (2:1), double-blind RESORCE
study, patients with HCC (Barcelona Liver Cancer
Clinic Stage B or C disease who could not benefit
from resection, local ablation, or transcatheter
chemoembolisation; Child-Pugh A liver function)
and documented radiological progression
following sorafenib treatment were randomised to
receive 4-week cycles of regorafenib 160 mg daily
(3 weeks on/1 week off; n=379) or placebo (n=194)
within 10 weeks of their last sorafenib dose.®
Importantly, patients enrolled in this study were
required to have tolerated sorafenib therapy given
that both treatments are TKIs.>*® OS in patients
treated with regorafenib significantly increased
to 10.6 months compared with 7.8 months in
the placebo arm (HR: 0.63 [95% CI: 0.50-0.79],
p<0.001).%° All subgroup analyses also
indicated a favourable outcome in patients treated
with regorafenib.%®

A PFS benefit was observed in patients treated
with regorafenib compared with placebo (3.1 versus
1.5 months; HR: 0.46 [95% CI: 0.37-0.56], p<0.001).5°
A comparable result was also observed when
assessing time to progression (TTP) in patients
treated with regorafenib or placebo (3.2 versus
1.5 months; HR: 0.44 [95% Cl: 0.36-0.55], p<0.001).%°

A consistent PFS and TTP benefit was also
observed for all subgroups in the regorafenib
treatment arm.>® The ORR and disease control rate
were also significantly increased in patients treated
with regorafenib compared with placebo, when
assessed using either modified or revised (version
1.1) Response Evaluation Criteria in Solid Tumors
(RECIST) criteria.®® Notably, the disease control
rate of 65% with regorafenib compared with 36%
with placebo represented disease stabilisation in
a greater proportion of patients (assessed using
modified RECIST criteria; p<0.001), while the TTP
was not different when using RECIST or mRECIST.>®

Regorafenib treatment was well-tolerated, with
49% of regorafenib-treated patients maintaining
the full dose of therapy throughout the study,
and the AE profile was consistent with that
observed in other studies.?®*® The most common
AEs were hand-foot skin reactions, fatigue,
and hypertension.>® Treatment-emergent and drug-
related AEs led to treatment discontinuation in
25% and 10% of patients in the regorafenib arm,
respectively, and regorafenib did not appear to
affect liver function.®®

is thus effective as a second-line
treatment option for patients with HCC who
have progressed following previous sorafenib
treatment.®® Regorafenib is generally well-tolerated
in patients who have tolerated sorafenib therapy
and stabilises the disease in a high proportion of
patients, with a significant and clinically relevant
increase in TTP, PFS, and OS.%°

Regorafenib
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MEETING SUMMARY

Prof D’Amore opened the symposium by highlighting that management of patients with relapsed or
refractory aggressive B cell non-Hodgkin lymphoma (NHL) remains an unmet clinical need because of its
poor prognosis and the lack of effective therapeutic options. He proceeded to introduce pixantrone, the
first approved single-agent treatment for the management of aggressive NHL in the third or fourth lines.
Dr Lugtenburg then outlined the current treatment landscape for diffuse large B cell lymphoma (DLBCL).
Dr Pettengell presented clinical evidence from the PIX301 study, explaining the clinical evidence behind
the regulatory approvals for the use of pixantrone in relapsed or refractory aggressive NHL as well as
discussing the mechanism of action of pixantrone. Prof Zinzani discussed the use of pixantrone as a new
therapeutic option in clinical practice, and was followed by Prof Cordoba, who presented two clinical cases
of patients treated with pixantrone. The symposium concluded with a panel discussion.

Introduction fourth lines approved by the European Medicines
Agency (EMA)' on the basis of data from the
Professor Francesco D’Amore PIX301 study. It is indicated for the treatment of

adult patients with multiple relapsed or refractory
Pixantrone is the first single-agent treatment for aggressive NHL and this recommendation is
the management of aggressive NHL in the third or reflected in national/international  treatment
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guidelines such as the European Society of Medical
Oncology (ESMO)? and National Institute for Health
and Care Excellence (NICE) guidance in the UK.J?
The use of this new treatment option in clinical
practice is currently being established.

Current Treatment Landscape of Diffuse
Large B Cell Lymphoma

Doctor Pieternella Lugtenburg
Epidemiology and Prognosis

The majority (about 85%) of NHLs arise from
B-lymphocytes; with DLBCL being the most
common subtype (37%).* DLBCL can present
de novo, or as a transformation from a more indolent
form of lymphoma.® The incidence of DLBCL varies
across the world, ranging from 3.8 per 100,000
inhabitants in Europe® to 7 per 100,000 in the
USA. It is mainly a disease of the middle-aged
and elderly, with a median age at presentation of
64 vyears. Known risk factors for DLBCL include
a family history of haematological malignancies,
autoimmune  diseases  (such as  Sjogren’s
syndrome), and certain viral infections like HIV.7
Immunosuppression is also a well-known risk factor
for the development of DLBCL.

DLBCL is a curable disease; data from the French
Cancer Registry Population have shown a favourable
prognosis for DLBCL. Even though elderly patients
have a poorer prognosis than young patients,
the prognosis for all age groups over the last
decade has improved significantly,® primarily due
to the introduction of rituximab, a monoclonal
antibody that targets the CD20 antigen expressed
on almost all B cell lymphomas.®

DLBCL is a heterogeneous disease and, as such,
not all patients have the same prognosis; in the
clinic, the International Prognostic Index (IPI)
score is used to determine the prognosis. The
IPl score is determined by five different negative
prognostic factors related to the patient and disease
(age, performance status, lactate dehydrogenase
levels, stage of disease, and extranodal lesions).”®
Gene-expression profile studies have also revealed
two important molecular subtypes of DLBCL
according to the cell-of-origin: germinal-centre
B cell-like (GCB) DLBCL and activated B cell-like
(ABC) DLBCL. Patients with the ABC subtype
have been shown to have a worse outcome
compared with those with the GCB subtype,”
and therefore, there is a high unmet medical need
in this subgroup of patients.

First-line treatment

First-line

First relapse [Hasil®le

Transplant eligible &S,

n=50

Transplant ineligible

Patient responded
to salvage therapy

Proceed to ASCT

RISl Not cured

Patient did not respond

Relapsed/refractory NS

=25
to salvage therapy n

Second-line

N/
IOl Relapsed/refractory

N

>3 |ine salvage
Third-line

Figure 1: A treatment algorithm for aggressive B cell non-Hodgkin lymphoma.*
*Based on 300 patients diagnosed with diffuse large B cell lymphoma.

ASCT: autologous stem cell transplantation.
Adapted from Friedberg 2071.2
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Treatment Algorithm for Aggressive
Non-Hodgkin Lymphoma

Figure 1 depicts a treatment algorithm for
treatment of aggressive NHL.?  According
to the ESMO guidelines, R-CHOP

(rituximab with cyclophosphamide, doxorubicin
[hydroxydaunomycin], vincristine, and
prednisolone) or R-CHOP-like therapy are
recommended for first-line treatment of aggressive
NHL for both young and elderly fit patients.”?
Patients with a high IPI score who are at a high risk
of relapse could be given a more intensive regimen,
such as initial high-dose chemotherapy (HDCT)
followed by autologous stem-cell transplantation
(ASCT). Doxorubicin can be substituted with other
drugs (e.g. gemcitabine, etoposide, or liposomal
doxorubicin) in patients who are unfit or frail. With
R-CHOP treatment, between 50% and 60% of
patients are cured, 30-40% relapse, and 10% have
refractory disease.® Most relapses occur within
the first 2 years of initiation of therapy, and are
usually symptomatic;™ this patient population with
relapsed/refractory (RR)-DLCBL disease is very
heterogeneous and has a poor life expectancy.

Following relapse, the eligibility of patients with
RR-DLBCL for HDCT followed by ASCT can be
assessed using criteria from various organisations,
such as the American Society for Blood and
Marrow Transplantation (ASBMT)*® and Grupo
Espafol de Linfomas/Trasplante Autdlogo de
Médula Osea (GEL-TAMO) experience.® Additional
considerations include performance status of
the patient and organ (cardiac, pulmonary, liver,
and kidney) function.

Transplant-eligible patients should be treated with
salvage chemotherapy regimens (i.e. rituximab,
cisplatin, cytarabine, dexamethasone [R-DHAP];
rituximab, ifosfamide, carboplatin, etoposide [R-ICE];
rituximab, cisplatin, gemcitabine, dexamethasone
[R-GDP]); if patients are responsive, this will
be followed by HDCT and subsequent ASCT?
Allogeneic stem-cell transplantation should be
considered if patients relapse after rituximab-
HDCT with ASCT. The role of ASCT following HDCT
in relapsed DLBCL has previously been established
as standard-of-care in the PARMA trial.>"

To date, only two randomised controlled trials
in RR-DLBCL have been carried out: the CORAL
study evaluating R-DHAP versus R-ICE; and
another comparing R-DHAP and R-GDP. There was
no difference in efficacy; however, differences in
toxicity profiles were observed among the various
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treatment regimens. Although the best therapy for
second-line treatment has not been established,
it was suggested that clinicians should prescribe
the treatment that they are most familiar with, while
evaluating the comorbidities of the patient balanced
against the toxicity of the chosen regimen. In the
CORAL study, subanalyses of event-free survival
showed that patients with early relapse (<12 months
after diagnosis) had a significantly better survival
rate if they had not received prior rituximab;®
these results indicate that patients treated with
rituximab in the first line cannot be salvaged with
the current salvage therapies and therefore have a
high unmet clinical need. In the Bio-CORAL study,
which evaluated R-DHAP versus R-ICE, patients
with GCB DLBCL responded significantly better
to R-DHAP compared to patients with non-GCB
subtypes.”® Thus, cell-of-origin remains a major and
independent factor in RR-DLBCL.

Transplant-ineligible patients generally receive
palliative  treatment with  platinum  and/or
gemcitabine-based regimens or are treated with
novel drugs in clinical trials.? R-DHAP or R-ICE
regimens are generally not considered because they
are too toxic. The most frequently used combination
regimens are those that contain gemcitabine,
oxaliplatin, lenalidomide, and/or bendamustine.
Rituximab is frequently added to salvage regimens
to improve outcomes.?® In the Netherlands, the
PECC (prednisone, etoposide, chlorambucil, and
lomustine) regimen is utilised; particularly for
elderly patients. The regimen has a low toxicity
profile and results in an overall response rate (ORR)
in >50% of the patients and complete remission
(duration <12 months) in half of these patients.?

With regards to third-line treatment following
relapse/progress of disease (Figure 1), the ESMO
guidelines recommend allogeneic stem cell
transplantation (SCT) as an option (for transplant-
eligible patients).2 The eligibility/feasibility for
allogeneic SCT has improved in the last decade,
mainly due to the use of the reduced intensity
conditioning regimen. Encouraging cure rates
(40%) have been observed, though few patients
are eligible for a second transplant.??> Apart from
allogeneic SCT, other treatment options include
palliative care and drugs from clinical trials.
A number of single-agent therapies are also
available for third- or fourth-line treatment, of
which pixantrone seems promising. In conclusion,
40% of patients with DLBCL who fail first-line
R-CHOP treatment have a dismal outlook, and novel
therapies are warranted for this patient population.
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Relapsed/Refractory Aggressive
B Cell Non-Hodgkin Lymphoma:
What Can We Expect in Third-
and Fourth-line Treatments?

Doctor Ruth Pettengell

Depending on [Pl risk factor at presentation,
between 5% and 50% of patients with DLBCL will
relapse, with the majority (96%) relapsing within
the first year. Of the 30% of patients eligible for
intensive salvage therapy, only 50% actually receive
a transplant, with 40% subsequently progressing
within the first year. These patients, together
with those who fail/respond poorly to salvage
induction and those who are on palliative care, are
the main target patients for pixantrone, which is
approved by the EMA and mentioned in the
ESMO guidelines (in heavily treated patients)? and
by NICE (in patients receiving third- or fourth-line
treatment who have previously received rituximab),®
primarily on the basis of the results from the
PIX301 study.

PIX301 was a multicentre, randomised, active-
controlled study evaluating the efficacy and safety
of pixantrone as a single-agent therapy in the
management of patients with aggressive RR-NHL
who had received at least two prior therapies (one
of which had to have contained an anthracycline);
patients had to have had a 3-month response to
that anthracycline to be eligible.?® Patients were
randomly assigned to treatment with pixantrone
dimaleate or to a comparator (vinorelbine,
oxaliplatin, ifosfamide, etoposide, mitoxantrone,
or gemcitabine) given at standard single-agent
therapeutic doses and schedules. The results of
the study showed a significant improvement in
responses (complete response/unconfirmed
complete response [CR/CRu] and ORR) and a trend
to longer duration of response with pixantrone
versus active comparator agents. Pixantrone was
also effective in patients who had received a
significant lifetime dose of prior anthracyclines.
Importantly, from a clinical point of view, it was
observed that most patients who were going to
respond had experienced some response by two
cycles, thereby avoiding treatment and toxicity
for patients who would not derive benefit from
the treatment. A post hoc analysis of the PIX301
study showed that the efficacy of pixantrone
(improvement in ORR and progression-free survival)
versus a comparator was independent of previous
rituximab therapy.?* In terms of toxicity, pixantrone
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has a predictable and manageable safety profile,
with the main toxicity being neutropenia. Patients
on pixantrone stayed in the study longer than those
in the comparator arm, with no significant cardiac
toxicity (@ common toxicity with anthracyclines).
This was thought to be due to the distinct
mechanism of action of pixantrone compared with
other anthracyclines; rather than acting through
topoisomerase Il to induce apoptosis, pixantrone
appears to induce cell death through accumulation
of aberrant cell divisions.?

In summary, pixantrone has been demonstrated
to have efficacy as a single agent for the third- or
fourth-line treatment of multiple RR-aggressive
B cell NHL, with a predictable safety profile.
The benefit of pixantrone has not been formally
established for fifth-line or greater chemotherapy
in patients who are refractory to last therapy.
The structure and mechanism of action of
pixantrone is distinct from anthracyclines, with
a promising cardiac toxicity profile. It is the first
and only EMA-approved therapy in this setting,
and studies of combination therapy are ongoing.

Implementing a New
Therapeutic Option

Professor Pier Luigi Zinzani

Although aggressive B cell NHL has a cure rate of
approximately 50-60%, relapse within the first
2 years following initial therapy is common. There
is no approved treatment or standard of care for
patients who fail first- and second-line treatment.
Market research among clinicians in the European
Union (EU) demonstrated that nine or more
different regimens may be used in the third- and
fourth-line setting. The life expectancy of the
multiple relapsed population is poor; as such, there
is a significant unmet medical need in multiple
RR patients.?® Indeed, according to the algorithm
for aggressive NHL in the EU (Figure 1), there is a
large population of patients who would be suitable
for treatment with pixantrone; in particular, heavily
pretreated patients from the third-line or patients
who are ineligible for autologous transplantation.

A large number of targeted agents are
being evaluated for the treatment of DLBCL
(Table 1),22734 including phosphoinositide 3-kinase
(P13K) and Bruton’s tyrosine kinase (BTK) inhibitors
such as idelalisib, copanlisib, and ibrutinib. There are
some interesting preliminary data on the potential
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role of ibrutinib as a single agent, particularly
in ABC DLBCL, and the final data of the Phase Il
randomised PHOENIX trial (NCTO1855750) are
awaited. On the other hand, the data for the new
humanised anti-CD20 monoclonal antibodies
(obinutuzumab and ofatumumab) and for the
antibody-drug  conjugates  (polatuzumab  or
brentuximab vedotin) are not very encouraging.
Finally, preliminary data from the Phase /Il
trials on checkpoint inhibitors like nivolumab or
pembrolizumab demonstrate an ORR of <20% to
25% in RR-DLBCL.

In terms of single-agent therapy in RR-NHL or
RR-DLBCL, pixantrone has been shown to be very
active with a comparable or better CR/CRu rate than
other agents (Table 1), with a manageable toxicity
profile and the potential for use in patients who
are close to reaching their threshold for maximal
anthracycline cumulative dose. Comparisons of
studies showed that the CR observed for pixantrone
as a single agent or in combination regimens
(e.g. R-CPOP [rituximab with cyclophosphamide,
pixantrone, vincristine, and prednisone] and PSHAP

[pixantrone, methylprednisolone, cisplatin, and
cytosine arabinoside]) were encouraging compared
with other immune-polychemotherapy regimens
(Table 2).8243537 |n particular, in the trial evaluating
the PSHAP regimen, 6 out of 11 responding patients
were able to proceed to ASCT.%®

Thus, pixantrone monotherapy can be a treatment
option in RR-aggressive B cell NHL, and the
combination with other chemotherapy drugs
appears to be safe and effective. A pixantrone-based
regimen may represent a new bridge to transplant
in selected elderly patients.

A multicentre UK-wide retrospective study
evaluating the efficacy of pixantrone in RR-DLBCL
in clinical practice reported a lower response rate
than PIX301 (18% versus 24% CR/CRu, respectively),
but these real-world patients had a much
higher proportion of primary refractory tumours
compared with the pivotal study (85% versus
57%, respectively, p<0.001) and fewer patients
with an anthracycline response duration >24 weeks
(71%  versus 100%, respectively, p<0.001).38

Table 1: Single-agent therapy in relapsed/refractory-non-Hodgkin lymphoma or relapsed/refractory-

diffuse large B cell lymphoma.?327-34

No. of
patients

Regimen

Type of lymphoma

Median number of
previous lines

PFS
(months)

CR/CRu (0] 303

(%)

Gemcitabine RR-a-NHL 30 2 TTP=6 for 0 20
responders
Rituximab RR-a-NHL 21 2 EFS=3.8 5 38
Lenalidomide RR-a-NHL 217 3 PFS=3.7 13 35
RR-a-DLBCL 108 3 PFS=2.7 7 28
Lenalidomide RR-a-NHL 49 4 PFS=4.0 12 35
Bendamustine RR-a-NHL 18 2 PFS=3.5 17 44
Ibrutinib (ABC) DLBCL 80 3 PFS=1.6 10 25
ABC DLBCL 38 3 PFS=2.0 16 37
Bortezomib RR-NHL 21 4 PFS=36% at 5 19
(excluding MCL) 6 months
Oxaliplatin RR-NHL 30 2 Median time from 7 27
last treatment=3
RR-a-NHL 22 2 FFS=21 9 32
Pixantrone RR-a-NHL 70 3 PFS=5.3 20 37
Active comparator* 70 3 PFS=2.6 7 14

*Oxaliplatin, ifosfamide, vinorelbine, etoposide, mitoxantrone, gemcitabine.

ABC: activated B cell-like; a-NHL: aggressive non-Hodgkin lymphoma; a-DLBCL: aggressive diffuse large
B cell lymphoma; CR: complete response; CRu: unconfirmed complete response; EFS: event-free survival;
FFS: failure-free survival; MCL: mantle cell lymphoma; ORR: overall response rate; PFS: progression-free
survival; RR: relapsed/refractory; TTP: time to progression.
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Table 2: Response rates of relapsed or refractory lymphoma to salvage regimens.'82435-37

Regimen Number of prior treatments ORR (%) CR (%)
R-CPOP 1 73 CR/CRu: 47
R-ICE 1 52 27

R-ICE vs. R-DHAP 1vs. 1 64 vs. 64 CR/CRu: 37
R-EPOCH Median of 4 68 28
Pixantrone 2o0r3 48 CR/CRu: 28

CR: complete response; CRu: unconfirmed complete response; ORR: overall response rate; R-CPOP:

rituximab, cyclophosphamide, pixantrone,

vincristine,

prednisone; R-DHAP: rituximab, cisplatin,

cytarabine, dexamethasone; R-EPOCH: rituximab, etoposide, prednisone, vincristine, cyclophosphamide,
hydroxydaunorubicin; R-ICE: rituximalb, ifosfamide, carboplatin, etoposide.

Even in this subset of patients with poor prognosis,
an ORR of 24% and CR rate of 10% was achieved
with single agent pixantrone without rituximab.

In conclusion, the patients with DLBCL who would
benefit most from pixantrone monotherapy within
its current indication are the following:

* Patients relapsing after ASCT
in second-line treatment

* Patients not eligible for transplantation and
relapsing after second-line treatment

* Patients eligible for a bridging strategy
to allogeneic SCT

Pixantrone in Daily Practice
Professor Raul Cordoba

Prof Cordoba presented two case studies of
patients with B cell NHL (who had received two
prior  treatments) treated with pixantrone
monotherapy. The case studies illustrated that
complete remissions can be achieved with
pixantrone in heavily pretreated adult patients
with  multiple RR-aggressive B cell NHL.
As myelosuppression is common, blood counts
should be monitored and use of recombinant
haematopoietic growth factors may be considered.

Panel Discussion

Q: How do you determine the role of pixantrone
in comparison with the cell-cycle checkpoint
inhibitor immunotherapies such as nivolumab
and pembrolizumab?
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Dr Pettengell replied that as only data from early
phase studies are available, there is still little
evidence for how to use and combine these drugs.
It is evident that, even in the era of checkpoint
inhibitors and small molecules, there will still be a
need for chemotherapy to reduce tumour bulk
as well as to maintain remission. /n vitro studies
of pixantrone with ibrutinib and idelalisib have
demonstrated synergy as opposed to simple
additive effects, and so combinations may be
feasible and safe, though currently off-label. In vitro
studies with checkpoint inhibitors show enhanced
activity. Ongoing trials, such as an ‘umbrella’ trial in
Germany, are investigating the safety and efficacy
of multiple drug combinations.

Q: Where do you see pixantrone fitting into
your clinical practice, particularly in the frail
elderly population?

Prof Cordoba replied that in his institution,

a geriatrician in the Ilymphoma unit generally
performs a comprehensive assessment on patients
>70 years old and classifies them as a robust, frail,
or palliative patient. A strategy will be put in place
to achieve a response and to prolong survival in
robust and frail patients. These assessments may
also be necessary to identify patients that will
benefit most from pixantrone.

Dr Lugtenburg replied that the available data show
that pixantrone could be used in this very difficult
patient population with advanced disease, who
have relapsed after second- or third-line therapies,
have comorbidities, and are unable to receive ASCT
or allogeneic SCT.

Q: How important is it to know cell-of-origin when
using pixantrone in relapse?
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Prof Zinzani replied that there were no data so far
to determine if pixantrone is more active in ABC or
GCB DLBCL subtypes, or in both. There are several
case reports concerning the activity of pixantrone
as a single agent without rituximab in ABC DLBCL.
He stated that pixantrone should be considered
as a new chemotherapy agent due to its unique
mechanism of action and should be used because
of its specific clinical activity rather than just
because it is less toxic than anthracyclines.

Q: If you had to choose between bendamustine-
rituximab and pixantrone-rituximab, what would
you choose?

Prof Zinzani replied that according to published
data, the ORR for bendamustine-rituxumab in
RR-DLBCL ranged from 30-50%, and at least 20%
obtain a CR, with median duration of response
<4 months. However, he preferred to use pixantrone
in these selected patients, as the results (in terms
of median duration of response) were better with
pixantrone monotherapy (without rituximab).
The final data concerning the role of pixantrone
plus rituximab in an ongoing Phase Il study are
eagerly awaited due to potentially more beneficial
clinical responses.*

Dr Pettengell replied that in terms of evidence-
based medicine, pixantrone was the only drug with
a licence in this setting and has been evaluated in
a randomised Phase Il trial. She agreed with Prof
Zinzani that the evidence was better for pixantrone
compared with bendamustine-rituxumab.

Prof D’Amore took this opportunity to briefly
describe an ongoing open-label Phase /Il trial
that is testing a new combination regimen using
pixantrone, etoposide, bendamustine, and rituximab
(in CD20-positive tumours only): P[RIEBEN.
This programme has been set up on the basis of
encouraging preliminary clinical experience with
the pixantrone-containing regimen,*® and will
assess the safety and efficacy of this combination
in patients with relapsed aggressive NHL (EudraCT
number: 2015-0007).

Q: Can pixantrone be used in primary
refractory patients, or should it be used only in
selected patients?

Dr Pettengell said that patients had to have had a
3-month response to an anthracycline to see the

ONCOLOGY ¢ November 2016

results obtained in the PIX301 study. Therefore,
patients who are anthracycline-refractory and
have progressed through every line of therapy, or
patients not fit for chemotherapy, may not do well
with pixantrone (or with any novel agents being
evaluated in this setting). Due to the predictable
toxicity profile, it can be considered for fit elderly
patients. Nonetheless, it may be worth trying
pixantrone as any response will be detectable by
two cycles of treatment; in the absence of an
early signal, the drug can be discontinued thereby
avoiding unnecessary toxicity without benefit.

Q: Is there any subset analysis information from the
PIX301 study to indicate whether early responders
are the ones doing best?

Dr Pettengell replied no, as the patient subsets are
too small to give any meaningful answer.

Q: Are there any data on the role of pixantrone on
the response rates in mantle cell lymphoma?

Dr Lugtenburg and Prof Zinzani were not aware
of data regarding the role of pixantrone in mantle
cell lymphoma.

Dr Pettengell mentioned some anecdotal single
cases. Anthracyclines are active in mantle cell
lymphoma, but only have a role in second-line given
the availability of ibrutinib and idelalisib. However,
pixantrone or gemcitabine may be added to the
regimen in patients who progress on those drugs
to prevent the rapid progression that occurs when
BTK or PI3K inhibitors are stopped.

Conclusion

Despite the increased knowledge of disease biology
and the development of new drugs within the
last 10 years, there have not been any significant
improvements in outcome for patients with RR-
DLBCL. Pixantrone has emerged as an effective
treatment, even as single-agent therapy, and has
significant promise in combination studies. It is
effective in treating patients who are older or with
comorbidities, and also as a bridging therapy to
consolidate autograft and allograft transplants
(and perhaps radiotherapy), with the possibility of
maintenance treatment following with other drugs.
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MEETING SUMMARY

The oral vascular endothelial growth factor receptor (VEGFR) tyrosine kinase inhibitor (TKI) sunitinib is a
standard first-line therapy for patients with metastatic renal cell carcinoma (MmRCC)." Survival outcomes
for patients with mRCC treated with sunitinib vary between prognostic risk groups, defined by the
International mMRCC Database Consortium (IMDC) criteria.?®* For example, median progression-free survival
(PFS) is expected to be lower in patients with poor or intermediate-risk characteristics compared with
the overall patient population, with one study reporting PFS of 5.6 months following first-line targeted
therapy in patients with poor or immediate-risk characteristics compared with 7.2 months for the overall
population.* Furthermore, the presence of bone metastases is also associated with less favourable
outcomes in patients with mRCC.®

the US Food and Drug Administration (FDA) and
European Medicines Agency (EMA) as a treatment
option for patients with advanced RCC who have
received prior anti-angiogenic therapy (FDA)
or have received prior VEGF-targeted therapy
(EMA). Cabozantinib is an oral TKI whose targets
include VEGFR2, MET, and AXL.° In the Phase Il
METEOR study, cabozantinib met all three efficacy
endpoints of improved PFS, overall survival (OS),
and objective response rate (ORR) compared with
everolimus in patients who had been previously

Cabozantinib Versus Sunitinib
(CABOSUN) as Initial Targeted Therapy
for Patients with Metastatic Renal
Cell Carcinoma in Poor and
Intermediate-Risk Groups

One of the major challenges in treating patients
with mRCC is resistance to VEGF pathway-
targeted therapy. An example of such resistance
occurs as a consequence of inactivation of the von
Hippel-Lindau tumour suppressor gene leading to

upregulation of the AXL and MET tyrosine kinases
as well as VEGF. This upregulation is associated
with poor prognosis and resistance to VEGFR
inhibitor therapy.5-®

In an effort to overcome this challenge cabozantinib
was developed and has recently been approved by
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treated with VEGFR TKI therapy.’o"

The cabozantinib versus sunitinio (CABOSUN)
study (clinicaltrials.gov identifier: NCTO01835158;
sponsored by the National Cancer Institute [NCI])
is an important addition to the body of clinical
knowledge regarding methods of treating mRCC
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because, unlike previous studies, the trial was
designed to evaluate the efficacy and safety of
cabozantinib versus sunitinib in patients with
previously untreated mRCC, who were categorised
as having poor or intermediate-risk characteristics,
according to the IMDC criteria.?

CABOSUN was a randomised, multicentre,
open-label, Phase Il study that aimed to enrol 150
patients with advanced RCC, with an 85% power to
detect a hazard ratio (HR) of 0.67 for the primary
endpoint of PFS (123 events assessed by the
investigators according to Response Evaluation
Criteria in Solid Tumors [RECIST] version 1.1).%?
Patients were randomly allocated to one of two
treatment groups and received either cabozantinib
(60 mg daily, 6-week cycles) or sunitinib
(50 mg daily, 4 weeks on/2 weeks off).”? Secondary
endpoints included OS and ORR, which were
assessed by RECIST, and safety.” Treatment with
either cabozantinib or sunitinio was continued
until disease progression or intolerable toxicity
resulted in treatment discontinuation.”? The efficacy
analyses were performed on the intention-to-treat
population, and the safety analyses undertaken
only in patients who received the study
drug (Figure 1).?

Baseline patient characteristics were well balanced
across both treatment groups.”? As shown in
Figure 2, patients treated with cabozantinib had a
significantly higher PFS compared with patients
treated with sunitinib (median PFS of 8.2 months
for cabozantinib versus 5.6 months for sunitinib;
HR adjusted for bone metastases and IMDC risk

group was 0.69 [95% confidence interval (CI):
0.48-0.99]; one-sided p=0.012; data cut-off date:
15%  April 2016).> Furthermore, the significant
improvement in median PFS with cabozantinib
treatment was observed consistently, both in
patients with poor-risk (6.3 versus 2.8 months
for sunitinib; HR: 0.75, 95% Cl: 0.34-1.66) and
intermediate-risk (8.4 versus 6.2 months for
sunitinib; HR: 0.68, 95% CI: 0.45-1.01)
characteristics.” Notably, the HR of 0.51 (95% ClI:
0.29-0.90) for PFS was lower in patients with
bone metastases compared with that in patients
without bone metastases (HR: 0.80, 95% CI:
0.51-1.26).” However the study was not sufficiently
powered to perform statistical analyses between
patient subgroups.”?

After adjusting for bone metastases and IMDC
risk group, cabozantinib was associated with a
non-significant OS benefit compared with sunitinib
after a median follow-up of 22.8 months (median
OS of 30.3 months for cabozantinib versus 21.8
months for sunitinib; HR: 0.80, 95% CI: 0.50-1.26;
Figure 3).”? Patients treated with cabozantinib
also had a higher investigator-assessed ORR of
46%, compared with 18% for patients treated
with sunitinib. Progressive disease was reported
as the best response for 18% and 26% of
patients treated with cabozantinib and sunitinib,
respectively.” Reduction in  tumour target
lesions was also seen in a greater proportion of
patients with cabozantinib than with sunitinib
(69/79 patients [87.3%] versus 34/78 patients
[43.6%], respectively).”?

Patient disposition

| Screened N=157 |

—— Randomised (11) N=157 f————

Cabozantinib n=79 |

Received cabozantinib n=78
Continuing treatment n=13
Efficacy analysis n=79
Safety analysis n=78

Figure 1: Patient disposition in the CABOSUN study.
Adapted from Choueiri et al. 2016.2

[ sunitinib n=78 |

Received sunitinib n=
Continuing treatment n=

n=78
n=72

Efficacy analysis
Safety analysis
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Figure 2: Progression-free survival in patients treated with cabozantinib versus sunitinib.

Adapted from Choueiri et al. 2016.7
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Figure 3: Overall survival in patients treated with cabozantinib versus sunitinib.

Adapted from Choueiri et al. 2016.7

The overall prevalence of all-cause adverse events
(AEs), including Grade 3-4 AEs, was comparable
between the two treatment arms (65% and
68% of patients for cabozantinib and sunitinib,
respectively), and the safety profiles of both
treatments were similar to those previously reported
in patients with advanced RCC administered
VEGFR inhibitors.”” The most common Grade 3-4
AEs included hypertension (28%), diarrhoea (10%),
palmar plantar erythrodysesthesia (8%), fatigue
(6%), increased alanine aminotransferase (5%),
oral mucositis (5%), and anorexia (5%) for patients
treated with cabozantinib, and hypertension (22%),
fatigue (15%), diarrhoea (11%), thrombocytopenia
(11%), oral mucositis (6%), neutropenia (4%), and
leukopenia (3%) for patients treated with sunitinib.”
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The rate of treatment discontinuation due to AEs
was similar in both study arms (20% versus 21% for
cabozantinib and sunitinib, respectively); although,
a higher rate of dose reduction due to AEs was
reported in patients treated with cabozantinib
(58%) compared with patients treated with
sunitinib (49%).7?

Conclusion

The CABOSUN study demonstrated that
cabozantinib significantly improves PFS compared
with sunitinib in previously untreated patients
with mRCC with poor or intermediate-risk
characteristics, according to the IMDC criteria.”

EUROPEAN MEDICAL JOURNAL



ONCOLOGY ¢ November 2016

Additionally, cabozantinib treatment improves ORR, Overall, data from the CABOSUN study indicate

with an emerging trend towards improved OS, and
has a similar safety profile to that of sunitinib.”?

that cabozantinib should be a treatment option for
previously untreated patients with mRCC.?
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MEETING SUMMARY

Oncologists face multiple challenges when treating patients with cancer, especially if patients are elderly or
if they experience adverse events (AEs). Several presentations at the American Society of Clinical Oncology
(ASCO) 2016 meeting focussed on overcoming these challenges with regorafenib, an oral multikinase
inhibitor approved for treating refractory metastatic colorectal cancer (mCRC), and gastrointestinal
stromal tumours (GIST).

A retrospective analysis of the Phase llllb CONSIGN study in patients with mCRC reported while most
AEs were similar between age groups, when compared to the younger subgroup, the patients in the
older subgroups had a higher incidence of Grade >3 fatigue and a lower incidence Grade >3 hand-foot
syndrome (HFS), while other AEs were similar between age groups. Thus, patient age should not be
considered a barrier to regorafenib use. This age analysis also highlighted the key role of dose
modification in the management of regorafenib-related AEs.

Another tactic for AE management is to utilise specific treatments targeted to the AE of interest.
Interim analysis of a Phase Il study demonstrated that prophylactic dexamethasone had promising
effects in reducing regorafenib-related fatigue and HFS in patients with mCRC. In an ongoing Phase Il
study, ReDOS, both regorafenib dose-escalation and use of clobetasol propionate to actively manage
regorafenib-induced HFS are under investigation.

Finally, the success of regorafenib in treating GIST, the most common soft tissue sarcoma (STS), has been
extended to patients with other STS. In REGOSARC, a Phase Il study, regorafenib significantly prolonged
progression-free survival (PFS) in patients with non-adipocytic STS, with an AE profile similar to that
seen in MCRC and GIST. These presentations offer insights into the practical management of patients
treated with regorafenib.
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Introduction

Regorafenib is an oral multikinase inhibitor
that targets several protein kinases involved
in angiogenesis (vascular endothelial growth

factors 1-3 and TIE2), regulation of the tumour
microenvironment (platelet-derived growth factor
receptor and fibroblast growth factor receptors),
and oncogenesis (KIT, RET, RAF-1, and B-RAF).
Regorafenib significantly improved overall survival
(0S) in patients with previously treated mCRC
compared with placebo in the CORRECT Phase llI
trial.?2 A significant increase in PFS in patients with
advanced GIST, a type of STS, was also reported
for regorafenib versus placebo in the GRID Phase
[l trial.® Based on these trials, regorafenib received
approval for use in adult patients with mCRC
(either previously treated with or who are not
considered for available therapies), and those
with unresectable or metastatic GIST (who have
progressed on or are intolerant to prior treatment
with imatinib and sunitinib). Regorafenib is also
being evaluated in a wide range of solid tumours,
including renal cell carcinoma, hepatobiliary,
and upper gastrointestinal cancers.*®

Safety and Efficacy of Regorafenib
in Metastatic Colorectal Cancer
by Age in the Consign Trial

Professor Eric Van Cutsem

MCRC is a leading cause of cancer deaths,
particularly in elderly patients. Moreover, 60%
of patients diagnosed with  mCRC are aged
>65 years. This patient population may be under-
treated in clinical practice and under-represented
in clinical trials, as they are more susceptible
to treatment-induced toxicities due to a range
of comorbidities and reduced organ function.
However, with appropriate management, certain
elderly patients with mCRC can gain significant
benefits from a range of cancer treatments,
including biological therapies.5’

To gain further insight in to the management
of elderly patients, a retrospective analysis
of outcomes by patient age was carried out
in CONSIGN (NCTO01538680), a large, open-
label, single-arm, Phase lllb study conducted in
186 centres in 25 countries.®® Patients (N=2,872)
recruited into CONSIGN had mCRC with disease
progression disease progression following standard
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therapies and an Eastern Cooperative Oncology
Group Performance Status (ECOG PS) <1. They
received regorafenib at 160 mg/day for Weeks 1-3
of each 4-week cycle until unacceptable toxicity,
disease progression, or death. The primary endpoint
was safety, and the only efficacy measurement was
investigator-assessed PFS.8

This latest analysis was presented at ASCO 2016 by
Dr Eric Van Cutsem from the University Hospitals
Leuven, Leuven, Belgium. Patients were categorised
into two sets of different age groups: <65 years
(n=1,720) compared to >65 years (n=1152), and
<70 years (n=2,245), compared to >70 years old
(n=627).° Baseline characteristics were generally
well-balanced across the age subgroups. At least
50% of patients in each age subgroup had a
mutated KRAS gene, which is slightly higher than
typically seen in mCRC (35-45%).° The results of
this analysis indicate that patient age does
not appear to impact treatment duration, impact
treatment duration (2.2-2.5 months across age
groups). No age effects were seen for the median
number of median number of cycles (3.0 in all
groups). Across the age groups, almost 90% of
patients required treatment modification (defined
as reductions, interruptions/delays or re-escalation
of  re-escalation of treatment). Treatment
interruptions occurred in up to 84% of patients
in each subgroup and almost half of the patients
required dose reductions.

Most patients (>91%) in each age subgroup had a
regorafenib-related, treatment-emergent AE (TEAE)
of any grade. A low number of patients (<13%) in
each age category discontinued regorafenib as a
result of regorafenib-related TEAEs. The proportion
of patients with some Grade >3 regorafenib-related
TEAES (i.e hypophosphataemia and diarrhoea) was
also generally similar across the age subgroups.®
However, the incidence of >3 regorafenib-related
HFS tended to be lower and hypertension and
fatigue appeared to be higher in the older
subgroups compared with the younger subgroups.
The incidence of Grade >3 TEAEs seen in
CONSIGN were typical of those reported in other
regorafenib studies.? Treatment-emergent Grade >3
hepatic laboratory toxicities were also similar
across age groups.

The estimated median PFS was comparable
between the age subgroups. The median (PFS 95%
confidence interval [CI]) was 2.7 (2.6-2.8) and 2.6
(2.5-2.7) months for patients aged <65 years and
>65 years, respectively. Similarly, for patients aged
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<70 years and >70 years, median (95% Cl) PFS was
2.7 (2.6-2.8) and 2.5 (2.3-2.7) months, respectively.

In conclusion, this subgroup analysis of CONSIGN
demonstrated that the safety and dosing profiles,
as well as efficacy (based on PFS), were generally
similar in older versus younger mCRC patients.
The overall high rate of dose interruptions and
reductions in all age subgroups highlights the
importance of this tactic in managing TEAEs.

Impact of Dexamethasone on
Regorafenib-Related Fatigue and
Malaise in Metastatic Colorectal Cancer

Doctor Yuji Miyamoto

Fatigue is a well-recognised symptom of many
cancers,” and can also be caused by cancer
treatments, including multikinase inhibitors.”> With
regorafenib, fatigue is a common drug-related AE
that has been observed across a range of clinical
trials.> In common with other regorafenib-related
AEs, fatigue occurred mainly in the first few
cycles of treatment in the Phase Il CORRECT
study, with a lower incidence in later cycles.”
Oral corticosteroids have been used to treat
cancer-related fatigue, although the evidence for
their effectiveness is limited.'®

A Phase I, multicentre, randomised, double-blind,
placebo-controlled study (KSCC1402/HGCSG1402)
prospectively evaluated the prophylactic effects of
oral dexamethasone on regorafenib-related fatigue
and malaise in patients with unresectable mCRC.
Interim results® were presented for 74 patients
aged >20 vyears with histologically confirmed
MCRC that failed to respond to standard therapy,
had adequate organ function, and had an ECOG
PS <1. They were randomised 1.1 to receive either
regorafenib 160 mg/day for Weeks 1-3 of a
4-week cycle and dexamethasone 2 mg/day for
4 weeks, or regorafenib and placebo. Patients
with Grade <1 fatigue or malaise were allowed to
enrol in this study.

The primary endpoint was the incidence of
all-grade fatigue or malaise as assessed by National
Cancer Institute - Common Terminology Criteria for
Adverse Events (NCI-CTCAE) v4.0 during the first
4 weeks. Secondary endpoints included patient-
reported outcome (PRO; assessed by the Brief
Fatigue Inventory), AEs, and the relative dose
intensity of regorafenib.
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Baseline characteristics were generally well-
balanced between the arms. There were
more patients with an ECOG PS of O in the
dexamethasone arm (61% versus 47% in the
placebo arm), and correspondingly  more
patients with an ECOG PS of 1 in the placebo arm
(53% versus 39% in the dexamethasone arm). More
patients in the placebo arm had hypertension
(64%) as a comorbidity versus the dexamethasone
group (33%).

The study highlighted that the incidence of
all-grade fatigue and/or malaise by both the
NCI-CTCAE v4.0 (regorafenib plus dexamethasone
arm: 55.6% versus regorafenib plus placebo arm:
58.3%, p=0.8119) and PRO (regorafenib plus
dexamethasone arm: 47.2% versus regorafenib plus
placebo arm: 58.3%, p=0.3450) were numerically
lower with the co-administration of dexamethasone
with regorafenib compared with placebo, although
these results were not statistically significant.’® The
incidence of fatigue and/or malaise Grade >2 by
PRO was significantly lower in the regorafenib plus
dexamethasone arm versus the regorafenib plus
placebo arm (27.8% versus 52.8%, p=0.0306). Using
the PROs, reduction in the incidence of Grade >2
fatigue and/or malaise with dexamethasone versus
placebo was seen from Week 1.

Dexamethasone was well-tolerated in this study.
Compared to placebo, dexamethasone reduced
the incidence of certain AEs (all grades), including
including alopecia (11.1% versus 27.8%), anorexia
(30.6% versus 47.2%), and neutropenia (2.8% versus
19.4%). Dexamethasone compared with placebo
also reduced the incidence of Grade >3 HFS
(8.3% versus 13.9%) and Grade >3 sensory
neuropathy (0% versus 5.6%). It was suggested that
these effects of dexamethasone warrant further
investigation to clarify if this oral steroid could help
to limit the side effects of regorafenib in patients
with mCRC.

In summary, although this study did not meet
its primary endpoint, the PRO results indicated
that dexamethasone might have a role to play in
reducing the incidence of regorafenib-induced
Grade >2 fatigue and/or malaise. Furthermore,
certain other treatment-related AEs, such as HFS,
were apparently reduced by dexamethasone
co-administration. Patient follow-up is continuing
and the longer-term outcomes in this study will
be analysed in due course.
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Regorafenib Dose Optimisation Study in
Refractory Metastatic Colorectal Cancer

Doctor Tanios S. Bekaii-Saab

The most common AEs with regorafenib include
palmar-plantar erythrodysesthesia syndrome
(PPES, also known as hand-foot syndrome
[HFSD,>""® and fatigue.? HFS is a common side
effect of multikinase drugs, and can have a
profound effect on quality of life. Generally,
HFS is seen in the first few weeks of regorafenib
treatment.® Thus, there is a need for effective
management of regorafenib-associated toxicities.

In clinical practice, the approaches used to minimise
regorafenib toxicities include dose reduction and/
or revision of the interval schedule.®?® However,
there is a lack of high-quality evidence to support
these strategies. A Phase |l regorafenib dose
optimisation study (ReDOS; NCT02368886)% is
being led by the Academic and Community Cancer
Research Unit (ACCRU) network in the USA and
aims to compare the effects of the standard
regorafenib dose with a lower dose strategy.

ReDOS is a four-arm study during which
approximately 120 patients will be randomised to
either the escalating regorafenib dosing group
(during which patients receive 80 mg/day in Week 1,
120 mg/day in Week 2, and 160 mg/day in Week 3,
followed by 1 week off then cycle 2 will commence)
or the stable regorafenib dosing group (patients
receive daily regorafenib 160 mg for 21 days, then
1 week off followed by cycle 2). Within the two
treatment arms, patients will then be assigned to
either a pre-emptive strategy for palmar-plantar
erythrodysesthesia  syndrome  (PPES) where
clobetasol cream is prophylactically applied to
hands and soles for the first 12 weeks or a reactive
PPES treatment strategy where treatment s
initiated at investigator discretion.”

Key inclusion criteria include: men and women
(non-pregnant and using adequate contraception,
surgically sterilised, or post-menopausal) aged >18
years; histologically confirmed mCRC; ECOG PS <I;
acceptable bone marrow and organ function; and
no prior regorafenib use. Patients are required
to have failed all standard treatments for mCRC,
including biological agents.

The primary endpoint of ReDOS is the 8-week
planned continuation rate. This endpoint is defined
as the proportion of patients that have completed
two treatment cycles, and, if there is no disease
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progression, intend to initiate a third cycle.
Secondary endpoints include PFS, OS, and time-
to-progression. Other assessments will be, the
cumulative regorafenib dose, and the proportion
of patients with Grade 3 or 4 HFS and/or fatigue.
Patients will also self-report outcomes using the
HFS-14 questionnaire, and these results will be
compared between arms and between pre-emptive
and reactive HFS strategies.

In order to calculate the required sample size, the
assumed 8-week planned continuation rate is 75%
in the control arm and the target continuation rate
is 90% in the dose-escalation group. Thus,
a one-side test with a=0.20 and 80% power will
require a total of 110 patients in this study.
The aim is to enrol a total of 120 patients to
allow for patient withdrawals. The accrual and
follow-up of patients in ReDOS is expected to take
approximately 2 years.

Efficacy and Safety of Regorafenib
in Advanced Soft Tissue Sarcomas

Doctor Nicolas Penel

STS are a very heterogeneous group of rare solid
tumours, with more than 100 types accounting
for <1% of all adult tumours.??? Treatment of
metastatic STS is challenging, and the median OS
is only 12-18 months.?*?> The current mainstay of
treatment for metastatic STS is chemotherapy, the
choice of which depends upon the type of STS.?
As angiogenesis plays a key role in STS biology,?
targeted therapies are under investigation for
STS management,?% including regorafenib.?6?
First-line treatment is generally doxorubicin, but
there is no consensus on second-line treatment of
STS, and the different options include: ifosfamide,
trabectedin, pazopanib, dacarbazine, and eribulin.

The stratified, double-blind, placebo-controlled,
randomised, Phase [l trial REGOSARC
(NCTO1900743)? had four parallel cohorts
of patients with advanced, refractory STS,
mainly doxorubicin pre-treated.?® Patients with
liposarcomas (n=43), leiomyosarcomas (n=56),
synovial sarcomas (n=27), or other sarcomas (n=56)
were randomised 1:1 to receive either regorafenib
at 160 mg/day for 3 weeks of each 4-week cycle or
placebo, both with best supportive care. This study
had a 95% statistical power to detect a 3-month
longer PFS with regorafenib versus placebo.
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In the final analysis, baseline characteristics were
generally balanced between both arms within each
STS cohort regarding proportion of women, age,
metastases, and prior treatments. However, 50% of
patients with leiomyosarcomas in the regorafenib
group had ECOG PS Grade 3 versus 25% in the
placebo group. Other sarcomas included in the trial
were undifferentiated pleomorphic sarcoma (n=24),
solitary fibrous tumours (n=7), angiosarcoma (n=6),
and fibrosarcoma (n=4). Only a small number of
patients had received prior pazopanib.

The primary endpoint was PFS assessed by the
Response Evaluation Criteria in Solid Tumours in
a blinded central radiological review. Regorafenib
significantly prolonged PFS versus placebo
in all sarcoma groups with the exception of
liposarcomas, which may not be surprising
due to the heterogeneity of angiogenesis in
liposarcomas® A pooled analysis of non-adipocytic
sarcomas also showed significantly prolonged
PFS with regorafenib versus placebo.?’ OS was
not statistically significantly different between the
regorafenib and placebo groups for any STS type,”
which is most likely because 82% of patients in the
placebo group crossed-over to the regorafenib
group after disease progression.

No patients in REGOSARC had a complete tumour
response. Five patients had a partial tumour
response: one in the placebo arm (leiomyosarcoma,
lasting 6 months), and four in the regorafenib arm
(synovial sarcoma, 2.8 months; other sarcomas:
2, 7, and 13 months). Overall, the most frequent
drug-related AEs (all grades) in the regorafenib
group were asthenia (63%), diarrhoea (44%),
mucositis (44%), HFS (44%), anorexia (38%),
and arterial hypertension (36%). These AEs were
all Grade 1-3 in severity. There was one toxic
death due to hepatitis in the regorafenib group,
which was considered to be drug-related.

showed superiority to placebo with regards to
PFS. However, REGOSARC was not powered to
demonstrate a statistically significant improvement
in OS, due to the cross-over option for patients in
the placebo group, and the small sample sizes.
The AE profile was as expected for regorafenib.

The challenges in sarcoma treatment should be
emphasised, particularly as there are numerous
receptor tyrosine kinases, which are all potential
targets for inhibition.*® Of note, the PFS results
with regorafenib? were similar to those with
pazopanib, which is approved for refractory
non-adipocytic STS with a significant 3-month
PFS benefit,® but is not active in liposarcomas.*?

Conclusions

Continued interest in regorafenib is clearly
evident from these studies reported at ASCO
2016. As with other treatments for cancer, the
use of regorafenib in elderly patients as well as
management of TEAEs are key aspects of using
the drug in clinical practice. These studies
demonstrated that regorafenib not only has
a similar efficacy and safety profile in elderly
patients with mCRC compared with their younger
counterparts, but that dose modifications are
important in managing TEAEs regardless of age.
Dexamethasone may also be an option to reduce
regorafenib-related fatigue and other regorafenib
related AEs, including HFS, although further
investigation is warranted. Moreover, results from
an ongoing study on dose-escalation and active
use of clobetasol propionate will help to further
refine the management of regorafenib-related HFS.
The significant effects of regorafenib in extending
PFS in non-adipocytic STS (leiomyosarcomas,
synovial sarcomas, or other sarcomas) follows on
from the success of regorafenib in the treatment of

Regorafenib met the
prolonging PFS

non-adipocytic sarcoma

primary
in patients with pre-treated,
versus

objective of

placebo, and

GIST, the most common type of STS, and may
provide a much needed additional
treating these challenging range of cancers.

option in
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Abstract Reviews

PROGRESSING G1-G2
WELL-DIFFERENTIATED
NEUROENDOCRINE
TUMOURS IN TREATMENT
WITH CAPECITABINE
PLUS SOMATOSTATIN
ANALOGUE: A SINGLE-
CENTRE EXPERIENCE

*Riccardo Marconcini

Oncology Department,
University Hospital of Pisa, Pisa, Italy
*Correspondence to
marconcini.riccardo@gmail.com

The role of chemotherapy in neuroendocrine
tumours (NETs) has evolved in recent years. In
particular, temozolomide has become a treatment
option and has been used as both a single agent
and in combinations, especially with capecitabine
(CAPTEM) in several studies, with heterogeneous
populations and outcomes. The CAPTEM regimen
has been shown to have significant activity in
pancreatic NETs. A retrospective analysis of
30 pancreatic NET patients demonstrated a 70%
response rate and a median progression-free
survival (PFS) of 18 months. A similar retrospective
analysis that included both pancreatic and
non-pancreatic NETs with PFS of the entire cohort
reported at 4.7 months, pancreatic NETs having a
PFS of 4.9 versus 2.8 months for non-pancreatic
NETs. In a Phase Il study looking at CAPTEM
in both pancreatic and non-pancreatic NETs, an
interim analysis of 28 patients has shown an overall
response rate of 43% and rate of stable disease
of 54%.

Results from Phase Il and non-randomised trials
with  fluoropyrimidine (without temozolomide)
in combination with somatostatine analogues (SSA)
in well-differentiated (WD)NET are limited, and
are considered investigational. Fluoropyrimidine
monotherapy has a more favourable toxicity profile,
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and more data regarding its efficacy are needed to
understand its role in NET treatment.

We reviewed our experience in metastatic WDNET
patients treated with capecitabine and SSA, to
identify eventual subgroups that may benefit from
this treatment in terms of efficacy and tolerability,
adding new data in favour of the delay of
temozolomide administration.

From October 2005, 40 WDNET patients with
progressive disease after failure of SSA and/or
everolimus, peptide receptor radionuclide therapy,
or other chemotherapy were treated with
capecitabine and SSA. The primary tumour site
was the pancreas in 17 patients, the intestine in
13 patients, the lung in 6 patients, and unknown in
4 patients. Patients received in media capecitabine
1,000 mg/ma/b.i.d Days 1-14, and SSA (octreotide
long acting release [LAR] 30 mg, 1 fl im. g28;
or lanreotide LAR 120 mg, 1 fl i.m. 928). Treatment
efficacy was evaluated by response rate according
to RECIST criteria and in terms of PFS. Safety and
tolerability were evaluated following Common
Terminology Criteria for Adverse Events (CTCAE)
v4 criteria.

Seven patients (17.5%) had a partial response,
17 patients (42.5%) showed stable disease, and
16 patients (40%) showed progressive disease;
median PFS was 6.1 (1-72.2) months, and 3 patients
are still on treatment. In intestinal NET, median
PFS was 25.3 (2.2-70.8) months; in particular GI
intestinal NET and G2 intestinal NET median PFS
was 46.2 (13.5-70.8) months and 4.3 (2.2-5.5)
months, respectively. In pancreatic NET, the median
PFS was 7.3 (2.0-72.2) months; Gl pancreatic
NET and G2 pancreatic NET median PFS was
7.5 (2.0-72.2) months and 6.1 (2.5-34.0) months,
respectively. In lung NET the median PFS was
5.4 (1.4-6.6) months, and in unknown NET it was
2.3 (1.0-11.6) months. At a median follow-up at
40 months, median OS was 48.7 (2.43-85.7)
months. Reported G1-G2 toxicities were diarrhoea,

nausea, and asthenia; G3-G4 toxicities were
not reported.
Capecitabine plus SSA showed interesting

activity and efficacy in pretreated patients, with
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progressive  WDNET with acceptable toxicity.
In particular, intestinal NET showed prolonged
median PFS, and in this group capecitabine
plus SSA seems a valid therapeutic option.
Our retrospective analysis raises the question
of whether monochemotherapy treatment with
capecitabine associated to SSA could be
considered as an alternative treatment, particularly
in G1 intestinal NET. This subtype of NET is known
for its better prognosis; our data confirm that this
subgroup is the one that benefits mostly from

ESMO 2016

capecitabine plus SSA, with a PFS remarkably
higher than the other groups. Capecitabine plus
SSA showed a particularly low toxicity profile that
seems more feasible than the capecitabine plus
temozolomide toxicity profile. If efficacy advantage
is provided, capecitabine could be proposed
as an option especially for Gl intestinal NET,
and the association with temozolomide could be
considered in a sequential strategy, to enrich the
treatment options of NET patients.

PROGNOSTIC IMPACT OF
THE CUMULATIVE DOSE
AND DOSE INTENSITY OF
EVEROLIMUS IN PATIENTS
WITH PANCREATIC
NEUROENDOCRINE
TUMOURS

*Rossana Berardi,
Mariangela Torniai

Clinica Oncologica, Universita Politecnica delle
Marche, Ospedali Riuniti di Ancona, Ancona, Italy
*Correspondence to r.berardi@univpom.it

The aim of the present study was to analyse
clinical factors potentially influencing the global
outcome of advanced pancreatic neuroendocrine
tumour (PNET) patients receiving everolimus in
clinical practice in order to help clinicians in the
decision-making process for the identification of a
treatment strategy within this setting.

PNETs are still considered a rare disease, accounting
for approximately 10% of all cases of pancreatic
cancer. Nevertheless, the increasing incidence
and prevalence of PNETs observed in the last
four decades, together with the frequent delay
in diagnosis, have led to increasing interest in
PNETs, with major progress being made in their
treatment and management.
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Among these advances, the elucidation of the
high expression and activity of mammalian target
of rapamycin (MTOR) in PNETs has led to the
recognition of mTOR as an important therapeutic
target. On this basis, everolimus has been shown
to be an effective therapeutic agent in these
tumours since Yao et al! reported a significant
improvement in progression-free survival in patients
treated with the mTOR compared with placebo;
thus everolimus has become an established
recommended standard therapy for patients with
advanced PNETs.

Although everolimus exerts a very selective action
on a specific molecular target, this drug may
be associated with a number of adverse effects
including: stomatitis, rash, fatigue, pneumonitis,
and metabolic alterations mainly represented by
hyperlipidaemia. Other common events include:
abdominal pain, nausea and/or vomiting, anaemia,
increased serum creatinine level, liver function
test abnormalities, dizziness, headache, and
epistaxis. These adverse effects frequently lead to
modification of the dosage by drug delay
and/or reduction of dose, with a significant impact
on cumulative dose (CD) and dose intensity (DI)
and potential negative effects on patient outcome.

The safety profile of everolimus has been proven
to be generally acceptable in PNET patients, with
severe toxicities occurring only in a tiny minority of
subjects. The onset of adverse events seems to be
not correlated with the presence of liver metastasis,
while previous treatment might affect the
tolerability of this drug. Furthermore, the onset
of toxicities, especially mucositis, appear to be
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correlated with a major disease control rate and a
longer progression-free survival, as already known
for other targeted agents used in the management
of PNETs.

To the best of our knowledge, the present study is
the first to investigate the prognostic significance
of CD and DI of everolimus in advanced PNETs.
The present study includes all consecutive patients
with advanced (unresectable or metastatic) PNETs
treated with everolimus in 14 Italian institutions
between December 2009 and December 2015.
CD patients were stratified into two groups with
one group containing patients treated with an
everolimus CD <3,000 mg and the other with
those who had received a CD >3,000 mg.
Multivariate analysis demonstrated that everolimus
CD >3,000 mg was an independent prognostic
factor both for overall survival (OS) (hazard ratio:
0.16; 95% confidence interval: 0.06-0.41, p<0.0001)
and for progression-free survival (hazard ratio:
0.56; 95% confidence interval: 0.34-0.92, p<0.047).

Although the prolonged OS observed in patients
with higher CD may be because patients who

maintain a higher dose are usually more responsive
to therapy, our results showed a significant
correlation between the CD and DI of everolimus
and OS in a large series of patients with PNET;
namely better prognosis in patients maintaining
both a high CD and DI. The difference in OS in
patients treated with everolimus seemed strictly
dependent upon the CD taken by sensitive patients
thus suggesting that efforts should be made to
manage toxicity without interrupting the treatment.

Although selection bias and the retrospective
nature of the study may have influenced our
findings, the present overall data seem to suggest
that CD and DI potentially play a prognostic
role for patients with advanced PNETs treated
with everolimus. This should prompt efforts to
continue everolimus administration in responsive
patients up to at least 3,000 mg despite delays or
temporary interruptions.
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Until recently, most researchers and clinicians did
not believe programmed cell death (PD)-1 inhibition
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could clinically benefit men with metastatic
castration-resistant prostate cancer (MCRPCQC).
We designed a Phase Il study of pembrolizumab
(200 mg intravenously every 3 weeks for 4 doses)
and enzalutamide in men with mCRPC, progressing
on enzalutamide alone, based on evidence that
enzalutamide failure is associated with upregulation
of PD-L1 on dendritic cells.

Participants had not received prior checkpoint
inhibiting immunotherapy (PD-1, PD-L1, or CTLA-4
inhibitors) or chemotherapy for mCRPC. However,
they may have received prior abiraterone or
sipuleucel-T. We chose a prostate specific antigen
(PSA) response rate (defined as >50% decrease
in PSA) of 25% in men as worthy of further
examination, and this required a sample size of
28 men. From April 2015-August 2016, we enrolled
28 patients at the Knight Cancer Institute, Oregon
Health & Science University, Portland, Oregon,
USA. The median age was 72 years, with a median
PSA of 26.6 ng/mL. As expected, most men had

EUROPEAN MEDICAL JOURNAL



ESMO 2016

bone and/or lymph node metastases (n=25). Two
patients had liver metastases, and one patient had
pulmonary metastases. All men had progressive
disease on enzalutamide, as required by this
protocol, with a median time on enzalutamide prior
to study entry of 52 weeks. Most had a response to
enzalutamide prior to failure (n=23). Prior therapies
also included chemotherapy for castration-sensitive
disease (n=4), sipuleucel-T (n=5), and abiraterone
(n=10). A baseline biopsy was required for all
participants with a metastatic deposit deemed
amenable to biopsy, and 16 participants fell into
this group.

The median progression-free survival on this study
was 34 weeks. There were 27 participants who
were evaluable for the primary endpoint at the
time of this analysis, and 5 of them (19%) had a
PSA response. There were 19 patients followed
for >6 months, and 4 of them had stable disease
lasting at least 6 months on study (21%). In the five
responders, the PSA responses were >99%. To date,

none of these responders have experienced disease
relapse (range 4-18 months). Three of them had
measurable disease at baseline and achieved a
partial response by Response Evaluation Criteria in
Solid Tumours (RECIST). Three of the responders
also had a baseline biopsy; the genetic analysis
was complete on two of them, and one of them
had microsatellite instability. Both patients with
liver metastatic disease had a disease response
on pembrolizumab.

This study demonstrates that the combination
of pembrolizumab plus enzalutamide in men
with  mCRPC failing enzalutamide has potential.
The number of responders is relatively small
but the extent of their response is dramatic. It is
premature to use PD-1 inhibitors for mCRPC outside
of a clinical trial, and there is a clear need to
design clinical trials to determine the true level
of activity and clinical characteristics of patients
whose cancers do respond to PD-1 inhibition.

NON-METASTATIC
NON-SMALL CELL LUNG
CANCER AND OTHER
THORACIC MALIGNANCIES

*Dirk De Ruysscher

Department of Radiation Oncology (Maastro Clinic),
GROW School Maastricht, Maastricht University
Medical Centre, Maastricht, Netherlands
*Correspondence to dirk.deruysscher@maastro.nl

Many interesting contributions were submitted to
this year’s European Society for Medical Oncology
(ESMO) Congress. The three highlights | selected
were all oral presentations, however | would like to
stress that many high-quality abstracts were also
presented. | selected three topics: immune treatment
for early stage non-small cell lung cancer (NSCLC),
neo-adjuvant versus adjuvant chemotherapy for
resectable early stage NSCLC, and new drugs for
metastatic small cell lung cancer.

ONCOLOGY ¢ November 2016

Immune therapy for Stage IV NSCLC has received
great attention because checkpoint inhibitors
targeting programmed cell death-1 (PD-1) and
one of its ligands, PD-L1, leads to progression-free
survival (PFS) rates of 15-20% at 18 months,
which is better than those that can be achieved
with chemotherapy. The toxicity of these agents
is manageable with an improved quality of life
compared to chemotherapy.

However, in resectable early stage NSCLC there
is ample room for improvement of the long-term
overall survival (OS) rate, as even with neoadjuvant
or adjuvant chemotherapy the 5-year OS rate is
only about 60%. The study presented by Dr Forde
investigated the effect of nivolumab, a PD-1
inhibitor, in resectable early stage NSCLC!
The primary endpoint was feasibility. Toxicity was
as expected with nivolumab and importantly did
not lead to increased surgical morbidity, mortality,
or delay of resection. An exciting pathological
downstaging rate of 38% in this small series of
17 patients was observed. As expected, individuals
without tumour shrinkage on a computed
tomography (CT) scan could have a major
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pathological response. The response correlated
with expansion of the T cell repertoire. It is clear
that this approach opens the door for window
of opportunity trials aimed at improving the
immune response further, e.g. by combining
immune checkpoint inhibitors with radiation and
immunocytokines, or vaccination while dissecting
the immune mechanisms and identifying biomarkers.

A Chinese randomised trial aimed to identify
the optimal strategy to deliver chemotherapy in
operable early stage NSCLC, comparing adjuvant
with neoadjuvant chemotherapy.? Although a
significantly better PFS rate was observed in
adjuvant chemotherapy compared with neoadjuvant
chemotherapy, the PFS and OS rates were in line
with earlier trials. Innovative strategies are needed
to obtain higher OS rates.

The prognosis of patients with Stage IV small-cell
lung cancer remains dismal; even responders to
chemotherapy have a 1-year OS rate of about
30% and <10% at 2 years. In chemo-refractory
patients, the prognosis is even more bleak. In a

randomised Phase |l trial, the aurora kinase A
inhibitor alisertib with paclitaxel resulted in a
gain in PFS of about 1T month compared to
paclitaxel alone.’® Importantly, a gain was also
observed in refractory patients. C-MYC expression
may be related to PFS. Although these are early
results and no big improvement was observed,
the fact that a detectable change in prognosis
was observed opens the door to further research
to find more effective treatments for this
devastating disease.

REFERENCES

1. Forde PM et al. Neoadjuvant anti-PD1, Nivolumab, in early
stage resectable NSCLC. Abstract LBA41_PR. ESMO Congress,
7-11 October, 2016.

2. Wu Y et al. Multi-centre randomized controlled study
comparing adjuvant versus neo-adjuvant chemotherapy with
docetaxel plus carboplatin in resectable stage IB to IIIA Non-
small cell lung cancer: final results of CSLCO501 (NCT00321334).
Abstract 11780. ESMO Congress, 7-11 October, 2016.

3. Owonikoko TK et al. Randomized Phase 2 Study of the
Investigational Aurora A Kinase (AAK) Inhibitor Alisertib
(MLN8237) + Paclitaxel versus Placebo + Paclitaxel as Second-
Line Therapy for Small Cell Lung Cancer (SCLC). Abstract 14230.
ESMO Congress, 7-11 October, 2016.

BROAD DETECTION
OF ALTERATIONS
PREDICTED TO CONFER
LACK OF BENEFIT FROM
EPIDERMAL GROWTH
FACTOR RECEPTOR
ANTIBODIES OR
SENSITIVITY TO TARGETED
THERAPY IN ADVANCED
COLORECTAL CANCER

*Samuel J. Klempner

Angeles Clinic and Research Institute,
Los Angeles, California, USA
*Correspondence to
sklempner@theangelesclinic.org

ONCOLOGY ¢ November 2016

Advanced colorectal cancer is increasingly being
defined by molecular features that impact
both overall prognosis and therapeutic choices.
Expanded RAS testing is now the standard of care
in defining patients that are appropriate for the
anti-epidermal growth factor receptor (EGFR)
monoclonal antibodies (mAbs) cetuximab and
panitumumab. However, despite RAS wild-type
biomarker selection, nearly 40% of patients do not
respond to anti-EGFR mAbs. Comprehensive
genomic profiling looking beyond canonical
RAS pathway alterations may provide insight
into pre-existing mechanisms that may confer
EGFR mAb resistance or lessen clinical response.
In the associated presentation we examined
4,422 advanced colorectal cancers using a next-
generation sequencing assay to simultaneously
interrogate  putative = EGFR-mAb  resistance
mechanisms and investigate other actionable
genomic alterations.

By going beyond expanded RAS testing we
identified 62% of samples with RAS/RAF pathway
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alterations that would predict a lack of benefit
from EGFR mAb therapy. Importantly, >50% of
cases that were negative for KRAS GI12/G13 and
BRAF V600 mutations by standard of care testing
harboured a genomic alteration associated with
resistance to EGFR mAb therapy. In addition, we
identified oncogenic alterations including ERBB2
amplification and mutation, MET amplification,
and rare rearrangements in ALK, RET, FGFRI-3,
and NTRKI which may offer alternate therapeutic
options for colorectal cancers. Microsatellite
instability (4% in our series) was negatively
associated with KRAS mutation status.

This study received significant attention at the
European Society for Medical Oncology (ESMO)
Congress 2016 with discussion centred on the
therapeutic implications and need for prospective
validation and associated clinical outcomes.

ESMO 2016

To our knowledge this represents the largest study
comprehensively characterising the molecular
landscape of advanced colorectal cancer.
Although descriptive in nature, the study provides
insight into the biologic underpinnings of the
clinical observation of the lack of benefit from
anti-EGFR mAbs in a significant portion of
patients who are KRAS wild-type by standard
testing. Whether or not we should be more
restrictive in selecting advanced colorectal cancer
patients appropriate for anti-EGFR mAbs requires
prospective study. Overall, this work supports a
role for more comprehensive genomic profiling
in advanced colorectal cancer and suggests
which subgroups are unlikely to benefit from
anti-EGFR therapies, and additional small subsets
who may be considered for immunotherapies and
targeted therapies.

RISK OF SERIOUS
ADVERSE EVENTS AND
FATAL ADVERSE EVENTS
WITH SORAFENIB USE
IN PATIENTS WITH
SOLID CANCER:

A META-ANALYSIS OF
PHASE Ill RANDOMISED
CONTROLLED TRIALS

*Bishal Gyawali, Tomoya Shimokata,
Kazunori Honda, Yuichi Ando
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Chemotherapy, Nagoya University Graduate School
of Medicine, Nagoya, Japan
*Correspondence to bg.bishalgyawali@gmail.com

Sorafenib is a commonly used vascular endothelial
growth factor-tyrosine kinase inhibitor in a variety
of cancers. It has been approved for use in renal cell
cancer, hepatocellular cancer, and thyroid cancer
in the advanced/metastatic setting. However, the
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benefit of using sorafenib in these cancers must
be weighed against the adverse events (AESs).
Although common AEs contribute to significant
morbidity and are frequently discussed with
patients at the clinic, serious and fatal AEs are
not usually discussed. We however believe that,
although infrequent, any data on serious AEs (SAESs)
and fatal AEs (FAEs) carry information of high
significance for patients because of their gravity.
We do not have any information on the incidence
and risk of sorafenib-induced SAEs and FAEs.
Thus we performed an up-to-date meta-analysis
of all Phase Il randomised controlled trials (RCTs)
of sorafenib to quantify the increased risk of SAEs
and FAEs.

We carried out a systematic search for all the RCTs
of sorafenib. In our meta-analysis we included
only Phase Il RCTs of solid tumours comparing
sorafenib either alone or in combination with
non-targeted chemotherapy versus placebo or
non-targeted chemotherapy. We then extracted
data on SAEs and FAEs for both the arms from
each study and pooled the data to determine
the overall incidence, risk ratios (RRs), and 95%
confidence intervals (Cls).

We found a total of 12 Phase Il RCTs involving
6,797 solid cancer patients comparing sorafenib
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with a control. The RCTs involved hepatocellular
carcinoma (n=5), melanoma (n=2), non-small cell
lung cancer (n=2), pancreatic cancer, renal cell
carcinoma, and thyroid cancer (n=1 each). The
overall incidence of SAEs and FAEs with sorafenib
were 24.5% (95% Cl: 16.0-35.5%) and 1.6% (95% ClI:
0.7-3.3%), respectively. We found that sorafenib
significantly increased the risk of both SAEs
(RR: 151, 95% CI: 1.20-1.92, p<0.001) and FAEs
(RR: 184, 95% CI: 1.29-2.64, p=0.001) versus
control. This association varied significantly
with  cancer types (p=0.001) and approval
status (p=0.018) for SAEs but no evidence for

heterogeneity was found for FAEs. The risk for
SAEs was significantly higher for hepatocellular
carcinoma (RR: 2.20, 95% ClI: 118-4.10, p=0.013) and
non-approved use of sorafenib (RR: 1.68, 95% CI:
1.24-2.29, p=0.001).

This meta-analysis of Phase IIl RCTs demonstrated
an increased risk of SAEs and FAEs with sorafenib
use in patients with solid cancers. Special
vigilance is recommended while using sorafenib
in non-approved settings.

For the full study click here.
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Hepatocellular carcinoma (HCC) is one of the
most common causes of cancer death globally.
Cirrhosis is the most important risk factor and is
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present in about 80% of patients with HCC.? Risk
factors for cirrhosis and subsequent development
of HCC are heterogeneous and include chronic viral
hepatitis (Types B and C), alcohol use, inherited
metabolic diseases (haemochromatosis and alpha-1
antitrypsin deficiency), and non-alcoholic fatty
liver disease.®

Ramucirumab is a recombinant human monoclonal
antibody that specifically binds to VEGF receptor-2
(VEGFR-2), inhibiting ligand-stimulated activation
of VEGFR-2 and downstream signalling.* REACH
was a global, randomised Phase Il study evaluating
the safety and efficacy of single agent ramucirumab
in patients with advanced HCC following
first-line therapy with sorafenib (Figure 1).> While a
significant median overall survival (OS) benefit
was not observed in the intention-to-treat
population ([ITT], N=565), a survival benefit was
observed in patients with elevated baseline alpha-
fetoprotein ([AFP] >400 ng/mL); the median OS
for ramucirumab was 7.8 months (n=119) versus
4.2 months for the placebo group (n=131; hazard
ratio: 0.67, p=0.006).°

Ad hoc analyses of REACH by liver disease
aetiology were performed to assess potential
differences in outcomes associated with specific
HCC aetiologies. The ITT population was
subgrouped by disease aetiology (hepatitis B:
n=209, 37%; hepatitis C: n=154, 27%; or other:
n=202, 36%).° Baseline patient characteristics
were generally balanced between treatment arms
in each subgroup. Patients with hepatitis B were
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more likely to be Asian, Eastern Cooperative exploratory multivariable Cox analysis did not
Oncology Group (ECOG) Performance Status 1, confirm disease aetiology to be a significant
have extra-hepatic spread, and elevated baseline prognostic factor for OS after adjusting for other
AFP (2400 ng/mL). potentially prognostic or baseline imbalanced
covariates (p=0.3). A potentially greater OS benefit
was seen in all aetiology subgroups with an elevated
baseline AFP, with similar improvements in median
OS observed in all aetiology subgroups (Table 1).

Patients with the disease aetiology of hepatitis B
had shorter survival rates compared to patients
with hepatitis C or other, suggesting hepatitis B to
be a poor prognostic factor for survival. However,

Ramucirumab (8 mg/kg)
Q2W per cycle and BSC
n=283

Prior sorafenib
BCLC Stage B/C
Child-Pugh A
ECOGPS Oorl

Treatment until disease
progression
or unacceptable toxicity

Placebo REACH endpoints:
Q2W per cycle and BSC Primary: OS; Secondary:

n=282 PFS, TTP, ORR, safety,
patient-reported outcomes

mwn-—-—X00Z2>»x

—
5

Figure 1: REACH study design (NCTO01140347).

BCLC: Barcelona Clinic Liver Cancer; ECOG PS: Eastern Cooperative Oncology Group Performance
Status; Q2W: every 2 weeks; BSC: best supportive care; OS: overall survival; PFS: progression-free
survival; TTP: time-to-progression; ORR: objective response rate.

Table 1: Overall survival? and overall response rate® by disease aetiology.

Hepatitis B Hepatitis C Other aetiology
Intent-to-treat population RAM PBO RAM PBO RAM PBO
n=106 n=103 n=78 n=76 n=99 n=103
OS, median 8.2 54 9.2 8.8 1.1 8.5
HR (95% CI) 0.785 (0.582-1.060) 0.951 (0.664-1.362) 0.853 (0.620-1174)
p-value on4 0.786 0.332
ORR (%) 2.8 0.0 10.3 2.6 9.1 0.0
Baseline AFP >400ng/mL RAM PBO RAM PBO RAM PBO
n=53 n=65 n=33 n=27 n=33 n=39
OS, median 6.6 4.0 8.2 4.8 8.5 4.3
HR (95% CI) 0.672 (0.456-0.990) 0.887 (0.501-1.568) 0.446 (0.259-0.768)
p-value 0.043 0.682 0.003

OS: overall survival; HR: hazard ratio; ORR: overall response rate; AFP: alpha-fetoprotein; RAM:
ramucirumalb; PBO: placebo.

a0S was evaluated by the Kaplan-Meier method and compared using an unstratified log-rank test.
HR was generated using an unstratified Cox regression model.

PORR was defined as the proportion of patients with the best overall response of a complete or partial

response, and compared using a Cochran-Mantel-Haenszel test.
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No trend to survival benefit was observed in all
subgroups with baseline AFP <400 ng/mL. In all
three aetiology subgroups, the most common
treatment-emergent adverse events of any grade
included peripheral oedema, fatigue, pyrexia, and
ascites. Incidences of specific Grade >3 adverse
events were generally low and similar among
aetiology subgroups.

Analyses of the sorafenib registration studies
and other studies also reported that the presence
of hepatitis B is associated with worse survival
in patients with advanced HCC compared with
other aetiologies, supporting the hypothesis that
aetiology is an important prognostic factor in HCC.”®
Analyses of the REACH study suggested that
disease aetiology alone was not a strong prognostic
factor and that other baseline characteristics or
regional patterns of care may be more important
drivers of prognosis than aetiology.

The prognosis of patients with elevated baseline
AFP was similar among aetiology subgroups,
confirming the strength of baseline AFP as a
prognostic factor. A similar potential improvement
in median OS was observed in patients with an
elevated baseline AFP from all aetiology subgroups
after treatment with ramucirumab compared
with placebo, suggesting there is no differential
ramucirumab effect by aetiology. Ramucirumab was
also well-tolerated with a similar safety profile in
patients from all aetiology subgroups.

In conclusion, this ad hoc REACH analysis shows
that while aetiology appears prognostic in HCC,

it is not significant once other characteristics
are considered. Across all aetiologies, patients
with an elevated baseline AFP had a similar
prognosis, derived a similar survival benefit,
and reported a similar safety profile from
ramucirumab treatment. The potential benefit of
ramucirumab treatment in patients with baseline
>400 ng/mL is being assessed in an ongoing trial,
REACH-2 (NCT02435433).
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BACKGROUND

Matrilysin (MMP7) can activate phosphorylated
insulin growth factor receptor 1 (pIGF-1R) through
IGF binding protein 3 degradation, releasing IGF-1.
IGF-1R blockade is also involved in the suppression
of cancer cell invasion through downregulation of
MMP7. Co-expression of MMP7 and plGF-1R (double
positivity [DP]) correlates with poor prognosis
in wild-type (WT) KRAS patients treated with
anti-epidermal growth factor receptor (EGFR)
in second and third-line therapy. We performed
a prospective clinical trial in WT KRAS (exon 2)
patients, treated with FOLFOX6 and panitumumab
in first-line chemotherapy to validate those findings.

METHODS

Positive cases were defined by
immunohistochemistry as those with moderate
or strong intensity and >70% expression for both
MMP7 and pIGF-IR (antibody: anti-pY1316).
The primary endpoint was progression-free
survival  (PFS). Seventy-eight patients and
56 events were required to have an 80% power
to detect a difference in median PFS at 6 months
(two-sided p<0.05).

RESULTS

We screened 196 metastatic colorectal cancer
(MmCRC) patients in 24 centres between November
2010 and April 2013 and 78 patients were included
(42 non-DP and 36 DP). Median follow-up was
23 months. There were no differences in baseline
characteristics (age, sex, liver metastases, lactate
dehydrogenase levels, and performance status
between both groups). There were no differences in
the number of chemotherapy cycles received and
second-line therapies between both groups.
Response rate was 80.2% in non-DP and 72.2% in
DP patients (p=0.37). Median PFS was 7.4 months
(95% confidence interval [CI]: 5.2-13.3) in
non-DP and 9.6 months (95% Cl: 6.7-17.5, p=0.15)
in DP patients. Median overall survival was
19.8 months (11.5-26.3) in non-DP patients and
39.1 months (26-not estimatable, p=0.071) in DP
patients. Adjusted hazard ratio for PFS was 0.68
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(95% ClI: 0.41-1.12). Adjusted hazard ratio for overall
survival was 0.50 (95% ClI: 0.29-0.97).

DISCUSSION

This study suggests that there is a potential
correlation of survival benefit in the subset of DP
WT KRAS mCRC patients treated with an upfront
FOLFOX-panitumumab schedule. This benefit was
shown irrespective of basal patient characteristics,
secondary surgery of metastases, or second-line
therapies, establishing that the DP group lived
2-times longer than the non-DP group of KRAS
WT mCRC patients. Only the prognostic factors
in mCRC, Eastern Cooperative Oncology Group
Performance Status (ECOG PS), and BRAF status
remained in the multivariate analysis, supporting
the consistency of our findings.

Despite no major differences existing in PFS
between both groups (non-DP versus DP) in the
whole population (7.4 versus 9.6 months) and in the
KRAS WT analysis (9.2 versus 10.5 months), major
differences were found after progressive disease
(12.4 versus 29.5 months) and in the all KRAS WT
analysis (9.0 versus 28.6 months). These results
emphasise the potential importance of currently
unknown biomarkers, in order to adequately

76 ONCOLOGY ¢ November 2016

interpret contradictory results in prospective
Phase Il clinical trials (FIRE-3 and CALGB/SWOG
80405) comparing face-to-face upfront anti-EGFR
and anti-vascular endothelial growth factor therapy
in KRAS WT mCRC patients.

Although performed with a prospective design and
with a pre-specified cut-off biomarker, we are aware
that our study has some limitations. First of all,
the primary endpoint, PFS, was not met. Secondly,
due to the absence of a control arm (treated with
chemotherapy alone or plus bevacizumab) we
could not establish if DP is a potential prognostic
or predictive biomarker. Finally, patients were
entered after central biomarker determination
(KRAS and DP status) and results were given after
a median of 12 days (standard deviation: 5 days),
therefore we cannot rule out that patients with
aggressive behaviour were excluded from the study.

CONCLUSION

Our  study  suggests that, unexpectedly,
co-expression of MMP7 and plIGF-IR could be a
novel strong prognostic biomarker of survival
benefit in mMCRC WT KRAS (exon 2) patients
treated in first-line with FOLFOX6-panitumumab.
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EDITOR’S PICK

Paediatric oncology therapy has advanced significantly; this improvement is in large part due
to experimental treatments and therapies. Nielsen et al. deliver a fascinating piece for this year’s
EMJ Oncology eJournal, providing an in-depth review of some of the implications of paediatric
cancer treatments in terms of complications in later life. Muscle toxicities are only one of the
wide-ranging, short and long-term physiological manifestations that can occur. The authors

go on to assess the value of exercise-oncology in helping to reduce such complications.

MUSCLE DYSFUNCTION IN CHILDHOOD CANCER:
BIOLOGICAL MECHANISMS AND IMPLICATIONS
FOR LONG-TERM SURVIVORSHIP
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ABSTRACT

Paediatric cancer treatment has advanced significantly over the last half century to a point where >80%
of all childhood cancer cases survive >5 years from diagnosis. However, childhood cancer treatments
cause a wide range of long-term adverse effects including endocrine dysfunctions, impaired physical
function, and a markedly increased risk of developing metabolic and cardiovascular complications.
Emerging evidence suggests that treatment-related muscle toxicities may play a key role in the
development of such late effects, but limited research has been performed towards elucidating this
phenomenon and therapeutic countermeasures are scarcely available in clinical practice. Here, we review
the current literature describing the physiological manifestations of treatment-induced muscular toxicities
in paediatric oncology and discuss the use of structured exercise as a targeted countermeasure.

Keywords: Childhood cancer, exercise-oncology, muscle dysfunction, treatment toxicities.

INTRODUCTION improvements in 5-year relative survival rate which

is currently >80%.? However, curative childhood
Paediatric oncology therapy is a major medical cancer treatment is associated with a wide range
success story largely owing to progressive, of short and long-term complications constituting
co-ordinated development and experimental testing a major health concern in post-treatment survivors,
of risk-based therapies,! leading to impressive including endocrine  dysfunction,® functional
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capacity deficits,*® and a markedly increased risk
of metabolic and cardiovascular diseases.**"

Accordingly, substantial attention within childhood
cancer survivorship is directed towards elucidating
the clinical implications and underlying biological
mechanisms responsible for serious late effects
following curative treatments. Strong evidence has
outlined the negative consequences of treatment-
related endocrine deficiencies, cardiomyopathy,
and endothelial dysfunction,"24® whereas limited
attention has been directed towards the potential
role of treatment toxicities in skeletal muscle, a
known regulator of overall physical capacity and the
foundation for functional independence. Reports in
long-term survivors of childhood cancer indicate
that patients are subjected to muscle toxicities
which may manifest as poor physical function many
years after cessation of treatment.*” However, there
is limited evidence available describing muscular
toxicities from childhood anti-cancer therapy,
including the role of treatment-induced muscle
dysfunction in the aetiology of late-occurring
metabolic  disorders and their mechanisms
of action.

Against this background, we present a conceptual
outline of childhood cancer treatment with regard
to skeletal muscular toxicities and their potential
long-term implications for metabolic deficiencies
and complications. We review the most common
treatment modalities in modern paediatric oncology
with a specific view towards their possible adverse
impact on muscular biology and regulation,
and discuss the emerging application of exercise
training in paediatric oncology as a pleotropic
strategy to minimise and/or reverse the treatment-
induced muscular dysfunction.

CHILDHOOD CANCER MANAGEMENT

Multi-modality treatment approaches using multi-
agent chemotherapy in combination with surgery
and radiotherapy have led to improved survival
rates and subsequently increased focus on
treatment-related adverse late effects. Studies
have demonstrated that <90% of childhood cancer
survivors suffer from a chronic health condition
by the age of 45.92° Thus, while improvement in
overall survival has been marginal over the last
decade, progress in paediatric oncology has largely
involved the adoption of a risk-adapted therapeutic
approach. Specifically, the identification of clinical
and biological prognostic factors has provided the
ability to stratify patients and modify treatments
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accordingly, allowing treatment to be intensified
in the high-risk patients, while therapy for low-risk
patients can be decreased to minimise toxicities
and the risk of adverse late effects without
compromising survival. The concept of improved
childhood cancer outcomes is no longer confined
to better overall survival, but also focussed on
minimisation of the prevalence and severity of short
and long-term treatment-related complications.

Several cross-sectional studies have shown that
survivors of childhood cancer present with low
muscle strength many years after treatment,*”’
which can translate into limitations in physical
performance*® and low quality of life? While
late-occurring muscle dysfunction has long been
recognised as a clinical challenge in paediatric
oncology, it has only recently been suggested that
this may constitute an intrinsic feature associated
with early onset and/or high incidence of metabolic
complications in childhood cancer survivors.

Muscle Toxicities in Childhood
Cancer Treatment

Different intramuscular deficiencies have been
proposed to mediate the sequelae of post-
treatment complications in childhood cancer
survivors, including impairment in  myofibre
progenitor cells (satellite cells), neuromuscular
deficiencies and loss of motor units, and
mitochondrial dysfunction.?? These various adverse
effects are likely caused by specific treatment
regimens consisting of one or more components,
including multi-agent chemotherapy, radiotherapy,
and glucocorticoid treatment.

Chemotherapy

In most childhood cancers, multi-agent
chemotherapy constitutes a key component of
standard treatment, with numerous agents capable
of inducing toxic effects on skeletal muscle.
Vincristine is commonly used in the treatment of
many malignancies including acute lymphoblastic
leukaemia and solid tumours, and is accompanied
by severe side effects, including neuropathy and
chronic pain.?® The presence of vincristine-induced
neuropathy is well-established and observed in both
the central nervous system (CNS) and peripheral
nervous system (PNS), and is characterised by
acute and long-term deficits in both sensory and
motor functions lasting several years after cessation
of cancer treatment.*?*3**  Vincristine-induced
neuropathy occurs as a result of its high binding
affinity to B-tubulin, leading to aborted cell division
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and cell death. The disruption of the B-tubulin
assembly and disassembly leads to serious changes
in axonal microtubules, causing axonal swelling in
myelinated and in unmyelinated fibres, and nerve
damage.?® The consequence of these changes has
been thoroughly examined through electrophysical
examination and studies have reported decreased
compound muscle action potential (CMAP),2834
along with decreased and prolonged latency of
motor evoked potentials (MEPs) along the entire
motor nervous pathway? in children receiving
treatment. Furthermore, these impairments persist
in survivors of childhood cancer, and studies have
demonstrated CMAP amplitude less than two
standard deviations below normal values?’3? and
prolonged latencies of MEP.' These results strongly
indicate that vincristine causes demyelination of
motor axons, evidenced by prolonged latencies,
and causes damage to motor units leading to
denervation of muscle fibres and subsequent
muscle atrophy. Collectively, these adverse effects
explain in part the acute and prolonged deficits of
motor function seen in patients and survivors of
childhood cancer,*® whom have received vincristine,
even at low doses.*%°

While numerous studies have thoroughly described
the neurotoxic impact of vincristine, to our
knowledge no studies have evaluated the molecular
effects on muscle morphology and intramuscular
regulation. Thus, it remains unknown whether
vincristine-induced muscle dysfunction is driven
exclusively by the impact of impaired neural
innervation, or whether vincristine is additionally
associated with direct adverse effects on skeletal
muscle regulation and metabolism.

Anthracyclines are frequently used in the
treatment of childhood cancers and are known
to cause cardiovascular complications including
cardiomyopathy and endothelial dysfunction.3®
While these adverse reactions are considered to be
the main drivers of the increased risk of
cardiovascular disease in cancer survivors, studies
have further outlined a direct anthracycline-related
increase in oxidative stress within skeletal muscles
contributing to poor physical function, impaired
metabolic control, and elevated levels of fatigue.>-%
Muscle biopsies taken before and after a 50-day
period of chemotherapy with doxorubicin or
melphalan in adults diagnosed with melanoma or
sarcoma showed severe reductions in myofibre
size, neurogenic alterations, and mitochondria-
related damages.3%4°
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Methotrexate is given intrathecally in childhood
cancer cases with CNS involvement, and thus has
access to the PNS and CNS. It is generally accepted
that methotrexate causes neuropathy, and autopsy
studies have reported damage to the myelinated
long tracts of the spinal cord, swelling, and loss of
axons,* hypothetically inducing damage and/or
loss of motor units, resulting in denervation and
subsequently atrophy of muscle fibres.

L-asparaginase is especially used in the treatment
of acute Ilymphoblastic leukaemia as the
enzyme reduces the availability of L-asparagine,
which is essential for the survival of leukaemic
cells. L-asparaginase may inhibit muscle protein
synthesis,> and studies have shown that
L-asparaginase treatment is associated with muscle
weakness in adolescent and young adult survivors,®
lasting years after cessation of treatment.

Radiotherapy

The risk of adverse events, especially secondary
cancer, caused by radiation has hampered the use of
radiotherapy in modern paediatric oncology, which
applies a risk-adapted approach with the overall
intent of minimising or avoiding this modality as
much as possible. However, in certain diagnostic
groups (e.g. patients with sarcoma) and/or patients
who are not responding to chemotherapy,
radiotherapy remains a treatment option, and is
associated with high risk of toxic reaction in the
targeted anatomical area. Specifically, radiotherapy
may inhibit mitosis of progenitor cells*®* and disrupt

cell membrane permeability and lipid fluidity,
possibly resulting in Na*/K* pump failure at
the  neuromuscular junction.**  Furthermore,

post-radiation inflammation facilitated by alteration
of the growth factor-f family may inhibit muscle
growth, and radiation-induced vascular and
parenchymal damage may inhibit the supply of
nutrients and metabolites.*®

Glucocorticoids

Concurrent medication includes glucocorticoids
(e.g. prednisolone) as an antiemetic treatment.
A supra-physiological concentration of
glucocorticoids displays strong immunosuppressive
and anti-inflammatory actions, and is essential in
the treatment of acute lymphoblastic leukaemia.
The use of these agents has traditionally been
hampered by considerable metabolic side effects.
The adverse reactions to prolonged use of
prednisolone in cancer patients is poorly
investigated, but it has been demonstrated to cause
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significant insulin resistance, increased protein
breakdown, blunted protein synthesis, and inhibition
of insulin signalling in healthy subjects.*®

Behavioural factors

Cancer treatment is accompanied by side
effects that indirectly affect the skeletal muscle,
including: side effects, i.e. nausea (and subsequent
malnutrition), pain, reduced pulmonary function,
as well as prolonged hospitalisation associated
with sedentary behaviour and limited contact with
peers. The cumulative effects of the treatment-
induced muscle toxicities and physical inactivity
augments the level of muscle dysfunction, creating
a negative spiral further reducing physical function;
in the worst case to the point where patients are
no longer functionally independent (Figure 1).
Thus, the importance of breaking this vicious cycle
is becoming readily apparent.

In summary, significant anti-cancer treatment-
related muscle toxicities may include myopathies,
neuropathy, and intramuscular dysregulation
of protein turnover and metabolic properties
induced by various therapy components (Table 1).
These reactions can lead to decrements in
physical function, and subsequent development
of metabolic complications which affect cancer
survivors long after cessation of treatment;
emerging clinical interest is thus directed
towards exploring and implementing effective
therapeutic countermeasures.

EXERCISE TRAINING IN
PAEDIATRIC ONCOLOGY

Exercise training is currently emerging as a
promising strategy in the oncology setting, and
a growing body of evidence has outlined the
beneficial potential of exercise to improve a broad
range of physiological endpoints, including muscle-
specific outcomes, i.e. muscle strength, lean
mass, and mean fibre area. In adults, a plethora
of studies have been published showing that
cancer patients are capable of performing physical
exercise and adapting much to the same extent as
non-cancer populations.+’48

While the body of evidence in paediatric oncology
is less comprehensive, a number of exercise trials
have been performed predominantly in acute
lymphoblastic leukaemia patients in the later stages
of treatment, demonstrating that exercise is safe
and feasible even during intense treatment phases.*
The majority of studies have investigated the effects
of exercise interventions on physical function
utilising different measures, including timed up and
g0,°%% timed up and down stairs,”°>* gait speed
test,>*5* and various motor performance batteries.>>>’

With emerging safety and feasibility data
supporting exercise application, an important next
generation of research constitutes mechanistic
explorations of exercise-induced improvements
with the purpose of developing targeted exercise
therapies to reverse treatment-specific muscle
toxicities, thus most efficiently ameliorating the
level of long-term muscle dysfunction.

Chemotherapy
¢ Vincristine
Methotrexate

¢ Anthracyclines
e L-asparaginase

\l/ \l/ | Radiotherapy |
Central —_— Peripheral
nervous system nervous system :I/ A4
- <] Muscle morphology Glucocorticoids
Behawou'rallfactors and performance *  Prednisone
* Hospitalisation \L « Dexamethasone

¢ Limited interaction
with peers

Reduction in
physical activity

Figure 1: Schematic representation of childhood cancer treatment-related adverse effects on muscle
morphology through direct actions or via neurotoxic impairments in the central or peripheral neural
system, with a negative impact on muscle morphology and performance, potentially reducing activity
level, which in turn reinforces muscular deterioration.
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Table 1: Childhood cancer treatments, mechanisms of action, and skeletal muscle complications.

Cancer treatment

Mechanism of action

Muscle complications

Antimetabolites (e.g. methotrexate)

Disrupts DNA replication or RNA
synthesis, resulting in cell death

Causes damage and loss of axon,
thus denervation of muscle fibres;*
potentially results in muscle atrophy

Anti-tumour antibiotics
(e.g. anthracyclines)

Interferes with enzymes involved
in DNA replication, resulting in
prevention of replication

Increases oxidative stress within
skeletal muscle, contributing to poor
physical function, impaired metabolic
control, mitochondrial damage, and
muscle atrophy?37-4°

Mitotic inhibitors (e.g. vincristine)

Interferes with mitosis in the M stage
of the cell cycle

Causes demyelination and damage to
motor axons, resulting in denervation
of muscle fibres.23252834

Potentially results in muscle atrophy

L-asparaginase

Reduces the availability of
L-asparagine which is essential
for the survival of leukaemic cells

Inhibits muscle protein synthesis*?

Radiotherapy

Double-stranded DNA breaks are
unresponsive to repair, resulting
in direct apoptosis

Inhibits mitosis of progenitor
myosatellite cells, disrupts cell
membrane permeability affecting
neuromuscular junctions, increases
inflammation inhibiting muscle
growth, and inhibits supply of
nutrients and metabolites**+°

Glucocorticoids

Long-term use results in
multiple suppressive effects
on the immune system

Increases insulin resistance, increases
protein breakdown, and inhibits
protein synthesis*®

Side effects

Several factors indirectly affecting
muscle dysfunction, including other
side effects (nausea, pain, pulmonary
function), hospitalisation, and limited
contact with peers

Reduces physical activity
and malnutrition, resulting
in muscle atrophy

Mechanistic Rationale for Structured
Exercise Training in Childhood Cancer

Voluntary physical exercise is a pleiotropic strategy
inducing homeostatic perturbations in multiple
organ systems including skeletal muscle. While the
body of mechanistic data is from childhood cancer
exercise studies, different plausible candidate
mechanisms exist through which exercise may target
and counteract treatment specific muscle toxicities.

Resistance exercise to reverse
neuromuscular deficits

Treatment-induced neuromuscular deficits are
evident through reduced and prolonged latencies
of CMAP and MEP observed in childhood cancer
patients and survivors.?527283234 These alterations
may be a result of a demyelination of motor axons,
evidenced by the prolonged latencies and/or
reduced firing frequencies of motor units and/or
damage to motor units. Structured resistance
training, as characterised by ‘high load, low volume’
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muscle contractions, is known to be highly effective
for improving neuromuscular function in different
populations.®®> Resistance training induces neural
plasticity and includes alterations of motor unit
recruitment, firing frequency, and synchronisation
of motor unit activation,®® all of which theoretically
would counteract the cancer treatment-induced
neuromuscular deficits. Improved firing frequency
particularly  represents a highly beneficial
adaptation to counteract the decline in muscle
fibre activation. In addition, increases in firing
frequency will improve the ability to produce muscle
force at a faster rate, which is of great importance
in children suffering from severe neuropathy
combined with low thrombocytes and/or porous
bones (e.g. some solid tumours), thus lowering the
risk of a fall in fragile populations. Furthermore,
resistance training can improve markers of
metabolic syndrome in healthy children through a
combined effect improving insulin sensitivity, blood
pressure, lipid profile, and body composition.®°
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Aerobic exercise to reverse
mitochondrial dysfunction

Treatment-induced mitochondrial dysfunction or
damage is a result of increased reactive oxygen
species (ROS) production, which can lead to muscle

atrophy and subsequent weakness.® Aerobic
exercise training, characterised by ‘low load,
high volume’ contractions, may counteract

this development by stimulating mitochondrial
biogenesis and anti-oxidant defences. A key
regulator of mitochondrial biogenesis is PGC-la
which is upregulated through prolonged aerobic
exercise, increasing the number and size of
mitochondria in skeletal muscle®?® and thus
potentially increasing the repair/replacement of
damaged mitochondria. Although an increased
number of mitochondria in the skeletal muscle
would cause the mitochondria to produce more
ROS, a parallel regulation of respiratory chain
proteins and mitochondrial anti-oxidant enzymes
would be an advantage. PGC-lo. regulates the
expression of anti-oxidant proteins upregulating
ROS-removing enzymes, thus improving the
anti-oxidant defence.®®

In summary, the emergence of exercise-oncology
research has led to progressive advances in the
application of physical exercise training for patients
with cancer, however in the paediatric field a
paucity of research initiatives exists. There is a lack
of investigations exploring exercise interventions
during prolonged hospital stays to break the negative
reinforcing spiral of sedentary behaviour and poor
physical function, for which there is promising
therapeutic potential.

FUTURE DIRECTIONS

Skeletal muscle toxicities may comprise an
integrated part of the aetiology related to treatment-

induced late effects in childhood cancer survivors.
Notably, these impairments may not manifest into
clinical symptoms until many years after cessation
of treatment, and thus it may be difficult to separate
treatment-related  from  non-treatment-related
causes and other derived morbid conditions. To
improve the current understanding of the prognostic
role of muscle dysfunction in childhood cancer
survivors, it is important to investigate the direct
molecular impact of common therapeutic modalities
in childhood cancer treatment on skeletal muscle
biology and regulation. Specific attention should
be given to the treatment-induced denervation
of muscle fibres and mitochondria dysfunction
through muscle biopsy sampling to evaluate fibre
type distribution, mean fibre size, satellite cell
count, capillary density, and mitochondria content
and function.

Furthermore, introducing research initiatives into
exercise interventions in paediatric cancer settings
is warranted. Specifically, studies investigating
the pathophysiological profile of children with
cancer undergoing active therapies that may
affect exercise adaptations are needed, as well as
investigations of the structural and motivational
barriers precluding daily activity and exercise for
children during prolonged hospitalisation.

In conclusion, a strong clinical rationale is emerging
for improving the current understanding of
skeletal muscle toxicities in paediatric oncology
to advance the evidence base from which
therapeutic countermeasures can be developed and
implemented in standard childhood cancer care.
Maintaining physical capacity through reversal of
muscle dysfunction in childhood cancer patients
may translate into reduced risk of late-occurring
metabolic complications, thus improving the overall
quality of childhood cancer survivorship.
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ABSTRACT

Since their introduction in 2001, tyrosine kinase inhibitors (TKIs) targeting BCR-ABL have become the
standard therapy for chronic myeloid leukaemia (CML). While allogeneic hematopoietic stem cell
transplant is a recognised curative treatment for CML, TKIs prevent progression to advanced phase in most
patients, and spectacularly improve the disease burden (in deep molecular responders) and the overall
survival of CML patients.

However, mutations in the BCR-ABL kinase domain affect a significant proportion of CML patients and
have been associated with primary or secondary (refractory disease following an initial response) resistance
to imatinib. Such resistance may emerge at any time during TKI therapy and are a major mechanism of
treatment failure, in addition to BCR-ABL-independent treatment resistance and treatment intolerance
mechanisms. In the context of the above-described clinical settings, the management of CML patients
remains challenging. The detection of mutations following imatinib resistance is therefore crucial to ensure
appropriate second or third-line drug selection.

Keywords: Chronic myeloid leukaemia (CML), BCR-ABL, ponatinib, T315l, mutational analysis, tyrosine kinase
inhibitors (TKIs).

INTRODUCTION

leukaemia (ABL) gene on chromosome 9. This
generates the BCR-ABL oncogene that encodes for

Chronic myeloid leukaemia (CML) is a Philadelphia
chromosome positive (Ph+) clonal bone marrow
stem cell disorder classified into the group
of myeloproliferative neoplasms, along with
polycythaemia vera, essential thrombocythaemia,
and primary myelofibrosis."> CML originates from a
single pluripotent haematopoietic stem cell, in which
cells of the myeloid lineage undergo inappropriate
clonal expansion caused by a molecular lesion.?

CML is characterised by the occurrence of the
Philadelphia chromosome, which results from
the fusion of the breakpoint cluster region (BCR)
gene on chromosome 22 and the Abelson murine
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a chimeric but active oncoprotein, the BCR-ABL
tyrosine kinase; its deregulated activity is necessary
and sufficient for malignant transformation.?
The disease typically progresses through three
distinct phases: chronic phase, accelerated phase,
and blast crisis, during which the leukaemic clone
progressively loses its ability to differentiate.

Since their introduction in 2001, tyrosine kinase
inhibitors (TKIs) targeting BCR-ABL have become
the standard therapy for CML. While allogeneic
hematopoietic stem cell transplant (Allo-HSCT) is a
recognised curative treatment for CML, TKiIs prevent
progression to advanced phase in most patients,
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and spectacularly improve the disease burden
(in deep molecular responders) and the overall
survival of CML patients.® At present, five TKils
are approved for the treatment of CML: imatinib
(a first-generation TKI), nilotinib, dasatinib, bosutinib
(second-generation TKIs), and ponatinib (a third-
generation TKI). The first three compounds are
approved for the treatment of newly-diagnosed
patients who are treatment-naive, while bosutinib
and ponatinib are indicated in patients with
resistant or intolerant CML.4¢

However, mutations in the BCR-ABL kinase
domain (KD) affect a significant proportion of CML
patients and have been associated with primary
or acquired (refractory disease following an initial
response) resistances to imatinib.6® Such resistance
may emerge at any time during TKI therapy and are
a major mechanism of treatment failure, in addition
to BCR-ABL-independent treatment resistances and
treatment intolerance mechanisms.

In the context of the above-described clinical
settings, the management of CML patients remains
challenging. Indeed, while nilotinib and dasatinib are
active against most imatinib-resistance mutations,
other mutations also confer resistance (thus a poor
response) to second-generation TKIs. Conversely,
some imatinib-resistant mutations are insensitive to
dasatinib and/or nilotinib.”° The detection of such
mutations following imatinib resistance is therefore
crucial to ensure appropriate second or third-line
drug selection.® Therefore, this article will review
the available techniques to perform mutational
analyses in CML patients, and how physicians can
refine treatment selection pathways and rationales
to select the appropriate therapy and tailor the
management for each CML patient.

BCR-ABL KD MUTATIONS AND
TREATMENT FAILURES

Mutations occur in cancerous cells where
the genetic instability is high, leading to the
accumulation of further abnormalities and evolution
to advanced disease.®” In newly-diagnosed chronic
phase (CP)-CML patients, 15-30% who start first-
line TKI therapy will not reach an optimal response,
and a BCR-ABL KD mutation will be detectable in
25-50% of patients with treatment failure 458161820
Furthermore, up to 80% of patients with blast
phase (BP)-CML can carry mutations.”

Among BCR-ABL KD mutations,
multiresistant mutant is found in

the 73715/
1-20% of
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cases. 202224 Small cell populations in  which
mutations occur may have a survival advantage
during TKI therapy and emerge later as the
dominant clone, speeding up the progression
to AP-CML.e"

Although resistance to therapy can occur at any

time point, it has been established that the
sequential use of TKls as the CML disease
progresses increases the probability of

mutations.’®162225 Relapsed patients usually display
a greater genetic instability and have a higher
likelihood to develop further mutations. As an
example, a study showed that 83% of imatinib-
resistant patients who relapsed while on a second
or third-line TKI experienced an emergence of
newly acquired KD mutations.”® Moreover, the order
of the TKI sequence may influence the emerging
mutation type.?®

SINGLE MUTATION AND
COMPOUND MUTATIONS

Over 80 BCR-ABL KD single mutations that affect
TKI sensitivity in CML have been identified with

data collated from 27 studies, from patients
resistant to first-generation TKI therapy.'®%
Compound mutations, defined as >2 mutations
in the same BCR-ABL molecule (as opposed to
polyclonal mutations, multiple BCR-ABL mutant
clones) can confer high-level resistance to TKils
and are associated with suboptimal response
and poorer outcomes, due to a very low TKI
sensitivity.®?3¥ |t has been suggested that
sequential therapy with multiple TKls may select
for compound mutations that confer resistance to
multiple TKls."21828

According to the type of mutation, corresponding
TKI sensitivity can be observed, and in vitro
potency of each TKI (IC,,, corresponding to the
concentration at which 50% of the BCR-ABL
tyrosine kinase is inhibited) can be useful to predict
which TKI could be more effective than others.343°
As an example, Zabriskie et al.3? developed a
heat map of IC, values for single and compound
mutants (Figure 1).

TYPES OF MUTATIONAL ANALYSES

The presence of mutations is an important factor
when making treatment decisions. Indeed, if an
inappropriate TKI is chosen, there is a high-risk of
subsequent treatment failure with clonal expansion
of the resistant mutant, and a greater likelihood to

EUROPEAN MEDICAL JOURNAL 87



select for a compound mutant: the initial mutated
clone is not eradicated, thus has the possibility to
acquire additional mutations.®® Several types of
mutational assays have been developed to explore
these mutational profiles in real-life clinical settings
(absence/presence of mutations and mutation
type) and their advantages and disadvantages are
summarised in Table 193740

The most common techniques for mutation
screening of the entire KD are direct (Sanger)

sequencing (SS) and ultra-deep sequencing
(UDS) using next-generation sequencing
(NGS). Assays for detection of given mutations
include allele-specific oligonucleotide quantitative
reverse transcription polymerase chain reaction
(ASO-Rt-gPCR) and Sequenom mass spectrometry.
Highly sensitive assays can be useful in predicting
the best course of treatment for TKI-resistant
patients and for monitoring resistant mutations in
subsequent treatment settings.*

Imatinib Nilotinib

Parental
Native

Single mutants

Mz244Vv
G250E
Q252H
Y253H
E255V
V299L
F3111
7315/
T315M
F317L
M351T
F359V
H396R

Dasatinib

Ponatinib Rebastinib Bosutinib

Compound mutants, 7375/-inclusive

M244\Vy/T315/
G250E/T315/
Q252H/T315!
Y253H/T3151
E255V/T315/
F311l/T3151
T315//M351T
T3151/F359V
T315l/H396R
T315l/E453K

Compound mutants, non-7375/

G250E/V299L
Y253H/E255V
Y253H/F317L
E255\/V299L
V299L/F317L
V299L/M351T
V299L /F359V
F317L/F359V

Figure 1: Heat map of TKI IC_, for single and compound mutants. A colour gradient from green (sensitive)
to yellow (moderately resistant) to red (highly resistant) denotes the IC_ sensitivity to each TKI.??
TKI: tyrosine kinase inhibitor; IC, : concentration when inhibitor response is 50%.
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Table 1: Most common techniques for mutational analyses of BCR-ABL kinase domain mutations.®36-41.58

Method Sensitivity | Advantages Disadvantages
Direct sequencing 15-25% e Universal technology * Least sensitive
(Sanger sequencing) e Fast turnaround (but sensitive enough
¢ Low cost for general use)
e Bidirectional conformation * Can be time consuming
¢ Semi-quantitative and labour intensive,
especially if a subcloning
step is included
* Does not detect
compound mutations
*  Highly-dependent on RNA
sample quality
Denaturing high-performance | 0.1-10% e More sensitive than direct * Not as widely available as
liquid chromatography sequencing direct sequencing
e Can be used to screen a e False-negative results
large number of samples possible if mutant subclone
for the need to do direct is abundant
: seguencing
e Can detect sequence
variation
Next-generation sequencing/ | 0.5-1.0% ¢ High sensitivity and e Expensive
ultra-deep sequencing specificity e Limited availability
*  Quantitative *  Slow turnaround
¢ Able to detect complex ¢ Unclear clinical significance
mutational profiles of low-level mutation
dynamically detection
¢ Some platforms amendable | ¢ Highly-dependent on RNA
to compound mutation sample quality
detection
Allele-specific oligonucleotide | 0.001- ¢ High sensitivity and *  Specific for single mutation
quantitative reverse 0.01% specificity detection (i.e. requires prior
transcription polymerase *  Quantitative knowledge of mutation)
chain reaction e Easy to perform, no special |+ Does not detect compound
equipment needed mutations
Low throughput
* Can beinsensitive
to closely spaced
compound mutations
Mass spectrometry 0.05-0.5% |+ High sensitivity * Requires mass
e Detects low-level mutations spectrometry
instrumentation

Sanger Sequencing

SS (direct sequencing) is the most common
technique to detect BCR-ABL KD mutations

associated with TKI resistance, as currently
recommended by international guidelines and
consensus panel.'®®42  While being the least

sensitive method available and associated to
technical limitations, it has been deemed sufficient
for general use by the haematological community,
since it is widely available in laboratories
worldwide.*> However, SS may not detect all
mutations present, namely compound mutations
and mutations present in less than 20% of
cells (low-level mutations), below the detection
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limit. Mutations detectable by SS may just be the
‘tip of the iceberg’ 38404143

Denaturing High-Performance
Liquid Chromatography

Denaturing high-performance liquid
chromatography is more sensitive (but not as
widely available) than direct sequencing (0.1-10%),
can detect sequence variation, and can be used
to screen a large number of samples without
the need to do direct sequencing.® However,
false-negative results can be generated if mutant
subclone is abundant.
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Next-Generation Sequencing
and Ultra-Deep Sequencing

Deep-sequencing boasts a higher level of sensitivity
(>1%) to detect clinically relevant BCR-ABL
emergent mutant clones that are not detected
by SS, including compound mutations and the
T35/ mutation.**#4 Of note, NGS is the technology,
while UDS is the application of NGS for sensitive
(deep) mutation screening of target genes
(or gene panels). The increased sensitivity allows
deep sequencing to qualitatively and quantitatively
assess the clonal texture of the mutated BCR-ABL-
positive subpopulations, giving the possibility
to fully characterise the spectrum of mutants in
a patient 404546

In a cohort of 121 CP-CML patients presented at
the 2015 American Society of Hematology (ASH)
congress, we reported that NGS can reliably detect
low-level KD mutations otherwise not detectable
by SS. In particular, we found that NGS can detect
low-level KD mutations in patients who achieve
complete cytogenetic response (CCyR) but not
major molecular response (MMR), thus allowing
potential early clinical intervention.#” Finally, NGS
could also detect the appearance of KD mutations
as early as 3 months post TKI initiation in patients
who failed to respond.

Soverini et al.*® recently reported the use of NGS
to retrospectively screen a cohort of 60 imatinib-

lymphoblastic leukaemia [ALL], n=15) who had
failed second-line second-generation TKI therapy
and acquired KD mutations (Group 1) compared to
25 imatinib-resistant patients (CML, n=21; Ph+ ALL,
n=4) who had responded to second-line second-
generation TKI therapy (Group 2).

The authors demonstrated that NGS was effective
at detecting clinically-relevant mutations at the
time of imatinib failure. In 43% of patients from
Group 1, second-generation TKI-resistant mutations
generating relapse were already detectable at
low levels with NGS. When patients subsequently
received a second-generation TKI therapy to which
they were insensitive, mutations underwent clonal
expansion in all cases. Conversely, no low-level
mutation that was resistant to the second-
generation TKI the patients subsequently received
was detected in Group 2. This demonstrates
that NGS at the time of imatinib failure could be
efficient for more effective therapeutic tailoring
and second-generation TKI therapy choice.

Allele-Specific Oligonucleotide
Reverse Transcription Quantitative
Polymerase Chain Reaction

ASO-Rt-gPCR  boasts high sensitivity and
specificity (the former at rates of 0.001-0.01%), and
can be used for single mutation detection but not
compound mutations. Its main drawbacks are a low
throughput, restricted availability, and low sensitivity

resistant  patients (CML, n=45; Ph+ acute for closely-spaced compound mutations.?%4°
A 7315/
F359Vv
F317L
(2]
C
0
5 E255K
3
s
Y253H
- Mutations by
E255V seguencing
F3500 [ Mutations by

mass spectrometry

8

6

10

12 14 16 18 20 22 24

Number of patients (N=220)

Figure 2A: Type of mutations detected by SS and mass spectrometry (only mutations that would
influence therapeutic decisions after imatinib are presented).3
SS: direct (Sanger) sequencing; N: nilotinib; D: dasatinib.
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Figure 2B: Frequency of patients in whom one or more of their mutations detected at switchover would
influence therapeutic decisions after treatment with imatinib failed.3¢

100 —— No mutations (n=38)
——— Mutations by sequencing (n=9)

i’\i 80 1 Low-level mutations by mass
7>U spectrometry (n=6)
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20

Time since start of second-line therapy (months)

Figure 3: Failure-free survival by 18 months of nilotinib or dasatinib therapy for the 100 chronic phase
patients according to mutation status at switchover.3®

Mass Spectrometry

Mass spectrometry is a more sensitive (detection
limit of 0.05-0.5%) technique and was
demonstrated to detect low-level mutations
versus SS in patients following imatinib failure.
Indeed, some mutations have been associated to
resistances to nilotinib and/or dasatinib, and low-
level mutations can influence failure-free survival
(FFS), as demonstrated in a large study evaluating
CP-CML patients treated with nilotinib or dasatinib
after imatinib failure.®® In 220 CML patients with
failure to imatinib, mutations that would influence
therapeutic decisions and FFS were found in

ONCOLOGY ¢ November 2016

71 patients with mass spectrometry compared
to only 50 with SS (32% versus 23%; p=0.03;
Figures 2 and 3).%¢

RECOMMENDATIONS IN PERFORMING

MUTATIONAL ANALYSIS

European LeukemiaNet Recommendations

In a European LeukemiaNet (ELN) consensus
meeting and article in 2011, experts stated that
while mutations studies can help make treatment
decisions in the context of patients presenting with
AP/BP-CML at diagnosis, cytogenetic/haematologic
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relapse, or suboptimal response to first-line
therapy, loss of MMR, there is currently no role for
mutation analysis at diagnosis or in patients with
adequate response to therapy.'>'6°

The 2013 ELN recommendations for the
management of CML suggest mutational
analysis should be performed with SS in case of
treatment failure or progression to AP or BP-CML
(Table 2)42 The 2013 ELN recommendations
confirmed and replaced the term ‘suboptimal
response’ with ‘warning’, so mutation analysis was
recommended at diagnosis in patients presenting
AP/BP, and in the case of failure or ‘warning’.
Patients with a ‘warning’ response status require
more careful and frequent monitoring, that is to
say a molecular and a cytogenetic test within
<3 months, along with a mutational analysis.

National Comprehensive
Cancer Network Guidelines

The 2016 National Comprehensive Cancer
Network (NCCN) Guidelines ascertain that routine
monitoring of BCR-ABL transcripts, in conjunction
with cytogenetic evaluation, provides important
information about long-term disease control
in patients with CML.> These guidelines state
that mutational analysis should be conducted in
patients who fail to achieve first-line TKI treatment
targets, who lose response, or who progress to
AP-CML or BP-CML (Table 2).>" Of note, NCCN
guidelines do not recommend a specific technique,
while the ELN guidelines recommend SS.4251

Some authors have suggested the importance of
conducting mutational analysis in patients with
resistances either while maintaining the patient
on TKI therapy or just before stopping/switching
TKI therapy. Indeed, should TKI therapy be
discontinued, the results of the mutational analysis
(and detection of underlying mutant copies) could
be biased by the proliferation of non-mutated
BCR-ABL cells without kinase inhibition.® One of
the suggested cut-offs for mutation analysis in
the literature, including NCCN guidelines,’® is a
5 to 10-fold increase in KD transcript levels and
loss of MMR, which can be put in perspective
with the findings of a study conducted in

150 patients receiving imatinib as first-line
therapy.’? The investigators observed that a
2.6-fold rise in BCR-ABL transcript levels was

associated to the emergence of KD mutations.
Moreover, transcript rise cut-offs of 5-fold or greater
had poor diagnostic sensitivity and no significant
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association with mutations, which could suggest
that such thresholds are
universally applicable.

THE IMPORTANCE OF MUTATIONAL
ANALYSIS FOR TREATMENT OUTCOMES

insensitive and not

Despite being recommended in current treatment
guidelines, mutational analysis is not always
performed in patients with suspected TKI resistance
and a repeated screening is rarely done in patients
proven to be previously negative for BCR-ABL
KD mutations. Physicians do not always test for
mutations when appropriate, or for economic
reasons, and many do not appreciate the role
of mutation analysis in the overall management
of CML.™® In a prospective, non-interventional,
cross-sectional study conducted in December 2010
through an online survey of 507 physicians treating
patients with CML,> nearly half of physicians did
not test for KD mutations in patients not achieving
a MMR 2 years after the initiation of TKI therapy.
Also, 9% indicated that they were unfamiliar with
or had never ordered a test for KD mutations.

This could be explained by the fact that both
ELN and NCCN recommendations/guidelines
provide only general recommendations to evaluate
patients with resistance to TKI therapy. While
patients being resistant to first-line therapies
clearly require a closer evaluation of their mutation
profile, ELN and NCCN guidelines do not specify
the most appropriate testing technique according
to the clinical context. This lack of precise,
harmonised guidance could partially explain why
a substantial proportion of physicians do not use
mutational analysis to guide their decisions.

CHOOSING THE RIGHT TYROSINE
KINASE INHIBITOR FOR THE

DETECTED MUTATION

As stated above, the type of mutation present can
help determine appropriate subsequent therapy.
The results of mutational analysis are one of many
factors (e.g. efficacy, safety, patient comorbidities,
cost) in making treatment decisions.”® For patients
with TKI-resistant CML, potential treatment options
include an alternative TKI, protein synthesis
inhibitors (omacetaxine, not approved in Europe)
or ASCT.*? Following first-line failure, the NCCN
have elaborated treatment recommendations
based on BCR-ABL KD mutations (Table 3).5" The
T315/ mutant has shown resistance to all currently
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available TKils, with the exception of ponatinib.’®:3242
Ponatinib is a third-generation TKI29 that has
demonstrated clinical activity in the PACE
Phase Il trial, conducted on heavily pre-treated
CML patients with or without KD mutation, and
including the 7375/ mutant.®% Current data
seem to indicate that secondary resistance to
ponatinib is scarce, only occurring in patients with
advanced CML.32%

Ponatinib could also be of importance in patients
with multiple mutations (and without the T375/
mutation) following TKI resistance, as compared
with nilotinib or dasatinib as second-line treatment
modalities, which generate inferior responses.
In a subset analysis conducted on 267 heavily
pre-treated CP-CML patients from the PACE
Phase Il trial, NGS was performed to define baseline
KD mutation status.*® SS was also conducted to
identify clonally dominant mutants that may have
developed on ponatinib therapy (30.1-month
median follow-up). Robust and durable cytogenetic

and molecular responses were observed regardless
of the technique (NGS or SS) and irrespectively
of baseline mutation status. No single or
compound mutation was identified as consistently
conferring resistance to ponatinib in this cohort,
which included patients with low-level 7375/ and
compound mutations.

These results indicate that ponatinib could be
effective in CP-CML irrespective of baseline
mutation status, including the 735/ variant and
compound mutations. In such clinical settings,
NGS may have a role in patient selection, namely
those with low-level T375/ and susceptible to benefit
from salvage ponatinib therapy following second-
generation TKI failure*® To date, ponatinib is
the most potent TKI and clinical data indicates
rapid, deep, and durable clinical and molecular
responses. However, considerable cardiovascular
adverse events that could be dose-dependent
should be taken into account to maximise the
benefit-to-risk ratio.>¢

Table 2: Recommendations on when to perform mutational analysis.’®#2%

ELN Recommendations (2013)

NCCN Guidelines (2016)

At diagnosis
Only in AP-CML/BC-CML patients

Inadequate response

e BCR-ABL >10% or if no PCyR at 3 and 6 months

e BCR-ABL >1% or if no CCyR at 12 months

Loss of response

¢ Haematologic or cytogenetic relapse

¢ J-logincrease in BCR-ABL transcript levels and loss
of MMR

Disease progression to AP-CML or BP-CML

AP-CML: accelerated phase chronic myeloid leukaemia; CCyR: complete cytogenetic response; CP-CML:
chronic phase chronic myeloid leukaemia; ELN: European LeukemiaNet; MMR: major molecular response;
NCCN: National Comprehensive Cancer Network; PCyR: partial cytogenetic response; BP-CML: blast phase

chronic myeloid leukaemia.

Table 3: National
BCR-ABL mutations.>’

Comprehensive Cancer

Network

treatment recommendations based on

Mutation present Second-line and subsequent therapy options
Y253H dasatinib, bosutinib

E255K/V dasatinib, bosutinib

F359Vv/C/1 dasatinib, bosutinib

F317L/V/1/C nilotinib, bosutinib

V299L nilotinib

T315A nilotinib, bosutinib

7315/ ponatinib
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CML patients
mutational

patients with suspected TKI resistance, but should

CONCLUSIONS

BCR-ABL KD mutations may emerge at any time
during TKI therapy and confer treatment resistance,
thus warranting the need for proper detection
and selection for appropriate subsequent therapy.
Mutational analysis is not always performed in

be considered a standard part of monitoring
treated with TKis.
analysis should also be considered
a standard adjunct evaluation tool
research, especially in the context of the advent
of promising new agents,
to address multiresistance.

Moreover,
in clinical

such as ponatinib,
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ABSTRACT

Endoscopic endonasal surgery has become a standard procedure for functional treatment of benign
pathologies. Materials and improved surgeon skills have allowed the number of indications for this
approach to increase. We describe some of the main pathologies, including malignancies, that can
be treated endoscopically, focussing on the orbital and skull base pathologies. The orbital indications
discussed here are dacryocystorhinostomy, orbital decompression, and optic nerve decompression.
Advantages of endoscopic surgery for aggressive benign tumours such as inverted papilloma and juvenile
nasopharyngeal angiofibroma are described. The skull base pathologies detailed are ethmoid
adenocarcinoma and esthesioneuroblastoma for the anterior skull base surgery and endoscopic
transsphenoidal approach to the sella for pituitary tumour surgery. Evidence of the safety and efficacy of

endoscopic surgery is increasing but there is a lack of randomised long-term studies.

Keywords: Endoscopic sinus surgery, skull base surgery, orbital surgery.

INTRODUCTION

Over the last two decades, important progress
has been made in endoscopic endonasal surgery.
Functional endoscopic treatment of benign
pathologies such as chronic sinusitis, nasal
polyposis, and mucoceles have become standard
procedures that are widely performed. Indications
for endoscopic  procedures are constantly
increasing. This progress was made possible
thanks to the development of surgeons’ skills and
dedicated instrumentation. This instrumentation
includes, among others, long and small calibre
cold instruments, powered instruments such as
microdebriders and drills, navigation systems,
endoscope-fitted irrigation systems, and
haemostasis systems. Acquisition of video was
also a key issue in the development of endoscopic
endonasal surgery. Modern high-definition cameras
offer good visualisation and magnification of
the lesions and the anatomical landmarks. Ultra-
high-definition (4K) cameras, screens, and three-
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dimensional endoscopic sinus surgery have recently
become available and are very promising. This
paper gives an overview of the new indications of
this surgery, which are mainly related to orbital and
skull base pathologies.

ADVANTAGES AND LIMITS OF
ENDOSCOPIC ENDONASAL SURGERY

In comparison with open surgery, the endoscopic
approach offers several advantages. Firstly,
it is valuable for the education of residents and
staff as they can follow the procedures in real-
time on screens. Secondly, endoscopic surgery
causes no facial incision, scars, or facial swelling.
Additionally, the patient’s hospitalisation is
generally shorter and the postoperative pain is
reduced,! and complication rates are notably lower.
The most common complications of endoscopic
nasal surgeries are: cerebrospinal fluid (CSF) leak,
orbital injury (blindness, haematoma, diplopia,
epiphora), prolonged crusting, infections, synechiae,
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and bleeding. The complication rate naturally
depends on the extent of the surgery.
The major complication rate for primary functional
endoscopic surgery is <1%. In the review published
by Krings et al? for example, the major
complication rate was 0.36% including 0.13% skull
base complications, 0.23% orbital complications,
and 0.0001% major haemorrhagic complications.
The major complication rate was higher during
expanded endonasal surgery (involving skull base)
with 0.9% vascular complications and 2% neural
complications reported.! The most common
complication of expanded endonasal surgery is
CSF leak. This complication rate has however
dramatically decreased with the evolution of
reconstructive techniques and is now around
5% when the proper reconstruction technique
is performed.® It can be managed with a lumbar
spinal drainage or additional endoscopic surgery
in 95% of the cases. Infectious complications
are surprisingly rare with an incidence of 1-2%.'*
In light of this evidence, expanded endoscopic
procedures can be considered safe.

The endoscopic approach, in comparison with the
traditional open surgeries, reduces the need for
soft tissue dissection, skeletal disassembly, and
brain retraction for lesion access and resection.®
The rate of complications following open
craniofacial resection for malignancies of the
skull base is around 36%, with 16% relating to
central nervous system-related complications, 20%
wound complications, 4.7% mortality, 2% orbital
complications, and 5% systemic complications.®
Concerning expanded endonasal surgery,
procedural quality relies on  experienced,
multidisciplinary surgical teams. Patient selection
is also very important. For instance, previous
endoscopic sinus surgery is a bad prognostic
factor. Finally, pathology topography is one of
the main issues in endoscopic nose surgery.
Indeed, the location and proximity to important
neural and vascular structures will determine the
feasibility of the procedure. The endonasal
corridor provides the best access with the least
manipulation of neural and vascular structures to
many nasosinusal tumours. The endonasal corridor
provides a direct pathway to an olfactory groove
meningioma without the need for brain retraction,
for example. Conversely, a tumour lateral to the
optic nerve is best treated using another approach.
Large tumours may require a combination of
external and endonasal approaches.* The invasion
of the following structures is a limit to
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endoscopic resection: anterior wall or floor of the
maxillary sinus, external part of the orbit, skin,
lateral part of frontal sinus, or dura above the orbits.

ORBITAL INDICATIONS

Dacryocystorhinostomy

Until recently, surgery of nasolacrimal duct
obstruction was performed using the external
approach with very good outcomes. The endonasal
endoscopic approach was first described in 1989
by McDonogh and Meiring.” The outcomes of
this procedure improved over time through the
development of techniques and instrumentation.
It has now become a standard procedure routinely
performed by many teams with excellent results,
comparable to those achieved using an external
approach.t™ Among the benefits of the endoscopic
approach are: absence of skin incisions and
facial scars, palpebral ligaments as well as angular
facial vessels, orbicularis oculi muscle and lacrimal
pump preservation, and direct access to lacrimal
sac through the lacrimal bone thus avoiding
double-side dissection.” The indications of this
procedure are now expanding beyond primary
acquired nasolacrimal duct obstruction to include
dacryocystorhinostomy revisions, acute lacrimal
sac abscesses, and nasolacrimal duct obstructions
in patients who have received chemotherapy
or radiation.’?”

Orbital Decompression

Described in 1990 by Kennedy et al.,” endoscopic
endonasal orbital decompression has been
demonstrated to be a safe and effective technique
for the treatment of Graves’ orbitopathy.”® Indeed,
endoscopy provides the surgeon with an enhanced
visualisation and a good access to the medial
orbital wall and to the medial part of the floor.
The main complication after this procedure is
new-onset diplopia or worsening pre-existing
diplopia. Strabismus surgery is sometimes needed
and the patient should always be informed about
this complication. A lacrimal duct wound is also a
possible complication. CSF leak and blindness are
uncommon but have been reported.

Optic Nerve Decompression

The main indication for this procedure is optic
neuropathy. This neuropathy is often traumatic
but can also result from compression caused
by a tumour (such as meningioma, neuroma,
fibrous dysplasia) or an infection.® Optic nerve
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decompression remains controversial in whether
it should be mandatory in the treatment of
traumatic optic neuropathy.” For this procedure,
the endoscopic approach offers very good access
to the inferior medial part of the optic canal
When the roof of the optic canal has to be
decompressed, an open approach is preferred.
Endoscopic surgery should be performed when
possible. Indeed, it offers a very good visualisation
of orbital apex and the bony structures covering

the neurovascular complex. It avoids brain
retraction and therefore preserves olfaction.
It also avoids external scars.'®®

Orbital Tumour Surgery

Many different  kinds of  tumours such
as cavernous haemangioma, schwannomas,

haemangiopericytomas, lymphomas, etc. can occur
in the orbit. It can also be invaded secondarily
by tumours of brain, skin, bone, and sinus
origin. Endoscopic endonasal surgery offers a
minimally invasive approach for tumours located
inferomedially in the orbit. The window between
the medial and inferior rectus muscle represents
an ideal corridor to access the inferomedial orbital
spaces, from the eyeball to the orbital apex.?®
Crossing of the optic nerve should be avoided
during surgery.?*??> Tumours located superiorly and
laterally are thus not good candidates for endonasal
approach. Cavernous haemangiomas, which are
the most common intraorbital primary tumours in
adults, are easily manipulated with low-risk of
rupture and can thus be ideally assessed
endoscopically if located medially.?*?* Some series
have now been published demonstrating the
safety and feasibility of this approach in properly
selected cases.?® Direct transorbital endoscopic
approaches have recently been described and
appear to be a very promising alternative for
posterolateral orbital tumours.

TUMOURAL INDICATIONS AND SKULL
BASE SURGERY

Benign Tumours

There is a wide variety of sinonasal benign tumours.
These include: epithelial tumours (keratotic
papilloma, inverted papilloma, etc.), mesenchymal
tumours (osteoma, chondroma, fibroma, etc.),
neural tumours (schwannoma, neurofibroma,
meningioma), fibro-osseous tumours (fibrous

dysplasia, ossifying fibroma, giant cell tumours, etc.),
and

vascular tumours (haemangioma, etc.).®
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Endoscopy and radiology can sometimes lead
to the correct diagnosis but biopsy and
histology are often needed for confirmation.
The surgical management of those tumours
has been dramatically improved by using
endoscopic surgery. We will here describe two
examples of benign tumours whose management
was challenging before the introduction of
endoscopic technigues.

Inverted Papilloma

Sinonasal inverted papilloma is the most common
benign lesion that occurs in the nasal cavity and
paranasal sinuses. It is characterised by a high
recurrence rate and malignant transformation
potential.?#?” Although its aetiology is unknown,
there seems to be a link with the human papilloma
virus.® The management of inverted papilloma
can be challenging because despite its benign
histology it can be aggressive, causing bone
erosion, remodelling, or destruction. It may
also lead to squamous cell carcinoma in 5-15%
of the cases.® In a meta-analysis published by
Busquets and Hwang,*® a total cohort of 1,060
patients was analysed and showed that patients
treated endoscopically had a lower recurrence
rate (12%) than patients treated non-endoscopically
(20%). The study indicates that endoscopic
surgery is a favourable treatment option for most
cases of sinonasal inverted papilloma. Attention
should be paid to extracting all of the tumoural
tissue. The bone underlying the origin of the
papilloma can be burred to microscopic remnants.
A medial maxillectomy is performed endoscopically
when needed.

Juvenile Nasopharyngeal Angiofibroma

Juvenile nasopharyngeal angiofibroma is a benign
vascular tumour which affects young males,
especially teenagers. It accounts for 0.05% of all
head and neck tumours' and its prevalence is
higher in India and the Middle East. It arises from
the sphenopalatine foramen and it is the most
common tumour involving the pterygopalatine
and infratemporal fossa. It is highly vascularised,
mainly by the internal maxillary artery. This
tumour is characterised by typical radiological
findings (computed tomography [CT] and
magnetic resonance imaging [MRI]). Biopsy
is not recommended in this scenario due to
the bleeding risk. Preoperative identification of
tumour vascularisation is essential to choose the
best treatment option. Preoperative embolisation
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24-48 hours before surgery is recommended by
most authors as a standard procedure to reduce
blood loss during surgical resection.’® Surgery is
the treatment of choice where feasible. Increasing
experience in endoscopic surgery together
with better understanding of complex sinonasal
anatomy, the possibility to safely reach adjacent
sites through the nose such as the orbit,
infratemporal fossa, masticatory space, parasellar
region, the availability of navigation systems, and
the well-known morbidity associated with external
procedures have made an endoscopic approach
a Vviable alternative.® Lesions with large skull
base infiltration, extensive vascular supply from
internal carotid artery (ICA), or encasement of
the artery itself should be treated with an external
or combined approach. Radiation therapy is
sometimes recommended in unresectable tumours.
Endoscopic surgery is also contraindicated for
residual tumours involving critical areas (ICA,
optic nerve, cavernous sinus, dura). However, Nicolai
et al.®? suggested that it may be used in the
management of residual lesions in critical areas
that have been shown to increase in size.

Cerebrospinal Fluid Leak Repair

CSF leak can occur spontaneously or it can
occur after head trauma, surgery, neoplastic
invasion, inflammatory erosion of the skull base,
or malformation. In most cases, surgical repair
of the leak is needed. The classical intracranial
approach is associated with high morbidity and
mortality. Endoscopic management of CSF leak, first
mentioned by Wigand® in 1981, has now become
a standard procedure. Large series have been
published showing minimal morbidity and
recalibrating the risk-benefit ratio of early leak
closure versus watchful waiting.’* CSF leak from
the sphenoid sinus used to be especially
challenging due to the anatomical relationships
and the variable shape of the sinus. It is now
commonly treated endoscopically with lower
morbidity and better outcome.®> One of the main
challenges concerning CSF leak repair is to identify
precisely the leak location. High-resolution CT scan
is the best option for the identification of skull
base defects while MRI can help in differentiating
mucosal oedema from meningoencephalocoele.
Intrathecal fluorescein is sometimes administered
preoperatively to help to localise the leak using blue
light endoscope. Various materials can be used to
close the skull base defect: fat, fascia, collagenous
matrix, pericranium, mucoperichondrial (nasal
septum), or mucoperiosteal (middle turbinate)
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graft, etc, the wuse of pedicled septal flap
relying on the sphenopalatine artery, and the
multilayer reconstruction are some of the latest

advances.*®* For example, collagenous matrix
can be inserted intradurally (underlay) and
mucoperichondrial, mucoperiosteal, or pedicled

flap can be used extradurally (overlay). All layers
are then fixed with fibrin glue and nasal packing
is generally recommended.®®

ONCOLOGIC AND SKULL BASE
SURGERY PRINCIPLES

Endoscopic surgery has definitely improved the
management of endonasal benign tumours by
offering an effective local tumour control and
decreasing morbidity compared with open
approaches. One of the main issues concerning
endoscopic resection in malignant lesions s
en bloc resection.

It is often impossible to resect the tumour en bloc
endoscopically. There is actually no evidence that
debulking the tumour first increases the risk of
local recurrence. Even with open techniques,
en bloc excision is often not possible because of
fragmentation of the specimen and proximity to
vital structures. An endonasal approach may
actually decrease the risk of tumour seeding
compared with an open approach since there is
less transgression of uninvolved tissues and
visualisation of margins is improved. Ultimately
it is the final resection margin that is important,
not the method of tumour removal.¥’

Another important issue in skull base surgery is
the reconstruction of the dural defect caused
by the surgery. Endoscopic treatment of CSF
leaks has become a standard procedure but the
reconstruction of the defect caused by a skull base
tumour removal can be much more challenging. This
reconstruction is even more critical if radiotherapy
is scheduled or has been previously performed.
There are several benefits of proper closure
techniques: to avoid CSF leakage that is a common
complication of those procedures, to protect the
uncovered carotid artery, to speed up healing, and
to avoid radionecrosis and meningitis. Different
materials can be used: cartilage, free mucosal
flaps, pediculate flaps (nasoseptal, temporalis
fascia, pericranial) fascia lata, fat, human thrombin
and fibrinogen, dural substitute, etc. The dura is
generally closed using several layers (known as
the sandwich technique). The development of
closure techniques was an essential part of

EUROPEAN MEDICAL JOURNAL

99



100

endoscopic skull base surgery development. A
lumbar drainage is rarely needed. Reconstruction is
not necessary in the absence of meningeal tear and
CSF leak, particularly following pituitary surgery.*®

ETHMOID ADENOCARCINOMA AND
OLFACTORY NEUROBLASTOMA:

ANTERIOR SKULL BASE SURGERY

Sinonasal malignancies are rare, accounting for
only 1% of all malignancies.®*® Their management
however, is often challenging due to their late
presentation, histologic diversity, poor prognosis,
and proximity to important structures such as orbit
and skull base. We chose to emphasise the
contribution of endoscopic surgery in the
management of ethmoid tumours. In Europe,
adenocarcinoma (AC) is the most common
epithelium-derived neoplasm of the ethmoid.
Wood dust and leather dust have been shown
to be associated with the development of this
tumour in several countries with a considerable
delay between exposure and presentation, of up to
40 years.*® Olfactory neuroblastoma (ON), also
known as esthesioneuroblastoma, classically arises
from olfactory epithelium in the upper nasal cavity
and therefore spreads intracranially at an early
stage to involve the olfactory bulb and tracts.”®
Skull base involvement occurs in 38% of ACs and
50-75% of ONs.* The management of these tumours
is surgery followed by radiotherapy. The surgery
is difficult and classically requires craniofacial
resection using transfacial and sometimes
transcranial approaches. However, these
procedures entail significant morbidity such as
pneumatocele, cerebral oedema, cerebral abscess,
CSF leakage, meningitis, stroke, and even death
in up to 4.5% of cases® ACs and ONs are
midline tumours; they are then easily accessible
by an endoscopic approach. Successful endoscopic
resection of those tumours has been described
by several teams with excellent results.**> An
exclusively endoscopic approach has anatomic
limitations such as invasion of lateral frontal sinus
above the orbit or significant intradural invasion.*®
The main steps of the endoscopic anterior skull
base approach are: biopsies made at the
beginning of the surgery to ensure tumour-free
margins; debulking of the tumour sometimes
needed to ensure a wide field of vision; DRAF Il
procedure and removal of the anterior wall of
the sphenoid sinus; exposition of the dura by
drilling the roof of the ethmoid; resection of the
crista galli; section of the falx cerebri; and
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resection of the dura. The skull base specimen can
then be taken out and duraplasty is performed
generally using layers of fascia latae.*®

ENDOSCOPIC TRANSSPHENOIDAL
APPROACH TO THE SELLA FOR

PITUITARY TUMOUR SURGERY

First described by Jankowski et al.“¢ in 1992, the
endoscopic approach for pituitary surgery has
become a standard procedure. The traditional
transseptal/translabial microscopic approach is
still performed by many teams with good surgical
outcomes and little morbidity. Several reviews
have compared the two techniques in the
treatment of pituitary adenomas. The meta-analysis
of Gao et al¥ for example, concluded that
endoscopic  transsphenoidalpituitary  adenoma
surgery is associated with a higher rate of gross
tumour removal, decreased hospital stay, and
reduced observed postoperative complication
(septal perforation). The meta-analysis of DeKlotz
et al*® concluded that recent literature
demonstrated superior outcomes and decreased
postoperative complications with the endoscopic
approach, potentially justifying a shift toward
endoscopic pituitary surgery. The review of
Ammirati et al.*® concluded that the endoscopic
technique is associated with a higher incidence of
vascular complications compared with microscopic
transsphenoidal removal of pituitary adenomas.
That review was commented on by Laws,*® who
concluded that in the future there might be
identical benefits between the two techniques, but
it is too soon to be certain and keeping an open
mind is still a very good strategy for now.

OTHER INDICATIONS

Some indications of endoscopic endonasal surgery
were not detailed in this report. For example,
septoplasty, probably the most common surgical
indication for rhinologists, has quite recently
started being performed endoscopically. The
comparison between the classical and endoscopic
approach is a recent concern. Some reports
show that endoscopy offers a better approach to
posterior deformation, fewer complications, and
quicker patient recovery.>>4 Transplanum,
transclival, and transodontoid approaches are
new applications. Their indications are mainly
central nervous system benign tumours such as
craniopharyngioma, chordoma, meningiomas,
schwannomas, etc. The petrous apex can also be
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reached to treat cholesterol granuloma. Those
indications respect the same principles described
above. Special attention should be paid to the
noble structures located close to the pathology,
such as the ICA and cranial nerves.

CONCLUSIONS

New indications of endoscopic nasal surgery
involving orbital and skull base pathologies are
expanding. Studies show a superiority of this

technique in many indications including some
malignant diseases. These studies however, have
to be interpreted cautiously, as their follow-up is
limited and their design does not include
randomisation. Further studies will allow us to
have a better view of the long-term outcomes,
the precise indications, and limitations of this
procedure. Development of new technologies
as well as surgical training methods are
likely to improve our ability to manage more
pathologies endoscopically.
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ABSTRACT

Breast cancer is one of the deadliest cancer types worldwide and consists of several subtypes differing
in their molecular characteristics; each subtype requires various effective treatment strategies.
Development of resistance to radiation or therapeutic agents is one of the main factors leading to the death
of about 450,000 breast cancer patients each year. Since microRNAs (miRNAs) have been shown to be
key players in health and disease, it is not surprising that they influence the development of resistance to
treatment and thereby affect the fate of patients suffering from different types of cancer. miRNAs typically
modulate the expression of hundreds of targets, forming a complex regulatory layer which we have only
begun to understand. This review summarises miRNAs that confer resistance to different treatment options
or sensitise breast cancer cells to a particular treatment. Moreover, this review addresses the high clinical
value of miRNAs as biomarkers that allow prediction or monitoring therapy response. The focus of the
review is to illustrate how much we know already but also to emphasise that a vast part of the miRNome and
its implications for breast cancer therapy resistance remains in the dark and requires further investigation.

Keywords: Breast cancer, resistance, microRNAs (miRNAS), targeted therapy, chemotherapy, radiotherapy.

BACKGROUND

Breast cancer is one of the most prevalent cancer
types worldwide with approximately 1.3 million
cases and 450,000 deaths each year.! In spite of
its apparent clinical and biological heterogeneity, it
can be grouped into six clinical subtypes based
on gene expression profiling of a 50-gene signature
(PAM50) or immunohistochemical markers.?
The subtypes include: Luminal A, Luminal B,
human epidermal growth factor receptor 2 (HER2)-
enriched, claudin-low, basal-like, and normal breast-
like.3* The Luminal subtypes are characterised by
expression of the oestrogen receptor (ER) and
can thus potentially be targeted by endocrine
therapy.® Here, the Luminal A subtype has a far
better prognosis and reduced relapse rate, mostly
due to its higher ER expression, compared with the
Luminal B subtype which is characterised by higher
Ki67 staining and often additional overexpression
of HER2, also named ERBB2.3>> The HER2-enriched
subtype is defined by amplification in the locus of
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the HER2 gene. Though it has been known to be
quite aggressive and metastasis-prone, patients
suffering from HER2-positive (HER2*) breast cancer
largely benefited from the clinical success of the
trastuzumab monoclonal antibody which targets
the HER2 receptor overexpressed or amplified in
this subtype.® Basal-like breast cancer is known for
its poor prognosis and limited therapy options.®
It largely resembles the immunohistochemically
defined subtype of triple-negative breast cancer
(TNBC). The two subtypes, claudin-low and normal
breast-like, are currently rather poorly characterised
and due to the lack of targeted therapies, their
treatment is mainly limited to chemotherapeutics
and radiation, similar to the basal-like subtype.3’

The occurrence of resistance to the targeted
treatments of these subtypes has been well
documented. As endocrine treatment is used
for the ER-positive (ER*) patients, the resistance
to this approach is mainly mediated by the
downregulation of ER or its corresponding signalling
pathway. Similarly, as trastuzumab treatment in
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HER2-enriched patients depends on expression
of the receptor, the resistance is facilitated by
downregulation of HER2, upregulation of other
members of the ErbB-family, or mutations in
downstream signalling molecules leading to
constitutive activation of survival and proliferation
pathways.® In contrast, resistance to conventional
chemotherapy is often mediated by mechanisms
that affect the metabolism of the drugs or
their concentration within the cells, e.g. by the
upregulation of efflux pumps. General resistance
mechanisms usually involve desensitisation of cells
to apoptosis or cell cycle arrest in response to
genotoxic stress or pathway inhibition.

The primary microRNA (miRNA) is the product
transcribed from the miRNA locus and is commonly
produced by Pol 1.2 It is characterised by a hairpin
structure and gets further processed by the RNAse
Drosha, creating the precursor miRNA, which is
then exported from the nucleus via Exportin 5.1°
In the cytoplasm, Dicer further cleaves the
transcript, creating the mature miRNAs of
21-25 nt in length with 5" phosphate groups and a
3’ overhang of two nucleotides. Mature miRNAs
then associate with Argonaute proteins, forming
the RNA-induced silencing complex." In recent
years, it has been shown that the miRNA
processing machinery does not only produce two
MiRNA species from one precursor, namely the
MiRNA-3p and 5p, but can also give rise to so-called
isomiRs. These are shifted forms of the canonical
mMiRNAs derived from alternative processing
displaying either altered stability (3’isomiRs) or
altered seed sequences (5'isomiRs).”? A miRNA
usually exerts its function on its target RNAs
by inducing Argonaute-dependent degradation
or translational repression and subsequent
Argonaute-independent degradation via perfect or
mismatch complementarity, respectively.®’ For target
recognition, only the so-called seed sequence,
comprising nucleotides 2-8 of the miRNA,
is essential.® While the miRNA usually binds in
the 3’ untranslated region of its target RNA, there
are reports showing that it is also able to bind the
5" untranslated region or open reading frame and
induce translational activation.®

This review article will summarise current literature
on the impact of miRNAs on therapy resistance in
breast cancer by dissecting the role of individual
mMiRNAs and their identified targets in the
underlying cellular processes. The gathered
information is based exclusively on data obtained
from cell culture or mouse experiments. Moreover,
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the review highlights the main miRNAs involved
in therapy resistance by impairing pluripotency,
cancer stem cell properties, or epithelial-
mesenchymal transition (EMT) of breast cancer
cells. Furthermore, it will also demonstrate the
pleiotropic nature of MiRNAs using miR-200c as
an example which has been shown to affect at the
same time the cellular response to conventional
chemotherapy, radiotherapy, and targeted
treatment of HER2 or ER.

MECHANISMS OF microRNAS
IN CHEMOTHERAPY AND

RADIOTHERAPY RESISTANCE

Several miRNAs have been shown to mediate
resistance to various chemotherapeutic drugs
or to radiotherapy by targeting general cellular
mechanisms induced by the drugs, such as cell
cycle arrest, apoptosis, and impairment of DNA
repair. Their targets and modes of action are
summarised in Figure 1. Among those miRNAs
targeting components of the DNA repair machinery,
which are implicated in chemotherapy resistance
or sensitivity, are miR-28, miR-181, miR-182, and
miR-146, all four targeting BRCAI. Others, such
as miR-155, miR-96, miR-107, and miR-221/222,
target RAD51, while miR-203 and miR-181 repress
expression of ATM. Further targets include H2AX
(miR-138), WEET (miR-15), TP53 (miR-125b), and
BCL2 (miR-34a).” Moreover, various miRNAs with a
role in chemotherapy resistance have been shown
to enhance tumour progression by activating
signalling pathways important for proliferation, cell
cycle progression, and survival of the cancer cell.
In addition, alterations in the methylation or histone
modification pattern of the DNA can also be
caused by miRNAs and thereby contribute to
resistance. Further general mechanisms exploited
by oncogenic miRNAs may also affect the
availability of the drug. Transporters and metabolic
enzymes, for instance, often play a role in
decreasing the abundance of the drug. However,
all these mechanisms can also be targeted by
tumour-suppressive miRNAs enhancing sensitivity
to chemo/radiotherapy and thus increasing the
effectiveness of the treatment.™®

microRNAs as Sensitisers to Chemotherapy

Chemotherapeutic drugs mainly target cell
proliferation (anthracyclines) or induce severe DNA
damage to cause cell cycle arrest or apoptosis
(taxanes and platinum compounds).”
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Figure 1: Overview of microRNAs with an impact on chemotherapy and radiotherapy in breast cancer patients.
A) These microRNAs can affect either B) efflux pumps, C) and D) apoptosis and DNA repair in response to

chemotherapeutic agents, or E) and F) irradiation.

HER2: human epidermal growth factor receptor 2; ER*: oestrogen receptor positive.
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Combinations of anthracyclines, such as doxorubicin,
daunomycin, and epirubicin; and taxanes, such
as paclitaxel and docetaxel, are among the most
common treatment strategies for advanced
breast cancer® Among the most commonly used
neoadjuvant regimens, which are administered
before surgery or radiotherapy, are combinations
of paclitaxel, docetaxel, doxorubicin, epirubicin,
cyclophosphamide, and fluorouracil.”®

One of the most efficient mechanisms by which
cancer  cells develop resistance  towards
chemotherapy is a high abundance of efflux
transporters, which remove the chemotherapeutic
drug from the cells. Multidrug resistance-associated
protein 1 and multidrug resistance protein 1 (MDR1),
for instance, belong to this group of transporters.
Several mMIRNAs, including miR-451, miR-145,
mMiR-298, miR-200c, and miR-326, have been shown
to reduce expression of MDR1 and thereby sensitise
breast cancer cells to anthracyclines.?>2* miR-326,
however, also increases the vulnerability of breast
cancer cells to etoposide treatment by targeting
MDR12* Furthermore, high levels of miR-195
enhance the sensitivity of breast cancer cells to
doxorubicin by reducing Raf-1 levels, which induces
apoptosis via downregulation of BCL2 and also
represses MDRI1 levels.?®> miR-137 was also shown to
render breast cancer cells more susceptible to
various chemotherapeutic drugs (doxorubicin,
vincristine, and paclitaxel) by targeting YB-1, which
suppresses MDRI1 levels.?® Further miRNAs involved
in chemotherapy resistance by affecting drug efflux
via different direct targets are miR-7, miR-127,
miR-134, miR-196a, miR-221/222, miR-508-5p,
miR-129-5p, miR-103/107, miR-9, and miR-519¢.”’

Several other miRNAs are known to sensitise breast
cancer cells to chemotherapeutic drugs by inducing
apoptosis or preventing DNA damage repair which
generally results in cell cycle arrest or apoptosis.
One of these MiRNAs is miR-193b which increases
the sensitivity of breast cancer cells to doxorubicin
treatment by directly targeting myeloid cell
leukaemia-1, thereby inducing apoptosis.?? Another
MiRNA sensitising breast cancer cells to certain
chemotherapeutic drugs is miR-489. In addition to
VAV3, BCL2, and AKT3, SPINT was identified as a
direct target of miR-489. Downregulation of SPIN1
or overexpression of miR-489 inhibited activation of
the PI3K-Akt pathway and consequently increased
sensitivity to doxorubicin. Blockage of the PI3K-Akt
pathway enhanced cell death in the cancer cells.?®
Furthermore, high abundance of miR-218 reversed
the resistance of breast cancer cells to doxorubicin
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as well as paclitaxel by inducing apoptosis.
Knock-down of survivin (BIRC5), a direct target of
the miRNA, was able to phenocopy the increase in
apoptotic cells after treatment with the respective
drugs.®© Interestingly, this miRNA also targets
BRCAT1 to enhance the sensitivity of breast cancer
cells to cisplatin treatment by inducing apoptosis
and lowering their ability to repair DNA damage.®
Enhancement of chemosensitivity to doxorubicin
and paclitaxel can also be mediated by miR-205
which directly targets VEGFA and FGF2 and thereby
induces apoptosis.*?

In the case of miR-200c, several additional
mechanisms to the above-mentioned
downregulation of MDR1 have been described
to sensitise breast cancer cells to various drugs.
For instance, direct targeting of the tyrosine kinase
receptor TrkB and the transcriptional repressor
Bmi1®3 or inhibition of Akt signalling via E-cadherin
and PTEN, which are both upregulated upon
ZEBT1 suppression by miR-200c, sensitise cells to
doxorubicin. Moreover, miR-200c overexpression
causes an increase in the sensitivity of breast
cancer cells to 5-fluorouracil treatment by lowering
Bmil levels.>* Another miRNA targeting Bmil and
thereby enhancing sensitivity of breast cancer cells
to doxorubicin is miR-128. A second direct target of
miR-128 is the transporter ABCC5. Overexpression
of the miRNA decreases Bmil and ABCCS levels,
leading to a significant increase in the number
of apoptotic cells and cells with DNA damage
enhancing doxorubicin effectiveness.®

microRNAs Conferring Resistance
to Chemotherapy

miR-181a induction upon treatment with DNA
damaging compounds such as doxorubicin
was linked to chemoresistance in breast cancer.
Upregulation of the miRNA after treatment with
doxorubicin required STAT3 activation via the
NF-kB pathway. Decreased BAX levels, a direct
target of miR-181a, help breast cancer cells to resist
apoptosis.®® Overexpression of miR-141 rendered
breast cancer cells resistant to the drug docetaxel.
Direct repression of eukaryotic translation initiation
factor 4E levels by the miRNA allowed the cells
to circumvent drug-induced apoptosis.’’ Breast
cancer cells overexpressing the miR-106b-~25
cluster acquired resistance to doxorubicin. miR-25
is especially important for developing resistance,
however, all three miRNAs in the cluster target the
transcriptional E-cadherin activator EP300 and
other unidentified targets to reduce sensitivity to
anti-cancer treatments.3®
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Figure 2: Overview of microRNAs with an impact on targeted therapies in breast cancer patients.

A) and B) microRNAs with a role in HER2 overexpressing patients, C) and D) microRNAs with a role in resistance to

endocrine therapy.
ERRY: oestrogen-related receptor gamma.

microRNAs with a Role in
Radiotherapy Resistance

During radiotherapy, beams of ionising radiation
are aimed at the tumour and damage the DNA
of tumour cells. Resulting DNA double-strand
breaks are the predominant lesions caused by
radiotherapy.®® Therefore, the targets of mMiRNAs
mediating radiotherapy resistance or enhancing
sensitivity to radiotherapy are mainly connected to
the DNA repair machinery or apoptosis. miR-155, for
instance, lowers the efficiency of breast cancer cells
repairing the radiation-induced DNA damage via
homologous recombination by targeting RAD51,4°
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whereas overexpression of miR-200c promotes
radiation-induced cell death in breast cancer
cells and sensitises them to DNA damage upon
radiation. TBK1 was identified as a direct target of
miR-200c, but TBKT knock-down could not account
for the complete effect miR-200c has on the
cellular response to radiotherapy.* The function of
miR-302 is also tumour-suppressive since this
MiRNA directly targets AKT1 and RADS52, both
mediators of radioresistance. /n vitro as well
as in vivo experiments showed that miR-302
overexpression in TNBC cells reversed resistance to
radiotherapy, made the cells even more sensitive to
radiation, and suppressed AKT1 and RAD52 levels.*?
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A strong decrease in the PTEN levels, a direct target

of miR-144, caused AKT activation.*® Mechanisms and targets of miRNAs impacting

the sensitivity of breast cancer cells to targeted

microRNAs and Their Role in Resistance to therapies are summarised in Figure 2.

Chemotherapy and Radiotherapy
microRNAs in Resistance to Targeted

So far, few miRNAs have been shown to mediate Therapy for Human Epidermal Growth
or counteract resistance to chemotherapy as Factor Receptor 2 Patients

well as radiotherapy. One example is the tumour- _
suppressive miR-31, which inhibits the NF-xB Targeted therapy approaches for HER2 patients

pathway by directly targeting PRKCE and thereby Use drugs antagonising or blocking the HER2
inducing apoptosis and increasing  sensitivity receptor. These include trastuzumab or pertuzumab,

to chemo and radiotherapeutic treatment in Monoclonal antibodies targeting the HER2
MDA-MB-231 cells a TNBC cell line. The receptor, and the tyrosine kinase inhibitors
’ lapatinib, neratinib, and afatinib.#¢ The loss of

miR-375 due to epigenetic silencing contributes
to trastuzumab resistance. The underlying
mechanism involves insulin-like growth factor type
1 receptor (IGFIR) as a direct target of the miRNA.
In the absence of miR-375, IGFIR can function
as alternative growth factor receptor in breast

downregulation of PRKCE leads to a decrease in
BCL2 which accounts for the increase in sensitivity
to doxorubicin treatment and radiation since the
presence of BLC2 exerts an anti-apoptotic effect.*
miR-21 on the other hand, exerts an oncogenic
function by mediating resistance to radiotherapy

as well as chemotherapy. miR-21 prevents the . . o patients treated with trastuzumab.%® Another
breast cancer cells from entering G2/M arrest after miRNA targeting IGFR1 and thereby increasing

radiation. However, the direct targets helping to the effectiveness of drugs targeting HER2,
overcome the G2/M arrest upon radiation have not  sych as lapatinib, neratinib, and afatinib,
been identified yet.* In terms of chemotherapy s miR-630.50 miR-542-3p also enhances sensitivity
resistance, miR-21 has been shown to confer to trastuzumab treatment however, via targeting
resistance to doxorubicin by directly targeting the AKT. The loss of mIR-542-3p renders the HER2*
tumour-suppressor proteins PTEN*® and PDCD4% breast cancer cells more resistant to the drug,
which prevents the cells from undergoing apoptosis reduces the number of apoptotic cells, and enables
and mediates the drug resistance. inhibition of the G1/S checkpoint to be overcome.®
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Figure 3: Summary of phenotypes and mechanisms of miR-200c¢ sensitising breast cancer cells
to therapy.
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The tumour-suppressive function of miR-200c
not only sensitises breast cancer cells to
chemotherapeutic drugs such as doxorubicin,
5-fluorouracil, and epirubicin,?333452 it  also
sensitises HER2* breast cancers to trastuzumab via
downregulation of ZNF217 and ZEB1.5® In terms of
trastuzumab and lapatinib resistance, miR-16 has
been shown to increase the sensitivity of breast
cancer cells by targeting cyclin J and far
upstream element-binding protein 1. Moreover,
miR-16 might serve as a potential biomarker to
predict the therapy response of HER2 patients.>
A miRNA with an oncogenic role in targeted
therapy resistance of HER2 patients is miR-221,
which prevents breast cancer cells from undergoing
apoptosis and mediates trastuzumab resistance
in HER2* breast cancer cells by targeting
PTEN.>> miR-21, another oncogenic mMIiRNA,
not only mediates resistance to radiotherapy
and doxorubicin,*4 but also induces interleukin
(IL)-6/STAT3/NF-kB-mediated signalling as well as
the PI3K pathway and thereby confers resistance
to trastuzumab.’® In line with other tumour-
suppressive  mMiRNAs, miR-450b-3p, 520c-3p,
miR-520b-5p, and miR-587-5p were shown to
increase the effectiveness of trastuzumab.5

microRNAs in Resistance to Endocrine Therapy

Mechanisms of endocrine resistance in breast
cancer often involve the loss of ER-a expression,
for instance, by hypermethylation of the ER
gene which mediates resistance to tamoxifen.
Moreover, increased activity of the HER2, IGFRI,
or FGFR1 signalling pathways activates MAPK or
PI3K signalling and is thereby also able to confer
resistance to tamoxifen by sustaining proliferation
and anti-apoptotic signals in an ER-independent
manner.’ miR-320a is one of the miRNAs which
sensitises ER* breast cancer cells to endocrine
therapy. In fact, miR-320a increases the
sensitivity of ER* resistant breast cancer cells to
tamoxifen by downregulation of cAMP-regulated
phosphoprotein and oestrogen-related receptor
gamma.® miR-451 is another sensitiser to tamoxifen
since the miRNA directly targets 14-3-3(>* which
also leads to increased efficacy of doxorubicin
treatment as previously described.?° Overexpression
of miR-451 suppressed HER2, EGFR, and MAPK
activation and increased apoptosis, leading to an
increase in sensitivity to tamoxifen.>® Besides
increasing sensitivity to trastuzumab,*® miR-375
has also been shown to enhance the effectiveness
of tamoxifen treatment. Knocking down metadherin,
a direct target of miR-375, enabled the effect of
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MiRNA re-expression to be partially phenocopied.®®
Among the miRNAs with an oncogenic role in
endocrine therapy resistance is miR-21. In addition
to mediating resistance of breast cancer cells
to radiotherapy and doxorubicin as well as
HER2* breast cancers to trastuzumab,*-4"5 miR-21
decreases the sensitivity of ER* breast cancer cells
to tamoxifen by targeting PTEN.®" Other miRNAs
confer resistance to tamoxifen target SOCS6
and thereby blocking the SOCS6-STAT3 pathway,
such as miR-155,2 or suppress the tumour-
suppressor genes PTEN, CDKNIA/p21, and
retinoblastoma protein in ER* breast cancer cells,
such as miR-519a.* Further microRNAs have
been shown to act as tumour-suppressors and to
sensitise breast cancer cells towards endocrine
therapy, such as miR-15a, miR-16, and miR-342-3p,
whereas others, for instance, miR-221/222, miR-101,
miR-301, and miR-181b, promote resistance to
endocrine therapies.64

CIRCULATING microRNAS IN THERAPY
RESISTANCE OF BREAST

CANCER PATIENTS

Several microRNAs can be detected in blood plasma
and are therefore known as circulating miRNAs.
Their detection in blood samples potentially allows
their use as biomarkers, e.g. to predict or monitor
therapy response. High levels of miR-210 in the
plasma of breast cancer patients, for instance,
were shown to correlate with high sensitivity to
trastuzumab treatment,’® whereas high levels
of circulating miR-125b were associated with an
impaired response to the chemotherapeutic drug
5-fluorouracil.’” However, a panel of biomarkers
usually provides more reliable information about
how a patient might respond to a certain therapy.
In the case of miR-19a and miR-205, high circulating
levels of both miRNAs predict a bad response of
Luminal A patients to neoadjuvant treatment with
epirubicin and paclitaxel.%®

microRNAS INFLUENCING THERAPY
RESISTANCE VIA PLURIPOTENCY,
CANCER STEM CELL

PROPERTIES, OR EPITHELIAL-
MESENCHYMAL-TRANSITION

Since so-called cancer stem cells (CSC) are
considered to be tumour-initiating cells and are
a major reason for the development of therapy
resistance,®® miRNAs regulating stem cell features
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are of particular interest in understanding the
impact of the miRNome on breast cancer therapy
resistance. These critical cellular features include
pluripotency, developmental pathways which are in
charge of the self-renewing potential of stem cells
in general, and EMT since breast CSC frequently
undergo EMT.”® miR-200c, for instance, targets
ZEB-1 as well as Sox2 and KIif4, affecting EMT
and pluripotency, respectively.’”°® Moreover, other
miR-200 family members as well as the miR-183
cluster, the miR-221-222 cluster, miR-142, miR-214,
let-7, miR-22, and miR-27b have been described
to influence the features of CSC by regulating
pathways important for stemness and pluripotency,
such as the Wnt and Notch pathways, apoptosis,
and EMT.”'72

CONCLUSION

In summary, a multitude of miRNAs have been
described to sensitise breast cancer cells to

chemotherapy, radiotherapy, or targeted therapy
or to mediate resistance to diverse treatment
strategies. However, the number of mMiRNAs
associated with a tumour-suppressive function
exceeds the number of oncomiRs, especially
in  resistance to chemotherapeutic  drugs.
This underlines how crucial it is to obtain a better
understanding of the complex miRNome and that
unravelling further oncomiRs, which could also
be explored as potential therapeutic targets, is
necessary. Figure 3 summarises the phenotypes
and mechanisms by which miR-200c¢, a tumour-
suppressive miRNA, sensitises breast cancer cells
to various treatment options. This example teaches
us that miRNAs tend to have multiple phenotypes
by affecting various cellular mechanisms, it can
be expected that in the future, multiple targets of
additional studied or uncharacterised miRNAs will
have similarly pleiotropic phenotypes.
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ABSTRACT

Gastrointestinal stromal tumours (GISTs) are the most common mesenchymal tumours of the
gastrointestinal tract, arising from the interstitial cells of Cajal. They are known to occur in all parts of the
gastrointestinal tract from the oesophagus to the anorectum, with the stomach being the most commonly
affected organ (60%). GISTs are commonly known to occur within the fifth and sixth decades of life, carry an
equal predisposition between females and males, and are associated with tyrosine-protein kinase (KI/T) or
platelet-derived growth factor receptor alpha (PDGFRA) mutations in 85-90% of cases. Familial syndromes
associated with GISTs are neurofibromatosis Type 1, Carney’s triad (gastric GIST, pulmonary chordoma,
and paraganglioma), Carney-Stratakis syndrome (GIST and paraganglioma), and familial GISTs. Lesions
vary in size from a few mm to >30 cm, with a median size between 5 and 8 cm. Immunohistochemical
staining with KIT and DOG1 show the highest sensitivity for GISTs. While 20% of GISTs are diagnosed
asymptomatically, and 10% at autopsy, 70% are symptomatic. Bleeding followed by abdominal pain and a
mass growth are the most common symptoms. Forty to fifty percent of GISTs are biologically malignant.
Malignant GISTs spread haematogenously to the liver and peritoneum, while lymphatic spread is rare.
Risk stratification subdivides GISTs into very low, low, intermediate, and high-risk groups. Computed
tomography (CT) scan is the mainstay of diagnosis, though they are often incidentally detected on
endoscopy. Surgery offers the best chance of cure in resectable lesions, while tyrosine kinase inhibitors are
the treatment of choice in non-resectable and metastatic GISTs. Neoadjuvant and adjuvant tyrosine kinase
inhibitors increase resectability, time to recurrence, recurrence-free survival, and overall survival in GISTs.

Keywords: Gastrointestinal stromal tumours (GISTs), tyrosine kinase inhibitor (TKI), imatinib, tyrosine-protein
kinase (KIT), platelet-derived growth factor receptor alpha (PDGFRA).

INTRODUCTION

Gastrointestinal stromal tumours (GISTs) are the

most common mesenchymal tumours of the
gastrointestinal tract (GIT), arising from the
interstitial cells of Cajal (ICC).!! Neuroenteric

networks formed by the ICC are widely distributed
within the submucosal, intramuscular (including the
deep muscular plexus), and intermuscular layers
of the GIT, from the oesophagus to the internal
anal sphincter? This explains the diverse location
of GISTs found within patients, with the stomach
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being the most common organ involved (60%).5
Other sites where GISTs can occur are the small
intestine (30%), duodenum (5%), and colorectum
(<5%).> Rarer locations are the oesophagus
and appendix which constitute <1% of all GISTs.
Extra-GIT locations like the omentum, mesenteries,
and retroperitoneum usually represent metastasis
or a possible detachment of the GIST from its GIT
origin, even though a small number of primary
tumours are reported in these sites.* The molecular
hallmark of these neoplasms is a kinase-activating
mutation in either the receptor tyrosine-protein
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kinase (KIT) or platelet-derived growth factor
receptor alpha (PDGFRA) genes, which are present
in 85-90% of reported tumours.® Surgery offers
the best chance of cure in localised disease.®
Tyrosine kinase inhibitors (TKIs), such as imatinib,
offer improved survival rates in metastatic GISTs
and decrease recurrence rates in patients with
resectable but large tumour burden, with the
stratification risk dependent on the location of the
tumour and its respective mitotic number.” The aim
of this article is to provide an evidence-based
review on the epidemiology, molecular genetics,
pathology, clinical characteristics, investigations,
and treatment of GISTs arising in the GIT.

METHODOLOGY

A comprehensive search without language
restriction was undertaken using MEDLINE, Scorpus
(including Embase), and Cochrane Central Register
of Controlled Trials (CENTRAL), from 1 January
1985-30™" June 2016. PubMed was also searched for
in-process citations. MeSh terms used were ‘GIST’,

‘gastrointestinal stromal tumour’, and ‘tyrosine
kinase inhibitor’. Important clinical trials were
searched for on ClinicalTrials.gov and the

International Clinical Trials Registry Platform Search
Portal (ICTRP). Manual searches were carried out for
recent articles in journals with high impact factors
and reference lists in key articles. All evidence-
based work was carried out in accordance with
the standards published in the Centre for Reviews
and Dissemination’s (CRD, University of York, York,
UK, 2008) guidance for undertaking reviews in
healthcare.® Preference was given to articles of high
quality and those with important observations or
randomised trials.

EPIDEMIOLOGY

The annual incidence of GIST varies according to
geographical location. Incidence of GIST is cited as
11-15 per million population, per year in the West.°
The incidence is slightly higher in the East, at 16-22
per million, including a relatively higher proportion
of extraintestinal GISTs (10%).°" In the UK, the
annual incidence of GIST cases is between 1.32
and 1.5 per 100,000, equivalent to approximately
800-900 new cases per year'?® Prevalence of
GIST is estimated to be around 120 per million
population.™ Risk stratification, as per the United
States National Institutes of Health (NIH) criteria,
estimates the prevalence at 18.5% for very low-risk,
43% for low-risk, 20% for intermediate-risk, and

18.5% for high-risk GISTs." GIST is most commonly
known to occur in the fifth or sixth decades
of life (80%), with a median age of 60 years.®?
The disease carries an equal predisposition between
males and females, though GISTs as a syndromic
component of Carney’s triad (gastric GIST,
pulmonary chordoma, and paraganglioma) occur
more commonly in females.”

MOLECULAR GENETICS

The association of KIT mutations with GIST has been
reported to be between 75% and 90% in various
studies, with one showing that 88.2% of GISTs have
mutations in the KIT gene with a gain of function;®
a PDGFRA mutation is present in 4.7% of GISTs.®
Both of these genes are located in the long arm of
chromosome 4 and encode for homologous receptor
tyrosine kinase proteins.® Most KIT mutations
involve exon 11, followed by exon 9, exon 13, and
exon 17, in descending order of frequency.® Imatinib,
a TKI, acts best on exon 11 mutations, and least
on exon 17 mutations where the drug is primarily
resistant.®™ PDGFRA mutations have a predilection
for gastric GISTs, though duodenal GISTs are also
seen with these mutations.>” Exons 18, 12, and 14
are mutated in PDGFRA mutations in decreasing
order of frequency with the exon 18 PDGFRA D842V
mutation being resistant to imatinib.>" Mutational
analysis is crucial before starting adjuvant imatinib
therapy to identify resistant genotypes that will
not respond to adjuvant therapy (PDGFRA D842V
mutation, neurofibromatosis Type | [NF1]-associated
GISTs, and wild-type succinate dehydrogenase
[SDH]-negative GISTs) and those that would
need a higher dose (800 mg/day) of imatinib
(exon 9 KIT mutation).™

FAMILIAL SYNDROMES

GIST is associated with familial syndromes in <5%
of cases.®> NF1 is the most commonly associated
syndrome, with 7% of patients developing
GISTs.*® Both KIT and PDGFRA mutations are
frequently lacking in these patients.?® There is a
high association of NF1 with duodenal and small
intestinal  GISTs;*?"  although the majority of
these tumours are benign and clinically indolent,
malignant GISTs can occur.?? GISTs associated with
NF1 are resistant to imatinib therapy.®

Carney’s triad typically lacks KIT and PDGFRA
mutations, along with a distinctive SDH subunit B
(SDHB) negativity on immunohistochemistry, with
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tumours exclusively occurring in the stomach.???
Recently, SDH subunit C (SDHC) epigenetic
hypermethylation has been reported in this
syndrome.?® A vast majority of these GISTs occur
at a young age and carry a female preponderance
(85%).3 Although the majority of these tumours
are clinically benign, liver metastasis are known to
occur as they can behave unpredictably, even after
risk stratification.

Carney-Stratakis syndrome (GIST and
paraganglioma) also typically lacks KIT and PDGFRA
mutations but can carry a germline mutation in any
subunit of the SDH gene.?* Tumourigenesis in this
syndrome hinges upon a germline SDHB, SDHC, or
SDHD mutation, coupled with a somatic inactivation
of the corresponding wild-type allele in the tumour.?®
SDHA mutations (30%) have also been identified on
immunohistochemical analysis of a few cases.?®

Familial GISTs are associated with germline
mutations of either the KIT or PDGFRA genes.>?
Transmission is autosomal-dominant, and the
affected are at a high risk of developing gastric
or small bowel GISTs at middle age. Other
manifestations associated with familial GISTs due
to germline KIT mutations include: cutaneous
hyperpigmentation, mast cell disorders, diffuse
hyperplasia of ICC, and dysphagia, while those due to
germline PDGFRA mutations include inflammatory
fibroid polyps of the stomach and small bowel,
gastrointestinal lipomas, and large hands.?®

PATHOLOGY

GISTs vary in size remarkably, ranging from a few
mm to >30 cm in size, with the median size being
between 5 cm and 8 cm.® Micro-GISTs (<1 cm) are
often found incidentally in resected specimens of
gastro-oesophageal junction.?® Micro-GISTs have
been found to be present in 10.0-22.5% of resected
specimens and autopsy tissue, and there is
evidence to suggest that these are precursor
lesions to macroscopically relevant GISTs after
further molecular alterations.>*-*> Macroscopically
relevant lesions usually show an exophytic pattern,
often with compression of other intra-abdominal
organs. Microscopically, GISTs fall into three basic
categories: i) epitheloid; ii) spindle cell; and iii) mixed
variety."*?° Four subtypes of epitheloid and four of
the spindle cell variety have been identified.?

Immunohistochemistry is often necessary to confirm
the diagnosis. More than 95% of tumours stain
positive for KIT (CD117) and DOGI1 which are the
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most sensitive and specific markers for the
diagnosis of GISTs.” DOG1 and PKC-0 expression is
especially useful to identify a subset of KIT- tumours
who will respond to KlT-targeted treatment.333
PKC-6 has been found to have a high sensitivity but
low specificity in the diagnosis of GISTs, therefore
its use for routine diagnosis of these tumours is
not recommended.®® Other markers included in the
GIST panel are CD34 (70-80%), smooth muscle
actin (30%), desmin (<5%), and S-100 (rare).*
PDGFRA staining lacks specificity, is technically
challenging, and is pushed into the second panel by
a few pathologists.?*

CLINICAL FEATURES

On average, 70% of GISTs are symptomatic, while
20% are diagnosed asymptomatically; 10% are
diagnosed only at autopsy.b Clinical signs and
symptoms depend on the site of the tumour.3 The
most frequent symptoms are vague abdominal
discomfort (60-70%), bleeding (30-40%), anaemia,
dyspepsia, vomiting, and weight loss.® Large
tumours present with a palpable lump in the
abdomen with mass effect. Bleeding may be
chronic where the patient presents with chronic
iron deficiency anaemia requiring blood transfusion.
Acute bleeding may be intraluminal which manifests
as haematemesis and melena, or extraluminal
due to tumour rupture, presenting as an acute
abdominal catastrophe. Site-specific symptoms
include dysphagia for oesophageal GISTs,
obstructive jaundice for duodenal or periampullary
GISTs, and intussusception or bowel obstruction
in small bowel GISTs.*® Spread occurs either
haematogenously or transcoelomically to the liver,
mesentery, omentum, and peritoneum. Lymphatic
spread is rare, except in wild-type GISTs such as
paediatric wild-type GISTs, and those occurring in
the setting of Carney’s triad where nodal metastasis
may occur in 20-30% of cases.”’

RISK STRATIFICATION

GISTs represent a class of tumours with varied
biological behaviour without a sharp distinction
between benign and malignant lesions. It is difficult
to predict malignancy of a GIST in the absence of
metastasis due to lack of absolute histological
criteria.® It is estimated that 40-50% of GISTs are
biologically malignant, and half of these show
evidence of metastatic spread to the liver or
peritoneum at the time of diagnosis or primary
surgery.®® In a large cohort of 439 patients,*©
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24% of GISTs were locally advanced or metastatic,
precluding curative resection. Of those resected,
45% had a recurrence at follow-up, making a
total of 69% which were presumed malignant.
The overall incidence of liver metastasis was
54%, and peritoneal metastasis was 62%.4°
This observation suggests that a high proportion
of GISTs, which are biologically malignant, do not
show evidence of loco regional spread at the time of
initial diagnosis. Thus, a reliable risk scoring system
is thought to be needed to identify lesions that are
at a high risk of recurrence and metastasis which
would benefit from adjuvant TKI therapy, as well as
excluding patients who would not benefit from it.

The National Institutes of
Health Scoring System

The NIH Scoring System, also known as the
Fletcher’s Risk Criteria, is the first risk classification
system adopted for GISTs.* This incorporates only
two risk factors, namely tumour size and mitotic
count per 50 high-power field. Even though
GIST-specific data were not available at the time
of incorporation of this system, NIH criteria are
fairly accurate in identifying GISTs which are at
high risk of recurrence.*® However, this system does
not include tumour site or rupture as risk factors.
The NIH Scoring System tends to overestimate risks
in large but biologically inactive gastric GISTs, and
underestimates the risks in small duodenal and
rectal GISTs which can be biologically aggressive.*?

The Armed Forces Institute of
Pathology Scoring System

The Armed Forces Institute of Pathology (AFIP)
scoring system was the first risk classification
for GISTs based on evidence which included
anatomic site, along with tumour size and mitotic
count.®® It also seeks to establish the size of real
risk expressed as a percentage.®® This system
identifies the fact that gastric GISTs have an
overall better prognosis than intestinal GISTs.3%4344
By virtue of establishment of the quantum of real
risk, it helps the oncologist to reliably decide the
need for adjuvant TKI therapy.®® The National
Comprehensive Cancer Network (NCCN) GIST Task
Force adopted the AFIP scoring system within
their clinical practice guidelines regarding GISTs.*®

Joensuu’s Risk Criteria

Joensuu proposed a modification of the NIH
criteria in 2008 (Table 1), and incorporated
anatomic site (as in the AFIP scoring system) and
tumour rupture as criteria for absolute high risk,
irrespective of the other risk factors.®¢ Tumour
rupture can occur either spontaneously (80%)
or during surgery (20%).4 Joensuu’s criteria
can be applied to all anatomical sites of tumour
origin and utilises two cut-offs for mitotic count.
It has been found to be particularly advantageous in
predicting tumours that are at a high risk of relapse
for consideration of adjuvant imatinib therapy.#

Table 1: Definition of Joensuu’s risk stratification for gastrointestinal stromal tumours.*

Risk category Tumour size Mitotic index Primary tumour site
(cm) (per 5 HPF)
Very low-risk <2.0 <5 Any
Low-risk 21-5.0 <5 Any
Intermediate-risk <5.0 6-10 Gastric
51-10.0 <5 Gastric
High-risk Any Any Tumour rupture
>10.0 Any Any
Any >10 Any
>5.0 >5 Any
<5.0 >5 Non-gastric
51-10.0 <5 Non-gastric

HPF: high-power field.
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INVESTIGATIONS

Most GISTs are diagnosed either at endoscopy or
by an unenhanced or contrast-enhanced computed
tomography (CT) scan without a prior clinical
suspicion of its presence. A quarter of these are
diagnosed asymptomatically (incidental finding).”
Endoscopy may give a suspicion of GIST by
detecting a submucosal lesion warranting further
imaging. In a few of these cases, this turns out to
be extrinsic compression by a dilated gallbladder
or an enlarged spleen. The recommended imaging
modalities for GISTs are contrast-enhanced CT
scans, endoscopic ultrasonography (EUS), magnetic
resonance imaging (MRI), and positron emission
tomography (PET) scan. Our strategy is to evaluate
suspected tumours following endoscopy with a
contrast-enhanced CT scan of the chest, abdomen,
and pelvis, as the initial imaging modality which is
usually sufficient to guide further management if
no metastasis is detected.

The characteristic CT appearance of a primary GIST
is a large, hypervascular, and heterogeneously-
enhancing mass with areas of haemorrhage,
necrosis, and cystic degeneration.*®* MRI s
reserved as the preferred imaging modality for
anorectal GISTs.® We also use MRI to characterise
suspected liver metastasis detected on CT scans.
EUS is useful in detecting early primary lesions
in the oesophagus, stomach, duodenum, and
anorectum.®® Characteristically, they show an echo-
poor pattern in the fourth layer (corresponding to
the muscularis propria) or rarely in the second layer
(corresponding to the muscularis mucosae) as a
well-demarcated, homogenous mass. EUS-guided
fine needle aspiration can be used for cytological or
histological confirmation, though the characteristic
sonological appearance in itself often suggests the
diagnosis. EUS, unlike a CT scan, does not always
offer a complete staging for metastasis even
though GISTs can be metastatic at presentation in
<50% of cases. PET scans are particularly useful
for detecting metastatic disease and for rapid
assessment of response to imatinib much before
the therapeutic response to the drug can be
picked up by a CT scan.®® PET scans however are
not sensitive in detecting primary lesions <2 cm
in size.> A combination of PET and CT scanning
(PET-CT) has shown better sensitivity, specificity,
and accuracy in the staging and restaging of
patients with GISTs and optimising treatment
than either modality alone.?
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TREATMENT

Treatment of GIST depends on resectability, site,
size, and presence of metastasis and should be
discussed by a multidisciplinary team which should
include the relevant specialist surgeon, oncologist,
radiologist, and histopathologist.

Resectable/Non-Metastatic GISTs

For resectable/non-metastatic GISTs <2 cm in size,
the treatment option is tailored according to the
site and risk criteria.>* All symptomatic gastric GISTs
are candidates for surgical resection. Selective
asymptomatic gastric GISTs without high-risk
criteria on endoscopic ultrasound may be followed-
up until 3 cm in size.® For tumours in the small
bowel, duodenum, or anorectum, surgical resection
is advisable due to greater chances of the tumour
being symptomatic and at risk of malignancy.

For tumours >2 cm in size, the treatment of
choice is surgery with a 1-2 cm margin, aiming
for an RO resection.” Organ preservation should
be attempted but not at the expense of positive
margins. Routine lymphadenectomy is not indicated
except in those at high risk. Neoadjuvant imatinib
therapy for 2-6 months has shown promise
in downstaging treated tumours.*®¥  Tumour
shrinkage is especially useful in gastroesophageal
junction tumours before gastrectomy, duodenal
GISTs  before  pancreatoduodenectomy, and
anorectal GISTs before abdominoperineal resection
by facilitating achievement of RO resection.
Response to preoperative therapy is assessed by
Choi criteria which has been found to be superior
to the RECIST (Response Evaluation Criteria in
Solid Tumors) criteria.® Responsive tumours show
a >10% reduction in the size of the tumour, and a
15% reduction in tumour density.® Laparoscopic
resection has been found to be safe and is
advantageous in surgically amenable areas like the
anterior wall of the stomach and small intestines,
due to lower morbidity and shorter hospital
stay. A combined laparoscopic and endoscopic
approach (laparoscopic endoscopic-guided
surgery) has been found to be an attractive option
in selective gastric tumours where the tumour is
transilluminated endoscopically for localisation,
and resection is carried out laparoscopically.5®

Adjuvant imatinib therapy has shown survival benefit
in lesions of non-gastric origin, lesions >5 cm,
tumour rupture, and tumours with high mitotic
count.? The usual adjuvant dose is 400 mg/day
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with an exception being exon 9 KIT mutations where, Non-Resectable/Metastatic GISTs

due to partial resistance, a dose of 800 mg/day is . _

oreferred. Imatinib therapy is not recommended Treatment of choice for metgs’Fat!c or non-resectgble
in patients with resistant mutations like PDGFRA GlSTS 1S T_Kl therapyfjﬁ Imatinib is used as the first-
D842V, and has a doubtful role in GISTs line drug in metastatic or non-resectable GISTs at a
dose of 400 mg/day, which can be increased by up
to 800 mg/day in the case of non-responsiveness
at lower dose or in lesions with partially
resistant mutations (exon 9 KI/T mutations).5”®

associated with NF1 or wild-type SDH- tumours.”®
Imatinib therapy is recommended for at least 3 years
in patients with high-risk lesions (Table 1, Figure 1).

Gastrointestinal stromal tumours

| Initial presentation

Bleeding

Abdominal mass Asymptomatic

Endoscopy

( Detected on endoscopy )

Submucosal lesion with ulcer

A\ 4
%r CT scan \(

Staging workup with CT CAP,
PET, MRI, or EUS scans
(as decided by MDT)
assess size, site

Non-metastatic Metastatic

Resectable < Non-resectable >

TKI Therapy

First-line: Imatinib
Second-line: Sunitinib
Third-line: Regorafenib

Neoadjuvant TKI therapy

CT reassessment at
3 months (Choi)

Complete/partial

Pr:j)igsreeasssgve >I Re-discuss with MDT |

; |
Very low-risk | d{ No adjuvant therapy

Intermediate-risk

response

Re-discuss at MDT with
pathology + IHC report
- risk stratification

Selected patients for
adjuvant TKI therapy

2 Adjuvant TKI Therapy

High-risk

Figure 1: Management algorithm for gastrointestinal stromal tumours.

CT: computerised tomography; CAP: chest, abdomen, pelvis; PET: positron emission tomography; MRI:
magnetic resonance imaging; EUS: endoscopic ultrasound; MDT: multidisciplinary team; TKI: tyrosine
kinase inhibitor; IHC: immunohistochemistry.
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Table 2: Key trials with tyrosine kinase inhibitors in patients with gastrointestinal stromal tumours.

Trial name Setting Number Randomised RFS/PFS os Response
arms
ASOSCOG Z9001, Adjuvant 713 1-year imatinib 1-year RFS HR=0.816; Not available
200954 vs. placebo 98% vs. 83% p=0.438
(p<0.0001)
SSG XVIII/AIO, 201285 Adjuvant 400 1-year vs. 3-year 5-year RFS 5-year OS Not available
imatinib 66% vs. 48% 92% vs. 82%
(p<0.0001) (p=0.02)
EORTC - ISG - AGITG First-line 946 400 mg vs. 2-year PFS 2-year OS 50% vs. 54%
(62005), 2004¢¢ metastatic 800 mg imatinib 56% vs. 50% 69% vs. 74%
(p=0.026)
NORTH AMERICAN First-line 746 400 mg vs. 2-year PFS 2-year OS 43% vs. 41%
SARCOMA metastatic 800 mg imatinib 50% vs. 53% 73% vs. 78%
INTERGROUP STUDY
(S0033), 2005¢%”
DEMETRI et al.,, 2006% | Second- 243 Sunitinib vs. Median 27.3 Median Not available
line placebo vs. 6.4 weeks 72.7 vs. 64.9
metastatic (p<0.0001) weeks (p=0.306)
GRID, 2013¢° Third-line 199 Regorafenib vs. Median 4.8 vs. | Same (HR=0.77; | 76% vs. 35%
metastatic placebo 0.9 months (p=0.199)
(p<0.0001)

RFS: recurrence-free survival; PFS: progression-free survival; OS: overall survival; HR: hazard ratio.

Sunitinib is recommended by the National Institute
for Health and Care Excellence (NICE) guidelines
in the UK for patients with metastatic GISTs who do
not respond to imatinib.>® Regorafenib, a multikinase
inhibitor, is the third drug licensed by the US Food
and Drug Administration (FDA) in patients who
have shown progression of the disease alongside
imatinib and sunitinib therapy after successful
completion of the GRID trial.®® Sorafenib, also a
multikinase inhibitor, has been similarly found to
be effective in imatinib and sunitinib-resistant
GISTs by the Korean Gastrointestinal Stromal
Tumors Group.®'

The role of cytoreductive surgery in metastatic
GISTs is limited and is individualised based on the
tumour characteristics and performance status
of the patient® Surgical debulking following
preoperative imatinib therapy is shown to offer
a survival benefit.® The addition of adjuvant
intraperitoneal chemotherapy with cisplatin and
mitomycin C or doxorubicin to surgical debulking
has been shown to increase the median time
to recurrence from 8 months to 21 months.®
Radiofrequency ablation and liver transplantation
followed by adjuvant imatinib for GIST-related
liver metastasis has been attempted with
promising results.52¢3 A simplified algorithm for the
management of GISTs is enumerated in Figure 1.
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FOLLOW-UP

The follow-up strategy for GISTs varies according
to the surgical culture and epidemiology of the
disease in different countries. Our strategy is to
follow the Association of Upper Gastrointestinal
Surgeons of Great Britain and Ireland (AUGIS)
Guidelines for the follow-up of GISTs.>?

¢ Very low-risk tumours: no further imaging

e Low-risk tumours: CT at 3 months after surgery,
then clinical follow-up

e Intermediate-risk tumours: CT at 3 months
after surgery, then 6 monthly for 2 years, then
annually up to 5 years

¢ High-risk tumours: CT at 3 monthly for 2 years,
then 6 monthly for a further 2 years, then annual
scans on an indefinite basis

¢ Adjuvant therapy with imatinib: CT at 3 months
after surgery, then 6 monthly for 2 years, then
annually up to 5 years

¢ Clinical suspicion of recurrence: CT

MRI can be considered as a substitute in patients
who are at risk of contrast toxicity, and to reduce
radiation dose from annual scans.
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Recurrence rates and survival of patients with
GISTs are strongly influenced by tumour size, site,
mitotic activity, tumour rupture, and extensiveness
of resection.>345 After resection, adjuvant imatinib
therapy has been found to improve recurrence-free
survival, compared to non-adjuvant therapy, from
83-98% at 1 year with no difference in terms of
overall survival between the two groups monitored

PROGNOSIS

tumour size >3 cm.%* The European SSGXVIII/AIO

trial which compared patients on adjuvant imatinib

observed

by the ASOCOG Z9001 trial on 713 patients with

therapy for 3 years with those receiving the same
therapy for only 1 year, found a superior recurrence-
free survival (66% versus 48% at 5 years) and overall
survival (92% versus 82% at 5 years) in patients
who received the adjuvant therapy for 3 years.5®
The recurrence-free survival
in the various trials on the effect of
TKIs for GISTs are enumerated in Table 2.

and overall survival
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ABSTRACT

Myelodysplastic syndrome (MDS) is a heterogeneous group of myeloid disorders. Allogeneic stem cell
transplantation (alloSCT) is the therapeutic approach with a known curative potential for patients with
MDS, which allows long-term disease control to be achieved. Despite advances in transplantation
technology, there is still a considerable morbidity and mortality associated with this approach. Moreover,
numerous controversies still exist regarding alloSCT in MDS. There is significant variability in the
management of patients with MDS, especially of the intermediate-risk category and specifically in regards
to the timing and use of transplantation. Modern genetic analysis has identified a variety of new mutations,
which are associated with clinical phenotype and prognosis. Whether somatic mutations are important
prognostic markers of response to alloSCT is little known. It is not clear whether somatic mutations can help
to identify groups that are most likely to benefit from alloSCT. In this article, we review the current status of
somatic mutations in MDS and focus on the prognostic impact of mutations in the context of alloSCT.

Keywords: Myelodysplastic  syndrome  (MDS), somatic  mutations, allogeneic  stem cell
transplantation (alloSCT).
INTRODUCTION The main cause of treatment failure in MDS

patients after alloSCT is relapse of disease.

Myelodysplastic syndromes (MDSs) are a clinically
and molecularly heterogeneous group of clonal
stem cell disorders characterised by ineffective and
dysplastic myeloid cell differentiation and a high
rate of progression to acute myeloid leukaemia
(AML). Treatment options for MDS range from
observation and growth-factor therapy to more
intensive approaches, such as allogeneic stem cell
transplantation (alloSCT).»?> AlloSCT is the only
therapeutic option that has the potential to produce

long-term remission and disease-free survival.®
Furthermore, introduction of reduced intensity
conditioning decreased non-relapse mortality,

especially in older patients. Nevertheless, alloSCT
is a high-risk procedure that is often associated
with severe complications.
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Although significantly reduced over the last 20
years, mortality and morbidity risks associated
with alloSCT continue to represent a major
limit to feasibility in a large number of patients.®
The international prognostic scoring system
and the revised version (IPSS-R) are usually
used to determine risk stratification.®’ Recently
it was demonstrated that alloSCT offers
optimal survival benefit when it is performed
early in the intermediate-risk stage?® Other
studies have shown that poor and very poor-risk
of cytogenetics within the IPSS-R cytogenetic
risk categories are strong predictors of adverse
outcomes after alloSCT, especially when other risk
factors are considered simultaneously.”
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Table 1: Most common somatic mutations in myelodysplastic syndrome patients.

Mutations

Frequency (%)

Typical clinical

Prognostic impact

Prognostic impact

disease, complex
karyotype, often in
MDS with deletion
of the g arm of
chromosome 5

high-risk of leukaemic
evolution, predicts
poor response to
lenalidomide in

MDS with deletion

of the g arm of
chromosome 5

phenotype after alloSCT
RNA splicing machinery
SF3BI1 15-30 RARS Good overall survival, | No data
low-risk of leukaemic
evolution
SRSF2 10-20 RCMD, RAEB Poor overall survival, | Not shorter OS after
high-risk of leukaemic | alloSCT¥
evolution
U2AFT 5-10 RCMD, RAEB High-risk of Not shorter OS after
leukaemic evolution alloSCT¥
ZRSR2 5-10 Subtypes without Shorter OS in No data
ring sideroblasts co-existing with TET2
mutation
DNA methylation
TET2 19-26 All MDS subtypes No impact on OS, Shorter OS after
predict response to alloSCT™
hypomethylating
agents No prognostic
impact*®
DNMT3A 5-18 All MDS subtypes Adverse outcome in Shorter OS after
RCMD and RAEB, but | alloSCT™
not in RARS
No prognostic
impact®
IDH1/IDH2 2-9 RCMD, RAEB Adverse outcome No prognostic
impact*®
Chromatin modification
ASXLT 15-20 RCMD, RAEB Adverse outcome No prognostic
impact?®
EZH2 5-8 RCMD, RAEB Adverse outcome No data
Transcription factors
RUNX1 5-15 RCMD, RAEB Adverse outcome No prognostic
impact?®
BCOR 2-4 RCMD, RAEB Adverse outcome No prognostic
impact?*®
DNA repair control
TP53 5-10 Advanced stage of Poor overall survival, | Shorter OS after

alloSCT™

OS: overall survival; MDS: myelodysplastic syndrome; alloSCT: allogeneic stem cell transplantation;
RARS: refractory anaemia with ring sideroblasts; RCMD: refractory cytopenias with multilineage dysplasia;
RAEB: refractory anaemia with excess blasts.

Further disease characteristics such as peripheral
cytopenias and a high percentage of blasts in
the bone marrow have been shown to affect the
prognosis of patients with MDS after alloSCT.
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Moreover, age-related factors significantly affect
the risk of the non-relapse mortality.>® Further
successful treatment with hypomethylating agents
has been shown to be associated with better
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outcome after alloSCT." Due to the fact that MDS
has a highly variable course of disease, accurate
risk stratification and prognosis becomes crucial for
therapeutic decision-making. Selection of patients
and choosing the optimal timing of transplantation
are areas which require further research to improve
use of alloSCT in MDS.

The mutation status of a growing number of
genes has recently been found to be an important
prognostic factor in MDS patients.24?™* Although
the prognostic value of mutations has been
well studied, little is known about the predictive
impact of specific genetic lesions in MDS patients
on outcome after alloSCT. In this review, we focus
on the prognostic impact of somatic mutations in
MDS patients in the context of alloSCT.

MUTATION IN MYELODYSPLASTIC
SYNDROMES

Phenotypic heterogeneity of MDS reflects different
somatic mutations that cause clonal proliferation
and evolution. High-throughput molecular
technologies, such as next generation sequencing
and high-density single nucleotide polymorphism
arrays, provide  opportunities for  patient
stratification and personalised treatment based
on individual mutation profiles. Recent genetic
analyses have identified a variety of new
mutations which present at distinct frequencies
in subgroups of patients with MDS.2%"7 With the
advent of next-generation sequencing recurrent
somatic mutations are observed in >90% of
patients with MDS, with the number of driver
mutations having an independent prognostic
impact.24'®° Mutations in several genes have been
reported to influence overall survival (OS) and
risk of disease progression.?2*>“ Knowledge about
the nature of genes involved in the mutations
may improve the understanding of the evolution
and development of MDS.™ In MDS, somatic
mutations affect specific classes of genes. The
most common mutations detected in MDS patients
include RNA splicing machinery, DNA methylation,
chromatin modification, transcription regulation,
and DNA damage response (Table 1).

RNA SPLICING MACHINERY

The editing process during transcription of DNA
into RNA, which involves removal of non-coding
regions, introns, is called splicing.?® RNA splicing
is the most frequently mutated pathway in MDS.
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The most commonly affected spliceosome genes
included SF3B7 (splicing factor 3b subunit 1),
U2AFT (U2 small nuclear RNA auxiliary factor 1),
U2AF2 (U2 small nuclear RNA auxiliary factor 2),
SRSF2 (serine/arginine-rich splicing factor 2),
ZRSR2 (zinc finger [CCCH typel, RNA binding
motif, and serine/arginine rich 2), and some
others.’®'82124 Splicing factor mutations, particularly
in SF3BI1, U2AF1, SRSF2, and ZRSR2, are present
in 50-65% of MDS cases, making them the
most common class of mutations in MDS,®©2124-26
Mutations in the other spliceosome genes
(U2AF2, SF1, PRPF40B, and SF3AT) occurred with
a frequency of <1%.21232527.28

A growing body of evidence demonstrates that
splice gene mutations define distinct clinical
phenotypes and show preferential associations
with mutations targeting transcriptional regulation.
Recent findings support the role of spliceosome
mutations as early mutations that interact with
other clonal and sub-clonal events within the
same genes during leukaemogenesis in patients
with MDS.®

SF3B1

SF3B1, together with other factors, forms the U2
small nuclear ribonucleoproteins complex and
binds pre-mRNA. Recurrent mutation of the
SF3B1 gene was found in 20-35% of MDS patients
and in 70% of MDS patients whose disease is
characterised by the presence of ring sideroblasts
(in refractory anaemia with ring sideroblasts
[RARS]),+1821223031 3lthough the clonal dominance
of mutations in granulocytic cells suggests that
oncogenic effects may not be restricted to the
erythroid lineage? It was noted that SF3B]
mutations were frequently associated with an
isolated deletion of the g arm of chromosome 5.%
SF3B1 mutations are associated with a better
clinical outcome.* There are no data about the
predictive impact of this mutation on outcome
after alloSCT. Given the frequent combination of
SF3B1 mutation with favourable prognostic
markers and with good clinical outcome,
the presence of SF3BI mutations as a single
aberration should not be an indication for alloSCT.

SRSF2

The protein SRSF2 forms part of the spliceosome.
This protein is important for splice-site selection,
spliceosome assembly, and both constitutive and
alternative splicing.*> SRSF2 is currently the
second most frequently mutated splicing gene in
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the myeloid diseases.’®** These genetic aberrations
are almost always heterozygous missense
mutations that specifically occur at the amino
acid residue P95. In MDS, an SRSF2 mutation
was detected in approximately 10% of cases. They
are most often observed in refractory cytopenia
with multilineage dysplasia (RCMD) and refractory
anaemia with excess blasts (RAEB), two subtypes
of high-risk MDS.®?” In chronic myelomonocytic
leukaemia (CMML), SRSF2 is the most commonly
mutated spliceosome gene (28-47%) and has
been associated with older age, less pronounced
anaemia, and a normal karyotype.?>33

MDS harbouring an SRSF2 mutation is associated
with a higher rate of transformation to AML and
with lower OS compared with MDS with wild-type
SRSF2.3° However, more recently, the frequency of
complex karyotypes and adverse cytogenetic risk
aberrations were found to be higher in patients
with SRSF2 mutations than in MDS patients with
other mutations.?® Although this mutation was
found to be associated with a poor prognosis,*
significant difference in OS between wild-type
and mutated SRSF2 in transplanted patients was
not detected.®

U2AF1

U2AF1 encodes the auxiliary factor for the U2
pre-mRNA splicing complex. Eleven distinct
mutations have been reported in the U2AF]
gene.?8303536 Most of these mutations occur within
the two zinc finger domains of U2AFI, with S34
and Q157 residues.®** Using mouse models it
was shown that U2AFT mutations drive further
mutation.¥” In MDS, U2AFT mutations are seen in
<10% of patients. Although U2AFT mutations have
been associated with less favourable OS and a
higher risk of transformation to AML®% it is
not clear whether the mutation has independent
prognostic impact.?®?® The prognostic effect is
known to depend on certain biological factors
as well as a combination of cytogenetics and
other mutations.

Both the U2AFT and SRSF2 mutations have
been associated with poor outcome.?® Recently,
two groups reported no difference in survival
between mutated splicing genes and wild-type
Wilms’  tumour patients undergoing alloSCT.1934
Despite some limitations, such as a
heterogeneous cohort of patients, these studies
provide preliminary evidence to support the
theory that alloSCT may potentially reduce the
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effects of certain poor-risk somatic mutations
recurring in MDS.34

ZRSR2

ZRSR2 encodes an essential splicing factor which
functions in early splicecosome assembly through
direct interactions with U2AF23® Mutations of
the ZRSR2 gene are present in 10-15% of MDS
cases.®® |n contrast to other spliceosome gene
mutations, ZRSR2 mutations occur across the
entire length of the transcript. Mutations in
ZRSR2 are more prevalent in MDS subtypes
without ring sideroblasts and CMML.?2® Some
authors have shown that ZRSR2 mutations are
associated with an elevated percentage of bone
marrow blasts and higher rates of progression
to AML.2>%® However, this was not confirmed by
other studies. Furthermore, it was shown that
the prognostic impact of ZRSR2 mutations
depends on the mutation status of TET2, the
gene most commonly combined with ZRSR2
mutations.*® There are no data about the
prognostic impact of ZRSR2 mutations on
outcome after alloSCT.

DNA METHYLATION

Epigenetic regulation refers to methylation
of cytosine residues of DNA, biochemical
modifications of histones, and the expression of
non-coding RNAs.*® Mutations in the epigenetic
modifiers are of particular importance in MDS.

Ten-Eleven Translocation

The ten-eleven translocation (TET) protein family
is responsible for demethylation.*® In addition,
TETs regulate gene expression through
modification of chromatin at promoter regions.”
TET2 is a tumour suppressor gene, and so
loss-of-function mutations support the abnormal
haematopoiesis observed in MDS.*? In MDS, TET2
mutations affect 19-26% of MDS patients.*®* TET2
mutations are observed in all types of MDS.44
The clinical implication of TET2 mutations remains
unclear. TET2 mutations are a neutral or favourable
prognostic biomarker444> and have been shown to
predict response to hypomethylating therapy in
MDS.** Some studies demonstrated a higher overall
response rate to azacitidine treatment in TET2
mutated cases with no difference in OS.4647

In MDS patients following alloSCT, TET2 mutations
are associated with shorter OS. Taking into account
other risk factors, such as complex karyotype,
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high level of bone marrow blasts, donor type, and
conditioning regimen, TET2 mutations together
with TP53 and DNMT3A, are significantly associated
with shorter OS.® However in another study,
TET2 mutations showed no prognostic impact in
MDS patients uniformly treated with FLAMSA-
busulfan conditioning.*®

DNMT3A

DNMT3A (DNA methyltransferases 3A) together
with other methyltransferases conducts de novo
methylation of cytosine residues in CpG islands.*®%°
DNMT3A mutations occur in approximately 5-18%
of MDS patients with the most common mutation
involving R882 amino acid residue.®435152 These
mutations can be found in all MDS subtypes.”
DNMT3A mutations are associated with older age
at diagnosis but not with other clinical features
or cytogenetics.®?> In RARS, DNMT3A mutations
more commonly co-operate with SF3B7 mutations.”

Some studies have shown an adverse clinical
outcome with a low survival rate and rapid
progression to AML in MDS patients with DNMT3A
mutations.> Moreover, it was found that DNMT3A
mutations have been associated with poor
outcomes in some types of MDS, particularly in
RCMD and RAEB.®%? In RARS, DNMT3A mutations
often co-occur with SF3B7 mutations and have no
association with adverse outcome.’®>

Bejar et al® have identified this mutation as a
risk factor, which significantly reduces the OS
after alloSCT. The authors observed an increased
risk of relapse and death after transplantation,
particularly when other predictive variables were
considered.” In contrast, Christopeit et al.*® showed
no prognostic impact of DNMT3A mutations in
patients after alloSCT.

IDH1 and IDH2
IDHT and [DH2 genes encode cytoplasmic/
peroxisomal isocitrate dehydrogenase 1 and

mitochondrial isocitrate dehydrogenase 2,
respectively. These are NADP*-dependent enzymes
that catalyse the oxidative decarboxylation of
isocitrate to o-ketoglutarate, generating NADPH
from NADP*. Both genes function in a crossroads
of cellular metabolism, cellular defence against
oxidative  stress, oxidative respiration, and
oxygen-sensing signal  transduction.®* In MDS,
somatic mutations in /DHI/2 occur in 2-9% of
patients.*>%5%8 Mutations preferentially affected the
IDH2 gene. Since these mutations were discovered
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in early MDS, prior to AML transformation, it has
been suggested that /DH mutations, especially
IDH2, may contribute to the pathogenesis of MDS.%®

The simultaneous presence of /DH mutations with
other genetic changes is commonly observed in
myeloid neoplasms.’ The close association of
IDH2 mutations with ASXL1, DNMT3A, and SRSF2
suggests that /DH2 mutations can interact with
these aberrations in the development of MDS.>
The prognostic implication of /DH mutations in
MDS remains unclear. Some studies have shown
an adverse clinical outcome in MDS patients
with /DH mutations.*>*® Furthermore, two studies
demonstrated /DHT mutation as an independent
predictor of inferior survival.>®>* Very little is known
about the prognostic impact of /DH1/2 mutations
in MDS patients after alloSCT. Only one study has
examined this relationship and suggests that there
is no prognostic significance of these mutations.*®

CHROMATIN MODIFICATION

Two genes involved in chromatin modification
and regulation are recurrently mutated in MDS:
ASXL] (additional sex combs like 1) and EZH2
(enhancer of zeste 2 polycomb repressive complex
2), which encode chromatin-modifying proteins
and interact with the polycomb-group repressive
complex 1 and 2. Genomic loss of EZH2 contributes
to overexpression of the Hox gene clusters in
MDS through epigenetic modifications.®® Both
mutations are most often observed in higher-risk
subtypes of MDS such as RCMD and RAEB."3¢'

ASXL1and EZH2

ASXL1 and EZHZ2 mutations are closely associated
with myeloproliferative disorders. In MDS, ASXL]
mutations are found in 15-20% of patients.*®
These mutations are generally associated with
signs of aggressive progression and poor clinical
outcome.* Mutations of EZH2 occur in 5-8% of
MDS patients.®*> Previously, it was reported that
EZH2 mutations are a prognostic biomarker,
associated with shorter 0S.4> Although there are
no reports on the effect of ASXL] and EZH2
mutations on outcome after alloSCT, the overall
relationship of these mutations with poor outcome
may be important for risk stratifications.

TRANSCRIPTION REGULATION

Runt-related transcription factor 1 (RUNX1) protein
takes part in regulating the expression of multiple
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genes involved in normal haematopoiesis.t263
RUNXI mutations occur in 5-15% of MDS
patients,’®®* and are most often observed in RCMD
and RAEB.® RUNXT mutations are detected during
disease progression. Furthermore, this mutation is
significantly increased even in secondary AML
following MDS. The acquisition of additional
mutations in genes such as MLL-PTD or FLT3-ITD
with RUNXT appears to be an event precipitating
leukaemic transformation.®®> RUNXT mutations are
associated with unfavourable clinical outcomes.*®
Little is known about the prognostic impact of
this mutation after alloSCT. In one cohort of MDS
patients uniformly treated with FLAMSA-busulfan
conditioning, RUNXI mutations showed no
prognostic impact.*®

BCOR (BCL6 corepressor) and BCORL] (BCL6
corepressor-like 1) code for related transcriptional
corepressors, that are found tethered to promoter
regions by DNA-binding proteins. The proteins
interact with several different Class Il histone
deacetylases to repress transcription. Recently,
sequencing of BCOR genes in MDS patients
identified 2-4% of mutations.f® BCOR mutations
are often associated with RUNXT and DNMT3A
mutations. These data suggest that BCOR
mutations define the clinical course rather than
disease initiation.t®%” In MDS, BCOR mutations are
associated with adverse outcome, shorter OS,
and higher incidence of AML transformation.®®

DNA REPAIR CONTROL

Tumour protein  p53 (TP53) is a tumour
suppressor protein that regulates expression of
genes involved in cell cycle arrest, apoptosis,
senescence, DNA repair, and changes in
metabolism.?® TP53 is the most frequently
mutated gene in many types of cancer. In MDS,
TP53 mutations occur in 5-10% of cases.®*
These mutations are most often observed in
patients with advanced disease, complex
karyotype, or adverse karyotype aberrations.®#°
MDS patients carrying TP53 mutation have an
unfavourable clinical outcome and a high risk of
leukaemic evolution.*45

Bejar et al.® have analysed somatic mutations as
a potential risk factor in MDS patients following
alloSCT. In this analysis, only mutations in TP53
were significantly associated with shorter OS and
progression-free survival. TP53 mutations are
closely associated with complex karyotype.
However, in patients with complex cytogenetics,
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TP53 mutation showed significantly shorter OS.
In contrast, patients with complex cytogenetics
without TP53 mutation had OS comparable to
that of patients without complex cytogenetics.”
Moreover, there are data demonstrating that
TP53 mutations in low-risk MDS with deletion
of the long arm of chromosome 5 treated with
lenalidomide are associated with an increased risk
of leukaemic evolution.®® In view of the above,
this group of low-risk MDS patients could be
candidates for alloSCT.

CONCLUSIONS

Currently, little is known about the prognostic
value of mutations in MDS patients in the
context of alloSCT. Several groups studied the
role of alloSCT to overcome the negative impact
of mutations in MDS patients. Bejar et al.® have
found that T7P53, TET2, and DNMT3A mutations
are significantly associated with shorter OS
following alloSCT. Importantly, the authors
observed no adverse prognostic signs such as
cytogenetics or bone marrow blasts percentage
before transplantation in DNMT3A and TET2
mutated cases. Nevertheless, after alloSCT these
patients had an increased risk of relapse and death,
particularly when other predictive variables were
considered. In this study, TP53 mutation status
was the most significant predictor of mortality
after transplantation.

Christopeit et al#*® analysed MDS patients
treated with FLAMSA-busulfan sequential
conditioning and alloSCT. RUNXI, GATA2, TET2
and CEBPA and TP53 mutations were the
most frequently observed in this cohort. None
of the mutations showed a prognostic impact
in this analysis. Recently, Hamilton et al.¥’
examined the effect of alloSCT on the
negative prognostic impact of U2AFI and SRSF2
mutations in MDS patients. They reported no
difference in survival between mutated splicing
genes and  wild-type patients undergoing
transplantation. Thus, the authors suggest that

patients with such mutations could benefit
from alloSCT.

All  reports have some limitations, such as
heterogeneity of patients, conditioning, and

others. Despite these limitations, some analysis
has provided preliminary evidence to support the
hypothesis that alloSCT may mitigate the effects
of certain poor risk somatic mutations. In general,
somatic mutations such as TP53, TET2, and
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DNMT3A in MDS patients might be important
predictors for adverse outcome after alloSCT.”®%

MDS is characterised by mutations in >40 genes.
The complex structure of gene crosstalk, multiple
mutations, and extensive sub-clonal architecture
are common for MDS.#?® Recent genetic analysis
of large populations revealed some somatic
mutations in healthy people in advanced age.
These findings support the hypothesis that
mutations in genes such as DNMT3A, ASXL],
TET2, and others are likely to be initiating events

haematological malignancy diagnosis as well as
higher all-cause mortality.” The discovery of
these mutations in elderly patients with low-risk
MDS should be considered in risk stratification
very carefully.

Accurate risk stratification, patient selection, and
timing of alloSCT are frequently difficult in MDS.
The decision on whether or not alloSCT is indicated
can be challenging. Integration of somatic
mutations into prognostic scoring systems may
facilitate risk stratification of individual patients

for MDS and/or AML.7%7072
can confer an increased

These
risk of subsequent

mutations

and further refine clinical decision-making in MDS.
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ABSTRACT

The occurrence of bladder outlet obstruction (BOO) in men with prostate cancer is common. Although
relieving the obstruction may not change prognosis, it is highly valued by patients and is generally
associated with improvement in general functioning and wellbeing in the short-term. The aim of this study
was to assess the efficacy of high-dose external beam radiation therapy (EBRT) combined with bilateral
subcapsular orchidectomy (BSO) to relieve BOO due to prostate cancer.

A retrospective study design was employed and conducted at the Mulago National Referral Hospital.
Records of all patients with high-risk prostate cancer who presented with urinary obstructive symptoms
and treated with the BSO and EBRT were retrieved. The study variables were age, clinical stage, and
pathological Gleason score. The endpoint of the study was for patients to be able to pass urine after
removing the urethral catheter, analysed as follows: complete failure to pass urine; partial emptying with a
post-void volume >100 mL, and passing urine with complete emptying and a post-void volume <100 mL.

In total, 46 patients were analysed in the period of January 2011-December 2012. Mean age was
71 years (range: 63-93). Eight patients failed to pass urine, while six passed urine incompletely
(partial emptying). Thirty-two passed urine with a good stream and emptied the bladder completely.
The success rate was 32/46 (70%). All patients had T3 and T4 stage disease with Gleason scores >8.
In conclusion, orchidectomy combined with EBRT was found to be an effective and feasible option for
relieving BOO due to prostate cancer.

Keywords: Prostate cancer, bladder outlet obstruction (BOO), palliative radiotherapy.

the case in low-income countries, especially in
Sub-Saharan Africa, where cancer screening services

INTRODUCTION

130

Non-communicable diseases, including cancers,
are becoming increasingly important as causes
of morbidity and mortality in Sub-Saharan Africa,
including Uganda. Cancer of the prostate is the
most common malignancy in males in Uganda.' It is
most prevalent in the sixth and seventh decades of
life, as it is elsewhere in the world.? Bladder outlet
obstruction (BOO) is a common presentation in
men with high-risk prostate cancer.> Whereas the
prevalence of advanced and metastatic disease
is reduced in high-income countries, this is not
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are almost non-existent and access to cancer
treatment is limited.*

Immediate relief is usually obtained by either
suprapubic catheter or an indwelling urethral
catheter® Prolonged catheterisation has a major
impact on quality of life (QoL) in addition to the
risk of urinary tract infections.>’ Definitive treatment
of the obstruction, according to the standard
practice pattern in many countries, is a channel
transurethral resection of the prostate (TURP).2
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Some concerns have been raised about channel
TURP and these include intractable postoperative
bleeding, prostatorectal fistula, and re-obstruction
due to regrowth of the tumour.®

There is evidence that urinary obstruction caused
by prostate cancer can be relieved by irradiation,
however the results of combining radiotherapy
and orchidectomy have not been assessed.”
Given the decreasing incidence of BOO due to
prostate cancer in general, this applies mostly
to middle and high-income countries. Only a
few articles have been published recently on
obstructive uropathy from prostate cancer."

This study reports relief of BOO from a combination
of bilateral subcapsular orchidectomy (BSO) and
external beam radiation therapy (EBRT) in a
resource-limited setting.

METHODS

Design

This was a retrospective descriptive study.

Table 1. Age and study outcomes: Palliative
Radiotherapy and Hormonal Deprivation Ugandan
Study for Prostate Cancer 2015.

Variable Number
Age

Mean 71 years
Range 63-93 years
Outcomes

Complete failure to pass urine 5

Partially emptying and short retention

Partially emptying post-void >100 mL

Complete empty post-void <100 mL 32

EBRT* 30-45 Gy
Pathologic stage

T2 0

T3/T4 46
Pathologic Gleason scores

<6 0

7 0

>8 46

EBRT: external beam radiation therapy.
*EBRT in 10-15 fractions.
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Setting

This work was conducted at an urban teaching
hospital in Kampala, Uganda: a Sub-Saharan
Africa resource-limited environment. The Mulago
National Referral Hospital is a 1,500 bed hospital
with  numerous subspecialised units, including
urological services, which are largely provided free
of charge in this public hospital.

Eligibility

Records of all patients with BOO, as a result of
high-risk prostate cancer, who had attended
the urology clinic between 4™ January 2011 and
31t December 2012, were retrieved and reviewed.
A list generated from the operating theatre log
of patients who had undergone BSO was used

to retrieve the patient files from the records
department archives.

The diagnosis of cancer had been proven by
histological diagnosis after findings of raised
prostate surface antigen (PSA) and digital rectal
examination that revealed locally advanced disease.
BOO was defined as a self-reported situation when
a patient diagnosed with prostate cancer could
not void urine partially or completely.

Conventional External Beam
Radiation Therapy

Two weeks after BSO, EBRT was delivered
by means of a two-field technique. The fields
were antero-posterior, postero-anterior, and were
designed to include the prostate, the seminal
vesicles, and the regional lymphatic channels.
EBRT was delivered in 10-15 fractions to a total
dose of 35-45 Gy. Two weeks after irradiation, the
catheter was removed.

Study Variables

The main outcome measure was the ability to pass
urine through the urethra. Other variables such as
haematoma, bladder stones, and hydronephrosis
were not captured.

Those who reported passing urine satisfactorily
underwent an ultrasound examination to assess
the post-void residual urine volume. A volume
>100 mL was considered significant and indicative
of incomplete emptying, and therefore considered
as treatment failure. Age, Gleason score, and clinical
stage were the other study variables considered.
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Ethical Considerations

All patients provided written informed consent
for all the procedures that were done. Clearance
was obtained from the Mulago Hospital Ethics and
Research Review Board.

RESULTS

A total of 46 patients were included in the study
analysis. The mean age was 71 years with a range
between 63 and 93 years. The median follow-up

period was 9 months and the range was
6-12 months.
The final outcome measures were as follows:

32 individuals (70%) reported passing urine
satisfactorily and had post-void volumes <100 mL
while 5 patients (9%) failed to pass urine at all; the
remaining 9 patients (11%) were able to pass urine
only partially with post-void volumes >100 mL
(Table 1). All prostate specimens had pathological
Gleason scores >8. The stage was T3 or T4.
The patients who failed to pass urine had their
urethral catheters reinserted.

DISCUSSION

The study set out to investigate the efficacy of
BSO and EBRT in relieving BOO in patients with
locally advanced prostate cancer in a resource-
limited setting. Assessment was limited to ease or
completeness of passage of urine. Results showed
that 70% of patients were able to satisfactorily
pass urine during the follow-up period (which
lasted at least 6 months), a similar outcome to
several other studies where a high radiation dose
was administered.’”® Although numerous studies
highlight the treatments of early and advanced
stage prostate cancer and its complications,
there is a paucity of studies specifically
investigating androgen deprivation and EBRT
for BOO due to prostate cancer™ especially in
resource-limited environments.

It is important to relieve urinary obstruction
as it generally improves QolL;>’ long-term
effects depend on the severity of the blockage,
its acuity, laterality, and the patient’s underlying
renal  function. Obstructive uropathy from
prostate cancer most commonly results from
bilateral ureteral blockage or unilateral ureteral
obstruction in the setting of a solitary renal unit.™®
Obstruction has a deleterious impact on tubular
function with diminished urinary concentrating

ability, which, if left uncorrected, leads to further
interstitial inflammation and ultimately fibrosis.”
Long-standing (>6 weeks) obstruction may not
yield much functional benefit, a factor we take into
account when making treatment decisions.™?

The diagnosis of obstructive uropathy is made by
history and physical examination, often worsening
obstructive voiding symptoms are also used,
and in some cases acute urinary retention. Urea
and electrolyte levels and imaging can confirm
renal insufficiency. In practice, contrast imaging is
normally avoided to prevent contrast induced
nephropathy, which further impairs renal function.®

In this series, management was directed to
relieving BOO after physiological derangements
were corrected to optimise outcomes.®” Initial
relief was obtained by inserting a Foley’s catheter
and the other relief options were EBRT and BSO.

High-dose EBRT slows down biochemical or
clinical progression, more so than a conventional-
dose radiation, but no EBRT regimen, whether
conventional, high-dose conformal, dose
fractionated, or hypofractionated, is superior in
reducing androgen deprivation to decrease overall
disease-specific  mortality. In  resource-limited
settings such as this, the availability of stents or
palliative TURP is limited or non-existent.

STUDY LIMITATIONS

Combination therapy was used, which makes
it difficult to delineate which modality had a
preferable efficacy and to what extent each
therapy contributed to the patient outcome.
Though we know radiation is slower than
endocrine therapy in diminishing prostate cancer
biomarker PSA® this does not conclusively
delineate the contribution of each modality.
The study design was retrospective and may not
bring out the other variables of QoL assessment.
Uroflowmetric measurements were not taken due
to resource limitations.

CONCLUSION

BSO combined with high-dose palliative EBRT was
effective in relieving BOO in high-risk prostate
cancer patients. It is an alternative to the often
unavailable channel TURP procedure or permanent
indwelling suprapubic or urethral catheter drainage
among men in resource-limited settings.
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UPCOMING EVENTS

European CanCer Organisation (ECCO)
European Cancer Congress 2017
270-30% January 2017

Amsterdam, Netherlands

At Europe’s pre-eminent multidisciplinary congress, there will be presentations on the latest
developments from single disciplines from a holistic, multidisciplinary perspective, enabling
insight into how these developments affect clinical practice. Hot discussions on the organisation
and cost of European cancer care are expected as well as a multidisciplinary perspective on
patient situations, which will be a broad theme of the congress.

9t Annual Symposium on Clinical Interventional Oncology (CIO)
4th-5% Fepbruary 2017
Hollywood, Florida, USA

A tightly focussed, practical programme known for its dynamic learning format and focus on
patient care will spotlight the most practical and desirable treatments in clinical interventional
oncology as well as previewing novel developments in this field. There are a variety of topics
that will be considered, including: lymphatic duct intervention, ablation of lymphadenopathy,
liver-directed therapy and the role of Y-90, and therapies for the thyroid.

18t European Congress: Perspectives in Lung Cancer
3r9-4t March 2017
Madrid, Spain

This congress will provide a detailed look at the most topical advances in cancer treatment,
particularly focussing on targeted drugs, diagnostics, new treatment algorithms, strategies to
use chemotherapy more effectively, and data from key clinical trials on the treatment of patients
with lung cancer. This will enable attendees to have confidence in their current practices and
facilitate the optimisation of patient care.

Keystone Symposia Tumor Metabolism:

Mechanisms and Targets 2017
5t-9% March 2017

Whistler, Columbia, Canada

Experts from a variety of research disciplines will present their most recent discoveries on tumour
metabolism, providing a fantastic opportunity to integrate differing viewpoints and research
in this interdisciplinary field. This symposium will illuminate the diverse range of metabolic
strategies employed by cancer cells and how the tumour microenvironment and distinct genetic
events underlying different cancer types affect these metabolic properties.
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IMPAKT 2017 Breast Cancer Conference
4th-6t May 2017
Brussels, Belgium

Organised by a consortium of European breast cancer organisations, in collaboration with the
Breast International Group (BIG) and the European Society for Medical Oncology (ESMO),
IMPAKT 2017 is primarily aimed at breast cancer researchers and clinicians who are especially
interested in biomarkers, molecular and functional diagnostics, new agents, translational
research, and cutting-edge research applications in the clinical setting.

European Lung Cancer Conference (ELCC)
5t-8th Mgy 2017
Geneva, Switzerland

This conference is a collaboration between the major societies representing thoracic oncology
specialists, with the shared ambition to enhance the practice of lung cancer specialists on a
global scale. The major topics of focus include: new International Association for the Study
of Lung Cancer (IASLC) Staging, immunotherapy as a first-line treatment as well as potential
biomarkers and combination approaches, and the management of brain metastases.

European Society of Medical Oncology (ESMO)
World Congress on Gastrointestinal Cancer

28" June-1t July 2017

Barcelona, Spain

Held in the vibrant and beautiful city of Barcelona, the world’s foremost gastrointestinal cancer
event will return in 2017 to provide an overview of malignancies encompassing all sections of
the gastrointestinal tract. In addition, it will tackle aspects relevant to the care of patients with
gastrointestinal cancer, covering diagnosis, screening, and the very latest management options
for both common and uncommon tumours.

European Society for Medical Oncology (ESMO) 2017 Congress
8h-12t September 2017
Madrid, Spain

This renowned congress is the most prominent and influential European annual meeting
targeted at medical oncology professionals. Once again, the ESMO Congress will gather
leading oncologists together, enabling the sharing of knowledge between the laboratory and
clinic, facilitating the alignment of objectives and ensuring greater precision in the direction of
research and study which will result in improved treatment options for cancer patients.
There will be a huge number of abstract presentations, symposia, and workshops, meaning
there will be something to cater for all interests. Online registration will open from February
2017, ensure you remember to book early so as not to miss out on what is sure to be another
spectacular event!
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