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SCientifiC
Programme
Abstracts are reproduced as submitted by the authors.  

All parties will make reasonable efforts to present
educational subject matter in a scientific, balanced and
unbiased way.  However, participants must always use their
own judgment and professional opinion when considering
future application of this information, particularly as it may
relate to patient diagnostic or treatment decisions.

Statements and descriptions are informational only and
are not made or given as a warranty. The views, opinions
and statements made at the conference are solely those of
the presenters and may not reflect the views of the
Organisers. Furthermore, presenters may have vested
interests in the concepts and products they discuss.

Thank you for joining us in Sheffield as we celebrate the 50th birthday of the
bisphosphonates. Sheffield is England’s 5th largest city, and is one of the UK’s greenest,
with one third of the city lying within the Peak District National Park.  We chose Sheffield
as the venue because many of the pioneering studies on the clinical development of
bisphosphonates and on their mechanisms of action were performed here.

We are celebrating the golden anniversary this year because it was in 1969 that the first
three papers describing the biological effects of the bisphosphonates, then called
diphosphonates, were published in Science and Nature.  

The discovery that bisphosphonates could inhibit bone resorption led very quickly to their
clinical use in Paget’s disease and in patients with skeletal complications of cancer.
During subsequent years their use was extended to osteoporosis and the prevention of
fractures, as well as to many other skeletal disorders.

Over the years more than a dozen bisphosphonates have been studied clinically, and
several of these reached blockbuster status. Since 1969 more than 29,000 additional
papers on bisphosphonates have appeared in PubMed!  Bisphosphonates remain among
the major drugs used worldwide in bone oncology and osteoporosis.  Their use in clinical
therapeutics is likely to continue well into the future, with exciting prospects for new
applications.

This scientific meeting will review developments over the past 50 years, discuss our
current understanding and look at what the future may hold. We have assembled an
outstanding group of speakers and other faculty members.  The proceedings will be
published as a supplement in the journal, Bone, and the submitted abstracts in JBMR
Plus.

We hope that all attendees will enjoy participating in this historic meeting, and take home
many good memories of their visit to Sheffield.

Richard Eastell / Graham Russell
Meeting Chairs
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14:00 Individual bisphosphonates: historical perspective, cont.
Chairs:        Jean-Jacques Body (Brussels, Belgium) & David Reid (Aberdeen, UK)

14:00 Risedronate (20)
Mike McClung (Portland, USA)

14:20 Ibandronate (20)
Dieter Felsenberg (Berlin, Germany)

14:40 Zoledronate (20)
Ian Reid (Auckland, New Zealand)

15:00 Round table discussion
Chairs:        Richard Eastell (Sheffield, UK) & Graham Russell (Sheffield, UK)

ADDITIONAL DISCUSSANTS:

Sandy Paterson (Calgary, Canada)
Trevor Powles (London, UK)
Emilio Roldán (Buenos Aires, Argentina)
Sergio Rosini (Pisa, Italy)
Art Santora (New Brunswick, USA)
Roger Smith (Oxford, UK)

16:00 COFFEE

16:30 The pioneers
Chairs:        Willy Hofstetter (Bern, Switzerland) & Uri Liberman (Tel Aviv, Israel)

16:30 Herbert Fleisch and Gideon Rodan (10)
Jack Martin (Melbourne, Australia)

16:50 David Francis and the P&G connection (10)
Dave Valent (Cincinnati, USA)

17:00 Sir Edward Mellanby and vitamin D
Chair:         Richard Eastell (Sheffield, UK)

17:00 The Sheffield connection: Sir Edward Mellanby and vitamin D (25+5)
Richard Mellanby (Edinburgh, UK)

17:30 Drug discovery
Chair:         Graham Russell (Sheffield and Oxford, UK)

17:30 Drug discovery then and now (10+5)
Chas Bountra (Oxford, UK)

17:45 RECEPTION AND POSTERS

19:00 BUSES DEPART THE EDGE

19:30 DINNER (INOX DINE)

22:15 BUSES RETURN
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SUNDAY 14 JULY

19:00 SUPPER/BBQ (THE EDGE)

MONDAY 15 JULY

The Past: Early developments and applications

08:30 Introduction, early history and scope of the meeting
Chair:         Richard Eastell (Sheffield, UK)

08:30 Welcome (5)
Richard Eastell (Sheffield, UK)

08:35 Welcome to Sheffield (10)
Pam Shaw (Sheffield, UK)

08:45 Historical highlights (25+5)
Graham Russell (Sheffield and Oxford, UK)

09:15 Mechanisms of action and imaging
Chairs:        Jim Dunford (Oxford, UK) & Ken Poole (Cambridge, UK)

09:15 How bisphosphonates work in cells (20+5)
Mike Rogers (Sydney, Australia) & Jukka Mönkkönen (Kuopio, Finland)

09:40 Pharmacological evaluation of bisphosphonates (20+5)
Serge Cremers (New York, USA)

Chairs:        Núria Guañabens (Barcelona, Spain) & David Hanley (Calgary, Canada)

10:05 Clinical uses of radiolabelled bisphosphonates (20+5)
Gary Cook (London, UK)

10:30 How bisphosphonates work in humans (20+5)
Richard Eastell (Sheffield, UK)

10:55 COFFEE

11:30 Individual bisphosphonates: historical perspective
Chairs:        Henry Bone (Detroit, USA) & Peter Ebeling (Melbourne, Australia)

11:30 Etidronate (20)
Nelson Watts (Cincinnati, USA)

11:50 Clodronate (20)
Eugene McCloskey (Sheffield, UK)

12:10 Pamidronate (20)
Socrates Papapoulos (Leiden, Netherlands)

12:30 Alendronate (20)
Steve Cummings (San Francisco, USA)

12:50 Snap posters
Chair:         Jennie Walsh (Sheffield, UK)

P1, P2, P3, P4, P34, P40, P44, P45 (each 60 seconds)

13:00 LUNCH AND POSTERS
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14:15 Actions of bisphosphonates on cancer cells and the metastatic process (15)
Philippe Clézardin (Lyon, France)

Chairs:        Andy Chantry (Sheffield, UK) & David Roodman (Indianapolis, USA)

14:30 Bisphosphonates for cancer treatment induced bone loss (15)
                    Peyman Hadji (Frankfurt, Germany)

14:45 Disease modifying effects of bisphosphonates in the clinic (15)
Rob Coleman (Sheffield, UK)

15:00 Bisphosphonates in primary bone tumours – do they have a role? (15)
Dominique Heymann (Nantes, France)

15:15 The use of bisphosphonates to prevent skeletal morbidity from metastatic bone
disease (15)
Janet Brown (Sheffield, UK)

15:30 Myeloma bone disease and bisphosphonates (15)
Matthew Drake (Rochester, USA)

15:45 Round table discussion
Chairs:        Andy Chantry (Sheffield, UK), Peter Croucher (Sidney, Australia), Claire Edwards (Oxford, UK) &

David Roodman (Indianapolis, USA)

16:00 COFFEE AND POSTERS

16:30 Paget’s disease
Chairs:        Luigi Gennari (Siena, Italy) & Stephen Tuck (Middlesbrough, UK)

16:30 History of the Paget family (10)
Henry Paget

16:40 Management of Paget’s disease (15+5)
Stuart Ralston (Edinburgh, UK)

17:00 Litigation matters
Chairs:        Gordon Duff (Oxford, UK) & Serge Ferrari (Geneva, Switzerland)

17:00 Liability litigation: ONJ (15+5)
Ron Dhindsa (Washington DC, USA)

17:20 Liability litigation: AFF (15+5)
Michael Hecht (Baltimore, USA)

17:40 Is the patent system fit for purpose? (15+5)
Robin Jacob (London, UK)

18:00 CLOSE

18:45 BUSES DEPART THE EDGE

19:30 DINNER (CUTLERS’ HALL)

22:30 BUSES RETURN
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TUESDAY 16 JULY

The present: Current Issues with the use of bisphosphonates

09:00 Osteoporosis
Chairs:        Angela Cheung (Toronto, Canada) & John Kanis (Sheffield, UK)

09:00 Why are bisphosphonates not being used more to prevent fractures (the ‘Treatment
Gap’) (20)
Cyrus Cooper (Southampton and Oxford, UK)

09:20 Long-term effects of bisphosphonates on bone (20)
Dennis Black (San Francisco, USA)

Chairs:        Maria Luisa Brandi (Florence, Italy) & Nicky Peel (Sheffield, UK)

09:40 Practical guidance for use of bisphosphonates in osteoporosis (20)
Juliet Compston (Cambridge, UK)

10:00 Treatment of osteoporosis with anabolic and antiresorptive drugs: combined and
sequential approaches (20)
Bente Langdahl (Aarhus, Denmark)

10:20 Round table discussion
Chairs:        Maria Luisa Brandi (Florence, Italy), Angela Cheung (Toronto, Canada),John Kanis (Sheffield, UK)

& Nicky Peel (Sheffield, UK)

10:45 COFFEE AND POSTERS

11:15 Rare bone diseases
Chairs:        Paul Arundel (Sheffield, UK) & Kassim Javaid (Oxford, UK)

11:15 Osteogenesis imperfecta and other childhood bone diseases (15+5)
Nick Bishop (Sheffield, UK)

11:35 Fibrous dysplasia (15+5)
Roland Chapurlat (Lyon, France)

11:55 Hypophosphatasia (15+5)
Michael Whyte (St Louis, USA)

12:15 Orthopaedic diseases
Chair:         Hannu Aro (Turku, Finland)

12:15 The use of bisphosphonates to meet orthopaedic challenges (15+5)
Mark Wilkinson (Sheffield, UK)

12:35 Snap posters
Chair:         Jim Gallagher

P5, P6, P7, P8, P9, P10, P11, P12, P13, P14, P15, P16, P17, P18, P23, P28, P30, P31, P41, P43
(each 60 seconds)

13:00 LUNCH

14:00 Bone and cancer
Chairs:        Peter Croucher (Sidney, Australia) & Claire Edwards (Oxford, UK)

14:00 Animal models: have they helped us establish a clinical role for bisphosphonates in
cancer? (15)
Ingunn Holen (Sheffield, UK)
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12:05 Osteoarthritis and pain
Chairs:        Phil Conaghan (Leeds, UK) & Piet Geusens (Maastricht, Netherlands and Hasselt, Belgium)

12:05 Bisphosphonates and pain (15+5)
Thomas Tzschentke (Aachen, Germany)

12:25 Osteoarthritis and bone marrow lesions (15+5)
Erik Fink Eriksen (Oslo, Norway)

12:45 Snap posters
Chair:         Allie Gartland (Sheffield, UK)

P19, P20, P21, P22, P24, P25, P26, P27, P29, P32, P33, P36, P37, P38, P39, P42, P46
(each 60 seconds)

13:10 LUNCH AND POSTERS

14:00 Mineralisation
Chairs:        Colin Farquharson (Edinburgh, UK) & Dana Gaddy (College Station, USA)

14:00 Biological mineralisation mechanisms (15+5)
Marc McKee (Montreal, Canada)

14:20 Generalised arterial calcification of infancy, etidronate and ENPP1 replacement (15+5)
Demetrios Braddock (New Haven, USA)

14:40 Is there a role for bisphosphonates in vascular calcification in chronic kidney disease?
(15+5)
John Cunningham (London, UK)

15:00 Veterinary applications
Chairs:        Tim Arnett (London, UK) & Alan Boyde (London, UK)

15:00 Veterinary applications of bisphosphonates (15+5)
Larry Suva (College Station, USA)

15:20 COFFEE

15:40 Effects on muscle
Chairs:        Jill Cornish (Auckland, New Zealand) & David Hughes (Sheffield, UK)

15:40 Burn injury and restoration of muscle function (10+5)
Gordon Klein (Galveston, USA)

15:55 Bone and muscle interactions in cancer (15+5)
Theresa Guise (Indianapolis, USA)

16:15 Unresolved issues and future research directions
Chairs:        Richard Eastell (Sheffield, UK) & Graham Russell (Sheffield and Oxford, UK)

DISCUSSANTS:

Bo Abrahamsen (Holbæk, Denmark)
Penny Ottewell (Sheffield, UK)

16:45 CLOSE
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WEDNESDAY 17 JULY

The Future: Current and future research directions

08:45 Ageing and healthspan
Chairs:        Ilaria Bellantuono (Sheffield, UK) & Sundeep Khosla (Rochester, USA)

08:45 Current concepts in biological ageing (15)
James Edwards (Oxford, UK)

09:00 Effect of bisphosphonates on healthspan: evidence (15)
Jacqueline Center (Sydney, Australia)

09:15 Effect of bisphosphonates on healthspan: mechanisms (15)
Ken Lyles (Durham, USA)

09:30 Round table discussion
ADDITIONAL DISCUSSANTS:

Roland Chapurlat (Lyon, France)
Steve Cummings (San Francisco, USA)

09:45 New bisphosphonates: mechanisms, and applications
Chairs:        Philippa Hulley (Oxford, UK) & Jo Price (Cirencester, UK)

09:45 Connexins and bisphosphonate action (10+5)
Teresita Bellido (Indianapolis, USA)

10:00 Pre-clinical studies with non-traditional bisphosphonates (10+5)
Lilian Plotkin (Indianapolis, USA)

10:15 COFFEE

10:45 New bisphosphonates: mechanisms, and applications cont.
Chairs:        Robert Boeckman (Rochester, USA) & Hal Ebetino (Rochester, USA)

10:45 Bisphosphonates redux: Designing the next generation of bisphosphonates for new
biological and medical applications (15)
Charles McKenna (San Diego, USA)

11:00 Fluorescent bisphosphonates (15)
Shuting Sun (Pasadena, USA)

11:15 Dental applications of bisphosphonates (15)
Parish Sedghizadeh (Los Angeles, USA)

11:30 Delivery of chloroquine and anti-cancer agents to bone (15)
Brendan Boyce (Rochester, USA)

11:45 Round table discussion
Chairs:        Robert Boeckman (Rochester, USA) & Hal Ebetino (Rochester, USA)

ADDITIONAL DISCUSSANTS:

Mike Blackburn (Sheffield, UK)
Sebastien Cagnol (Atlanthera)
Shelly Lawson (Sheffield, UK)
Jim Triffitt (Oxford, UK)
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ABSTRACT: 

Bisphosphonates and Osteocytes: a Connexin
43 story
The reduction in bone fracture incidence observed
in patientstreated with bisphosphonates cannot be
fully accounted for by theeffectof the drugson bone
mass. Research efforts of the last 20 years provided
an explanation to this dichotomy by demonstrating
that part of the beneficial effect of bisphosphonates
on the skeleton is due to prevention of osteoblast
and osteocyte apoptosis. In vitro and in vivo studies
from our group, independently confirmed by other
investigators, demonstrated that bisphosphonates
prevent osteoblast and osteocyte apoptosis. This
prosurvival effect is strictly dependent on the
expression of connexin (Cx) 43, in vitro and in vivo.
Remarkably, however, it is independent of gap
junctions. Instead, bisphosphonates openCx43
hemichannels, followed by activation of intracellular
survival kinases (Src/ERKs/p90RSK), and
phosphorylation of BAD and C/EBP , resulting in
inhibition of apoptosis. The
Cx43hemichannel/survival kinase pathway
activated in osteocytes and osteoblasts is separate
from the effect of bisphosphonates on osteoclasts,
as analogs that lack antiresorptive activity are still
able to inhibit osteoblast and osteocyte apoptosis.
Preservation of the bone-forming function of
mature osteoblasts and maintenance of the
osteocytic network, in combination with lack
anticatabolic actions, open newtherapeutic
possibilities for bisphosphonates in the treatment
of osteopenic conditions in which decreased bone
resorption is not desired.

nick Bishop 
Professor Nick Bishop is an
internationally recognised expert in the
field of paediatric bone research with a

particular focus on experimental medicine/early
phase studies in osteogenesis imperfecta, steroid-
induced or disease-associated osteoporosis and
hypophosphatasia, as well as having a long-
standing interest in early life influences on later
skeletal health. He is based at Sheffield Children’s
Hospital, a member of the BOND ERN, and the lead
designated centre for the nationally-commissioned
Highly Specialised Severe, Complex and Atypical
Osteogenesis Imperfecta Service. He is an Associate
Director of the Versus Arthritis Experimental
Arthritis Treatment Centre for Children, leading the
bone theme, Vice President for Science and
Research of the Royal College of Paediatrics and
Child Health and Director of the Clinical Research
Facility at Sheffield Children’s Hospital. 

ABSTRACT: 

Osteogenesis Imperfecta
Osteogenesis imperfecta (OI) is a disease
characterised by altered bone tissue material
properties together with degraded micro and

macro-architecture and thus bone fragility,
increasedbone turnover and hyperosteocytosis.
Increasingly appreciated are the soft tissue
changes, sarcopenia in particular. Approaches to
treatment are now multidisciplinary, with
bisphosphonates having been the primary
pharmacological intervention overthe last 20 years.
Whilst meta-analyses suggest that anti-fracture
efficacy across the life course is equivocal, there is
good evidence that for children bisphosphonates
reduce fracture risk, increase vertebral size and
improve vertebral shape, as well asimproving motor
function and mobility. The genetics of OI continues
to provide insights into the molecular pathogenesis
of the disease, although the pathophysiology is less
clear. The complexity of the multi-scale interactions
of bone tissue with cellular function are gradually
being disentangled, but the fundamental question
of why increased tissue brittleness should be
associated with so many other changes is unclear;
ER stress, pro-inflammatory cytokines, accelerated
senesence and altered matrix component release
might all contribute, but a unifying hypothesis
remains elusive. New approaches to therapy are
focussed on increasing bone mass, following the
paradigm established by the treatment of
postmenopausal osteoporosis. For adults, this
brings theprospect of restoring previously lost bone
–for children, particularly at the severe end of the
spectrum, the possibility of further reducing
fracture frequency and possibly altering growth
and long term function are attractive. The
alternatives that might affect tissue brittleness are
autophagy enhancement (through the removal of
abnormal type I collagen aggregates) and stem cell
transplantation –both still at the preclinical stage of
assessment. Preclinical assessment is not
supportive of targeting inflammatory pathways,
although understanding why TGFb signalling is
increased, and whether that presents a treatment
target in OI, remains to be established. OI remains
a puzzle without a single solution; it exemplifies the
difficulties of working with a tissue where effects
are amplified or felt across multiple scale levels, and
where the interactions of cells with tissue are
difficult to follow both in vivo and ex vivo.
Nevertheless, given the rate at which new
information across each of these areas is
accumulating, we can hope that more targeted and
appropriate treatments will emerge soon. In the
meantime, children and their families are grateful
for the transformative change that
bisphosphonates have wrought in many lives.

Dennis Black
Dennis M. Black, PhD is a Professor of
Epidemiology and Biostatistics at UCSF
and is Head of the Division of Aging and

Chronic Diseases. His research focus is on
osteoporosis. He has led 3 large randomized trials
including the FIT study (Alendronate), the
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Bo abrahamsen
Bo Abrahamsen is a parathyroid and
skeletal endocrinologist at Holbæk
Hospital in Denmark. He attended

Medical School in Odense, Experimental Pathology
at St Andrews, UK, and did part of his PhD lab work
in Worcester, MA. He was first appointed MSO
professor of clinical database studies at the
University of Southern Denmark in 2009 and began
a permanent clinical professorship January 2019. His
research interests include fracture- and lifecourse
epidemiology, and the safety and efficacy of
bisphosphonates. He served on both ASBMR Task
Forces on Atypical Femur Fractures and is a Golden
Femur award recipient. Professor Abrahamsen is a
former member of the Board of Directors of the
American Society for Bone and Mineral Research
and a member of the Board of the European
Calcified Tissue Society.

tim arnett 
Tim Arnett  is Professor of Mineralised
Tissue Biology at University College
London.  He is interested in the control of

bone cell function by fundamental regulators such
as extracellular pH, oxygen and nucleotides /
pyrophosphate.  Tim serves on the editorial boards
of several journals, and was previously secretary /
president of the Bone Research Society and
secretary of ECTS.  He is currently convener of the
Bloomsbury Centre for Skeletal Research.

Hannu t aro
I am an academic orthopaedic surgeon
with the clinical license both in Finland
and USA. I had my PhD on experimental

surgery at the University of Turku, postdoctoral
fellowship of orthopaedic biomechanics at the
Mayo Clinic, Rochester MN, and served as the first
traumatologist at the Johns Hopkins University,
Baltimore MD. I have a basic research background
on the biomechanics and molecular biology of
bone healing. I have supervised 18 PhD theses and
have more than 180 original publications. In
collaboration with international and start-up
companies, I have focused on RCTs of fracture
patients and hip replacement patients applying
advanced imaging technology such
radiostereometric analysis and PET imaging.
Currently, my main clinical research interest is the
significance of bone quality in postmenopausal
women undergoing cementless total hip
replacement. Among my university duties, I am in
charge of the resident program in orthopaedic
surgery and traumatology.

Paul arundel
Dr Paul Arundel is a full-time NHS
consultant and Clinical Lead or the
Paediatric Metabolic Bone Disease Service

at Sheffield Children’s Hospital. His work
encompasses the delivery and improvement of care
to children and young people with a wide range of
bone diseases through multidisciplinary team
working and collaboration with partners across the
UK. He has overseen the implementation of the
Highly Specialised Services for both “severe, complex
and atypical osteogenesis imperfecta” and
“paediatric-onset hypophosphatasia”. Clinical and
research interests include assessment and treatment
of bone fragility disorders, achondroplasia and
disorders of calcium and phosphate metabolism
including X-linked hypophosphataemic rickets.

ilaria Bellantuno 
Ilaria Bellantuono is Professor of
Musculoskeletal Ageing and Co-Director
of the Healthy Lifespan Institute at the

University of Sheffield. Ilaria’s research interests are
in the identification of geroprotectors, molecules
which delay or revert ageing and in their clinical
translation. As Chair of the Horizon2020 COST
Action MouseAge she has led the European efforts
to establish consensus and best practise for
preclinical testing of geroprotectors in mouse
models of ageing and age-related diseases and
speed up translation. She is also heading skelet.AL,
a facility offering contemporary approaches for the
analysis of bone to all investigators within the
university and outside. 

teresita Bellido 
Teresita Bellido, PhD is a basic and
translational scientist in bone biology.
Bellido graduated in Argentina;

performed postdoctoral studies at Indiana
University, USA; and was faculty in the Department
of Medicine and Osteoporosis Center at the
University of Arkansas. Since 2008, Bellido is
Professor of Anatomy and Cell Biology and
Professor of Medicine at Indiana University; and
Research Career Scientist of the Veterans
Administration. Her research interests are signal
transduction in the musculoskeletal system,
mechanisms of action of sytemic hormones in bone
and muscle, and osteocyte biology and
pathophysiology. Bellido maintains a strong
commitment to education and training worldwide.
Her mentoring role, was recongnized by the ASBMR
in 2015 with the Paula Stern award for women in the
field, and in 2018 with the Gideon Rodan Excellence
in Mentorship Award. Bellido is co-director of the
Endocrine Fellow Forum and of the Sun Valley
Musculoskeletal Biology workshop, and current
ASBMR President Elect (2019-2022). 
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(GEMO)” of which he was the first President. He is
also President of the “Belgian Bone Club” and is a
member of the “Committee of Scientific Advisors”
of “International Osteoporosis Foundation (IOF)”. He
is a member of several professional organisations,
including ASBMR, ECTS, IBMS, ASCO, ESMO, SIOG,
MASCC, Endo Soc.

His particular research interests are tumor bone
disease, osteoporosis, and markers of bone
turnover. He was involved in numerous trials in
cancer and non-cancer patients with all
bisphosphonates available in Europe and with
denosumab from phase I to phase IV. More recently,
he became interested in risk factors for osteoporotic
fractures in postmenopausal women. 

He has authored or co-authored more than 270
international peer-reviewed papers and more than 60
book chapters or proceedings and he counts more
than 200 invited lectures for international meetings.

robert K Boeckman, Jr 
After early schooling in Dayton, Ohio, he
received his Bachelors of Science degree
in Chemistry in 1966 from Carnegie

Institute of Technology (now Carnegie Mellon
University). He moved on to Brandeis University
where he received the PhD degree under the
supervision of James B. Hendrickson and Ernest
Grunwald in 1970. He then joined the research
group of Gilbert Stork in 1970 as an NIH
postdoctoral fellow. Hebegan his academic career
at Wayne State University in 1972, where he rose to
the rankof Professor in 1979. In 1980, he joined the
faculty of the University of Rochester wherehe is
currently Marshall D. Gates Jr. Professor of
Chemistry. In 1976, he was married to Mary H.
Delton. Among his academic honors are included
an A.P. Sloan Fellowship, a Research Career
Development Award from the National Institutes of
Health, and an ACS Cope Scholar Award. He has
been a Fellow of the Japanese Society for the
Promotion of Science, was twice awarded an
Alexander Von Humboldt Stiftung Research Prize
for Senior Scientists, and named a Marshall Gates
Scholar by the University of Rochester. He is an
inaugural ACS Fellow and a Fellow of the AAAS.
From 1997 until 2016, he served as an Associate
Editor of the Journal of Organic Chemistry. He
served as Chair of the Department of Chemistry at
the University of Rochester from 2003-2013 and in
2009 received the William H. Riker University Award
for Graduate Teaching from the U of Rochester. His
research interests lie primarily in the area of
synthetic organic chemistry, both the development
of new synthetic methodology, the total synthesis
of complex substances of biological interest, and
the medicinal chemistry of bisphosphonates and
bisphosphonate drug conjugates. He has
particularly focused on the development of
stereocontrolled organic reactions, the

development of new methods for asymmetric
synthesis including catalytic asymmetric synthesis,
the development of new methodology involving
organometallic chemistry particularly catalysis of
organic reactions using chiral organometallic
complexes, and applications of conformational
theory to the solution of complex stereochemical
problems including the stereoselective creation
medium ringcontaining substances. He has
coauthored with his students and postdoctoral
associates about 150 research papers, and book
chapters, principally in the area of synthetic organic
chemistry.

Henry Bone
Henry G Bone, MD, MACP, FRCP, FACE

Dr Bone is currently the Director of the
Michigan Bone and Mineral Clinic in

Detroit, MI, as well as Adjunct Professor, University
of Michigan School of Medicine, and Chief of
Endocrinology at St John Hospital, Detroit. He
graduated from Princeton University and the
University of Washington School of Medicine,
Seattle, with postgraduate training at the University
of Texas Southwestern Medical School and
University of California, San Diego. 

Dr Bone’s career has been focused on bone and
mineral disorders and has been closely intertwined
with the development of the bisphosphates as well
as other drugs for bone disorders. In particular, he
was responsible for the trials that resulted in the
initial registration of pamidronate and later was an
investigator and advisor in the development of
alendronate and zoledronic acid, as well as
denosumab and other medications. 

Dr Bone has served as a member and chairman of
the U.S. Food and Drug Administration, and
endocrine and Metabolic Drugs Advisory
Committee. He has authored or co-authored more
than 100 peer-reviewed publications. 

Chas Bountra
Chas is Pro-Vice Chancellor for Innovation
at the University of Oxford, Professor of
Translational Medicine in the Nuffield

Department of Clinical Medicine, CSO for the SGC,
academic lead for the Dementia Drug Discovery
Institute and Professorial Fellow at Keble College,
Oxford. Chas is an invited expert on several
government and charitable research funding
bodies, and an advisor for many academic, biotech
and pharma drug discovery programmes.

Prior to coming back to Oxford in 2008, Chas was
Vice President and Head of Biology at
GlaxoSmithKline. He was involved in the
identification of more than 40 clinical candidates
for many gastro-intestinal, inflammatory and
neuro-psychiatric diseases. More than 20 of these
molecules progressed into patient studies and

13

Faculty Profiles and Speaker Abstracts
bisphosphonates2019

CELEBRATING 50 YEARS BISPHOSPHONATES 2019 IN ASSOCIATION WITH THE MELLANBY CENTRE, UNIVERSITY OF SHEFFIELD

HORIZON PFT (Zoledronic Acid) and PaTH (PTH and
Alendronate) and was the first author on the
publications (NEJM and Lancet). He has also
authored many other influential papers from
observational studies (eg. SOF and MrOS) and other
RCTs. He is currently leading the Foundation for NIH
(FNIH) Bone Quality Project which has a goal of
qualifying DXA BMD as a surrogate measure for
fractures which could facilitate future clinical trials
and development of new osteoporosis treatments.
He has a strong interest in atypical femur fracture
and is PI/Co-PI on several AFF studies including one
using data from Kaiser Permanente in So. Calif. and
another evaluating AFFs in Denmark.

ABSTRACT:

Long-term effects of bisphosphonates on
bone
Dennis Black
San Francisco, USA

Bisphosphonates are highly effective in reducing
fracture risk for 3-5 years. While their efficacy is
reduced with longer-term use, it would seem that
they, like statins or anti-hypertensives, would be
lifelong therapies in people at high fracture risk.
However, atypical femur fractures (AFFs), first
reported in ~2007, are rare side effects that initially
seemed to be associated with BP use, perhaps
more so with longer term use. 

Since initial AFF reports, there have been many
epidemiologic studies but inference from them is
limited by study design limitations or non-
availability of X-rays for AFF adjudication. Our
current knowledge about BP duration and AFF risk
is thus limited: a 2012 meta-analyses showed a wide
range of relative risks for BP use/AFF risk ranging
from 0.7 to 69 (Gedmintas, 2012). This uncertainty
supports need for large, population-based,
prospective studies of AFF including radiographic
adjudication and adjusting for important
covariables confounding the apparent association
with BP use. There are two such studies in progress,
the first reported initial findings at ASBMR 2018. It
was performed within Kaiser Permanente Southern
California, an HMO with 4.5 million members. The
study adjudicated all femoral shaft and diaphyseal
fractures from 2007-2017. Among about 200,000
women >50 years who had used BPs at least once,
there were 272 AFFs. Absolute risk of AFF was low
(1.7/10,000py) but increased with longer duration of
BP use from 0.1/10,000py for <1 year to 12.8/10,000py
for >8 years. Surprisingly, adjusting for age,
pretreatment BMD, fracture history and everything
but the kitchen sink made little difference, only
slightly attenuating the increased relative risk with
BP duration. Other key findings:

80-90% AFF risk decline within 2 years of
discontinuing BP

Potent risk factors for high AFF risk include: Asian
race (HR=5.8), fracture history (HR=2.0), GC use
(HR=2.6), age 65-85 (HR=2.5 vs. >85), 

Low AFF risk groups include: Caucasian race, older
age(>85), lower weight, taller height.

Other recent large studies support that hip and
non-vertebral fractures do not rise up to 5 years
after discontinuing BPs. Thus, we have the perfect
blissful storm in favor of BP holidays in many
patients: no loss of benefits and a dramatic
decrease in AFF risk. 

Using these new results and others soon available,
we can now develop individualized tools for BP
holiday clinical decision-making that balance AFF
risk with expected fracture benefits. These tools will
greatly decrease AFF risks and optimize BP
benefits.

michael Blackburn 
Post-doc with Lord Todd, Cambridge
Chemistry Dept. 1959-61.
Cambridge University Demonstrator

1961-65
Sheffield University Chemistry 1965-2007
SU Molecular Biology & Biotechnology 2007-2016
Emeritus Professor Chemical Biology 2016-date
Visiting Professor Brandeis University Biochemistry
1966-67
Visiting Professor Okayama University 1994
Started P chemistry with sold phase synthesis of
oligonucleotides 1961-66
Donated P32 to Mechanism of Ribosomal Protein
Synthesis 1965
Phosphonates as Analogues of Biological
Phosphates 1978-2007
Bisphosphonates in Adenine & Guanine
Nucleotides 1979-200Enzyme Mechanisms for
Phosphoryl Transfer Reactions 2003-date
Arbuzovs Medal and Prize (Phosphorus Chemistry)
2011
Risedronate 1.p.w. 2019-date!

Jean-Jacques Body
Professor Jean-Jacques Body received his
training at the “Université Libre de
Bruxelles” (ULB, Free University of

Brussels) and at the Mayo Clinic (Rochester, Mn,
USA). He is an internist, an endocrinologist and has
been a medical oncologist as well. He is now
Professor Emeritus since March 2017. He was until
then Full Professor of Internal Medicine at ULB and
Head of the Department of Medicine at University
Hospital Brugmann in Brussels. 

He has been Head of the Internal Medicine Clinic at
Institute J. Bordet, the Cancer Center of ULB. He
developed the Supportive Care Department at the
same Institute. During this period, he created the
first National Course on Supportive and Palliative
Care. He also created the “Groupe Européen
francophone d’étude des Métastases Osseuses
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autophagy-induced MM cell survival. The results
were encouraging, but accompanied by GI and
cytopenia side effects. A phase II trial reported
promising results of the effects of bortezomib,
cyclophosphamide and chloroquine in patients
with refractory myeloma, but with significant
sytemic side effects. We have generated bone-
targeted Btz (BT-Btz), BT-CQ and BT-HCQ by
conjugating them to a bisphosphonate, using novel
linker chemistry. Our rationale is that delivering
Bortezomib or chloroquine conjugates to bone
using a bisphosphonate with high bone affinity, but
no anti-resorptive effects, could result in high and
persistent local drug concentrations, thereby killing
more myeloma cells with less adverse effects and
preventing bone loss in a variety of diseases. BT-Btz
more effectively inhibited MM cell growth in vitro
and in vivo in mice than Btz. Treatment of the BR
U266 human myeloma cell line with Btz or CQ for
72 hrs killed 40% of the cells, while Btz+CQ killed
70% and BT-Btz and BT-CQ had similar effects in
vitro. In menopause- and age-related osteoporosis
studies, BT-HCQ, given to Ovx mice for 4 weeks, one
month after they had lost bone following
ovariectomy, or to 6-m-old mice for 6m while they
aged, increased bone mass and prevented bone
loss, respectively, more effectively than HCQ, CQ or
BT-CQ. These preliminary data suggest that a
combination of BT-Btz and BT-CQ or BT-HCQ could
be an effective treatment for BR myeloma and that
BT-HCQ could be an effective treatment to prevent
menopause- and age-related bone loss. 

alan Boyde
Alan Boyde is Professor of Mineralised
Tissue Biology at Barts' and The London
School of Medicine and Dentistry, Queen

Mary University of London (QMUL). His focus is on
high class optical and electron microscopy of all the
hard tissues and their disease conditions, inventing
and introducing new methods which are special to
the field. His current interests include changes in
bone with aging and in osteoporosis and
osteoarthritis: articular cartilage: high density
mineralised infill crack healing in calcified tissues:
high density mineralised protrusions in articular
cartilage: comparative micro-architecture of bone
and responses to function and drugs: overload
arthrosis in man and racehorse: studies of retrieved
skeletal implants: special problems in implant
microscopy: characterisation of the phenotype in
mouse genetic models: and methods for
correlating between methods. On the EABs of
several bone and microscopy journals.

Demetrios Braddock
Demetrios Braddock was educated at
the University of Chicago in Biochemistry
and Medicine and completed clinical

training at the National Institutes of Health in

Anatomic Pathology. After residency, he did
postdoctoral training at the NIDDK in the laboratory
of Chemical Physics in Structural Biology, where he
determined three-dimensional structures of
protein-DNA complexes regulating the c-myc
oncogene by multi-dimensional NMR techniques.
Dr Braddock then moved to Yale University where
he practices Hematopathology and started an
independent laboratory investigating disease
pathogenesis using techniques in biochemistry,
biophysics, and protein design. His recent studies
on the ENPP enzyme family led to a biologic
therapeutic for a lethal disease of vascular
calcification in neonates called ‘Generalized Arterial
Calcification of Infancy’, efforts which are planned
to move into patients in 2020.

ABSTRACT

Hypopyrophosophatemia, Aortic
Calcifications, Rickets, and Osteoporosis :
Diseases and Therapeutic Development for
ENPP1 Deficiency
Demetrios Braddock1, Ralf Oheim2, Kristin
Zimmerman1, Steven Tommasini3, Bjorn Busse2,
Thomas O. Carpenter4

Yale University, USA, 1Department of Pathology,
3Pediatrics, and 4Orthopædics; 2Department of Osteology
and Biomechanics, University Medical Center Hamburg-
Eppendorf, Germany

Pyrophosphate (PPi) is a naturally occurring
chemical analogue of bisphosphonate, and is
produced by the enzyme ENPP1 through the
hydrolysis of ATP. Biallelic ENPP1 deficiency in
humans induces a lethal vascular calcification
disorder which presents in neonates called
Generalized Calcification of Infancy (GACI), and a
severe phosphate wasting rickets which presents in
children called Autosomal Recessive
Hypophosphatemic Rickets Type 2 (ARHR2). PPi is a
strong endogenous inhibitor of calcification and the
calcifications in GACI arise as a consequence of the
generalized deficiency of pyrophosphate. However,
the mechanism by which ENPP1 deficiency elevates
FGF23 leading to the phosphate wasting present in
ARHR2 is unclear. Finally, aberrant skeletal
manifestations associated with heterozygous ENPP1
deficiency are, as yet, unreported.

In collaboration with colleages at the University of
Hamburg we explored the skeletal manifestation of
ENPP1 deficiency, identifying a small cohort of adult
men with heterozygous ENPP1 deficiency and
early-onset osteoporosis, thereby adding hereditary
osteoporosis to the list of human diseases
associated with ENPP1 deficiency.The patients
presented to the bone center at Hamburg with
fractures in the thoracic spine and/or left radius,
mildly elevated circulating FGF23, and
hypophosphatemia. Next generation sequencing
revealed heterozygous loss of function mutations in
ENPP1 previously observed as biallelic mutations in
infants with GACI, and plasma [PPi] analysis of
family members of ARHR2 patients yielded
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more than five of these delivered successful “Proof
of Concept” data. He was involved in the launch and
development of the first treatment for Irritable
Bowel Syndrome (Alosetron) and was the first to
show that neurokinin NK1 antagonists are anti-
emetic in preclinical and clinical studies.

His current interests are in using structures of novel
human proteins to generate small molecule
inhibitors, screening in human cells to identify novel
targets for drug discovery, and then developing
clinical candidates for evaluation in patients, pre-
competitively. He is also helping students and
academic colleagues translate their research for the
benefit of patients, society, industry and economy.

Under Chas’s leadership the SGC has published
>600 peer reviewed papers, the group has become
a leader in human protein structural biology and
epigenetics chemical biology, and is arguably one
of the most successful open innovation, public –
private partnerships in the world. He has in the past
11 years helped to attract in excess of £200M of
funds (cash and ‘in kind’) from the Wellcome Trust,
ARUK, IMI, BIS, FAPESP, patient groups, UKRPIF
and 10 pharmaceutical companies. 

He has given over 400 invited lectures. In 2012 he
was voted one of the “top innovators in the
industry”, in 2014 received the “Rita and John
Cornforth Award” from the Royal Society of
Chemistry, in 2017 and 2018 was voted “Master of
the Bench” from the Medicine Maker Power List,
and in 2018 was awarded the “Order of the British
Empire” in the New Years Honours List.

ABSTRACT:

How do we de-risk new or ‘undruggable’
targets, quickly?
Chas Bountra
Structural Genomics Consortium, Nuffield Department of
Medicine, University of Oxford, UK

The discovery of new medicines is too risky, too slow
and too costly. There is massive duplication and
wastage in biomedical research, there are
questions being raised about the reproducibility of
published work, and for many increasingly
important therapeutic areas we are simply not
producing what society and patients want. In my
lecture I will discuss, how we are trying to address
these challenges. 

The validation of pioneer targets for drug discovery,
remains a major challenge. We are therefore:

- working with a large number of pharmaceutical
companies, to develop high quality small
molecule inhibitors, using structure based drug
design

- focussing only on novel targets, or those deemed
to be ‘difficult’ or intractable, and

- giving these inhibitors to a large and growing
international network of academic collaborators,
to crowd source new biology, disease
understanding and ‘target discovery’

These inhibitors have already facilitated proprietary
efforts in pharma, catalysed the creation of new
biotechs, and accelerated numerous clinical
studies.

We are now building platforms of primary human
cells, for screening novel inhibitors, in order to
identify new ‘better’ targets for drug discovery.

Brendan Boyce
Brendan Boyce is a surgical pathologist
who received his medical degree from
the University of Glasgow, Scotland,

where he also trained in pathology. In the first part
of his career, he studied metabolic bone disease
and bone histomorphometry with Iain Boyle in
Glasgow and Pierre Meunier in Lyon, France, and
showed that aluminium and bisphosphonates
cause an unusual focal form of osteomalacia due to
their toxic effects on bone mineralization, the
former being associated with hypercalcemia. In the
second half of his career, we studied the effects of
cytokines and growth factors on osteoclasts with
Greg Mundy and his colleagues in San Antonio,
Texas, using models of metastatic bone disease and
transgenic and knockout mice. He reported that Src
tyrosine kinase expression is required in osteoclasts
for osteoclast ruffled border formation and effective
bone resorption, that bisphosphonates and
oestrogen inhibit bone resorption in part by
inducing osteoclast apoptosis, and that NF-B
signalling is required for osteoclast formation,
lymph node formation and B cell development.
Recent studies have focused on the role of TNF
receptor-associated factor 3 (TRAF3) in the
formation and functions of osteoclasts and
osteoblasts regulated by NF-B signalling. These
have shown that RANKL-induced osteoclast
formation requires degradation of TRAF3, which
can be prevented by chloroquine and
hydroxychloroquine, and have led to the generation
of bone-targeted analogs of these FDA-approved
drugs by colleagues in Rochester, NY to prevent
ovariectomy and age-related bone loss. 

ABSTRACT:

Delivery of chloroquine and anti-cancer
agents to bone
Brendan Boyce
Rochester, USA

Chloroquine (CQ) and hydroxychloroquine (HCQ)
are anti-inflammatory, lysosome inhibitory drugs
used to treat RA. Bortezomib (Btz) is a first-line
proteasome inhibitor used to treat multiple
myeloma (MM). However, adverse effects of these
drugs and development of Btz resistance (BR)
restrict the amounts that can be administered to
patients. CQ, HCQ and Btz inhibit bone resorption
in vitro and in vivo in mice, but they are not used to
treat osteoporosis. A phase I clinical trial examined
the effects of a combination of Btz and HCQ in
refractory or relapsed MM by preventing
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in oncology, as well as in osteoporosis as they are
typically raised above normal ranges in patients with
bone metastasis. A range of international studies
have shown correlations between bone markers and
occurrence of SREs. This has been valuable in
helping to choose type and dose of bisphosphonate.
Those patients where bisphosphonate treatment
brings their bone marker values down into the
normal range typically do better than patients
whose bone markers remain elevated.

Sebastian Cagnol 
I am a project leader in the small
pharmaceutical company Atlanthera in
Nantes, France. I completed my PhD in

Biology working on the control of apoptosis by
oncogenic cell signalling pathways at the University
of nice Sophia-Antipolis in 2005. I conducted my
first postdoctoral fellowship on the control of Bim
stability by ERK pathway in Melanoma at the
University of California San Francisco USA in the
group of Pr Martin McMahon and a second
postdoctoral fellowship on the role of Ras/ERK
signalling in colorectal cancer at the University of
Medicine and Health Science in Sherbrooke Canada
in the group of Pr Nathalie Rivard. I have joined
Atlanthera in 2015 to work on drug delivery with a
new treatment for osteosarcoma bone cancer
based on vectorization of doxorubicin to the bone
environment through hydroxybisphosphonate
(HBP)-based vector. My current interest in
Atlanthera is to develop HBP-based innovative
treatments for bone inflammatory diseases.

Jacqueline Center 
Prof Jacqueline Center qualified as an
endocrinologist in 1993, obtained a
Master of Epidemiology in 1995 and a

PhD in 1999. She is currently a Senior Staff Specialist
Endocrinologist at St Vincent’s Hospital and leads
the Clinical and Epidemiological Studies Group in
the Bone Biology Division of the Garvan Institute of
Medical Research, spending 50% of her time in
clinical care and 50% in research. 

She has been working on clinical and
epidemiological studies related to osteoporotic
fracture and its outcomes for over 20 years and has
been one of the principle researchers in the Dubbo
Osteoporosis Epidemiology Study, the longest
running study of osteoporosis in men and women
world-wide. She has pioneered work on
consequences of fracture including the high risk of
re-fracture and premature mortality and effect of
anti-osteoporosis medication on mortality that has
resulted in international collaborations throughout
Europe, Canada and the US. She has co-authored
over 130 publications in international journals. She is
also passionate about improving clinical outcomes
for people with osteoporosis and actively works to
translate the research findings into clinical care. 

ABSTRACT: 

Effects of Bisphosphonates on Lifespan:
Evidenceand Mechanisms 
Interest in the effects of bisphosphonates on mortality
was sparked by the Horizon Zoledronic Acid hip
fracture randomised controlled study (RCT) published
in 20071, where there was a 28% reduction in mortality,
of which only 8% could be attributed to a reduction in
subsequent fracture. More recently, a 6 year RCT of
zoledronic acid in 2000 osteopenic women found a
35% reduction in mortality, albeit not quite reaching
statistical significance2. We subsequently examined
the effects of bisphosphonates on mortality in the
Dubbo Osteoporosis Epidemiology Study and found a
significant survival benefit which remained after
adjustment for all confounding factors available.
Similar to the Horizon study, this benefit was not
attributable to a reduction in subsequent fracture3.
Several other cohort studies have been published with
similar findings including some large registry studies.
However, the problem with cohort studies is that there
always remains a potential drug channelling bias in
that medication is prescribed to those who are
expected to survive. To address this problem, we
examined bisphosphonate use in a Canadian cohort
where both the potent nitrogen bisphosphonates
(alendronate and risedronate) as well as the weaker
non-nitrogen bisphosphonate, etidronate, were
prescribed for osteoporosis and fracture. Both
compared with placebo and in a head-to head
comparison, only the potent nitrogen containing
bisphosphonates demonstrated a survival
advantage4.There have also been studies suggesting
survival benefits following bisphosphonate use in non-
osteoporosis settings including cardiovascular disease
and in cancer and critically ill populations. The
mechanisms for an apparent survival benefit are not
completely understood but there are data to suggest
that bisphosphonates may have an effect on non-bone
parameters. In addition, their potent suppression of
bone turnover may in itself have an effect through
suppression of factors that may otherwise be released
from bone.This presentation will focus on the clinical
studies where bisphosphonates have been found to be
associated with survival in both the osteoporosis
setting and in non-osteoporosis settings. We will
discuss some of the postulated mechanisms including
cell culture and animal studies that provide additional
clues to these agents’ mechanism(s) of action.

1. LylesKW et al. HORIZON Recurrent Fracture Trial.
Zoledronic acidand clinical fractures and mortality
after hip fracture.N Engl J Med. 2007;357(18):1799-809.

2. Reid IRet al. Fracture Prevention with Zoledronate
in Older Womenwith Osteopenia.N Engl J Med.
2018;379(25):2407-24163. Center JR et al. Osteoporosis
medication and reduced mortality risk in elderly
women and men. J Clin Endocrinol Metab.
2011;96:1006-14.4. Bliuc DTet al. Mortality risk
reduction differs according to bisphosphonate class:
a 15-year observational study.Osteoporos Int. 2019 Jan 

3. doi: 10.1007/s00198-018-4806-0
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intermediate plasma [PPi] in heterozygous patients
indicative of an ENPP1 gene dose effect. The
skeletal phenotype was further studied in murine
Enpp1 deficiency, yielding nearly identical
biochemical and skeletal findings. In this talk I will
summarize the skeletal phenotype and
pathophysiology of early onset osteoporosis
associated with ENPP1 deficiency along with the
development of an enzyme replacement therapy
designed to prevent both the low bone mass
associated with ENPP1 deficiency and the lethal
vascular calcifications present in GACI.

maria Luisa Brandi
Brandi, Maria Luisa Full Professor of
Endocrinology, University of Florence,
Medical School, Florence, Italy

Education/Training Positions: MD, University of
Florence, Florence, Italy, 1977; School of
Specialization in Endocrinology, University of
Florence Hospital, 1977-1980; National Institutes of
Health (NIH) Visiting Scientist in Metabolic Diseases,
Metabolic Diseases Branch, NIH, Bethesda,
Maryland, USA, 1984-1990; PhD in Cell Biology,
University of Rome, 1988; Assistant, Associate and
Full Professor of Endocrinology, University of
Florence, 1990-to present; Director, Regional Center
on Hereditary Endocrine Tumors, University
Hospital of Florence, 1998-to present; Director
Clinical Unit on Metabolic Bone Disorders,
University Hospital of Florence, 2007-to present;
Delegate, Italy/USA Academic Interactions,
Florence University, 2000-2003; Director of the
University Master on Metabolic Bone Disease: From
the Gene to the Cure, University of Florence, 2004-
to present; Scientific Director, DeGene Spin-off,
University of Florence, 2005-2009; President,
Fondazione Italiana Ricerca sulle Malattie dell’Osso
(F.I.R.M.O.), 2006 - to present; Consultant for the
Tuscany Region on Osteoporosis, 2008 - to present;
Member of the Commission for Osteoporosis of the
Italian Ministry of Health, 2009 – 2011; Scientific
Attaché for the City of Florence 2015 - to present;
Delegate of the Rector of the University of Florence
for Health Education in the City of Florence, 2016 –
to present; Member Steering Committee of the
European Reference Centers Network on Rare Bone
Diseases, 2016 to present.

Janet Brown
Janet is Professor of Translational Medical
Oncology at University of Sheffield and
Deputy Director of the Mellanby Centre.

After graduating from Newcastle and Oncology
training in Manchester and Sheffield, she obtained
her MD with Rob Coleman. She was appointed
Senior Clinical Lecturer at University of Leeds in
2006 and returned to a Chair in Sheffield in 2013.
Her main areas of clinical practice are breast,
prostate and renal cancers. She gained the ASCO
Pain Merit Award (2003), the UK McElwain Prize for

Medical Oncology (2005) and a CRUK Clinician
Scientist Fellowship (2008), which she held until
2014. She has published >125 research papers and
has 5-year current research funding >£15 million,
the majority as Principal Investigator. As a clinician
scientist, she engages in both clinical and
laboratory research and leads the Clinical Bone
Oncology and Biomarkers Group in University of
Sheffield. She is Chief Investigator on a range of
clinical trials in bone oncology, particularly in breast
cancer. 

ABSTRACT:

The use of bisphosphonates to prevent
skeletal morbidity from metastatic bone
disease
Janet Brown
Sheffield, UK

In breast and prostate cancers, up to 80% of
patients with advanced disease will develop bone
metastases, although survival can still be measured
in years. In other cancers such as lung cancer, renal
cancer and melanoma, bone metastases are also
frequent and are becoming more relevant as
modern therapies eg immunotherapy are
significantly improving survival. The effects of
metastasis on the skeleton can be devastating with
severe bone pain, fracture, hypercalcaemia and
spinal cord compression, with consequent loss of
independence. Optimising quality of life in patients
with bone metastasis is therefore a key aim of
management. It is here where bisphosphonates
have been transformative in reducing the morbidity
associated with bone metastasis. In assessing the
impact of bisphosphonates and other bone
targeted agents, it has been helpful to define
Skeletal Related Events (SREs) which allow a
quantitative measure of the morbidity of bone
metastases. These include hypercalcaemia,
pathological fracture, radiotherapy to reduce bone
pain, surgery to bone and spinal cord compression.

Prior to bisphosphonates, patients had up to several
SREs per year. The statistical assessment of SREs in
large, international clinical trials has been used to
demonstrate the overall efficacy of
bisphosphonates in reducing the rate of SREs and
also in comparing the relative efficacy of different
bisphosphonates. These trials have led to the
routine use of bisphosphonates to prevent/reduce
SREs in a range of common cancers. In treatment
of hypercalcaemia of malignancy, bisphosphonates
are now the gold standard throughout the world,
because of trials done in the last 50 years. All of
these studies have had a major impact in improving
patient care. Although bisphosphonates have some
adverse effects, such as GI toxicity for oral agents
and acute phase reactions for IV agents, with the
rare, but serious, occurrence of ONJ, these are now
generally well-managed and are far outweighed by
their benefits in preventing SREs.

Biomarkers (bone markers) derived from bone
metabolic processes have proved extremely useful
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who are at risk of developing bone metastases. Since
September 2016, he is setting up a European
Associated Laboratory between Lyon and Sheffield,
which is done under the auspices of INSERM, the
Mellanby Bone Centre and the Department of
Oncology & Metabolism at the University of Sheffield.

ABSTRACT:

Actions of bisphosphonates on cancer cells
and the metastatic process
Philippe Clézardin
Lyon, France

Bone metastases are frequent complications of
many cancers. Tumour cells in the bone marrow
alter the functions of osteoblasts and osteoclasts,
promoting skeletal destruction. Bisphosphonates
are bone-seeking drugs that inhibit osteoclast-
mediated bone resorption. 1 By inhibiting bone
resorption, bisphosphonates deprive tumour cells
of bone-derived growth factors and calcium that
are released from resorbed bone, thereby making
the bone microenvironment less hospitable for
tumour cells.1 Experimentally, bisphosphonates
also exert a variety of anticancer activities. 2 They
inhibit tumour cell adhesion, invasion and
proliferation in vitro. Bisphosphonates also inhibit
tumour growth in vivo through anti-angiogenic,
anti-invasive and immunomodulatory activities. 2
Of note, bisphosphonates bind avidly to bone
mineral, which limits their bioavailability, and
therefore high doses of bisphosphonates have been
used in most experimental studies.1 However, such
high doses of bisphosphonates are incompatible
with approved bisphosphonate dosing regimens
for patients with bone metastases. Alternative
strategies are therefore required in order to
promote bisphosphonate penetration in tumour
cells in vivo.

Current advances in acoustic technology have
made ultrasound a modality with therapeutic
applications in oncology. Ultrasound energy is a
non-ionizing pressure wave that can enhance local
delivery of drugs through induction of
hyperthermia and mechanical stress. Using animal
models of primary breast tumours and breast
cancer bone metastasis, we showed that
ultrasound triggers effective anticancer activity of
zoledronic acid in vivo.3 Specifically, ultrasound
forces the release of the bisphosphonate from the
bone surface (as judged by the use of a fluorescent
bisphosphonate), enabling continuous
impregnation of the bone marrow. Additionally,
hyperthermia caused by ultrasound increases cell
membrane permeability, and therefore uptake of
zoledronic acid within tumours (both in bone and
outside bone), as demonstrated by the
intratumoural accumulation of unprenylated
Rap1A, a surrogate marker of bisphosphonate
anticancer activity. Overall, these findings suggest
ultrasound may be an effective strategy to trigger
bisphosphonate anticancer activity.

robert Coleman 
Professor Robert (Rob) Coleman is
Emeritus Professor of Medical Oncology
in the Department of Oncology and

Metabolism at the University of Sheffield. He
graduated in medicine from Kings College Hospital
Medical School in 1978 and trained in London and
Edinburgh before moving to Sheffield in 1991 where
he was instrumental in developing clinical cancer
research in the city and establishing an
internationally respected bone oncology research
team in Sheffield. Rob has held many leadership
roles within the university and the National Institute
for Health Research (NIHR) Cancer Research
Network. 

Despite recently retiring from his formal position at
the university, he remains research active and still
leads a number of national and international clinical
trials. Since 2014 he has been a part-time Medical
Director for the global independent medical
education provider, prIME Oncology™, developing
and delivering both live and on-line educational
activities for oncologists and other providers of
cancer care. Professor Coleman is a past-president
of the Cancer and Bone Society and the founding
editor of “Journal of Bone Oncology”. He has
published nearly 450 peer reviewed manuscripts
and numerous book chapters. He is also a trustee
and deputy chair of the board at St Luke’s Hospice
in Sheffield and a trustee for the Weston Park
Cancer Charity.

ABSTRACT:

Disease modifying effects of bisphosphonates
in the clinic
Rob Coleman
Sheffield, UK

There have been great strides in our understanding
of the biology of bone metastases and the
importance of the bone marrow microenvironment
in tumour cell colonisation, dormancy and
subsequent progression to overt metastasis. The
potential for bone-targeted agents, through their
profound effects on bone physiology, to modify the
process of metastasis and disease outcomes such
as recurrence and survival has been the focus of
extensive laboratory and clinical research over
several decades. No convincing efficacy has been
seen in patients with prostate or lung cancers but
benefits have been reported in breast cancer
although the results have been variable. We
showed that the effects of bisphosphonates on
disease outcomes in breast cancer, both in patients
and animal models of metastasis, were influenced
by levels of reproductive hormones and that this
appeared to explain the variable results seen in
individual clinical trials.

To explore this observation further, the Early Breast
Cancer Clinical Trials Collaborative Group (EBCTCG)
performed an individual patient meta-analysis of
data from 18,766 women included in randomised
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andrew Chantry
Dr Andy Chantry is a Senior Clinical
Lecturer in the Dept of Oncology and
Metabolism, University of Sheffield and

leads the Sheffield Myeloma Research Team
(SMaRT). He is also a Consultant Haematologist in
the Dept of Haematology, Sheffield Teaching
Hospitals NHS Foundation Trust. Nationally, he is a
member of the United Kingdom Myeloma
Research Alliance (UK MRA), through which all
significant UK Myeloma Clinical Trials are
administered. He is also an executive member of
the United Kingdom Myeloma Forum, the national
body for Haematologists leading clinical and
research led developments in the UK. He is a
member of the UKMF National Guidelines Group
with a special interest in Myeloma Bone Disease.
Locally, he is an executive member of the local
Cancer Clinical Trial Executive Committee and a
member of the Sheffield Experimental Cancer
Medicine Centre. He is an executive member of the
Mellanby Centre for Bone Oncology and Insigneo,
the Centre for in Silico Medical Research. 

roland Chapurlat
Professor Roland Chapurlat is professor
of rheumatology at the University Claude
Bernard, Lyon France, and is the head of

the division of rheumatology at the Edouard Herriot
Hospital, in Lyon. He is leading an INSERM research
team on chronic bone and joint diseases. He has
been specifically working on the management of
rare bone diseases, such as fibrous dysplasia of
bone for the last 20 years, and leads a rare diseases
reference center in Lyon. He is an author of more
than 270 peer-reviewed articles. 

ABSTRACT: 

Fibrous dysplasia of bone 
Fibrous dysplasia of bone (FD) is due to a somatic
activating GNAS mutation, responsible for poor
differentiation of stem cells into the
osteoblasticlineage. Although there are many
asymptomatic patients, some may suffer from
severe bone pain, bone deformity, nerve
compression, fracture or endocrine hyperactivity
such as precocious puberty.An increased rate of
bone resorption can be observed, that has been the
rationale for use in FD.Intravenous and oral
bisphosphonates, including alendronate,
pamidronate and zoledronate, have been used since
the 1980s to reduce increased bone resorption in FD,
along with bone pain. In observational studies, the
use of BPs has been associated with diminished
bone turnover, marked reduction in bone pain, and
sometimes, improvement in the radiological
aspectof osteolytic lesions. In the two placebo-
controlled trials conducted so far (testing
alendronate and risedronate, at the same dosage
that Paget's disease), however, the reduction in
bone pain was not superior in the BP group than in

the placebo group, despite significant reduction in
bone turnover. For example, in the risedronate trial,
the reduction in bone pain was of 40% in both
treatment groups. In observational studies, the use
of BP could not be related to a better fracture
outcome. Various regimens are currently used, e.g.,
180 mg of IV pamidronate every 6 months,
zoledronate every 6 to 12 months, IV olpadronate,
and sometimes monthly zoledronate dosages.These
regimens have been well tolerated.Intravenous
bisphosphonates are a mainstay of the treatment of
bone pain in FD. The magnitude of the effect,
however, remains uncertain.

angela Cheung
Dr Angela M. Cheung is Professor of
Medicine at University of Toronto (UT), the
Founding Director of the UT Centre of

Excellence in Skeletal Health Assessment (CESHA),
the Founding Director of University Health Network
(UHN) Osteoporosis Program and a Senior Scientist at
Toronto General Research Institute. She is the current
chair of the International Society of Clinical
Densitometry (ISCD) Canadian Panel, an elected
member of the International Osteoporosis
Foundation Council of Scientific Advisors and a past
chair for Osteoporosis Canada Scientific Advisory
Council. She obtained her M.D. degree from Johns
Hopkins University School of Medicine in 1988 and her
PhD degree from Harvard University in 1997. She is a
Fellow of the Royal College of Physicians of Canada
and has been in clinical practice for more than 25
years, and specializes in osteoporosis, metabolic bone
diseases and postmenopausal health. She has
received many honors and awards throughout her
medical career for her excellence in clinical work,
research and education, including UHN Department
of Medicine Award for Excellence in Clinical Teaching,
the UT Eudenie Stuart Award for best mentorship, the
Ontario Ministry of Health and Long Term Care Health
Services Research New Investigator Award, the
Ontario Premier’s Research Excellence Award, the
Canadian Institutes of Health Research mid-career
and senior scientist awards, the Canadian Society of
Internal Medicine Dr David Sackett Senior Investigator
Award, the Osteoporosis Canada Lindy Fraser
Memorial Award, and the Chinese Canadian Legend
Award. Currently, she holds a Tier 1 Canada Research
Chair in Musculoskeletal and Postmenopausal Health.

Philippe Clezardin
Philippe Clezardin, PhD, DSc, is Research
Director at INSERM (Lyon, France) and
Professor in Bone Oncology at the

University of Sheffield (Sheffield, UK). For the past
twenty years, Philippe’s main research interest is in
the characterisation of molecular mechanisms that
drive bone metastasis formation in breast cancer,
with the goal of developing anticancer therapies and
novel biomarkers for the identification of patients
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the Leeds Teaching Hospitals NHS Trust. His
research spans early translational studies through
large late-phase clinical trials, with major interests
in understanding pathogenesis and developing
therapies for common arthritides, with a special
interest in imaging. He is an executive member of
the international outcomes group OMERACT and
was inaugural Chair of the EULAR Standing
Committee on Musculoskeletal Imaging. He is on a
number of editorial boards, is co-editor of the most
recent Oxford Textbook of Rheumatology and has
authored over 500 publications as original research,
reviews and book chapters. 

gary Cook 
Gary Cook trained in radiology and then
nuclear medicine in London. He started
the PET service at the Royal Marsden

Hospital and after 11 years returned to King’s College
London and Guy’s & St Thomas’ Hospitals as a
clinical academic and head of the Cancer Imaging
Department as well as a nuclear medicine
physician in the KCL and Guy’s & St Thomas’ PET
Centre. His research interests include imaging bone
metastases, measuring tumour heterogeneity,
evaluation of novel tracers and biomarkers and
refining multimodality imaging for diagnosis and
response assessment in oncology. 

ABSTRACT:

Clinical uses of radiolabelled bisphosphonates
Gary Cook
London, UK

Bisphosphonates can be labelled with
radionuclides for imaging skeletal metabolism with
nuclear medicine techniques such as gamma
camera scintigraphy. Since the 1970s bone
scintigraphy with 99mTc-labelled bisphosphonates
has been one of the commonest methods to
evaluate benign and malignant bone disease on a
local or whole-body scale. Localisation of tracers
depends on local blood flow and mineralisation rate
and methods were originally developed to quantify
whole skeletal metabolism in metabolic bone
disorders.

In-vivo stability, rapid renal glomerular filtration and
a suitable physical half-life of 99mTc, allows good
contrast whole-skeleton imaging within 3-4 hrs
post injection at acceptable radiation doses.
Improvements in scanning technology to include
single-photon emission computed tomography in
the 1990s, followed by hybrid imaging with
SPECT/CT in more recent years, has allowed
improved sensitivity and specificity in the diagnosis
and monitoring of benign and malignant, regional
and global, skeletal disorders.

Bisphosphonates labelled with -emitting
radionculides are used for therapeutic purposes,
predominantly for pain palliation in osteoblastic
metastatic bone disease, particularly breast and

prostate cancers where symptom relief occurs in as
many as 70-80% of patients. 153Sm-EDTMP and
186Re-HEDP are examples. The use of bone
scintigraphy to plan radionuclide therapy of bone
metastases is an example of the theranostic
approach.

Cyrus Cooper 
Cyrus Cooper is Professor of
Rheumatology and Director of the MRC
Lifecourse Epidemiology Unit; Vice-Dean

of the Faculty of Medicine at the University of
Southampton; and Professor of Epidemiology at
the Nuffield Department of Orthopaedics,
Rheumatology and Musculoskeletal Sciences,
University of Oxford. 

He leads an internationally competitive programme
of research into the epidemiology of
musculoskeletal disorders, most notably
osteoporosis. He is President of the International
Osteoporosis Foundation; Chair of the BHF Project
Grants Committee; an emeritus NIHR Senior
Investigator; and Associate Editor of Osteoporosis
International. He has previously served as Chairman
of the Scientific Advisors Committee, International
Osteoporosis Foundation; Chairman, MRC
Population Health Sciences Research Network;
Chairman of the National Osteoporosis Society of
Great Britain; past-President of the Bone Research
Society of Great Britain; and has worked on
numerous Department of Health, European
Community and World Health Organisation
committees and working groups. He has published
extensively (over 850 research papers; hi=119) on
osteoporosis and rheumatic disorders and
pioneered clinical studies on the developmental
origins of peak bone mass. In 2015, he was awarded
an OBE for services to medical research.

ABSTRACT

Why are bisphosphonates not being used more
to prevent fractures (the ‘Treatment Gap’)
Cyrus Cooper
Southampton and Oxford, UK

Findings from cohort studies, randomised
controlled trials, systematic reviews and meta-
analyses, in addition to current clinical guidelines,
position papers and national and international
audits, are summarised, with the intention of
providing a prioritised approach to delivery of
optimal bone health for all. Systematic approaches
to case-finding individuals who are at high risk of
sustaining fragility fractures are described. These
include strategies and models of care intended to
improve case finding for individuals who have
sustained fragility fractures, those undergoing
treatment with medicines which have an adverse
effect on bone health and people who have
diseases, whereby bone loss and, consequently,
fragility fractures are a common comorbidity.
Approaches to deliver primary fracture prevention
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trials that evaluated the effect of an adjuvant
bisphosphonates on breast cancer outcomes.1 With
3453 and 2106 breast cancer recurrences and
deaths respectively, this meta-analysis allowed the
identification of important clinical benefits that
could not be reliably demonstrated in individual
trials. Bisphosphonates were shown to reduce first
distant recurrence in bone (RR=0.83; 95%CI 0.73-
0.94, 2p=0.004) and the meta-analyses confirmed a
significant interaction between treatment efficacy
and menopausal status. There were no
demonstrable benefits in premenopausal women
but in 11,767 postmenopausal women, highly
significant reductions in bone recurrence (RR=0.72;
95%CI 0.60-0.86, 2p=0.0002) and breast cancer
mortality (0.82; 95%CI 0.73-0.93, 2p=0.002) were
seen. These findings have changed clinical practice
and adjuvant bisphosphonates have become part
of routine therapy in many countries.

Denosumab also has profound effects on bone cell
function. Modest activity in delaying the
development of bone metastases in prostate
cancer patients with rising PSA levels despite
androgen deprivation therapy has been reported.
However, unlike with the bisphosphonates, benefits
have not been clearly shown in women with breast
cancer. This disconnect between the two classes of
agents suggests that the effects of adjuvant
bisphosphonates are not related solely to inhibition
of bone resorption and that their more varied
biological effects are presumably of critical
importance. 

Early Breast Cancer Clinical Trials Collaborative
Group (EBCTCG). Lancet 2015; 386(10001):1353-61.

Juliet Compston
Juliet Compston is Emeritus Professor of
Bone Medicine at the University Of
Cambridge School Of Clinical Medicine.

Her research has involved the pathophysiology of
osteoporosis, particularly secondary osteoporosis,
and the mechanisms by which pharmacological
interventions reduce fracture risk. Recently her
research has focused on fractures in obese
postmenopausal women.

Professor Compston is a Trustee of the Board of the
Royal Osteoporosis Society, Chair of the Academy of
Osteoporosis and Bone Research of the Royal
Osteoporosis Society, and Chair of the UK National
Osteoporosis Guidelines Group. She is
Secretary/Treasurer of the American Society of
Bone and Mineral Research and was Editor-in-Chief
of the Journal of Bone and Mineral Research
between 2013 and 2018. She has published over 400
original research papers and reviews. In 2006,
Professor Compston was awarded the National
Osteoporosis Society Kohn Foundation Award, and
in 2009, the International Bone and Mineral Society
John G Haddad Jr Award and the ASBMR Frederic
C Bartter Award. In 2014 she was appointed an

Officer of the Order of the British Empire for
services to the treatment of osteoporosis.

ABSTRACT: 

Practical guidance for use of bisphosphonates
in osteoporosis
Bisphosphonates are the most widely used
treatment for osteoporosis. Their cost-effectiveness
in individuals at increased risk of fracture is well
established and in many national guidelines they are
considered to be first-line therapy. Intervention
thresholds vary internationally but are mostly based
on bone mineral density (BMD), fracture probability
estimated by FRAX, and the presence of
fractures.Anti-resorptive potency varies between
approved bisphosphonates, at least in the regimens
used clinically. There have been no head to head
randomized controlled trials comparing anti-fracture
efficacy ofdifferent bisphosphonates, and fracture
reduction rates cannot be compared across studies
because ofdifferences in study design. Recently,
however, comparator studies have shown that in
individuals at high risk of fracture, anabolic therapy
is more effective than oral bisphosphonates in
reducing fracture. This finding challenges the routine
use of bisphosphonate as first line therapy and
indicates that initial treatment with an anabolic drug
is preferable in people at high risk. Since the
permitted duration of anabolic therapy is limited,
subsequent treatment with an anti-resorptive drug
is required to maintain treatment benefits.The
optimal duration of bone protective therapy varies
between individuals but in many, life-long therapy is
required. In somepeople treated witha
bisphosphonate, it may be possible to have
interruptions of 1-3 years in therapy after 3-5 years of
use. Current evidence generally supports a positive
benefit/risk balance for up to 10 years of
bisphosphonate therapy in individuals at increased
risk offracture but beyond this period of time there is
insufficient evidence to inform treatment
decisions.At present, therefore, bisphosphonates
should be regarded as a front line option in
postmenopausal women and older men at increased
risk of fracture, although in those at the highest risk,
evidence supports the use of anabolic therapy
followed by anti-resorptive treatment. The recent
demonstration of significant fracture reduction in
osteopenic older postmenopausal women treated
with zoledronic acid has opened up debate about the
level of risk at which treatment should be considered
and whether recommendations for pharmacological
intervention should be less restrictive.

Philip Conaghan 
Professor Philip Conaghan MBBS PhD
FRACP FRCP is Director of the Leeds
Institute of Rheumatic and

Musculoskeletal Medicine & Professor of
Musculoskeletal Medicine at the University of
Leeds. He is a Rheumatologist and Deputy Director
of the NIHR Leeds Biomedical Research Centre for
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Peter Croucher
Peter undertook his training at the
University College Cardiff and the
University of Wales College of Medicine.

He did post-doctoral training in the Department of
Medicine and LMB in Cambridge and Clinical
Biochemistry in Sheffield where he became a
Leukeamia Research Fund Bennett Senior
Research Fellow. In 2001 he moved to the Institute
of Musculoskeletal Sciences at Oxford University. In
2009 Peter was appointed the inaugural joint Direct
of the Mellanby Center for Bone Research and the
Head of the Department of Human Metabolism, at
the University of Sheffield.

Peter joined the Garvan Institute in December 2011
as Head of the Osteoporosis and Bone Program and
now leads the Division of Bone Biology. Peter’s
research interests are in understanding the cellular
and molecular mechanisms responsible for
physiological and pathological regulation of the
skeleton. He has a particular interest in tumors that
grow in bone such as multiple myeloma, or those
that metastasise to bone, including prostate and
breast cancer. 

Steven r Cummings
Steve is the founding Director of the San
Francisco Coordinating Center (SFCC)
that designed, and coordinated the

Fracture Intervention Trials (FIT) and the extension,
FLEX. He is a general internist and emeritus
Professor Medicine, Epidemiology and Biostatistics
and Senior Scientist in the Sutter Health. Steve was
PI of the Study of Osteoporotic Fractures (SOF), the
first multicenter cohort study with power to assess
the predictive value of BMD measurements and risk
factors for hip fracture. SOF provided the data
essential to plan FIT, the nidus of clinical sites to
recruit participants. Dr Cummings led subsequent
pivotal trials of raloxifene, lasofoxifene, denosumab
and others that also used methods developed from
FIT. Steve has received several honors for his
research in osteoporosis, including the Bartter
Award from ASBMR, the Linda Edwards Award
from the National Osteoporosis Society, and he was
elected to the U.S. National Academy of Medicine. 

ABSTRACT:

Alendronate
Steve Cummings
San Francisco, USA

Merck acquired alendronic acid in 1988 from
Chantilly, an Italian company. It was potent but
dissolved slowly and frequently caused esophagitis.
In 1989, Merck reformulated it as a soluble salt that
dissolved quickly to minimize esophagitis. Ingested
with water only, it had very low (0.3-2%)
bioavailability that was just enough to inhibit
osteoclast activity in people. This set the stage for a
series of clinical studies of efficacy; an international
trial led by Liberman, designed to test its effect on

BMD but also discovered that alendronate reduced
the risk of vertebral fracture. The Fracture
Intervention Trials (FIT) 1 and 2, were investigator-
initiated trials that demonstrated alendronate’s
efficacy for all types of fractures. Alendronate was
approved by the FDA in 1995 for treatment of
osteoporosis. Strong evidence of efficacy, increases
in the availability of bone densitometry, regulatory
approval of alendronate in many countries, and
development of clinical guidelines that featured
alendronate as first line treatment for osteoporosis
(and ‘osteopenia’) fueled a rapid rise in world-wide
sales to millions of prescriptions per year that
peaked in about 2008 when about 15% of women
and 2% of men over age 55 were taking a
bisphosphonate, largely alendronate. Sales then
declined by about 50% in the next 5 years because
of publicity about the rare adverse effects of
atypical femoral fractures and osteonecrosis of the
jaw. FLEX, the randomized placebo-controlled
extension of the FIT treatment group was designed
to compare the effects of continuing or taking a
‘holiday’ on BMD; it also found that women with a
femoral neck BMD T-score <-2.5 who continued had
a clinically significant reduction in clinical vertebral
fractures.

Merck’s patent for once-weekly Fosamax in the U.S.
expired in 2008. Nevertheless, alendronate
continues to be the most commonly prescribed
treatment for osteoporosis. What began with clever
pharmaceutical chemistry resulted in reductions in
fracture risk for many millions of people around the
world. 

John Cunningham
John Cunningham is Professor of
Nephrology at University College London
and an Honorary Fellow of Trinity Hall,

Cambridge. His postgraduate training was in
London and Washington University School of
Medicine, St Louis, under Drs Louis V Avioli and
Eduardo Slatopolsky. He is an active clinician and
academically has contributed to the understanding
of the effect of acidosis on the bioactivation of
vitamin D, the influence of simulated uraemia and
vitamin D on the release of cytokines by bone cells,
factors mediating bone loss following renal
transplantation and the control of parathyroid
function by structurally modified vitamin D
metabolites and calcimimetics. Later his work
focussed also on the links between mineral
metabolism and cardiovascular disease in CKD. He
lectures nationally and internationally and is co-
chairman of the Nephrology At The Limits series
held under the auspices of UCL, The University of
Cape Town, The Brigham and Women’s Hospital
and The Lancet.
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in a clinically effective and cost effective manner are
also explored. Public awareness of osteoporosis is
low worldwide. If older people are to be more
proactive in the management of their bone health,
that needs to change. Effective disease awareness
campaigns have been implemented in some
countries but need to be undertaken in many more.
A major need exists to improve awareness of the
risk that osteoporosis poses to individuals who have
initiated treatment, with the intention of improving
adherence in the long term. A multisector effort is
also required to support patients and their
clinicians to have meaningful discussions
concerning the risk-benefit ratio of osteoporosis
treatment. With regard to prioritisation of fragility
fracture prevention in national policy, there is much
to be done.

Jillian Cornish
Professor Cornish leads the Skeletal
Biology Research Group in University of
Auckland, New Zealand. Dr Cornish’s

group investigates factors that are anabolic to bone
cells, cartilage and tendon cells for which they hold
international patents. The group has established
numerous in vitro and in vivo models in skeletal
biology and developed a keen interest in skeletal
regenerative medicine. She has received
prestigious awards, including the 2019 Fellow of
International Orthopaedic Research, 2018 Nancy
Sirett Achievement Award (New Zealand Society of
Endocrinology), 2014 Paula Stern Achievement
Award, (American Society of Bone and Mineral
Research) and 2014 Career Achievement Award,
(Australia and New Zealand Bone and Mineral
Society) and she has served on editorial boards and
boards of the International Bone and Mineral
Society, International Society of Bone Morphometry
and is a past-president of Australia and New
Zealand Bone and Mineral Society. 

Serge Cremers
Dr Serge Cremers received his PharmD
from Groningen University in 1996 and
his PhD in clinical pharmacology from

Leiden University in The Netherlands in 2004. After
a postdoctoral fellowship in clinical pharmacology
at Novartis Oncology in NJ, he joined Columbia
University Irving Medical Center in 2006 where he
is currently Associate Professor of Pathology & Cell
Biology and Medicine. Dr Cremers is the Director of
the Clinical Pharmacology and Toxicology
Laboratory in Columbia’s Department of Pathology
and Cell Biology and co-Director of the Translational
Therapeutics Resource of the Irving Institute for
Clinical and Translational Research, which is home
to Columbia University’s CTSA. His clinical work and
his research focus on Translational and Clinical
Pharmacology of drugs, especially for the
treatment of metabolic bone diseases and cancer. 

ABSTRACT: 

Pharmacological Evaluation of
Bisphosphonates 
One of the keys to successful treatment with any
drug is the use of optimal dose regimens. For BPs
optimal dose regimens havebeen identified albeit
that they vary between diseases, patient
populations, as well as the various BPs themselves.
In addition, asubstantial inter-and intra-patient
variability may exist. Over the years Clinical
Pharmacokinetic (PK) and Pharmacodynamic (PD)
evaluations have helped identify optimal dose
regimens for BPs, in support of phase 3 trials as well
as to modify dose regimens after market approval.
Clinical PK and PD evaluations of BPs preferably
include a study design and assays that enable the
assessment of both the short-and long-term
sojourn as well as the effects of these drugs. Given
that BPs have predominantly been developed for
metabolic bone diseases, effect parameters have
mostly been bone resorption markers, while for
their sojourn in patients BPs can be quantified in
serum and urine samples. Short-term serum and
urine data after both IV and oral administration
allows the assessment of oral bioavailability as well
as the amount of BP delivered to the skeleton, the
site where BPs exert their anti-resorptive actions.
Longer-term data provide information on the anti-
resorptive effect as well as the elimination of theBP
from the skeleton. Mathematically linking the anti-
resorptive action as reflected by bone resorption
markers to the amount of BP in the body or
perhaps even better, the amount of BP at the
skeleton, using so-called PK-PD models, was part of
early attempts to explain observations and
subsequently predict what would happen in terms
of bone resorption when altering dose regimens.
This type of data analysis has since been expanded
with more sophisticated mathematical modeling
techniques such as population PK modeling which
identifies and quantifies the influence of co-variates
such as the influence of renal function on the drugs’
PK. In addition, PK-PD models have been expanded
to so-called systems pharmacology models and
disease-progression models which also include
BMD and fracture risk. Clinical PK and PD of BPs
has been and continues to be useful to identify
optimal dose regimens, for metabolic bone
diseases as well as for several of the newer
applications of BPs such as the use of BPs to target
other drugs such as antibiotics to the bone as well
as the potential use of BPs for non-skeletal diseases
such as cancers and neurodegenerative diseases.
Previously developed knowledge on the clinical
pharmacology of BPs will therefore continue to be
useful and it might even need to look beyond the
skeleton in the very near future.
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induce bone loss and fractures, and the impact of
diabetes on skeletal health. 

ABSTRACT: 

Myeloma Bone Disease andBisphosphonates
In other malignancies metastatic to bone, cancer
cells must migrate from their primary site of origin
to reach the skeleton. In myelomabone disease,
however, malignant plasma cells undergo clonal
proliferationwithin their normal location of the bone
marrow cavity. As a result of this natural proximityto
bone, myeloma has the greatest incidence of bone
involvement among all cancers, with roughly 90% of
patients developingosteolytic lesions during their
disease course.Further, mortality in myeloma is
increased in patients who sustain pathologic
fractures. Again unique amongmalignancies,
myeloma bone disease results from both increased
osteoclast-mediated bone resorption and
simultaneously suppressed osteoblastic
boneformation. The introduction of novel
therapeutic agents for the treatment of myeloma
over the past decade has markedly improved
median survival length from time of myeloma
diagnosis. Consequently, improving quality of life for
myeloma patients by limiting disease-associated
complications including bone disease has become
an increasingly important aspect of care.Due to
their potent ability to inhibit osteoclast activity,
bisphosphonates rapidly became the primary
pharmacologic approach for limiting skeletal-
related complications in patients with myeloma.
Clodronate and the nitrogen-containing
bisphosphonates pamidronate and zoledronate
have been approved for the treatment of myeloma
bone disease. Well-designed clinical trials have
shown that pamidronate and zoledronate are
equally effective for preventing skeletal-related
events in myeloma, with more recent studies
demonstrating that both reduced bisphosphonate
dosing and dosing frequency do not lead to
reduced skeletal efficacy or effects on overall or
disease-specific survival, but that reduced dosing
isassociated with fewer unwanted effects including
osteonecrosis of the jaw and renal toxicity. A study
(Medical Research Council IX) which randomized
patients with myeloma to oral clodronate or
intravenous zoledronate demonstrated both
superior skeletal efficacy and increased overall
survival with zoledronate, although much of survival
benefit occurred in the first four months of therapy,
perhaps reflecting at least in part differences in
bioavailability between oral and intravenous
bisphosphonate preparations, as well as the
enhanced osteoclast inhibition inherent tonitrogen-
containing bisphosphonatesrelated to earlier non-
nitrogen-containing bisphosphonates.More
recently, a study which compareddenosumab to
zoledronate showed that denosumabwas non-
inferior to zoledronate for time to skeletal-related
complicationsin patients with myeloma

gordon Duff
Professor Sir Gordon Duff MA BMBCh
PhD MD(Edin) MD(Sheff) FFPM(Hon)
FBSPharmacol (Hon) FRCP(Lon)

FRCP(Edin) FMedSci FRSE

Principal, St Hilda’s College, University of Oxford

Gordon Duff studied Medicine at Oxford University
(St Peter’s College, Open Scholarship) and St
Thomas's Hospital, London University, where he also
gained a PhD in Neuropharmacology. Following
postgraduate medical training at the
Hammersmith Hospital, London, he held research
posts at Yale Medical School and the Howard
Hughes Institute of Molecular Immunology at Yale.
He joined Edinburgh Medical School in 1984,
heading the Molecular Immunology Group, and in
1990 became Florey Professor of Molecular Medicine
at Sheffield where he was also Faculty Research
Dean and Director of the Division of Genomic
Medicine. He was Chair of the UK’s Comission on
Human Medicines, and the Medicines and
Healthcare products Regulatory Agency (MHRA, the
national regulator of all medicines/medical devices
used in the UK) before his current post at St Hilda’s
College, Oxford. With interests in inflammation,
cytokines, biomedicines, public health and genetics,
he has published ~ 400 research articles in these
areas, as well as govt. reports on medicines and
public health. He is a co-inventor of some 35 patents
in inflammation and biotechnology. 

He was founding editor of the international
research journal 'CYTOKINE', advisory editor to the
Human Genome Organisation (HUGO) Journal, and
is Past-President of the International Cytokine
Society. He was Knighted for services to Public
Health in 2007, and listed in the ‘Top 100’ working
scientists in the UK Science Council’s list for 2014. In
2016 he was awarded the Sir James Black Award for
Drug Discovery from the British Pharmacological
Society for the ‘Original Identification of TNF as a
Therapeutic Target in Human Arthritis’. He received
honorary doctorates from the Universities of
Edinburgh and Sheffield.

Advisory / Committees / Leadership
He has served on many SABs in the UK, EU and the
US. Previously Chair of the UK Government’s
‘Committee on Safety of Medicines’ (and its
Biologicals and Vaccines Sub-committee), he was
inaugural Chair of the UK's ‘Commission on Human
Medicines’ (2005-2012). He was Chair of the
Secretary-of-State's ‘Expert Scientific Group on
Phase One Clinical Trials’ following the 2006
disaster at Northwick Park. From 2002 to 2009 he
was Chair of the UK's ‘National Biological Standards
Board’, overseeing the ‘National Institute for
Biological Standards and Control’, including setting
up the National Stem Cell Bank. He is an advisor on
Biological Medicines to the EU, and was Chair of the
UK's ‘Scientific Pandemic Influenza Advisory
Committee’. In 2009, he was appointed Co-Chair of
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ABSTRACT:

Is there a role for bisphosphonates in vascular
calcification in chronic kidney disease?
Theoretically bisphosphonates could accelerate or
retard vascular calcification. In subjects with low
GFR, the position is further confounded by a
combination of uncertain pharmacokinetics (GI
absorption is poor and inconsistent at all levels of
renal function and the effect of low GFR generally
is to increase bioavailability) and a highly variable
skeletal substrate with extremes of turnover that
increase unpredictably further. Although
bisphosphonates reduce bone formation by 70-90%
in subjects with normal GFR and reduce the ability
of bone to buffer exogenous calcium fluxes, in
bisphosphonate treated postmenopausal women,
accelerated vascular calcification has not been
documented. The kidneys assist with this buffering,
but the capacity to modulate calcium excretion
declines as GFR falls, increasing the risk of
hypercalcaemia in the event of high calcium influx.
In the ESRD patient, decreased buffering capacity
substantially increases the risk of transient
hypercalcaemia, especially in the setting of dialysis,
and as such may promote vascular calcification
which is highly prevalent in the CKD population. A
low bone turnover may thus be less of a vascular
problem in patients with preserved renal function
and a bigger problem when the GFR is low. In
patients with stage 4 and 5 CKD, adynamic bone
disease associates with the severity and progression
of arterial calcification, including coronary artery
calcification, and further suppression of bone
turnover by a bisphosphonate might exacerbate an
already high predisposition to vascular calcification.
No convincing signal of harm has emerged from
clinical studies thus far. For example 51 individuals
with CKD stage 3-4 treated with either alendronate
70mg per week or placebo for 18 months showed
no difference in the rate of vascular calcifications.
Conversely an observational study of women with
stage 3–4 CKD with pre-existing cardiovascular
disease found an increased risk of mortality with a
hazard ratio of 1.22 (1.04–1.42) in those given
bisphosphonates. Direct suppression of vascular
calcification by bisphosphonates is probably
confined to etidronate – treatment of soft tissue
calcification was a recognized indication for this
drug and etidronate markedly reduced progression
of vascular calcification in CKD patients.
Bisphosphonates are analogues of pyrophosphate,
a potent calcification inhibitor in bone and soft
tissue. Thus the efficacy of etidronate as treatment
for soft tissue calcification brought with it a
problematic tendency to cause osteomalacia. In
contrast, conventional doses of nitrogen-containing
bisphosphonates fail to yield circulating
concentrations sufficient to exert direct anti-
calcifying effects, at least in patients with good
renal function and studies using alendronate and
ibandronate have yielded inconsistent vascular
outcomes.

ranjit Dhindsa
Ranjit Dhindsa is a partner in the
Washington, DC law firm of
Hollingsworth LLP. Mr. Dhindsa practices

in the Firm’s Pharmaceutical Products and Toxic
Torts & Products Liability groups. He has
represented clients in both state and federal courts
in multi-billion dollar litigation, including class
actions and multidistrict litigation. Mr. Dhindsa has
directed the scientific defense strategy relating to
complex medical and scientific issues in
nationwide pharmaceutical products litigation. Mr.
Dhindsa also has extensive experience representing
clients in a broad spectrum of pro bono matters. 

Mr. Dhindsa has worked with some of the world’s
leading experts in Food and Drug Administration
regulations, bone biology, osteoporosis, oncology,
pharmacology, epidemiology, toxicology,
cardiology, pulmonology, chemistry, preclinical and
clinical trials, oral medicine, pathology, surgery and
economics. Additionally, Mr. Dhindsa lectures
throughout the world on the impact of tort
litigation on industry and society, with a particular
focus on the intersection of law and science. 

Mr. Dhindsa earned a B.S. in mechanical
engineering, a B.A. in Spanish, and a Juris Doctor
from The University of Maryland. Thereafter he
clerked for Judge Lawrence F. Rodowsky on the
Maryland Court of Appeals before entering the
practice of law. Mr. Dhindsa has volunteered
thousands of hours serving his community in
leading various non-profit organizations
committed to serving the poor and empowering
youth with leadership skills. 

matthew Drake
Dr Drake is a Consultant in the Division of
Endocrinology and Associate Professor of
Medicine at Mayo Clinic in Rochester,

Minnesota. He received his AB degree from Harvard
College and completed his MD/PhD degrees at
Washington University in St Louis. His trained in
Internal Medicine at Duke University and
completed his Endocrinology fellowship training at
the Mayo Clinic. He has served on the ASBMR
Professional Practice Committee and currently
serves on the Scientific Advisory Board for the Soft
Bones Foundation. He serves or has served on the
editorial boards of the Journal of Clinical
Endocrinology and Metabolism, Bone, the Journal
of Bone and Mineral Research, and Mayo Clinic
Proceedings, and also serves as chair of the Mayo
Clinic Endocrinology Bone Core Group. In his
clinical practice, Dr Drake cares for patients with a
variety of bone disorders including osteoporosis,
skeletal dysplasias, and rare bone diseases. In
addition, he performs translational research with
areas of interest including understanding the
mechanisms underlying age-associated bone loss,
the basis by which monoclonal gammopathies
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Australian Institute of Musculoskeletal Science
(AIMSS). In 2015, he was made an Officer of the
General Division of the Order of Australia for
distinguished service in the field of bone health.
Professor Ebeling’s research interests include
musculoskeletal health and diseases; public health
aspects of vitamin D, including effects on muscle
function, bone and diabetes; post- transplantation
osteoporosis; and osteoporosis in men. Professor
Ebeling was Associate Editor of Journal of Bone and
Mineral Research from 2008-2012. He currently
serves on the Editorial Board of Osteoporosis
International, is Editor of Clinical Endocrinology
(Oxf) and is Editor-in-Chief of JBMR Plus. He is
Medical Director of Osteoporosis Australia; Board
Member of the International Osteoporosis
Foundation; Past-President of the Endocrine
Society of Australia; Past-President of the Australian
and New Zealand Bone and Mineral Society; and
Councilor of the American Society of Bone and
Mineral Research, only the third Australian to be
elected. He has served on the NHMRC Research
Committee from 2015-2018. He has over 340 peer-
reviewed publications, including in the New
England Journal of Medicine, PNAS, JCI and
Science. He also teaches and mentors medical
students, and supervises a number of Research
Higher Degree students, and advanced physician
trainees in Endocrinology.

frank H ebetino
Dr Ebetino has been involved in medicinal
chemistry research for over 35 years. He has
maintained a strong research interest in

bisphosphonate drug design, mechanism, and new
therapeutics for bone related diseases. Hal spent over
25 years at Procter & Gamble and was part of the team
that discovered and developed the drug Actonel® for
osteoporosis. His research and publications also span
a variety of other therapeutic areas including Arthritis,
Obesity, Infectious Diseases, Gastrointestinal Disease,
and Cancer. Recently, he led the Drug Discovery
Department at Warner Chilcott as Director. He
currently leads research at startup company, BioVinc,
which is involved in the development of bone
targeted diagnostics and therapeutic drug leads. Dr
Ebetino also continues research efforts with several
academic collaborators. He has held adjunct
academic roles at USC, Los Angeles and Queen’s
University, Belfast; and continues associations with
the University of Sheffield, the Structural Genomics
Consortium at Oxford, and as Professor (Research) at
the University of Rochester, NY.

Claire edwards
Claire obtained a first class honours
degree and PhD from the University of
Sheffield, where she began her career in

bone oncology. She undertook postdoctoral studies
at the University of Sheffield and the University of

Oxford. Claire then relocated to the University of
Texas Health Science Center at San Antonio, and
subsequently Vanderbilt University to work with the
late Professor Gregory Mundy as an Assistant
Professor. In 2010, she was recruited to the
University of Oxford, where she is currently an
Associate Professor with a joint appointment
between the Nuffield Dept. of Surgical Sciences
(NDS) and the Nuffield Dept. of Orthopaedics,
Rheumatology and Musculoskeletal Sciences
(NDORMS). She is also a Fellow of St Edmund Hall.
Dr Edwards is the recipient of multiple awards and
fellowships, including the Iain T Boyle Award from
the European Calcified Tissue Society, and is
currently the President of the Cancer and Bone
Society. Professor Edwards runs the Bone Oncology
Group at the Botnar Research Centre, University of
Oxford. Specific interests include the contributions
of the host bone marrow microenvironment and
the role of obesity, adipocytes and adipokines to the
pathogenesis of MGUS, multiple myeloma and
prostate cancer bone metastases. 

James edwards
James Edwards graduated from the
Wadham College, University of Oxford
and has pursued research within clinical

and scientific laboratory settings in the US, UK and
Australia. James began his research career at
Oxford in the Botnar Research Centre, Institute of
Musculoskeletal Science before relocating to the
University of Texas Health Science Centre at San
Antonio. Here he worked with the late Dr Gregory
Mundy studying mechanisms of bone healing and
repair, tumour metastases to the skeleton and the
effect of ageing-related mechanisms on normal
skeletal homeostasis. Following this, James
relocated to Vanderbilt University Medical Centre,
Nashville, to help establish the Vanderbilt Centre for
Bone Biology. James currently leads the Ageing
BioScience group at the University of Oxford, which
for the past nine years has researched the causes
and consequences of musculoskeletal ageing, and
revealed new longevity-linked mechanisms
controlling skeletal cells and novel approaches to
improve fracture repair. 

ABSTRACT:

Current concepts in biological ageing
Ageing is inextricably linked to a decline in
musculoskeletal integrity.This raises the notion that
mechanisms governing lifespan and longevity
might also impact normal bone cell biology, overall
bone mass and musculoskeletal health throughout
life. There are many factors and processes linked to
the regulation of lifespan including telomere
length, mTOR, oxidative stress, growth hormone
imbalance, diet modification, autophagy, sirtuins
and cellular senescence. Moreover, many of these
processes have also been shown to alter bone cell
distribution and overall bone volume, and where
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the UK Govt's ‘Scientific Advisory Group for
Emergencies (SAGE)’. In 2010 he investigated and
reported on the UK's Organ Donor Register for the
Secretary-of-State. He chaired the Academic Health
Science Centre of Imperial College London (2012-16).
He was Chair of UK Biotechnology and Biological
Sciences Research Council (BBSRC) (2014-18). He is
an Honorary Fellow of St Peter's College, Oxford,
and currently chairs the Academic Health Science
Centre of Trinity College, Dublin, and the MRC/NIHR
National Phenome Centre at Imperial College,
London. He is a Board Member of the UK’s
Foundation for Science and Technology, and the
Advisory Board of UPenn’s ‘Institute for
Translational Medicine and Therapeutics (ITMAT)’. 

James Dunford
JD completed both degrees in Sheffield
in the late 1980’s, early 1990’s. He then
spent 4 years at the University of

Sunderland as a Molecular Gerontologist,
investigating changes in gene expression
associated with the ageing process. It was after this
that he had the opportunity to move to the Bone
Group at Aberdeen University to work with Mike
Rogers on the mechanism of action of the nitrogen
containing bisphosphonates (N-BP). This work
involved the characterisation of the molecular
target of the N-BP, the enzyme FPP Synthase. In
2005 he moved to Oxford to the Botnar Research
Centre, to work with Prof Graham Russell and Prof
Udo Oppermann and continue working on a wide
variety of protein biochemistry/structural biology
projects with the Structural Genomics Consortium.
Currently he is interested in the epigenetic
mechanisms underpinning the resistance of
myeloma cells to chemotherapy agents.

richard eastell 
Professor of Bone Metabolism and
Director of the Mellanby Centre for Bone
Research at the University of Sheffield.

Richard qualified in medicine from Edinburgh in
1977. He trained in endocrinology in Edinburgh,
Northwick Park and at the Mayo Clinic (Dr B L Riggs).
He leads a research group on the pathogenesis,
diagnosis and treatment of osteoporosis; of
particular note is his contribution to the use of bone
turnover markers and the development of
treatments for osteoporosis. His work has recently
been recognised by the Ian MacIntyre Medal (2011),
Philippe Bordier Award (2012) (European Calcified
Tissue Society), Frederic C Bartter Award 2014
(American Society for Bone and Mineral Research),
Faculty Member of ASBMR (2018) and Kohn Award
(2004) and Linda Edwards Award from the National
Osteoporosis Society (2018).

ABSTRACT: 

How bisphosphonates work in humans
The mode of action of bisphosphonates in man has
been studied using bone mineral density (BMD),
bone turnover markers (BTM) and bone
histomorphometry. BMD increases as a result of
filling in of the remodelling space and an increase
in the degree of mineralisation of bone tissue. The
change in BMD relates to the reduction in fracture
risk with anti-resorptive and anabolic treatments
for osteoporosis. We can study individuals by the
statistic ‘least significant change’ to find out
whether there has been a response in the
individual. We can use a second statistical
approach, a threshold (such as T-score of -2.5) to
help us make decisions as to whether a drugholiday
may be initiated and whether we have attained our
goal of therapy. The weaknesses of BMD are that
the increase on treatment can take several years to
identify and this is not helpful in promoting
adherence to treatment and that the changes in
BMD during a drug holiday are small.The change in
BTM relates to the reduction in fracture risk with
anti-resorptive treatments for osteoporosis (). We
can study the least significant change to identify
responders and we can identify response within 12
weeks of starting antiresorptive treatment and so
this can be useful in identifying failure to response,
particularly poor adherence. We can take a
threshold approach in decision-making; a BTM T-
score of 0 or less is associated with the lowest risk
of fracture on osteoporosis treatment and is found
uncommonly in untreated osteoporosis. The LSC
and threshold approaches can be used for
identifying response to treatment. For example,
more than 80% patients given the licensedoral
bisphosphonates alendronate, ibandronate and
risedronate respond using BTM. On stopping these
bisphosphonates, there is a small increase in BTM,
and this rise mayhelp in decisions about 
switching to a bisphosphonate therapy. Bone
histomorphometry has proven useful in ruling out
any impairment of mineralization with the licensed
doses of bisphosphonates and in showing that
these drugs work by the reduction in activation
frequency. It is unclear whether or not they induce
a neutral or positive bone balance during each
bone remodeling cycle.BTM allow the identification
of response to treatment and offset of response to
treatment in a short time frame and so help
withdecisions about long term treatment. BMD are
useful in identifying those patients who have
reached their goal or else are ready for a drug
holiday.

Peter ebeling
Professor Ebeling is Head of the
Department of Medicine, School of
Clinical Sciences at Monash Health,

Faculty of Medicine, Nursing and Health Sciences,
Monash University. He was inaugural Director of the
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sponsored by BMBF. He has published and
presented extensively on osteoporosis, bone and
muscle metabolism, and the biomechanics of bone,
with over 330 articles to his name. He is President
of the German Society of Muscle and Bone
Research and President of the International Society
of Musculoskeletal and Neuronal Interaction. In
2004 he implemented the German Central Register
for Osteonecrosis of the jaw. Since April 2011 he
became an Honorary Professor of Medicine in the
School of Science, Technology and Health at the
University Campus Suffolk, UK

ABSTRACT

Ibandronate is a nitrogen-containing bisphosphonate
and was the first iv-injectable bisphosphonate in a
third generation bisphosphonate-development. First
approval in cancer treatment (multiple myeloma,
malign hypercalcemia, etc., 2003) and later approval
for the treatment of osteoporosis in postmenopausal
women (2004) and males. The first Phase III RCT was
the BONE-Study treating postmenopausal women
with osteoporosis with 2,5 mg/day or 20 mg on
alternate days for 12 doses every 3 months. After 3
years of treatment the rate of incidence vertebral
fractures was reduce by 62% and 50% with daily and
intermittent ibandronate. No reduction in non-vert
fractures. Only a post hoc analysis in a subgroup
treated with daily applications showed a reduction of
non-vert fractures.

In the MOBILE-Study postmenopausal women with
osteoporosis received 2,5 mg daily, 50+50 mg monthly
(single doses on consecutive days), 100 mg monthly
or 150 mg monthly. After one year all monthly
regiments were shown to be as good as the daily
regimen and at spine 150 mg regimen was superior
to the daily regimen. This study was the basis to
approve once-monthly ibandronate treatment. 

The first clinical studies according the development
of the intravenous application of ibandronate was
paved with obstacles, mostly induced by the
enthusiasm of the researcher, medical directors of
the company, and FDA. Two doses were tested, 0.5
or 1.0 mg every three months for 3 years. Results of
this study indicated that this regimen with
ibandronate was not sufficient in significantly
reduce the incidence of vertebral fractures.

In the DIVA-Study intravenous ibandronate 3 mg
once every 3 months, or 2 mg once every 2 months
were superior to oral ibandronate 2,5 mg daily. With
this study ibandronate 3 mg every 3 months has
been approved.

Three activities characterise my contributions
during the Phase II and III studies with ibandronate:
1. my department participated in nearly all clinical
studies recruiting patients, 2. I was member of the
international advisory board osteoporosis
(Boehringer/Roche), and 3. member of the
International Bone Cancer Club (Boehringer-
Mannheim). Some anecdotes and personal
experience will be presented.

Serge ferrari
Serge Ferrari is Professor of Medicine at
the Geneva Faculty of Medicine and
Head of the Clinical Service and Research

Laboratory of Bone Diseases at the Department of
Internal Medicine Specialties, Geneva University
Hospital, Switzerland. Professor Ferrari obtained his
medical degree from the Geneva Faculty of
Medicine in 1989. He trained in internal medicine
and pathophysiology at Geneva University Hospital,
and subsequently as a research and clinical fellow
in bone diseases and endocrinology at Beth Israel
Deaconess Hospital in Boston, USA. Professor
Ferrari was nominated Instructor in Medicine at
Harvard Medical School in 2000 and received a six
years Professorship grant from the Swiss National
Science Foundation in 2001. Professor Ferrari is
Chair of the Council of Scientific Advisors and a
member of the Executive Committee of the
International Osteoporosis Foundation (IOF), Past-
President of the Swiss Bone and Mineral Society,
and current President of the Swiss Association
against Osteoporosis. He has been a member of the
editorial board of several scientific journals
including the Journal of Bone Mineral Research,
Osteoporosis International and Bone, and the
editor-in-chief of BoneKey. He received the Olaf
Johnell science award from the IOF in 2016.
Professor Ferrari has published over 200 articles
and book chapters in the field of osteoporosis and
bone and mineral metabolism.

Dana gaddy
Dr. Dana Gaddy is currently Professor of
Veterinary Integrated Biosciences at
Texas A&M University and has had an

NIH-funded research program for over 20 years in
multiple areas of musculoskeletal research. These
interests include the role of non-steroidal gonadal
inhibin hormones and the related activins in
regulating bone cell differentiation, the
hypothalamic-pituitary-gonadal-skeletal axis, and
bone anabolism during repair; the influence of age,
loss of gonadal function and exercise on disuse-
associated bone and muscle loss; and study and
treatment of rare bone disease, specifically the
anabolic effects of PTH and Sclerostin Antibody in
mouse models of Down Syndrome. Most recently,
they have generated the first large animal of
hypophosphatasia (HPP) in sheep through gene
editing of a known point mutation in alkaline
phosphatase. Characterization of sheep HPP, which
recapitulates the dental and musculoskeletal
phenotype of human HPP, is providing new
insights into the pathology of the dental phenotype
and the etiology of muscle weakness associated
with HPP. 

29

Faculty Profiles and Speaker Abstracts
bisphosphonates2019

CELEBRATING 50 YEARS BISPHOSPHONATES 2019 IN ASSOCIATION WITH THE MELLANBY CENTRE, UNIVERSITY OF SHEFFIELD

the preservation of efficient ‘ageing mechanisms’
leads to improved skeletal integrity as we age.
Recent studies have demonstrated that effective
targeting of such ageing-relatedsystems can
protect against the onset of ageing in a number of
tissues and preserve overall health. Interestingly,
this includes Bisphosphonate treatment.

erik fink eriksen 
Erik Fink Eriksen is currently professor of
Endocrinology at Oslo University
Hospital, Aker. His previous

appointments include: Global Product Medical
Director (Arthritis and Bone Therapeutic Area) at
Novartis Pharmaceuticals, where he was
responsible for the global development
programme and approval of the osteoporosis drug
Aclasta; Global Medical Director, Eli Lilly & Co.,
Indianapolis, USA (2002–2005), where he was
responsible for the approval of PTH(1-34) (Forsteo)
as osteoporosis treatment; Department Head and
Consultant, Department of Endocrinology and
Internal Medicine, Aarhus Amtssygehus (1995–2001),
and Assoc. Professor, University of Aarhus (1995).

He has authored or co-authored over 300
publications and 3 books. His work is cited 980
times per year and each paper has an average
citation index of 42 (H-index 59). He has mentored
a total of 16 PhD candidates. He received the Gold
medal in Biochemistry at Århus University 1979 and
the Young Investigator Award of the American
Society of Bone and Mineral Research 1987. 2001 he
received a NOVO-Nordisk research grant for
postdoctoral researchers. In the year 2002 two of his
papers were among the 21 most cited in the last 25
years in the Journal of Bone and Mineral Research.
His team at Novartis received the Good Clinical
Practice Award 2007. He is a member of the Mayo
Alumni Association.

ABSTRACT:

Osteoarthritis and bone marrow lesions
Erik Fink Eriksen
Oslo, Norway

Bone marrow lesions are an integral part of the
pathogenesis in a wide variety of musculoskeletal
diseases like fractures, bone infections,
osteonecrosis, tendinitis and osteoarthritis. Based
on histological the lesions are characterized by
increased vascularity and increased bone turnover,
which seems to be the underlying cause behind the
water signal seen on MR.

Further development of bisphosphonate treatment
of OA has been hampered by the negative results
of the risedronate trials. The results from later
clinically controlled trials vary, but it seems that
higher doses are needed than used for osteoporosis
treatment, which was already apparent in the
risedronate trials. A recent trial using higher doses
of Neridronate and the presence of bone marrow

lesions as inclusion criteria demonstrated
significant reduction of pain and size of bone
marrow lesions. Proof of concept trials with 2 doses
of zoledronic acid in our group has also shown long
term pain reduction for years in hip and knee OA,
and to a lesser degree in hand OA and a
randomized trial in hip OA is underway. The effects
of bisphosphonates on OA pain also raises question
about the current understanding of OA pain.

Colin farquharson
Colin Farquharson completed his PhD at
the University of Aberdeen in 1989. His 1st
post-doctoral position led to a career

long interest in skeletal biology. He obtained his
chair in Skeletal Biology from the University of
Edinburgh in 2010 where he is presently a group
leader and Dean of Postgraduate Studies within the
Royal (Dick) School of Veterinary Studies. His
research programme is focussed on the cellular
mechanisms underpinning bone and cartilage
development. In particular his research aims are to
develop a functional understanding of the role of
phosphatases in skeletal mineralisation. He has
published over 140 papers/book chapters and
supervised 15 PhD students to completion and is
presently supervising 6 PhD students as principal
or co-supervisor. He is past secretary of the Bone
Research Society (UK) and recent member of the
Arthritis Research UK Fellowships Implementation
Committee. He is at present Deputy Chair of the
Veterinary Advisory Committee of the Horserace
Betting Levy Board (HBLB) in the UK and Co-Editor-
in-Chief for the Journal of Endocrinology and
Journal of Molecular Endocrinology.

Dieter felsenberg 
He studied medicine in Erlangen and
Berlin, earning his doctor’s degree in 1981
after having specialised in radiology.

Professor Dieter Felsenberg founded the
Osteoporosis Research Group, the Centre of Muscle
and Bone Research, the German Academy for
Osteological and Rheumatological Science
(DAdorW), the Centre for Space Medicine, Berlin at
the Free University in Berlin, and the German
Society of Muscle and Bone Research (DGfMK). His
laboratory-based work has included examinations
of bone architecture and strength, and analyses of
the trabecular structure of bone. Research on
muscle and bone interaction in immobilization and
weightlessness is a further focus in cooperation
with space agencies and sports medicine. Special
focus is aging of muscle and bone. His clinical
research and patient care has included a focus
osteoporosis: prevention, treatment, and
epidemiology. Further main interest is diagnostic
and treatment of sarcopenia and understanding of
muscle as an endocrine organ and circumstances
of myokine expression. Currently performing
‘Osteoarthritis of the knee study’, called PrevOP,
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ABSTRACT: 

Skeletal regulation of muscle function and
metabolism: expanding the indications for
bisphosphonates.
Breast cancer has profound effects on bone and
muscle through the effects of 1) tumor-induced bone
destruction via metastases or 2) cancer treatment-
induced bone destruction. These skeletal insults result
in muscle weakness via systemic effects of bone-
derived TGF- to oxidize skeletal muscle ryanodine
receptor 1 (RyR1) and disrupt calcium handling.
Patients are at increased risk of fracture, disability, and
death due to poor bone quality, muscle dysfunction,
and impaired glucose metabolism. Osteoclastic bone
destruction results in the systemic release of growth
factors such as TGF- from mineralized bone matrix
which results in muscle weakness, an effect which is
prevented by bisphosphonates. The same systemic
factors can suppress insulin secretion from the
pancreas to impair glucose metabolism. Oxidation of
the endoplasmic reticulum calcium release channel,
ryanodine receptor 2 (RyR2) in pancreatic cells
impairs insulin secretion that results in hyperglycemia
both in mice and humans. In states of accelerated
bone loss, systemic release of TGF- promotes
oxidation of RyR2 in pancreatic cells to impair insulin
secretion and result in hyperglycemia. This effect is
potentiated in the setting of aging and high fat diet,
which we have used to better model our patient
population. Exploration of clinical databases show that
diagnosis of new diabetes is increased in breast cancer
patients with bone metastases (31.25%) compared to
breast cancer patients without bone metastases or
controls (19.10%) (Indiana Network for Patient Care, an
electronic health data exchange). These clinical data
indicate a strong association between bone
destruction and abnormal glucose metabolism.
Similarly, bone loss and muscle weakness in patients
receiving AIs increase bone fracture risk which is
associated with reduced patient survival. Thus, it is
urgent to understand the role of bone-derived TGF-
to impair glucose metabolism and promote muscle
weakness in the clinically relevant setting of aging,
cancer and cancer treatment-induced bone loss, as
well as high fat diet. Can these effects can be blocked
by bisphosphonate inhibition of bone destruction?
Basic, preclinical and clinical studies are required to
determine the role of pathologic bone remodeling to
disrupt muscle function and metabolism and will be
discussed. Thus, bisphosphonates may play an
important role to block systemic consequences of
pathologic bone destruction such as muscle
weakness, diabetes and more.

Peyman Hadji
Professor Peyman Hadji obtained his
medical degree from the University of
Frankfurt, Germany, in 1990, and went on

to complete his postgraduate training in obstetrics
and gynaecology at the Hamburg Institute of

Endocrinology and Reproductive Medicine and the
Philipps-University of Marburg, where he received his
PD in 2001. In June 2006, he was appointed as a full
Professor of Medicine at the Philipps-University of
Marburg. From 2014-2018, Dr Hadji was the head of
the department of bone oncology, endocrinology and
reproductive medicine at the Krankenhaus Nordwest
in Frankfurt, Germany. Since October 2018, Dr Hadji id
the head of the Frankfurt Center of Bone Health.

His current research interest is on the management
of women with breast cancer, with a special focus on
cancer induced bone loss (CIBL), as well as studies on
side-effect management in cancer therapies and
outcome research. He is the first author of a recent
practical guidance for the management of aromatase
inhibitor-associated bone loss of seven international
societies. Dr Hadji is also a co-author of the ESMO
practice guidelines on bone health in cancer patients.
He is additonally a co-author of the guidance on the
use of bisphosphonates in solid tumours, a consensus
recommendation from the second Cambridge
conference on advancing treatment for metastatic
bone cancer and a clinical experience and treatment
recommendation on aromatase inhibitor-induced
arthralgia. In addition to this, Dr Hadji has performed
a number of studies on compliance and persistence
in oncology and osteoporotic therapies, and is
involved in several clinical studies on different
pharmacological interventions for osteoporosis
including bisphosphonates, denosumab, parathyroid
hormones, raloxifene, hormone therapy and
tamoxifen - in collaboration with a number of national
and international centres. 

Dr Hadji is a co-author of the ESMO clinical practice
guideline for bone health in cancer patients, the
German S-III guidelines for the diagnosis and
treatment of breast cancer (DGGG), the German S-
III guidelines for ONJ (DGMK) , the German
Osteoporosis guidelines (DVO), use of HRT in
postmenopausal women (DGGG) as well the
German guidelines on hormonal contraception
(DGGG). Currently, Dr Hadji is the vice president of
the Dachverband Osteologie (DVO) and a board
member of the Cancer and Bone Society as well as
the German Menopause Society. He is additionally
an active member of several oncology and
osteoporosis societies with a special interest in
diagnosis and treatment of bone oncology in
women with breast cancer. He has published over
250 peer-reviewed articles and book chapters in
these fields. His editorial activities extend to editor
in chief of the journal of bone oncology and
refereeing for a number of national and
international journals.

ABSTRACT: 

Bisphosphonates for cancer treatment
induced bone loss. Professor Dr med. P. Hadji 
Osteoporosis is one of the most frequent diseases
in postmenopausal women leading to an increased
fracture risk due to the physiologic loss of the bone
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Jim gallagher
Jim Gallagher holds the Derby Chair of
Anatomy and Cell Biology at the
University of Liverpool. He is President of

the Bone Research Society, UK and a Fellow of the
ASBMR. Jim undertook his PhD with Eric Lawson in
Cambridge, where they showed that 1,25(OH)2D3 is
necessary and sufficient to cure bone lesions in
rachitic rats. His first post-doc was working with
Herbie Fleisch on the effects of bisphosphonates on
osteoblasts. He returned to the UK to Graham
Russell’s lab where he developed the first system to
culture human osteoblasts with Jon Beresford. His
group in Liverpool cloned the human P2Y2 receptor
and pioneered the investigation of purinergic
signalling in bone and skin. In recent years he has
worked with Lakshminarayan Ranganath on the
mechanism of arthropathy in the rare disease
alkaptonuria (AKU) and they have recently identified
an effective therapeutic agent (nitisinone). Jim
collaborated with DaisyBeck Productions on the
Channel 5 documentary “Body Donors” which won
a Royal Television Society Award in 2016.

alison gartland
Prof Alison Gartland studied for her PhD
at The University of Liverpool, completed
Post-Doctoral Researcher positions at

IGMM, CNRS France and University of
Massachusetts Medical School, USA. She is a
Professor of Bone and Cancer Cell Biology at The
University of Sheffield with expertise in purinergic
signalling, bone and cancer cell biology, in vitro and
in-vivo murine models of MSK disorders, including
in the setting of both primary and secondary
cancer. Her principal research area focus is on
developing fundamental understanding of the
basic cellular, molecular and genetic mechanisms
responsible for musculoskeletal disease and cancer.
Prof Gartland has over 50 publications in leading
journals in the field of bone and cancer and has also
authored several book chapters on human bone
cell culture techniques. Current projects include
looking at the mechanisms of breast cancer
metastasis to bone, primary bone cancer
metastasis and screening for new drug treatments.

Luigi gennari
Luigi Gennari was born in Siena in 1968.
He received his MD degree at the
University of Siena (1993), an advanced

degree in Endocrinology at the University of
Florence (1998), and a PhD in Endocrinology (2003).
Since 2016 serves as Associate Professor of Internal
Medicine at the Metabolic Disease Unit, Dept.
Medicine, Surgery and Neurosciences, University of
Siena. In 2004 Dr Gennari was recipient of the
American Society for Bone and Mineral Research-
Young Investigator Award. He is Associate Editor of
Journal of Bone and Mineral Research Plus . His

main research interests include calcium and
phosphate metabolism, metabolic bone disease,
Paget’s disease of bone, hereditary skeletal
diseases, genetics and endocrinology. He is author
of several publications in peer reviewed journals
and of chapters in several book on these and other
related topics. In the same fields, he has lectured at
both national and international meetings and
received numerous research grants

núria guañabens
Núria Guañabens is Chair of Medicine at
the University of Barcelona, and is
Consultant Senior of the Rheumatology

Department at the Hospital Clinic in Barcelona. .

She was awarded with the Professional Excellence
Award from the Medical Association of Barcelona
and the Steven Boonen Award from ECTS. She is
Past-President of the Catalan Society of
Rheumatology and the Spanish Society for Bone
and Mineral Research. She serves on the Board of
Directors of ECTS and on the ASBMR Ethics
Advisory Committee. Dr Guañabens coordinates
the ECTS Education Committee. 

theresa guise
Dr Theresa A. Guise is the Jerry and
Peggy Throgmartin Professor of
Oncology, Professor of Medicine and

Pharmacology at the Indiana University School of
Medicine, where she directs a translational research
program and clinical practice on the effects of
cancer and cancer treatment on bone, muscle and
metabolism and co-leads the Tumor
Microenvironment and Metastasis Program of the
Indiana University Simon Cancer Center. She
obtained her M.D. and Internal Medicine Residency
Training from the University of Pittsburgh and
completed an Endocrinology Fellowship at the
University of Texas Health Science Center at San
Antonio. Her awards include the Fuller Albright and
Paula Stern Achievement Awards (ASBMR); Philip
Hench Award (University of Pittsburgh); election to
the American Society for Clinical Investigation
(ASCI), the Association of American Physicians.
Service includes: Chair, NIH study section of Skeletal
Biology, Structure and Regeneration; Board of
Directors, the Paget Foundation, the International
Bone and Mineral Society (IBMS); Council and
Treasurer, ASCI; President, IBMS; Scholar, Susan G.
Komen Foundation and Chairperson-elect of the
Tumor Microenvironment Steering Committee
(AACR). Dr Guise has authored over 150 peer-
reviewed articles, has an h-index of 65 with 21,500
life-time citations and consistent funding from the
NIH, DOD, Susan G. Komen, Prostate Cancer
Foundation, V-Foundation, Mary K. Ash. She has
trained 30 postdoctoral fellows, 3 PhD students, 8
junior faculty and 30 summer research students. 
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ABSTRACT:

Bisphosphonates in primary bone tumours –
do they have a role?
Conventional therapeutic strategies of bone
sarcomas are based on neo-adjuvant
chemotherapy, delayed en-bloc wide resection and
adjuvant chemotherapy. Unfortunately, recurrence
associated with osteolytic processes as well as an
absence of response to anti-tumour drugs are often
observed, leading to the development of
metastases and ultimately to the death of the
patients. This exacerbated osteolysis associated
with the tumour development has led the scientific
community to assess bisphosphonates as single
agent or in combination with conventional drugs in
the treatment of primary bone tumours. Pre-clinical
investigations using in vitro and animal models
demonstrated the potential “anti-tumour” effects
of nitrogen-bisphosphonates (N-BPs) and identify
a risk of drug resistances linked to a metabolic
adaptation. N-BPs reduced the primary tumour
growth in osteosarcoma and Ewing sarcoma
murine models, limited the risk of local recurrence
and inhibited the development of lung metastases.
In rodent pre-clinical models of chondrosarcoma,
N-BPs slowed down the development of the
primary tumour, the recurrent tumour progression
after intralesional curettage and increases overall
survival. In patients suffering from giant cell
tumours of bone, short adjuvant treatment with N-
BP after extensive intra-lesional curettage has been
associated with a low rate of recurrence. In
osteosarcoma, N-BP has been assessed in
combination with chemotherapy and surgery in a
randomized phase 3 study and unfortunately did
not improve the outcome of patients. Interestingly,
a potential explanation may be the impact of N-BP
on macrophage differentiation/recruitment which
may alter CD8+-T lymphocyte infiltration. Thanks
their great affinity to mineralized extracellular
matrix, bisphosphonates represent for a good
carrier for drug release in bone site then opening a
new era for bisphosphonates.

Willy Hofstetter 
Professor Willy Hofstetter heads the Bone
Biology & Orthopaedic Research Group
at the Department for BioMedical

Research at the Medical Faculty of the University of
Bern. His interest in skeletal physiology and biology
was started in the Institute for Pathophysiology in
Bern, led by the late Professor Herbert Fleisch. The
research of the group is focused on osteoclast
biology and the effects of inflammatory diseases on
bone metabolism. On the orthopaedic side, the
healing mechanisms of bone defects and the
function and biocompatibility of calcium
phosphate based ceramics are studied. 

ingunn Holen
Dr Ingunn Holen is Professor of Bone
Oncology and team leader in the
Department of Oncology and

Metabolism, University of Sheffield, where she also
is science lead of the Sheffield Experimental Cancer
Medicine Centre. Ingunn has more than 20 years
experience in working in advanced breast cancer,
in particular in the context of translational studies
in metastatic bone disease. She has published 120+
scientific papers with more than 5,000 citations
and is a frequently keynote speaker at international
scientific conferences. She has chaired the
Scientific Advisory Board and is a member of the
Science Strategy Committee of Breast Cancer Now,
is a member of the NIHR Doctoral Research
Fellowship panel as well as a number of
international grant review panels, conference
organising committees and editorial boards.
Ingunn was recruited by Prof Graham Russell to the
University of Sheffield in 1995 and has published
scientific 40 manuscripts on the use of
bisphosphonates in bone metastasis.

ABSTRACT: 

Have they helped us establish a clinical role
for bisphosphonates in cancer?
A number of questions have been raised regarding
the potential beneficial effects of bisphosphonates
(BPs) beyond inhibition of bone resorption, in
particular whether they could exert anti-tumour
effects. Studies using in vitromodel systems have
reported that BPs can directly modify both cancer
cells and multiple cell typesof the tumour
microenvironment, however the majority of studies
used high and prolonged dosing. In order to have a
meaningful effect, a clinically relevant dosing
regimen should be investigated in a complex,
multicellular model system, hence a range of BPs
have been studied in mouse models. BPs have been
found to reduce tumour progression in bone and to
increase survival when added to anti-cancer agents
in a number models of different cancertypes. The
majority of the beneficial effects being ascribed to
a reduction in cancer-induced bone disease. In this
respect, the data from in vivomodels largely agree
with those from clinical studiesof BPs.Compared to
studies of metastatic bone disease, modelling
adjuvant use of BPs is challenging ascurrent in
vivosystems may not be suitable to identify effects
of long term exposure to BPs outside bone. The
results from the AZURE trial and subsequent meta
analysis have added complexity to the picture, with
a differential effect of adjuvant BPs found in pre-and
post-menopausal women. We have subsequently
developed mouse models of breast cancer to mimic
different bone microenvironment, in order to
understand the mechanisms behind these
differential effects. In addition, we have used mouse
models to explore the effects of a single dose of the
potent NBP zoledronic acid (ZOL) on the wider bone
microenvironment. We established that ZOL
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protective effects of estrogen. Hereby, several risk
factors for fracture such as prevalent fracture, low
BMD, age, low BMI, family history, tendency to falls,
smoking, use of SSRIs, glucocorticoid use etc. have
been identified. Additionally, the further reduction
of endogenous estrogens with chemotherapy
(CHT), GnRH-analoga or aromatase inhibitors (AI)
continuously increases fracture risk. 

Breast cancer (BC) on the other hand is the most
frequent cancer type in women. Recent reports
indicated a continuous increased incidence while
mortality, due to early diagnosis and treatment
improvements is decreasing. Dependent on
specific tumor characteristics, radiation,
chemotherapy (CHT), antibody treatment as well as
endocrine treatment has been introduced into the
adjuvant clinical treatment setting. 

Some but not all of this cancer specific treatments
interfere with bone turnover leading to an
accelerate bone loss referred to as cancer treatment
induced bone loss (CTIBL). Whereas CHT leads to an
unspecific increased of bone resorption, Aromatase
inhibitor (AI) reduces residual serum endogenous
estrogen level and is associated with a decrease of
bone mineral density (BMD) and increased fracture
risk. Independent of the type of AI administered,
bone loss is 2-3 fold increased compared to healthy,
age matched postmenopausal controls. Therefore
several guidelines have emerged to help managing
CTIBL in women with BC including strategies to
identify and treat those at highest risk for fractures. 

Recently, several studies and a meta-analysis have
investigated the additional effect of
Bisphosphonates on breast cancer outcomes
leading to a 34% decreased rick of bone recurrence
and a 17% decreased breast cancer mortality risk.
The workshop will summarizes the current
knowledge on CTIBL and fracturing risk and
indicates current treatment guidelines and
intervention options as well as the additional effects
of adj. antiresorptive treatments.

David a Hanley
Dr Hanley is Professor Emeritus in the
Departments of Medicine (Division of
Endocrinology and Metabolism),

Community Health Sciences, and Oncology; and a
member of the McCaig Institute for Bone and Joint
Health in the Cumming School of Medicine,
University of Calgary. He is a past president of the
Canadian Society of Endocrinology and Metabolism,
and a past chair of Osteoporosis Canada’s Scientific
Advisory Council. Dr Hanley co-authored the first
three iterations of Osteoporosis Canada’s Clinical
Practice Guidelines, and has received Osteoporosis
Canada’s Lindy Fraser Memorial Award, for
contributions to osteoporosis research and education
in Canada. In 2012, he received the Queen Elizabeth
II Diamond Jubilee Medal for his work with
Osteoporosis Canada. He is the Calgary Centre

Director of the Canadian Multicentre Osteoporosis
Study (CaMos), and has been co-investigator in many
of the phase III clinical trials of bisphosphonates and
other pharmaceutical therapies for prevention and
treatment of osteoporosis.

michael Hecht
Michael Hecht is an attorney who
represents clients in national and
international product liability and mass

tort litigation. He is a partner at Venable LLP in
Baltimore, Maryland, where he is a key part of one
of the most active and respected product liability
practices in the United States. In his practice, he
focuses on the complex medical, scientific, and
regulatory issues that arise in the course of litigation
involving life sciences companies. 

Dominique Heymann
Successively Professor of Bone Oncology
(2015-2107) and Honorary Professor of
Bone Oncology at the University of

Sheffield (UK), Dominique Heymann is Professor
and chair of the Department of Histology and
Embryology of the University of Nantes (FR). He was
head of the Tissue Bank at Nantes Hospital until
2015 and until the end of 2016, he directed a research
laboratory (INSERM UMR 957) studying the
pathophysiology of bone resorption and
pathogenesis of bone sarcomas. He was a member
of the national scientific advisory board, INSERM,
from 2008-20012 and co-chaired a national national
INSERM committee on the pathophysiology and
pathophysiology of endocrine, bone, skin, and
gastrointestinal tissues from 2012-2016. At the
Institut de Cancérologie de l’Ouest (ICO, Cancer
Centre in Saint-Herblain, FR), he currently heads of
the laboratory investigating tumour heterogeneity
and precision medicine, head of the biological
resource centre – tumour tissue bank and member
of the team « Apoptosis and Tumour Progression »
of the INSERM unit 1232 (Nantes, FR). He has
authored more than 250 publications in peer-
reviewed journals, mainly in the field of bone and
associated diseases, as well as more than 300
abstracts, 20 book chapters and two books. He is
Coeditor-in-chief of the Journal of Bone Oncology,
academic editor of PloS one, and member of the
editorial boards of Current Medicine Chemistry,
European Journal of Pharmacology, Letters in Drug
Design & Discovery, Journal of Sarcoma Research,
and Current Pharmaceutical Design. He was
nominated for the Publication Committee of the
American Society of Bone and Mineral Research
(ASBMR) (2016-2019). In 2006, he obtained the ‘Paul
Mathieu” price of the National Academy of Medicine
and in 2017, he was awarded the European Oswald
Vander Veken prize (The Research Foundation -
Flanders (FWO) and the Fonds de la Recherche
Scientifique-FNRS (F.R.S.-FNRS).
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perceived and real.As regards perception,
successful pharma companies are seen as
rapacious profit-mongers, exploiting the ill and
neglecting the poor–especially in third world
countries. A United Nations Report on Access to
Medicines so concluded. Its recommendations
were in effect to plunder big pharma on the one
hand and that governments should pay lots more
for pharma research. Decouple profit from research
was the mantra.If implemented we would see at
the very least a major erosion of pharma research
and development.Other false perceptions are that
patents impede research, that they give rise to
impenetrable thickets of patentsso on.Real
limitations of the system. You can only patent that
which is new, non-obvious and enabled. In Europe
you cannot patent methods of medical treatment
and in the US by judge-made law, methods of
diagnosis. These are serious limitations to the
research incentive. I focus on just one area –new
uses for known medicines.It is an area of particular
application to the bisphosphonates. Their original
use was for osteoporosis. But there are other
potential uses –I am told for some forms of cancer
andheart conditions. Who would do clinical trials,
costing around US$1/2 billion, into these?The same
is true for other known medicines. Clinical trials for
new uses are much cheaper and quicker than for
new compounds. If successful, for all clinical
purposes, you have in effect a new medicine. We
need a way of incentivising such research. The
patent system is not strong enough. We need to
devise something better.

Kassim Javaid
Dr Kassim Javaid is an Associate
Professor in Metabolic Bone Disease at
Nuffield Department of Orthopaedic

Surgery, and an Honorary Consultant
Rheumatologist at Oxford University Hospitals
Trust, UK. Dr Javaid graduated with a degree in
medicine from the University of London, in 1996.
After completing his three-year medical rotation at
Southampton General Hospital, he joined the
University of Southampton as an Arthritis Research
Campaign Clinical Research Fellow, in October
2000. Given his involvement in research, he
subsequently completed his post-doctoral degree
from the University of Southampton, in 2006.
During his research career, he has won the “young
Investigator” award six times, which includes the
prestigious Pierre Meunier Young Investigator
Award, in 2017, given to young investigators who
have demonstrated outstanding scientific merit
and are expected to be future thought-leaders in
the musculoskeletal field.

His research areas are in epidemiology and adult
metabolic bone disease focusing vitamin D,
osteoporosis, secondary fracture prevention and
rare bone diseases. He has received several research
grants, from both industry and the National

Institute for Health Research, focusing on
epidemiology and interventional research. Dr
Javaid has published several original articles in
peer-review journals, and is also a part of local
guideline committees for management of fragility
fractures in different patient populations.

John Kanis
Professor John A. Kanis is Emeritus
Professor in Human Metabolism, and
Director of the Centre for Metabolic Bone

Diseases (Formerly WHO Collaborating Centre),
University of Sheffield, UK and Professorial Fellow at
the Australian Catholic University (Melbourne). He
is the Honorary President of the International
Osteoporosis Foundation, member of its
Committee of Scientific Advisors and Chairman of
the Working Group on Epidemiology and Quality of
Life. He is Honorary President of the European
Society for Clinical and Economic Aspects of
Osteoporosis and Osteoarthritis. Professor Kanis’
research interests are largely related to disorders of
skeletal metabolism including osteoporosis,
sarcopenia, Paget's disease of bone,
hyperparathyroidism, renal osteodystrophy and
neoplasia affecting the skeleton. Contributions to
research include cell biology, histomorphometry of
bone, assessment and treatment of bone disorders,
guideline development, health technology
assessment, epidemiology, regulatory affairs and
health economics. He is the Editor in Chief of
Osteoporosis International and Archives of
Osteoporosis, and serves on the editorial board of
several journals. He is the author of more than 1000
papers, chapters and books on bone disease and
metabolism. His current major interest is in the
development of risk assessment algorithms and
the formulation of practice guidelines in many
regions of the world.

Dr Sundeep Khosla
Dr Sundeep Khosla is the Dr Francis
Chucker and Nathan Landow Research
Professor of Medicine and Physiology

and a Mayo Foundation Distinguished Investigator.
He also serves as Director of the Center for Clinical
and Translational Science and Dean for Clinical and
Translational Science at Mayo Clinic. Dr Khosla
received his A.B. degree from Harvard College and
his M.D. from Harvard Medical School. He was
subsequently a resident in Internal Medicine and a
fellow in Endocrinology at the Massachusetts
General Hospital. In 1988 he moved to Mayo Clinic,
where his research interests include mechanisms of
age-related bone loss and sex steroid regulation of
bone metabolism. Dr Khosla has served as Chair of
the NIH SBDD Study Section, on the Council of the
National Institute on Aging, and as President of the
American Society for Bone and Mineral Research
(ASBMR). He is currently serving on the Council of
NIAMS. Dr Khosla has received numerous awards
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modifies the progenitor cells in bone, resulting in
the expansion of a myeloid subset with anti-
tumourigenic properties.Whether this also happens
in patients treated with ZOL remains to be
established, and we are currently investigating the
short term effects of ZOL on the bone
microenvironmentin a clinical feasibility study in
patients with early breast cancer. 

David Hughes 
David qualified in medicine from
Sheffield in 1989 having also gained
intercalated BMedSci and PhD while

working in the Department of Human Metabolism
and Clinical Biochemistry with Professor Graham
Russell. He trained in pathology in Edinburgh, and
spent time working within the group of Professor
Greg Mundy in the laboratory of Professor Brendan
Boyce in San Antonio. He currently works as Medical
Director at Sheffield Teaching Hospitals NHS
Foundation Trust while maintaining clinical
practice in musculoskeletal pathology and
collaboratively supporting research projects in the
Mellanby Centre of the University of Sheffield.

Philippa Hulley
Philippa Hulley did her PhD in
Developmental Biology at the University
of Cape Town, before moving into cell

signalling during a postdoc with Novartis in Basel
and a further stint in Cape Town as a Senior
Lecturer, University of Stellenbosch. She moved to
Oxford in 2003 and was appointed to a joint tenured
University Lectureship in NDORMS with Tutorial
Fellowship at St Hilda’s College in 2012. Present
interests are molecular mechanisms of diabetic
tendinopathy and ossification of soft tissues.
Background is molecular cell biology focused on
comparative adaptive stress responses in human
skeletal tissues. Published work includes oxidative
stress, hypoxia, chronic hyperglycaemia,
mechanical loading, drug side effects, especially
glucocorticoids. Primary tissues of interest are
tendon and bone, with cartilage as comparison.
Bulk of publications since moving to Oxford 15 years
ago have been in human tissue and using human
primary cells. Specialising in 3D tissue culture
models and cell network function in constructs and
intact tissue. Technically expert in cell signalling,
developing expertise in biomarkers and omics.

rt Hon. Sir robin Jacob
Having read Natural Sciences at Trinity
College Cambridge, Sir Robin then
simultaneously read for the Bar and took

an LLB from the LSE. He was called to the Bar by
Grays Inn in 1965.

He practiced at the Intellectual Property Bar from
1967. From 1976 to 1981 he was the Junior Counsel

for the Comptroller of Patents and for Government
departments in intellectual property. He was
appointed Queen's Counsel in 1981. His practice
took him abroad often (Hong Kong, Singapore,
Europe, USA, Australia). He was appointed to the
Bench in 1993 and from the outset was a
designated Patent Judge. From 1997 to 2001 he was
Supervising Chancery Judge for Birmingham,
Bristol and Cardiff. He was appointed a Lord Justice
of Appeal in October 2003. He formally retired from
the Court of Appeal in May 2011 to take up his
current appointment. He continued to sit from time
to time in Court of Appeal until April 2015. He acts
as an arbitrator, mediator and expert witness on
English or European law and is a member of the
following arbitral bodies, SIAC, HKIAC, KLIAC, LCIA,
and the newly created International Arbitration
Centre in Tokyo. He is a Judge of the Court of the
Astana International Financial Centre.

He is Hon. Fellow of the LSE, an Hon. Fellow of St
Peter’s College, Oxford, an Hon. LlD of the University
of Wolverhampton, Hon. President of the UK
branch of the Licensing Executive Society, Hon.
President of the Association of Law Teachers, a
member of the Advisory Board of the European
Law Centre of King’s College London and a Member
of the Advisory Panel of the Unified Patent Court.
He was a Governor of the Expert Witness Institute
from its foundation until 2004 and from 2012 until
2018. He was Treasurer of Grays Inn in 2007 and a
Governor of the LSE from 1988 to 2017. He was
awarded the Outstanding Achievement in IP award
by MIP in 2012. He was a member of the Scientific
and Advisory Board of the European Patent Office.
He has written extensively on all forms of
intellectual property. He often lectures, mainly on IP
topics, both in the UK and abroad and is regularly
consulted on IP matters by the European
Commission and the UK government. He is
President of the Intellectual Property Judges’
Association (the association of European IP,
particularly patent, judges) Chairman of the
Advisory Board concerning appointment and
training of Judges to the Preparatory Committee
for the Unified Patent Court (and also a member of
the Committee’s Expert Panel) and was a member
of the European Commission’s Expert Group on the
development and implications of patent law in the
field of biotechnology and genetic engineering.

ABSTRACT: 

Patents for Medicines: their value and
limitations 
The patent system has been the bedrock of
innovation since the beginning of the industrial
revolution Themodern armoury of medicines would
not and could not exist without it. You cannot
expect private investors to spend vast sums on risky
research without the patent system. And in the real
world governments or private philanthropy would
never provide enough money to do what pharma
companies do.But the system has limitations –both
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thesis “The genetics of bone mass and risk of
osteoporotic fractures”. 

Professor Langdahl’s main research interests are
identification and investigation of genetic variants
that imply increased risk of osteoporotic fractures,
osteogenesis imperfecta in adults, the impact of
thyroid diseases, HIV and diabetes on bone health,
the development of new treatments and the long-
term management of osteoporosis.

She is co-chair of the International Federation of
Musculoskeletal Research Societies and past-
president of ECTS.

ABSTRACT:

Treatment of osteoporosis with anabolic and
antiresorptive drugs: combined and
sequential approaches
Bente Langdahl
Aarhus, Denmark

Efficient therapies are available for the treatment of
osteoporosis. Bisphosphonates and denosumab are
the most commonly used anti-resorptive therapies.
Despite differences in the increase in bone mineral
density seen with these drugs, the reductions in
fracture risk are similar; 50-70%, 20%, and 40% for
vertebral, non-vertebral and hip fractures,
respectively. The bone forming treatments;
teriparatide and abaloparatide increase bone
mineral density more than the anti-resorptives and
the reductions in fracture risk are 85% and 40-50%
for vertebral and non-vertebral fractures,
respectively, compared to placebo. The VERO study
demonstrated a >50% reduction in vertebral and
clinical fractures in women treated with
teriparatide compared to risedronate. The dual-
action treatment; romosozumab leads to more
pronounced increases in BMD than other
treatment modalities and reduces the risk of
vertebral and clinical fractures by 73% and 36%
compared to placebo after 12 months and the
sequential treatment regime; romosozumab for 12
months followed by alendronate reduced the risk
of vertebral, non-vertebral and hip fractures by 48%,
20% and 38%, respectively compared to
alendronate after 2-3 years.

The evidence for combination therapy targeting
both resorption and formation is limited as only
short-term studies with BMD as the endpoint have
been performed.

All bone forming and dual action treatments
increase BMD and reduce the fracture risk,
however, the effect wears off with time and
treatment is therefore only temporary and should
be followed by antiresorptive treatment with a
bisphosphonate or denosumab. The sequence of
treatment matters as the BMD response to
teriparatide is reduced in patients previously
treated with bisphosphonates; however, based on
the findings of the VERO trial, the anti-fracture
efficacy of bone forming treatment in comparison

with risedronate seems to be preserved after
bisphosphonate therapy. The DATA study
suggested that transitioning from denosumab to
teriparatide is problematic due to the increase in
bone resorption observed after stopping
denosumab. Studies have shown further
improvements in BMD when transitioning from
oral bisphosphonates to zoledronic acid or
denosumab. 

Management of osteoporosis will in many patients
include a long-term treatment plan. This will often
include sequential therapy which in severe cases
preferably should start with bone forming followed
by anti-resorptive treatment. The severity of
osteoporosis, reaching a treatment goal, and
responding to treatment failure are important
factors determining the treatment sequence in the
individual patient.

Shelly Lawson
Shelly graduated from the University of
Sheffield with a BSc (Hons) in Molecular
Biology in 1997 before completing a PhD

at the University of Bristol focused on the use of
DNA vaccines. In 2001 she went to work at the
University of Oxford on biomaterials used in bone
tissue engineering and on the binding affinities of
bisphosphonates to bone. She now works as a
Lecturer at the University of Sheffield on bone
oncology and has research interests in preclinical
models of bone cancer and in the treatment of
myeloma-induced bone disease. Over the past 10
years her work has focused on developing and
utilizing preclinical models of myeloma. Most of her
work has revolved around understanding the role
of bone and drugs that affect it during the early
stages of myeloma disease. 

Uri a Liberman 
Uri qualified in medicine from Hadassah
and Hebrew University in 1963. He trained
in endocrinology at the University of

California, San Francisco Medical Center. He has
headed, chaired and/or served as a board member
of, many osteoporosis and bone diseases
foundations and societies. He is a recipient of the
Johan G Haddad Jr. Award by the International
Bone and Mineral Society in recognition of
outstanding contributions to clinical research in
bone and mineral metabolism and is also the
recipient of research grants from the USA-Israeli
Binational Research Foundation, the Israeli
Academy of Science, the Chief Scientist of the Israeli
Ministry of Health (now known as the Israel
Innovation Authority), just to mention a few. Uri is
an honorary member of various national
osteoporosis societies. He is a visiting scientist at
the National Institute of Health, Bethesda, Maryland
USA and is also a visiting professor in numerous
universities all over the world. He is a member of
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and honors for his work, including the Frederic C.
Bartter Award for Clinical Investigation and the
William F. Neuman Award for Outstanding
Scientific Contributions from the ASBMR, the
presentation of the Louis V. Avioli Plenary Lecture
at the ASBMR annual meeting, the Outstanding
Clinical Investigator Award and Plenary Lecture
from the Endocrine Society, the Frontiers in Science
Award from the American Association of Clinical
Endocrinologists, the Jacobaeus Prize for
outstanding research in Endocrinology, and
election to the ASCI and AAP. Dr Khosla currently
serves as the Editor-in-Chief of Bone, has served as
Associate Editor of the Journal of Bone and Mineral
Research and as a member of the editorial boards
for the Journal of Clinical Investigation, Journal of
Bone and Mineral Research, Journal of Clinical
Endocrinology and Metabolism, Bone, and
Endocrine Reviews.

gordon Klein
I am Senior Scientist and Adjunct
Professor, Department of Orthopaedic
Surgery, University of Texas Medical

Branch in Galveston. I have done postgraduate
work in Investigative Medicine at Wolfson College,
Cambridge, paediatric residency at Stanford, and
fellowships in paediatric nutrition and
gastroenterology at Johns Hopkins and UCLA. I
have edited a book on Bone Drugs in Paediatrics,
been a member of the Best Pharmaceuticals for
Children Act Working Groups in Haematology and
Rheumatology (NIH), and a member of the
Executive Committee of Revision, United States
Pharmacopeia and special consultant to the US
Food and Drug Administration (1998-2006). My
research interests include effects of
bisphosphonates on bone and muscle sparing in
burn injury. I am a Fellow of the American Society
for Bone and Mineral Research, an Overseas Fellow
of the Royal Society of Medicine, and a Fellow of the
Society for Sarcopenia, Cachexia and Wasting
Disorders.

ABSTRACT:

Burn injury and restoration of muscle function
Gordon Klein
Galveston, USA

Burn injury results in a catabolic state with
increased muscle protein breakdown likely
secondary to a robust systemic inflammatory
response as well as to increased endogenous
glucocorticoid production. We have previously
shown (Klein et al Osteoporos Int 2005) that
administration of a single dose of the
bisphosphonate pamidronate to burned children
abolishes the resorptive bone loss caused by
increased production of pro-inflammatory
cytokines interleukin (IL)-6 and IL-1 (Klein et al
Bone 1995) in a randomized controlled, prospective,
double-blind study. When examining the available

data on stable isotope studies of muscle protein
kinetics in these subjects, we found that those who
received the single dose of pamidronate had
reduced muscle protein breakdown, positive
muscle protein balance, increased muscle fiber
diameter, and increased lower extremity torque
compared to those who received placebo
(Borsheim et al J Bone Miner Res 2014). To search
for a mechanism responsible for these effects of
pamidronate on muscle, we studied the effects of
serum from burned subjects and normal unburned
children on the size of differentiated myotubes
from murine C2C12 myoblasts as well as anabolic
and catabolic signalling pathways as well as those
involved in inflammation, autophagy and
mitochondrial function. Results demonstrated that
myotube size was reduced in cultures from
subjects receiving placebo compared to those
grown in serum from normal unburned children.
Myotube size was rescued in cultures grown in
serum from pamidronate treated children.
Similarly, the Akt/mTor anabolic signaling pathway
was rescued in myotubes cultured from
pamidronate treated children compared to being
significantly depressed in cultures with serum from
subjects treated with placebo. The myotubes
cultured in serum from pamidronate treated
children also showed a reduced ubiquitinase
catabolic signalling pathway compared to those
with serum from subjects treated with placebo.
Culture of myoblasts with added anti-TGF -1/2/3
antibody with serum from placebo-treated burn
subjects rescued myotube size to the same
magnitude as did pamidronate-treated serum
while the same antibody, when added to cultures
of myoblasts with serum treated with pamidronate
did not increase myotube size. These results
suggest that pamidronate prevents the release of
TGF from bone matrix by reducing resorption and
that TGF released from bone has a paracrine
catabolic effect on muscle. A similar mechanism
exists in breast cancer patients with bony
metastases and raises the question of whether this
mechanism is present in a wider variety of
disorders.

Bente Langdahl
Bente Langdahl is a Professor at Aarhus
University and a Consultant at the
Department of Endocrinology and

Internal Medicine at Aarhus University Hospital,
Denmark. Professor Langdahl graduated from the
medical school at Aarhus University in 1988 and did
her clinical training in internal medicine and
endocrinology at Aarhus University Hospital.
Professor Langdahl attained her PhD at Aarhus
University with the thesis title “Investigations on a
possible pathogenic role of thyroid hormones in
postmenopausal osteoporosis”. Professor Langdahl
also received her DMSc at Aarhus University for the

36

Faculty Profiles and Speaker Abstracts
bisphosphonates2019

BISPHOSPHONATES 2019 IN ASSOCIATION WITH THE MELLANBY CENTRE, UNIVERSITY OF SHEFFIELD CELEBRATING 50 YEARS



intercellular communication in bone and the
differentiation of bone cells, and the effects of
cancers upon the skeleton. A Fellow of the Royal
Society and of the Australian Academy of Science,
his awards include the Dale Medal in 1992 and the
William F Neuman Award in 1994. He has published
more than 700 scientific articles and reviews and 6
books.

eugene mcCloskey
Eugene McCloskey is Professor in Adult
Bone Diseases in the Academic Unit of
Bone Metabolism and Mellanby Centre

for Bone Research at the University of Sheffield. In
addition to clinical work, he is also the past
president of the Bone Research Society and current
Director of the MRC ARUK Centre for Integrated
research in Musculoskeletal Ageing (CIMA). He has
published over 390 peer-reviewed publications,
book chapters and reviews and is an acknowledged
authority in the fields of vertebral fracture
definition, osteoporosis epidemiology and
treatment, fracture risk assessment and bone
health in cancer. He contributed to the
development of the FRAX tool and the subsequent
guideline from the National Osteoporosis Guideline
Group. He is on a number of editorial boards and is
a member of committees within organisations
including the Boards of IOF and ESCEO. In 2016, he
was awarded the IOF Medal of Achievement,
presented annually to recognise an individual
researcher who has significantly advanced the field
of osteoporosis through original and outstanding
scientific contributions. In 2018, he was honoured
with the ECTS Philippe Bordier Award for a
significant clinical contribution to the field of bone
and calcified tissue. 

ABSTRACT:

Clodronate
Eugene McCloskey
Sheffield, UK

Two early observations about the first generation
bisphosphonate, clodronate, suggested that it
would likely have clinical utility; specifically, it was a
more potent anti-resorptive but a less potent
inhibitor of mineralisation than etidronate. Like
many bisphosphonates, clodronate, was first
commercialised by Instituto Gentili (now
Abiogen)in Italy, and subsequently developed by
companies including Astra and Leiras in Finland,
and Boehringer Mannheim in Germany. The known
mechanism of action differs from that of the later
nitrogen-containing bisphosphonates, as
clodronate is metabolised intracellularly to a toxic
analog of adenosine triphosphate, AppCCl2p, which
causes mitochondrial dysfunction, impaired cellular
energy metabolism and osteoclast apoptosis. For
pre-clinical studies in a variety of disease models,
liposomal clodronate has become the agent of
choice for macrophage depletion, for example in a

recent study to enhance haematopoietic
chimerism and donor-specific skin allograft
tolerance in a mouse model. For clinical use,
clodronate was developed in oral and injectable
formulations; while poorly absorbed from the
gastro-intestinal tract, its absorption at 1-3% of the
administered dose is approximately three-fold
higher than for nitrogen-containing
bisphosphonates.

Following an early setback due to an erroneous
association with toxic adverse events, a number of
small but successful clinical studies in Paget’s
disease and hypercalcaemia (benign and
malignant) in the early 1980s led to the
establishment of a number of randomised, double-
blind, placebo-controlled studies in the settings of
myeloma and metastatic breast cancer. In 1993, oral
clodronate at a dose of 1600mg daily was reported
to reduce hypercalcaemia, vertebral fractures and
other skeletal related events in metastatic breast
cancer. Three years later, in patients with breast
cancer recurrence outside bone, the same dose was
shown to reduce the subsequent incidence of
skeletal metastases. In 1998, the UK MRC VIth
Myeloma Trial reported that oral clodronate,
1600mg daily, decreased skeletal complications
including hypercalcaemia, fractures (vertebral and
non-vertebral), height loss and bone pain,
establishing the basis for its adjuvant use in
patients requiring systemic treatment for their
disease. Finally, in 2002, in the setting of early breast
cancer, oral clodronate was demonstrated to
reduce the the occurrence of bone metastases
during treatment by 56%, with no apparent impact
on non-bone metastases but a significant
reduction in mortality, an effect that was largely
observed in postmenopausal women. A similar
conclusion was finally reached in a meta-analysis of
trials of all bisphosphonates in 2015 and adjuvant
use of bisphosphonates is now routine care for
women with a high risk of recurrence.

michael mcClung
Dr Michael McClung is an Adjunct
Professor of Medicine at the Oregon
Health & Science University and the

founding director of the Oregon Osteoporosis
Center in Portland. He is also a Professorial Fellow
at the Mary MacKillop Institute for Health Research,
University of Melbourne in Australia. He graduated
from Rice University in Houston and from the
University of Texas Southwestern Medical School in
Dallas. After his training in Internal Medicine at
Parkland Hospital in Dallas, he completed a
fellowship in Endocrinology at the National Institute
of Health in Bethesda, Maryland. Since then, he has
held several academic appointments and has been
actively involved in the training of young physicians
on Oregon and around the world.
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program committees and is an invited speaker in
many national and international meetings in the
field of bone and mineral metabolism. Uri has also
served on editorial boards and as a reviewer in the
leading journals in bone and mineral metabolism.
He has published about 150 scientific papers in
peer-reviewed top-rated journals in medicine,
endocrinology, biochemistry, cell biology and bone
and mineral metabolism as well as reviews and
chapters in books.

Kenneth Lyles
Kenneth W. Lyles, MD, is Professor of
Medicine at Duke University Medical
Center in Durham, North Carolina. He

also works as a staff physician in the Geriatric
Research, Education, and Clinical Center at the
Durham VA Medical Center. Dr Lyles earned his
medical degree from the Medical College of
Virginia in Richmond and completed his internship
and residency in Medicine at the Medical College of
Virginia Hospitals. He subsequently completed a
fellowship in Endocrinology and Metabolism at
Duke University Medical Center and a fellowship in
Geriatrics and Gerontology at the Durham VA
Medical Center and Duke University Medical Center.

Dr Lyles is a certified by the American Board of
Internal Medicine in Endocrinology and
Metabolism with Added Qualifications in Geriatric
Medicine. He is a Fellow of the American College of
Physicians, and American Geriatrics Society and a
member of a number of professional societies. He
is a Trustee of the National Osteoporosis
Foundation. Dr Lyles is on the editorial board of
Journal of the American Geriatrics Society. His
current research interests include hip and vertebral
fractures, age-associated osteoporosis, Paget’s
Disease of Bone, and the effects of
bisphosphonates on non-skeletal tissues. He has
authored or coauthored more than 160 articles,
letters and book chapters. 

ABSTRACT: 

Effects of Bisphosphonates on Lifespan:
Evidenceand Mechanisms
Interest in the effects of bisphosphonates on
mortality was sparked by the Horizon Zoledronic
Acid hip fracture randomised controlled study
(RCT) published in 20071, where there was a 28%
reduction in mortality, of which only 8% could be
attributed to a reduction in subsequent fracture.
More recently, a 6 year RCT of zoledronic acid in
2000 osteopenic women found a 35% reduction in
mortality, albeit not quite reaching statistical
significance2. We subsequently examined the
effects of bisphosphonates on mortality in the
Dubbo Osteoporosis Epidemiology Study and
found a significant survival benefit which remained
after adjustment for all confounding factors
available. Similar to the Horizon study, this benefit
was not attributable to a reduction in subsequent

fracture3. Several other cohort studies have been
published with similar findings including some
large registry studies. However, the problem with
cohort studies is that there always remains a
potential drug channelling bias in that medication
is prescribed to those who are expected to survive.
To address this problem, we examined
bisphosphonate use in a Canadian cohort where
both the potent nitrogen bisphosphonates
(alendronate and risedronate) as well as the weaker
non-nitrogen bisphosphonate, etidronate, were
prescribed for osteoporosis and fracture. Both
compared with placebo and in a head-to head
comparison, only the potent nitrogen containing
bisphosphonates demonstrated a survival
advantage4. There have also been studies
suggesting survival benefits following
bisphosphonate use in non-osteoporosis settings
including cardiovascular disease and in cancer and
critically ill populations. The mechanisms for an
apparent survival benefit are not completely
understood but there are data to suggest that
bisphosphonates may have an effect on non-bone
parameters. In addition, their potent suppression of
bone turnover may in itself have an effect through
suppression of factors that may otherwise be
released from bone.This presentation will focus on
the clinical studies where bisphosphonates have
been found to be associated with survival in both
the osteoporosis setting and in non-osteoporosis
settings. We will discuss some of the postulated
mechanisms including cell culture and animal
studies that provide additional clues to these
agents’ mechanism(s) of action.
1. LylesKW et al. HORIZON Recurrent Fracture Trial.

Zoledronic acidand clinical fractures and mortality
after hip fracture.N Engl J Med. 2007;357(18):1799-809.

2. Reid IRet al. Fracture Prevention with Zoledronate in
Older Womenwith Osteopenia.N Engl J Med.
2018;379(25):2407-2416

3. Center JR et al. Osteoporosis medication and reduced
mortality risk in elderly women and men. J Clin
Endocrinol Metab. 2011;96:1006-14.

4. Bliuc DTet al. Mortality risk reduction differs according
to bisphosphonate class: a 15-year observational
study.Osteoporos Int. 2019 Jan 3. doi: 10.1007/s00198-
018-4806-0.

t John martin 
TJ (Jack) Martin is Emeritus Professor of
Medicine, University of Melbourne and
John Holt Fellow, St Vincent’s Institute of

Medical Research. After being Professor of
Chemical Pathology at the University of Sheffield
(UK) from 1974 until 1977, he was Professor and
Chairman of the University of Melbourne
Department of Medicine until 1999, and Director of
St Vincent’s Institute of Medical Research from 1988
– 2002. His research has been in bone cell biology,
the mechanisms of action of hormones that
influence bone and calcium metabolism,
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tendons/ligaments, and kidneys (calcium oxalate),
and even in calcium-carbonate biomineralizing
structureslike inner ear otoconia. Reconciliation of
the evolving interplay between organic moieties
and inorganic crystals in bones and teeth lies at the
heart of modern human mineralization inquiry,
with definitive studies typically requiring an
integration of multi-pronged biophysical, biological
and even geological/mineralogical investigative
approaches. Besides circulating mineral ion
availability, and in addition to pyrophosphate and
acidic proteins regulatingextracellular matrix
mineralization locally (and whereenzymes modify
thisfunction), local regulation of mineralization may
also occur throughthe actions of matrix vesicles
shed from the plasma membrane of mineralized
tissue cells. Beyond these direct actions on
mineralization, the importance of enzymatic
removal of mineralization-inhibiting molecules and
proteins found in the extracellular matrix has
become increasingly understood, with great
progress being madeonthe underlying
mechanisms causing osteomalacia/odontomalacia
in diseases such as hypophosphatasia and X-linked
hypophosphatemia. The dual nature of systemic
mineral ion homeostasis through circulating factors
is now coupled with increased understanding of
mineralization mechanisms operating at the local
level in the extracellular matrix. Working together
in the healthy state, these systemic and local
determinants regulate normal skeletal and dental
mineralization, and they also prevent soft tissues
from calcifying. Alongwith the required mineral ion
availability necessary for crystal growth, collectively
these determinants guide tissue-specific patterns
of skeletal and dental mineralization within their
respective extracellular matrices. Additional
research is required to understand how
thesemolecular determinants are altered
inpathologic states, and to establish their
relationship (if any) to the early activation of
osteo/chondrogenic differentiation programs.

Charles mcKenna
Charles McKenna received his Ph. D in
Chemistry at UC San Diego and was an
NIH postdoctoral Fellow at Harvard

University. He then accepted a faculty position at
the University of Southern California (USC) where
he was recently Chair of the Chemistry Department
and now is Dornsife College Vice Dean for Natural
Sciences & Mathematics. Professor of Chemistry
and Professor of Pharmacology & Pharmaceutical
Sciences at USC, he founded its Interdisciplinary
Program in Drug Discovery (iPIDD). His current
research interests are in medicinal and bioorganic
phosphorus chemistry, including bisphosphonate
imaging probes for bone diseases, nucleotide
probes of DNA and RNA polymerases, and design
of novel antiinfective agents. Author of over 255
publications and patents and recipient of

numerous awards for his research and teaching, he
has founded two biotech companies.

ABSTRACT: 

Bisphosphonates Redux: Designing the Next
Generation of Bisphosphonates for New
Biological and Medical Applications
Bisphosphonates made their début as a unique and
highlypromising class of bone drugs some four
decades ago. In a seminal 2011 publicationin Bone,
Graham Russell has recounted
thesubsequentfulfilment of this promise as advances
in understanding the relationship between
bisphosphonatedrugstructures,their biological
effectsand the underlying biochemical mechanisms
led to increasingly impactful clinical successes:a
synergistic tandem in which his own fundamental
contributions to the field played a major role. Potent
second and third generationnitrogen-
containingbisphosphonates such as alendronate,
zoledronate, risedronate and ibandronate
becameestablished as treatments of choice for
osteoporosis, in metastatic bone cancer and for other
diseases involving abnormal bone resorption. Over
the same period, radiochemical detection using a
Tc99mbisphosphonate complexwithSPECT
scintigraphy became a standard method to detect
metastatic skeletal tumors.Less than 10 years later, it
might appearin hindsight that existing
bisphosphonate drugshave since beenin decline,
both reputationally and in patient acceptance,
largelydue to safety concerns.Notwithstanding
therelativelylow statistical risks ofconcerning potential
side effectssuch as MRONJ, particularly in treatment
for osteoporosis, the phenomenon of bisphosphonate
avoidance has continued to increase. As a result,
millions of older persons at risk for bone density loss
leading eventually to fractures are denied the
benefits of an effectivetherapy. Meanwhile, Mo99, the
radioisotopeprecursor of Tc99*,isvulnerable to supply
uncertainties stemming from its production in a
limited number of aging HEU nuclear reactors
worldwide.Nevertheless, the uniquely twinned
properties of methylenebisphosphonates–avid
affinity for bone mineral and pharmacological
versatility via appropriate derivatization of the
bridgingCH2–abide and continue to havea potential
for further exploitationas drugs and diagnosticsthat
is only limited by the creativity of the medicinal
chemist.In this lecture, Iargue that a fourth
generation of bisphosphonates isemergent, with a
wide range of novelapplications in biology and
medicine.Besides the bisphosphonate-fluorescent
dye and -antibiotic conjugates, and the new
‘bisphosphonate equilibrium displacement’ approach
to MRONJ presented in detail elsewhere in this
program, Iwilldescribe progress on:1)bisphosphonate
18F PET bone imaging probes; 2) bisphosphonate
ForsterResonance Energy Transfer (FRET) sentinal
sensors to detect cathepsin K secreted by osteoclasts
on bone surfaces; 3) bisphosphonate derivatives for
inner ear drug delivery.
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At the Oregon Osteoporosis Center, Dr McClung
had an active clinical practice, took part in multiple
educational initiatives and was an investigator in
many of the pivotal Phase 3 clinical trials evaluating
the effects of therapeutic agents for osteoporosis.
He is a fellow of the American College of Physicians
and the American Society for Bone and Mineral
Research, currently serves on the Boards of the
International Osteoporosis Foundation and North
American Menopause Society and has been
involved in the development of clinical guidelines
for several national osteoporosis societies. 

ABSTRACT:

The history of risedronate
Risedronate ([1-hydroxy-2-(3-pyridyl)etylidene]-
diphosphonic acid) is a pyridinil bisphosphonate
developed by scientists at Procter & Gamble and
patented in 1984. It was shown to have greater
potency than alendronate in cell-based systems
while binding affinity to bone matrix was lower
than alendronate. This may account for the
relatively rapid off-effect on inhibition of bone
turnover markers when risedronate is discontinued.
Risedronate was shown to significantly reduce
serum alkaline phosphatase and clinical features in
patients with Paget’s disease and was approved for
this indication, at a dose of 20 mg daily for 2
months, in 1998. Formal dose response testing for
treatment osteoporosis were not performed. In 5
large Phase 3 studies, 5 mg risedronate daily
increased bone mineral density ore than did the 2.5
mg dose. As a result, the 2.5 mg dose was dropped
from most of the Phase 3 studies after 12 months,
and the 5 mg daily dose was approved for treating
and preventing postmenopausal osteoporosis in
2000, more than 4 years after alendronate had been
marketed. The drug was also approved for treating
men with osteoporosis and men and women with
glucocorticoid-induced osteoporosis. Following the
leads of other companies, weekly and monthly
preparations were developed and approved, based
on non-inferiority BMD studies vs the 5 mg daily
oral dose as was a unique monthly dosing regimen
of 75 mg given on 2 consecutive days once monthly.
Finally, a once-weekly oral preparation containing
the chelating EDTA and an enteric coating delaying
dissolution until the tablet was in the small
intestine was shown to be effective when
administered before or after meals, potentially
mitigating concerns about compliance with the
onerous dosing regimens required by all other oral
bisphosphonates.

The Alliance for Better Bone Health, a collaboration
between Procter & Gamble Pharmaceuticals and
sanofi-aventis U.S. was formed to market
risedronate as Actonel® and Actonel-EC® or
Atelvia®. These drugs are still marketed by sanofi-
aventis in some countries. The sale of the
pharmaceutical division of Procter & Gamble to
Warner Chilcott (US) was based, in large part on the
perceived marketability of Actonel® and Atelvia®.

When marketing targets were not met, rights of
risedronate were sold to Allergan USA, Inc. which
never actively promoted the drug. Generic forms of
risedronate were introduced into the United States
in 2015 but are rarely used. Several generic forms of
risedronate are actively marketed in many other
countries.

DISCLOSURE: Consulting fees and honorarium from
Amgen

marc D mcKee
Marc D. McKee is a full professor at McGill
University in Montreal with a joint
appointment in the Faculty of Dentistry

and the Faculty of Medicine where he holds the
Canada Research Chair in Biomineralization. He
received his PhD degree from McGill University in
cell biology, followed by postdoctoral training at
Harvard / The Children’s Hospital Boston, and then
appointments at the Forsyth Institute in Boston
and University of Montreal.

McKee's research focuses on biomineralization in
bones, teeth, otoconia and eggshells, and in
pathologic calcification. With over 220 scientific
articles published in books/journals, and a Google
Scholar h-index of 76 for his publications with over
25,000 citations of his research, he has received two
Distinguished Scientist Awards (the 1996 Young
Investigator Award, and the 2003 Biological
Mineralization Award) from the International
Association for Dental Research. He is also the
recipient of the 2018 C.P. Leblond Award honoring
a Quebec scientist for exceptional involvement in
bone research.

ABSTRACT: 

Biological mineralization mechanisms
Biomineralization is remarkably diverse, producing
hardened structures with myriad functionsacross
all of biology. Calcium-carbonate biomineral
predominates in small organisms abundant in
marine environments, particularly in shells (it is also
found in our innerear otoconia), whereas calcium-
phosphate biomineral predominates in the
skeletons and dentitions of both marine and
terrestrial vertebrates. Recent biomineralization
research has identifiedkey molecular determinants
of mineralization, ranging from small molecules
such as pyrophosphate, to small membranous
vesicles released from cells, and to noncollagenous
extracellular matrix proteins, allregulating crystal
growth in the vertebrate skeleton and dentition.
Gene mutations affecting mineralization-
regulating proteins typically lead to bone and tooth
nanocrystallites defective in number, size, shape,
orientationand/or location, changes leading to
disease where otherwise hard tissues become soft
or brittle. Some of these same determinants appear
to regulatepathologic ectopic calcificationin
otherwise soft tissuessuch as blood vessels,
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Socrates Papapoulos 
Socrates Papapoulos is Professor of
Medicine (Diseases of Calcium and Bone
Metabolism) and Consultant/Advisor at

the Leiden Center for Bone Quality of the Leiden
University Medical Center, The Netherlands. He
received his MD from the University of Athens,
Greece, and he was trained in Internal Medicine and
Endocrinology in Athens and at the Middlesex
Hospital, UK. Since 1974 he has been continuously
engaged in clinical and basic research, patient care
and teaching of disorders of bone and mineral
metabolism.

alexander H g Paterson
M.D., FRCP, FACP, Medical Oncologist,
Department of Medicine, Tom Baker
Cancer Centre, Emeritus Professor,

Departments of Medicine and Oncology, University
of Calgary, Canada.

Professor Paterson is a clinical oncologist at the
University of Calgary, Alberta, Canada. His practice
is mainly in patients with carcinoma of the breast.
He has completed research in melanoma and|
gynecological malignancies; phase I/II and III
clinical trials in breast cancer, the natural history of
breast cancer, established and novel prognostic
factors in breast cancer, the patho-physiology and
treatment of bone metastases, malignant
hypercalcemia and prevention of bone metastases
with bisphosphonates. He is Chair of NSABP B34
and a Co-chair of the SWOG/NSABP intergroup
bone metastasis prevention trial. He is currently
Chair of the Health Canada Oncology Therapies
Scientific Advisory Committee. He consults on
development of cancer programmes in
Zamboanga, Southern Philippines and Managua,
Nicaragua.

nicola Peel
Nicola trained as a rheumatologist and
has worked as consultant in Metabolic
Bone Medicine since 1997. She is the

clinical lead for the Sheffield service and has
introduced a number of innovative service
developments including a one-stop fracture risk
assessment pathway and the use of biochemical
monitoring of osteoporosis treatment in primary
care. 

She undertakes clinical research with colleagues in
the Academic Unit of Bone Metabolism and
undertakes a number of roles with the Royal
Osteoporosis Society (ROS) including membership
of both the Clinical & Scientific Committee and the
Bone Densitometry and Training Panel. She chaired
the 2018 conference committee and has
contributed to the development of several clinical
guideline documents.

Lilian Plotkin
Dr Plotkin is an Associate Professor at the
Department of Anatomy and Cell
Biology, Indiana University School of

Medicine, Indianapolis, IN, USA. She obtained her
PhD in Immunology at the Universidad Nacional de
Buenos Aires, Argentina. Dr Plotkin performed
postdoctoral training from 1998 to 2002 and was a
Faculty member from 2002 to 2008 at the
Endocrinology Division and the Center for
Osteoporosis and Metabolic Bone Diseases,
University of Arkansas for Medical Sciences, USA,
where she performed studies demonstrating the
non-traditional role of bisphosphonates promoting
osteoblast and osteocyte survival. Dr Plotkin’s
research focuses on the role of connexins and
pannexins as regulators of intracellular signaling in
bone. Her work has been published in JCI, JBC,
JBMR, Bone and Aging Cell, among other journals.
Dr Plotkin’s research has been supported by local
grants, the National Osteoporosis Foundation, and
the National Institutes of Health.

ABSTRACT: 

Pre-clinical studies with non-traditional
bisphosphonate
Non-traditional bisphosphonates, that is,
bisphosphonates that do not inhibit osteoclast
viability or function, were originally developed by Dr
Papapoulos’ group. In these studies from the 1990s,
the R1 residue of aminobisphosphonates was
replaced, in an effort to reduce their affinity for
hidroxiapatite. Surprisingly, they found that
whereas these compounds retain similar affinity for
mineralized bone as their parent compounds, they
lack the potential to inhibit the mevalonate
pathway and to inhibit bone resorption. We found
that, similar to classical bisphosphonates, these
non-traditional compounds prevented osteocyte
and osteoblast apoptosis in vitro through a pathway
that requires the expression of the gap junction
protein connexin 43. Furthermore, one of those
compounds named IG9402 (also known as amino-
olpadronate or lidadronate), is able to prevent
osteocyte and osteoblast apoptosis, without
affecting osteoclast number or bone resorption in
vivo ina model of glucocortidoid-induced
osteoporosis. IG9402 administration also
ameliorated the decrease in bone mass and in bone
mechanical properties induced by glucocorticoids.
Similarly, IG9402 prevented apoptosis of
osteoblastic cells in a model of immobilization due
to hindlimb unloading. However, in this case, the
bisphosphonate was not able to prevent the loss of
bone mass, and only partially prevented the
decrease in bone mechanical properties induced by
immobilization. In a recent study by Drs. J. Balanta
and S. Buvinic from the Faculty of Dentistry,
Universidad de Chile (Chile), the effect of IG9402
administration was tested in a mouse model of
masticatory hypofunction though the induction of
masseter muscle atrophy by unilateral injection of
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richard mellanby 
Richard graduated from University of
Glasgow in 1998 and after two years in
small animal practice, Richard completed

a 3 year residency in small animal medicine at the
University of Cambridge. He was awarded the RCVS
Certificate in Small Animal Medicine in 2001, the
RCVS Diploma in Small Animal Medicine in 2003
and the ECVIM Diploma in Companion Animal
medicine in 2004. He was then awarded a
Wellcome Trust Clinical Training Fellowship to
undertake studies into T cell activation and
regulation in diabetes for which he was awarded a
PhD from the University of Cambridge in 2007.

Richard moved to the University of Edinburgh in
2007 and worked as clinical fellow dividing my time
between clinical work and research. He was
awarded a second Wellcome Trust fellowship to
continue his studies into T cell activation in 2008. In
2012 Richard was awarded a third Wellcome Trust
fellowship to explore how antigen presentation cells
activate a pathogenic T cell response. Richard was
appointed Head of Small Animal Medicine in 2011
and Head of Veterinary Clinical Research in 2012. He
was promoted to Head of Companion Animal
Sciences in 2016 and was awarded a Personal Chair
in Comparative Medicine in 2017. Richard runs the
Vitamin D Animal Laboratory (VitDAL) which is
based in the Roslin Institute and the Queen’s
Medical Research Institute at the University of
Edinburgh. The lab brings together expertise in
clinical veterinary endocrinology and nutrition,
proteomics and immunology with the overarching
ambition of advancing understanding of vitamin D
biology in all species. The research of VitDAL
explores the relationship between vitamin D,
inflammation and health outcomes in companion,
farm and wild animals. These studies run alongside
mechanistic investigations in murine experimental
disease models. This diverse, multi-species
approach allows the lab to address key vitamin D
research questions which would not be possible
using a single species system.In his talk titled ‘The
Sheffield connection: Sir Edward Mellanby and
Vitamin D’, Richard will present a brief overview of
the considerable contribution Sir Edward Mellanby
made to the field of skeletal biology, notably
through his landmark 1919 Lancet paper titled ‘An
Experimental Investigation on Rickets’. 

Jukka mönkkönen
Professor Jukka Mönkkönen received his
Master's degree in Pharmacy from the
University of Kuopio, Finland in 1986, and

his doctoral degree in Pharmacy in 1991. He has held
several research and teaching positions and, since
1998, he has been Professor of Biopharmacy. In
addition to his remarkable career as a scientist and
academic teacher, he also has recognised
experience in the development higher education

and science policy, both at national and
international levels.

He has served as Dean of the Faculty of Pharmacy
of the University of Kuopio, as Dean of the Faculty
of Health Sciences of the University of Eastern
Finland, Academic Rector of the University of
Eastern Finland and, since 2015, as Rector of the
University of Eastern Finland.

In bisphosphonate research, he has focused on
biochemical mechanisms of action, intracellular
delivery and possible new indications of these
drugs. He has published almost 100 scientific papers
on bisphosphonates with numerous ground-
breaking findings and excellent citation record. 

Penelope ottewell
Penelope (Penny) Ottewell completed
her PhD at The University of Liverpool, UK
in 2005, before joining the University of

Sheffield as a Post Doctoral Researcher. Penny has
rapidly risen through the system and currently
holds a senior lectureship position within the
Department of Oncology and Metabolism. Penny’s
work has resulted in her winning a total of 11
research prizes including the International Bone
and Mineral Society ‘Gregory Mundy’ fellowship. 

Penny’s research focuses on advanced breast
cancer and the molecular mechanisms that drive
metastasis to bone. Penny specialises in using
transgenic and humanised models to identify how
tumour cells interact with the bone
microenvironment during different stages of the
metastatic process. As a result of her early work in
this field Penny’s team are currently investigating
the mechanisms by which reproductive hormones
interact with the bisphosphonates to potentiate or
inhibit their anti-tumour effects in and outside of
the bone microenvironment. 

Sir Henry Paget
Sir Henry Paget became a Patron of the
Paget’s Association in 2009. Born in 1959,
Henry Paget is the son of the late Lt-Col

Sir Julian Tolver Paget, 4th Bt. and the late Diana
Frances Paget. He is the great-great-grandson of Sir
James Paget, after whom Paget’s disease is named.
Like his father, Sir Henry served in the Coldstream
Guards. On leaving the services he entered into the
financial services industry culminating in his
current position as a Senior Partner in St James’s
Place Wealth Management Group based in London.
Married to Margarete, his home is in Glenlivet,
Scotland and his interests include fishing and
shooting.
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MSc in clinical trials and was director of Edinburgh
Clinical Trials Unit between 2009 and 2016. He holds
an honorary consultant rheumatologist position
with NHS Lothian where he is clinical lead for the
osteoporosis service and clinical director of the
rheumatology service. His research has focused on
the molecular and genetic basis of osteoporosis
and other bone and joint diseases as well as clinical
trials in bone disease. He has a special interest in the
pathogenesis and management of Paget’s disease
of bone. He is joint editor-in-chief of Calcified Tissue
International and senior editor of Davidson's
Principles and Practice of Medicine. He currently
chairs the Commission for Human Medicines for
the Medicines and Healthcare Regulatory Authority
of the UK.

ABSTRACT:

Management of Paget’s disease 
Its highly appropriate that there is a talk on
management of Paget’s disease of bone (PDB) at
this symposium since the first clinical use of any
bisphosphonate was in PDB in the seminal paper
by Smith, Russelland Bishop [1]which
demonstrated that etidronatewas effective at
supressingmetabolic activity in PDB. Subsequently,
PDB became a testing ground for
manybisphosphates using reductions in alkaline
phosphatase (ALP) over periods of 3-6 months as
the primary outcome measure. Although patients
with PDB played an invaluable role in the
commercial development of many a
bisphosphonate, the effects of bisphosphonates on
important clinical outcomes for patients with PDB
have been sadly lacking. Despite this,
bisphosphonates are new established asthe
treatment of choice for PDB and are undoubtedly
effective at supressing metabolic activity of the
disease. Positive effects on bone pain have also
been observed and within the bisphosphonates,
zoledronic acid (ZA) ismost likely to give a
favourable pain response[2]. Although more than
45 years have passed since the first use of
bisphosphonates in PDB it is still unclear if the
potent bisphosphonates we now have available can
prevent complications of the disease. Research is in
progress however to determine if ZA might
favourably influence the course of PDBin people at
increased genetic risk of the disease in the ZiPP
study. While potent bisphosphonates like
ZAcanrestore elevated levels of bone turnover to
normal in most patients withPDB, it’s important
that clinicians involved in management of
patientsdon’t equatenormal levels of ALP to a
favourable clinical outcome; many patients with
normal ALP continue to experience bone
painwhereas others with raised ALP have no pain.
More research is needed to find out why this is since
even in the era of potent bisphosphonates, pain is
the symptom that concerns patients most.
Hopefully, future management of PDB will improve
with evidence-based early intervention coupled

withtailored, patient centredstrategies to deal with
pain in those with established disease. 1.Smith R, et
al Lancet 1:945-9472.Corral-Gudino L, et al. Cochrane
Database Syst Rev 12:CD00495

David reid
Professor David Reid is Emeritus
Professor of Rheumatology at the
University of Aberdeen. He is a consultant

rheumatologist and has been involved in providing
specialist osteoporosis services with a particular
emphasis on bone densitometry for 30 years. He is
now practicing in the Private Sector in London and
Aberdeen, He has over 350 original papers and
reviews, largely on his research interests which
include the utility of bone mass
measurements,assessment of risk of fracture,
secondary osteoporosis, and glucocorticoid
osteoporosis. He is a Volunteer Ambassador and
Patron of the now Royal Osteoporosis Society (ROS)
and was Chair of the Board of Trustees from 2008-
2012. He is a now Senior Medical Adviser to the ROS
Bone Research Academy. He is a member of the
National Osteoporosis Guideline Group who
published updated Clinical guideline for the
prevention and treatment of osteoporosis in 2017. 

ian r reid
Ian Reid is an endocrinologist and
Distinguished Professor at the University
of Auckland. His research interests

include calcium metabolism, vitamin D,
osteoporosis and Paget’s disease. He is a past-
president of the International Bone and Mineral
Society (IBMS), and a recipient of research awards
nationally and internationally, including the New
Zealand Prime Minister’s Science Prize. 

ABSTRACT: 

Zoledronate
Zoledronate is the most potent and long-acting
bisphosphonate to enter clinical practice. These
properties arise from its potency as an inhibitor of
FPP synthase and from its high affinity for
hydroxyapatite. The phase 2 trial of zoledronate in
osteoporosis used doses of 0.25 -4 milligrams at
intervals of 3 -12 months, and found that all
regimens maximally suppressed bone turnover and
resulted in increases in bone density at least
comparable to those of the oral bisphosphonates in
use at that time. As a result of these surprising
findings, the dose taken into the phase 3 trials was
5 mg once a year, though this dose was not one of
those assessed in the phase 2 study. Two phase 3
trials established zoledronate’s anti-fracture
efficacy. One of these studies was carried out in
individuals with recent hip fractures, and also
showed a statistically significant 28% reduction in
mortality, though there was no suggestion of such
an effect in the other phase 3 trial. More recently,

botulinum toxin (BoNTA). Using this method, the
authors found a decrease in trabecular bone
microstructure and BMD in the mandibular
condyle, which was partially prevented by daily
administration of IG9402. However, IG9402 did not
prevent the decrease in masseter muscle mass
induced by BoNTA administration. In summary,
these non-traditional bisphosphonates that lack
anti-resorptive activity but are able to preserve
osteoblast and osteocyte viability could constitute
useful tools to study the consequences of
preventing apoptosis of osteoblastic cells in animal
models. Furthermore, they could be used to treat
conditions associated with reduced bone mass and
increased bone fragility in which a reduction of
bone remodeling is not desirable.

Ken Poole
Ken Poole is a Clinical Rheumatologist at
Addenbrooke’s Hospital, and a Reader at
the University of Cambridge, working on

human bone and joint diseases. His group
collaborates with the Engineering department on
state-of-the-art methods to diagnose osteoporosis
and osteoarthritis with 3D imaging. These novel
methods have been used to identify focal bone
defects that lead to hip fracture, and to determine
the beneficial effects of various new drugs and
exercise regimens on bone health. As well as
routine clinical rheumatology practice, Ken and
consultant colleagues (Gavin Clunie and Chris
Chan) at Addenbrooke’s hospital care for >300
patients with rare bone diseases, and have now
established genetic diagnoses for more than 20%
of them. In the lab, Ken and his colleagues
confirmed the location and timing of sclerostin
expression by osteocytes in human undecalcified
bone samples, in a paper that has now been cited
>500 times. His team recently used novel 3D
imaging to map the effects of romosozumab anti-
sclerostin therapy in 24 women with low bone
density, showing large gains throughout vertebrae
within a year of commencement.

trevor Powles
CBE PhD FRCP FACP

Emeritus Professor of Breast Oncology at
the Institute of Cancer Research, London.

Medical Director at Cancer Centre, London.

Previously Head of Breast Cancer, Divisional Medical
Director of Common Cancers and Chairman of the
Clinical Research Board at the Royal Marsden,
London.

Medical Specialist Accreditations in endocrinology
and medical oncology.

Main laboratory and clinical research has been on
the pathophysiology of bone metastases and how
drugs targeted to bone cells reduce clinical
outcomes in patients with breast cancer.

This led trials using anti-osteolytic drugs including
bisphosphonates to successfully reduce skeletal
related events in breast cancer patients with bone
metastases.

Following this Powles in London with Paterson in
Calgary Canada, and McCloskey and Kanis in
Sheffield started the first trial to use a
bisphosphonate to prevent bone metastases in
women with operable breast cancer.

This larges double blind placebo controlled trial of
clodronate or placebo as adjuvant therapy after
surgery for patients with primary breast cancer
showed a significant reduction in the risk of bone
metastases and mortality. Other adjuvant trials of
bisphosphonates followed indicating a reduction in
bone metastases and mortality confirmed by  a
meta-analysis of all bisphosphonate trials. Use of
bisphosphonates  to treat or prevent bone
metastases is now a standard of care for breast and
prostate cancer and myeloma.

Jo Price
Jo Price became Vice-Chancellor of the
Royal Agricultural University in
September 2016 from the University of

Bristol where she was Professor of Veterinary
Sciences and Head of the Bristol Veterinary School.
Prior to this, she was Professor of Veterinary
Anatomy at the Royal Veterinary College (RVC),
University of London, and Head of the College’s
Basic Science Department. She joined the RVC
from University College, London, having obtained
her PhD from Sheffield University under the
supervision of Professor Graham Russell. 

Jo qualified as a veterinary surgeon from the
University of Bristol in 1983, and spent a number of
years in clinical practice in the UK and overseas
before entering research and academia. Her
research focused on the mechanisms by which
bones regenerate (using deer antlers as a model)
and adapt to mechanical loading. The overarching
aim has been to prevent and treat conditions of
bone fragility in animals and humans, the most
widespread of which is osteoporosis. For many
years she also studied the pathogenesis and
prevention of musculoskeletal injuries in horses.
She holds a number of non-executive
appointments: Trustee of the Bristol Zoological
Society; Chairman of Trustees of Horses4Homes;
Director of Food and Farming Futures and Trustee
of the Royal Agricultural Society of England.

Stuart ralston
Professor Stuart Ralston holds the Chair
of Rheumatology at Edinburgh
University, having previously held the

Chair of Medicine and Bone Metabolism at the
University of Aberdeen. He is currently director of
Edinburgh University's online distance learning
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field of osteology and bisphosphonates. He is also
co-author of six international patents. Among other
awards, in 1996 his doctoral thesis received    the
award as the best of the Faculty of Medicine (UBA).
He is member of several scientific societies,
including the Argentinean bone & mineral (AAOMM,
president 2002-2003), ASBMR (Since 1995), ISBM,
ISMNI and ECTS. He is founder (coopted) member of
the chapter of Skeletal Rare Diseases at IOF. Roldán
is board member of the International Conference of
Rare Diseases and Orphan Drugs since 2007, having
organized several  international rare diseases and
orphan drugs congresses.  He founded the
Discoveries & Innovations on Orphan Drugs (D&IOD)
events (Mexico 2015, Russia 2018) and is Scientific
Advisor  to  GEISER (Rare diseases Latina America).
He is honorary member of Colombian and Bolivian
bone and mineral societies. His current interest is
driving innovative bisphosphonates for rare and
unsatisfied medical conditions.

David roodman
Dr David Roodman joined IU School of
Medicine in 2011 as Director of the
Hematology Oncology Division in the

Department of Medicine. Dr Roodman previously
was Vice Chair of Medicine for Research at
University of Pittsburgh and the University of Texas
Health Science Center at San Antonio. 

Dr Roodman’s research interests focus on how cell-
cell interactions among hematopoietic cells and
cells in the bone marrow microenvironment control
normal and malignant hematopoiesis and diseases
affecting bone remodeling. Currently, his laboratory
is involved in studies of the pathogenesis and
progression of myeloma bone disease, and how
these cell-cell interactions between osteoclast and
osteoblast precursors, and other cells in the marrow
microenvironment lead to increased bone
remodeling and the enhanced osteoclastogenesis
and suppressed bone formation that contribute to
myeloma cell growth and chemoresistance. His
laboratory has identified multiple factors driving
osteoclastogenesis in myeloma including the
identification and cloning of M1P1 from myeloma
patients and has published important studies on
the role of the marrow microenvironment on both
tumor growth and bone destruction in patients
with myeloma bone disease. Most recently, Dr
Roodman’s lab has identified novel inhibitors of
osteoblast differentiation that are induced or
produced by myeloma cells and identified
important contributions by osteocytes (the most
numerous cells in bone) on both tumor growth and
bone destruction in myeloma. Dr Roodman has
authored more than 450 peer reviewed
publications and book chapters and is a member of
the ASCI, AAP and a Fellow of the AAAS. He is
currently president of the Cancer and Bone Society.
His laboratory has been continuously funded by the
NIH and VA Merit Review Program since 1981.

Sergio rosini
Sergio Rosini Born in Livorno (Italy)
Feb.12,1941. Graduated at the University of
Pisa in 1968, employee at the

Pharmaceutical Company “Instituto Gentili” (Pisa)
as R&D Director since 1968. In 1997, after the sale of
Istituto Gentili to Merck & Co., I joined Abiogen
Pharma (Pisa) as R&D Director up to my retirement
in 2006. During my working career I have
developed 24 drugs approved by the Health
Authority and applied for 29 patents in the
pharmaceutical field. In 1993 I received the
“Ippocrate Award” for the best drug developed in
Italy(Alendronate) and in 2004 I received the
“International Galeno Prize” for my scientific career.
The same year I was honored as “Cavaliere al merito
della Repubblica” (Knight of the Italian Republic) for
my scientific activity.

graham russell
Graham Russell (R G G Russell) is
Professor of Musculoskeletal
Pharmacology at Oxford and Sheffield

University. He graduated in Biochemistry from
Cambridge University and spent his formative years
in Leeds, Davos, Bern, Oxford and Boston, before
becoming Professor of Human Metabolism at
Sheffield University from 1977-2001. From 2001 he
was the first Director of the Botnar Research Centre
in Oxford. 

His early work with Herbert Fleisch in Switzerland
led to the discovery of the biological effects of
bisphosphonates, and to their eventual successful
clinical use in the treatment of bone resorption
disorders, including Paget’s disease, bone
metastases and osteoporosis. Later Michael Rogers
and others within his group in Sheffield elucidated
their molecular mechanisms of action, and showed
that nitrogen-containing bisphosphonates act as
inhibitors of the mevalonate pathway of cholesterol
biosynthesis, resulting in inhibition of protein
prenylation. These properties have opened up a
wide range of new potential medical uses of these
compounds.

https://www.ndorms.ox.ac.uk/team/graham-russell
https://mellanbycentre.org/graham-russell/

ABSTRACT:

Historical highlights
The discovery and development of the
bisphosphonates (BPs) has been a fascinating story.
It is a paradigm of a successful journey from ‘bench
to bedside’. The first full publications on the
biological effects of the diphosphonates, later
renamed bisphosphonates, appeared in Science
and Nature in 1969.

Historically the bisphosphonates (BPs) emerged
from a search for chemically stable and non-
metabolisable analogues of inorganic
pyrophosphate (PPi).   PPi had been identified as
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zoledronatehas been shown to prevent fractures in
older women with osteopenia, again with a
suggestion of reduced mortality associated with
significant decreases in myocardial infarction and
incident cancers. Zoledronate has revolutionised
the management of Paget'sdisease, with a single 5
mg infusion producing biochemical remission in
89% of patients, and this being maintained at 10
years in >80% of responders. Zoledronate also plays
a key role in oncology practice. It reduces incidence
of skeletal-related events in a number of
malignancies and some trials have demonstrated
improved disease-free survival in both
premenopausal and postmenopausal patients with
early breast cancer, suggesting an action
independent of its direct skeletal effects. Thus,
zoledronate already plays an important part in
therapeutics but has the potential to have a much
wider role if its effects on vascular disease and
cancer are confirmed.

mike rogers 
Mike grew up on the island of Anglesey
in North Wales but began his academic
career at the University of Sheffield,

where he gained a BSc with first class honours in
Biochemistry in 1989. A project with Graham
Russell, studying the effects of bisphosphonates on
slime moulds, led to a PhD in 1994 and the
discovery of not one, but two, mechanisms of anti-
resorptive action. Mike moved to a Lectureship at
the University of Aberdeen in 1997 and remained
there for 15 years, becoming Professor in 2003 and
leading for several years the Musculoskeletal
Research Programme, recognised as a EULAR
Centre of Excellence. In 2012 Mike established a new
group at the Garvan Institute in Sydney, where he
is also Conjoint Professor at UNSW Sydney. His
research is still providing new insights into the
actions of bisphosphonates on the
mevalonate/cholesterol biosynthesis pathway and,
more broadly, the role of protein prenylation in
health and disease, particularly inflammation.

ABSTRACT:

How bisphosphonates work in cells
Mike Rogers
Sydney, Australia

Clues about the molecular mechanisms of action of
bisphosphonates came from studies in the late
1980s on the slime mould Dictyostelium. This
revealed that bisphosphonates most resembling
pyrophosphate could inhibit Dictyostelium growth
via the formation of a toxic, non-hydrolysable
metabolite that mimics ATP. These metabolites
were later confirmed to be formed in osteoclasts in
vivo and to cause osteoclast apoptosis by interfering
with mitochondrial function. The more potent,
nitrogen-containing (N-) bisphosphonates are not
metabolised but still inhibited Dictyostelium
growth, suggesting a molecular target that is

ubiquitous and evolutionarily conserved. An
observation in the early 1990s that N-
bisphosphonates could block cholesterol
biosynthesis in macrophages led to

the finding in 1998 that these drugs could inhibit
protein prenylation, a post-translational lipid
modification of small GTPase signalling proteins that
is dependent on a branch of the highly-conserved
cholesterol biosynthesis (mevalonate) pathway.
Because GTPases such as Rho, Rac and Rab are
essential for actin organisation, cell polarisation,
vesicular trafficking and hence osteoclast function,
this was a breakthrough because of the realisation
that lack of prenylation of these proteins could
account for all of the known effects of
bisphosphonates on osteoclast biology, such as loss
of the F-actin ring and ruffled border, as well as
apoptosis. Importantly, osteoclasts could be rescued
in culture from the inhibitory effects of N-
bisphosphonates by replenishing cells with the
missing lipid substrates for prenylation. These
observations soon led to overwhelming evidence
from several groups in 1999-2001 that farnesyl
diphosphate (FPP) synthase, a key enzyme of the
mevalonate pathway, is the major molecular target
(although other enzymes in this pathway are also
inhibited by some N-bisphosphonates). X-ray crystal
structures of FPP synthase were reported in 2006 and
confirmed that these drugs are extremely potent
inhibitors by mimicking a natural lipid substrate and
blocking a substrate binding site. Another effect of
inhibiting FPP synthase is the accumulation of the
upstream lipid isopentenyl diphosphate (IPP). This is
the likely cause of the acute-phase reaction, by
activating innate -T cells, but also leads to the
formation of another metabolite

(ApppI) that is toxic to mitochondria. Whether
bisphosphonates have these effects in cells other
than osteoclasts, beyond the skeleton, has been
long debated. Using fluorescently-tagged
bisphosphonates and a very sensitive new assay to
detect changes in prenylation we can now
demonstrate that bisphosphonates are taken up
and block the mevalonate pathway in tissue-
resident macrophages outside the skeleton in mice.
Whether this contributes to pleiotropic effects of
these drugs in humans remains a challenging
question.

emilio roldán
Emilio Roldán, MD, PhD is a clinical
pharmacologist graduated of  the
University of Buenos Aires (UBA). He

began his research activities at the physico-chemical
university chair (UBA), then he continued working at
the Institute of Medical Research (IDIM) and finally
joined Gador SA, becoming its Scientific Director in
2004. Now he is R&D Consultant at the Innovation
Unit. Roldán is author or co-author of more than 200
publications in peer-reviewed journals, mostly in the

46

Faculty Profiles and Speaker Abstracts
bisphosphonates2019

BISPHOSPHONATES 2019 IN ASSOCIATION WITH THE MELLANBY CENTRE, UNIVERSITY OF SHEFFIELD CELEBRATING 50 YEARS



systemic toxicity. Therefore, our team has
designednovelbone-targeted antimicrobial drugs by
exploitingthe bone-binding ability of bisphosphonate
moieties conjugated toreleasable fluoroquinolone
antibiotics to treat bone infectionsmore
effectivelywhile minimizing systemic exposure. We
have successfully tested our conjugates in various in
vitro and in vivo settings for clinical translation.Here
we present a state-of-the-art understanding of dental
biofilms and associatedbone infections, and the role
of bisphosphonate drugs intreating
conditionslikejawosteomyelitis and osteonecrosis. We
discussour recent studies utilizing bisphosphonate
drugsas therapeutic compoundsconjugated to
antibiotics, namely fluoroquinolones like ciprofloxacin
and moxifloxacin, in a “target and release” chemical
strategy to treat causative biofilm pathogensthat
reside in bone.

Dame Pam Shaw
DBE MBBS MD FRCP FMED SCI FAAN FANA FAAAS 

Professor Dame Pam Shaw, Vice
President and Pro-Vice Chancellor for the

Faculty of Medicine, Dentistry and Health at the
University of Sheffield, Professor of Neurology and
Founding Director of the Sheffield Institute for
Translational Neuroscience (SITraN), one of the
world-leading centres for motor neuron disease
(MND) research. She is also Director of the Sheffield
NIHR Biomedical Research Centre for Translational
Neuroscience. The work of her team is focused on
investigating molecular mechanisms of motor
neuron injury and new therapeutic approaches in
MND, both for neuroprotection and improved
symptom management. Key recent achievements
include: identification of new genetic subtypes of
MND; improvements in symptomatic management
of MND including non-invasive ventilation and the
HeadUp collar; identification and implementation
of new therapeutic targets for MND including
evaluation of novel drug and gene therapy
approaches and the development of innovative
pre-clinical model systems for screening of
therapeutic agents. 

Shuting Sun
Dr Shuting Sun is a medicinal chemist
with a focus on multifunctional
phosphonate based drug actives and

imaging probes. She received her PhD at the
University of Southern California. She is currently
the CEO of BioVinc, a startup company she
cofounded. Dr Sun also works as co-PI and co-
investigator on several NIH grants and is focusing
on the development of bone-targeted therapeutics
and diagnostics. Dr Sun also holds an adjunct
academic role at the University of California, Los
Angeles. Her work has led to critical research
findings in the fields of bone metabolism, dental
abnormalities and cochlear abnormalities. Much of

this work is now accelerating BioVinc to achieve its
goal to develop innovative new diagnostic tools and
therapeutic agents for the treatment of bone
related diseases such as osteomyelitis, arthritis, and
bone cancers.

ABSTRACT: 

Fluorescent bisphosphonate imaging probes:
design and applications 
Bisphosphonates (BPs) drugs have been used
astherapeutic agents for treatment of diseases such
as osteoporosis and Paget’s disease and have also
beenutilized in patients with bone metastases.
However, details of the skeletal distribution, cellular
uptake,andvariedmechanisms of BP drugs have
required further study for many years subsequent
to their clinical use. This haspromptedthe
introduction of imagingprobes derived from the BP
compounds.We have developed a fluorescent
imaging “toolkit” with more than 20 probes derived
from multiple clinically relevant heterocyclic N-BP
drug classes (eg. risedronate, zoledronate and
minodronate). The ‘toolkit’ contains a series of
fluorescent probes ranging from visible to near
infrared optical window (e.g., Alexa Fluor 647, IRDye
800CW, etc.) as well as a wide range of mineral
affinities. In addition, we have obtained evidence
that certain probes (e.g. the FAM-and ROX-
conjugates)maintain someanti-prenylation and
anti-osteoclastic effects in vitro, and some probes
have even exhibited certain antiresorptive related
activity in vivo. The diverse spectroscopic and
pharmacological properties available within this
fluorescent imaging probe “toolkit” has been
successfully utilized in various biological research
projects including skeletal distribution, osteoclast
imaging, and other cellular labelling studies, andwe
have found that the bone mineral affinity of BPs is
likely to influence their distribution within the
skeleton. Their use has now been extended to
studiesin models ofdental abnormalities, arthritis,
and other bone related diseases. In particular,
studies with these agentshave led to
impressivetumor imaging, cochlear imaging,and
tissue distributiondatain arthritis models. The
fluorescent bisphosphonates are demonstrated to
be a more permanent marker of bone metabolism
than traditional histomorphometric labels such as
calcein,and they further demonstrate the
propensity of BPs to label resorbing as well as
forming surfaces. A few examples of these
applications will be presented. Results fromimaging
studies withthese fluorescent BPs haveprovided
adeeper understandingof BP localization and
pharmacokineticsthat has furthersubstantiated our
understanding of this class of pharmacologicagents
and has also stimulatedtheiruse asbone-targeting
moietiesfor the development of novel tissue-
specific therapeutic and diagnostic agents.
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the body’s natural “water softener” which controls
calcification, as demonstrated in diseases such as
hypophosphatasia. However, pyrophosphate
itselfwas too labile to be a therapeutically effective
oral inhibitor of mineralization.

A transformative observation was that PPi and BPs
could not only retard the growth but also the
dissolution of hydroxyapatite crystals. This
prompted studies on their ability to inhibit bone
resorption.  Although PPi was unable to do this, BPs
proved to be remarkably effective inhibitors of bone
resorption.  This discovery led very quickly to their
successful clinical use in Paget’s disease and in
hypercalcaemia of malignancy.  

Over the years many hundreds of BPs have been
made, and more than a dozen studied in man.
Bisphosphonates are firmly established as effective
and safe treatments for various diseases of
excessive bone resorption, especially osteoporosis
and the skeletal complications of cancer.  Several of
the leading BPs achieved ‘block-buster’ status with
annual sales in excess of a billion dollars. 

A landmark event in the history of BPs was the
elucidation of how bisphosphonates work.  Despite
many attempts, it was not until the 1990s that their
detailed biochemical actions were unraveled.

The pharmacological properties of individual BPs
depend upon two key properties; their affinity for
bone mineral, and their inhibitory effects on
osteoclasts.  BPs fall into two groups with different
molecular modes of action.  The simpler non-
nitrogen containing bisphosphonates can be
metabolically incorporated into non-hydrolysable
analogues of ATP, which interfere with ATP-
dependent intracellular pathways.  In contrast the
more potent, nitrogen-containing BPs act
principally by inhibiting farnesyl pyrophosphate
synthase (FPPS), a key enzyme in the mevalonate
pathway, thereby inhibiting protein prenylation.

Over the past 50 years the study of BPs has become
a vast field with more than 29,000 papers currently
cited in PubMed.  BPs are now generic and
inexpensive compared with many other therapies.
In looking ahead, there are several opportunities for
extending the use of BPs to other areas of
medicine.  

The adventure that began in Davos more than 50
years ago is not over.

arthur Santora 
Arthur Santora spent almost 28 years of
his career in the clinical research team at
Merck Research Labs in New Jersey, USA

involved in the clinical development of alendronate
(Fosamax) for the treatment of osteoporosis. He
received his M.D. and PhD in biochemistry and
Internal Medicine training at Emory University in
Atlanta. Following a clinical fellowship in
endocrinology at NIH in Bethesda, he served for 2

years as a Medical Officer at the US FDA. After 3
years at Wayne State University Medical School in
Detroit, he joined Merck in 1989. While at Merck he
participated in most of Merck’s phase 2, 3 and post
marketing studies of alendronate in the treatment
of osteoporosis. He led the once-weekly
alendronate and alendronate/Vitamin D3
combination product development and was a
member of the alendronate pharmacovigilance
team. Since retiring from Merck in April 2017 had
has been a clinical pharmaceutical research
consultant and is currently Chief Medical Officer of
Entera Bio Ltd. He continues to participate in
patient care and education as a clinical associate
professor at Rutgers Robert Wood Johnson Medical
School in New Brunswick, New Jersey.

Parish P Sedghizadeh 
Dr Parish P. Sedghizadeh is an Associate
Professor of Clinical Dentistry at the
University of Southern California (USC),

Herman Ostrow School of Dentistry, and Director of
the USC Center for Biofilms research laboratory. He
completed his undergraduate training and
Bachelor of Science degree at UCLA, his Doctor of
Dental Surgery degree at USC, and specialty
training in oral and maxillofacial pathology and a
Master of Science degree in oral biology at The Ohio
State University. Dr Sedghizadeh serves as the
Section Chair of Diagnostic Sciences at the Herman
Ostrow School of Dentistry of USC and is the
Director of the Oral Pathology and Radiology
Program. As a clinician-scientist, Dr Sedghizadeh
conducts research, publishes, consults, and teaches
oral pathology, radiology, surgery, pain, and
medicine with an active intramural clinical practice.
He has over 80 peer-reviewed publications, and his
research laboratory and clinical research projects at
USC focus on the characterization and treatment of
microbial biofilm infections, particularly
osteomyelitis and osteonecrosis of the jaw where
he has developed and tested novel
bisphosphonate-antibiotic conjugates to target
bone biofilm infections.

ABSTRACT: 

Biofilm Mediated Infections in Dentistry and
the Role of Bisphosphonates in Oral Diseases
and Therapeutics
Bacterial biofilm infections are etiologic inmost
dental diseases, including gingivitis,periodontitis,
caries, peri-implantitis, jaw osteomyelitis and
osteonecrosis.Bisphosphonate drugs used to treat
osteoporosis and oncologypatients are also
associated with dental jawbone infectionsmediated
by biofilm pathogens, namely osteomyelitis or
osteonecrosis of the jaw. Current treatment
approachesto theseboneinfectionsmainlyrevolve
aroundsurgery and/orantimicrobial therapy.However,
antibiotics suffer from poor bone absorption and
pharmacokineticsin vivoand acute or chronic
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(European Behavioural Pharmacology Society) for
several years. He is on the editorial board of
Addiction Biology and has (co-) authored over 80
scientific publications.

ABSTRACT: 

The pharmacology of bisphosphonates in pain 
The treatment of pain, in particular chronic pain,
remains a clinical challenge. This is especially true
for pain associated with severe or rare conditions,
such as bone cancer pain, vulvodynia or complex
regional pain syndrome (CRPS). Available
analgesicsoften have either limited efficacy and/or
use-limiting side effects. Over the recent years, there
is an increasing interest in the potential of
bisphosphonates in the treatment of pain. A small
literature describes antinociceptive and
antihypersensitive effects of bisphosphonates in
various animal models of pain. There is also
increasing evidence for clinical efficacy of
bisphosphonates in chronic pain states, although
the number of well-controlled studies is still limited.
However, the mechanisms underlying the analgesic
effects of bisphosphonates are still largely elusive. In
many cases it is not clear whether bisphosphonates
produce their effects via a ́ genuine ́  analgesic
mechanism, or whether the analgesic effects seen
with bisphosphonates are secondary to their anti-
osteolytic/anti-chondrolytic, anti-inflammatory or
anti-tumor activity. The degree to which a particular
bisphosphonate affects pain may depend on the
potency and efficacy with which the
bisphosphonate influences the relevant underlying
primary mechanism(s). On the other hand, a
number of pain-specific mechanisms have been
suggested. A prominent hypothesis holds that in
particular in conditions of higher bone turnover,
increased osteoclast activity would result in more
acidification of the extracellular milieu by increased
excretion of protons into the resorption lacuna. This
would lead to a stronger activation of acid-sensing
ion channels (ASIC, TRPV1) located on the terminals
of peripheral sensory nerve fibers, thus generating
a nociceptive signal. Reducing the activity of
osteoclasts with bisphosphonates would reduce
acid-induced activation of nociceptors, resulting in
an antinociceptive effect. A few studies have also
suggested pain-relevant ́ off-target ́  effects of
bisphosphonates, e.g. via inhibition of P2X2/3
receptors for minodronate, or via inhibition of
vesicular ATP release for clodronate. Furthermore,
interrupting the mevalonate pathway, the primary
target of amino-bisphosphonates, may lead to
increased levels of antinociceptivepathway
intermediates (isopentenyl diphosphate, IPP, acting
via inhibition of TRPV3 and TRPA1 channels), and
decreased levels of pronociceptive intermediates
(farnesyl diphosphate, FPP, acting via activation of
TRPV3).These mechanisms, alone or in combination,
may provide the mechanistic basis for the analgesic
effects of bisphosphonates. However, important
questions remain unresolved, such as an apparent

PK-PD disconnect, the elusive role of bone in
inflammatory or neuropathic pain, or the relative
role of peripheral versus central pain targets.

David J Valent
Dave received Bachelor’s and Master’s
degrees in Health Education from the
State University of New York and

University of Maryland, respectively. He began his
career as a health educator in Washington, DC area
schools. In 1984, he then joined Procter & Gamble
Pharmaceuticals working in the Bone Metabolism
Clinical Research group that developed etidronate
disodium and risedronate sodium. During this time,
he led the internal scientific dissemination team
that helped produce numerous peer review
publications on bisphosphonates as well as develop
continuing medical education programs. Dave
went on to head P&G’s scientific exchange team in
Geneva, Switzerland from 2000 to 2003. In 2008, he
joined P&G’s Oral Care Professional & Scientific
Relations group to establish a scientific education
and exchange role within that department focusing
on professional education programs, thought
leader programs and interactions with professional
organizations. In 2017, Dave retired from P&G after
33 years of service.  

Jennifer Walsh
Dr Jennifer Walsh graduated from the
University of Sheffield Medical School in
1997. She trained in Endocrinology, and

was awarded her PhD on Peak Bone Mass in 2008,
funded by an ARUK Clinical Research Fellowship.
She has a translational clinical research programme;
current projects include high-resolution pQCT
imaging for bone microarchitecture, the
interactions of fat and bone, vitamin D physiology,
phenotyping of hypophosphatasia, and clinical trials
of selenium in osteopenic women and testosterone
in male cancer survivors. 

She has published on peak bone mass, skeletal
effects of hormonal contraception, obesity and
bone vitamin D, and treatment of osteoporosis. She
holds grant funding from the Department of
Health, National Institute for Health Research,
Cancer Research UK, National Osteoporosis Society
and local charities. Her clinical interests are in
young adult endocrinology and bone disease and
late effects of cancer. She is a member of the Brittle
Bone Society Medical Board, and editor for Bone
and Endocrine Connections. She competed the
RCP/UCL Postgraduate Diploma in Medical
Education in 2012 and is South Yorkshire Training
Programme Director for Diabetes and
Endocrinology
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Larry J Suva
Dr Larry J. Suva, originally from
Melbourne, Australia, has had a research
program fully funded from US Federal

and Foundation sources for more than 20 years and
is currently, PI, Co-PI or Co-I on 5 active NIH R01 level
grants. Dr Suva’s entire research focus is on the
skeletal consequences of disease. These interests
include breast cancer bone metastasis and multiple
myeloma, new chemotherapy approaches for
osteosarcoma as well as fracture healing, bone
anabolism, rare bone diseases and bone infections.
Current research efforts include a focus on in vivo
models (murine and larger animals) to discover
regulatory pathways important for bone physiology,
the development of large animal pre-clinical
models of rare bone disease that have the potential
to change the study of bone turnover as well as
bone physiology, and provide novel insight into
future therapeutic directions. He is currently
Professor and Department head of Veterinary
Physiology and Pharmacology at Texas A&M
University, College Station, TX, USA.

ABSTRACT:

Bisphosphonate use in veterinary medicine:
What’s good and what’s not?"
LJ Suva1, A Mitchell-Cooper1, D Gaddy2, FH Ebetino4

& AE Watts3

1Department of Veterinary Physiology and
Pharmacology, 2Department of Integrative Biosciences
3Department of Large Animal Clinical Sciences, College
of Veterinary Medicine and Biomedical Sciences, Texas
A&M University, College Station, TX USA and
4Department of Chemistry, University of Rochester,
Rochester, NY, USA

Bisphosphonates (BPs) are characterized by their
ability to bind strongly to bone mineral, inhibit
mature osteoclasts, and thus bone resorption.
However, BPs exert a wide range of physiologic
activities beyond inhibiting bone resorption,
including inhibition of cancer cell metastases,
proliferation and apoptosis in vitro. In addition, the
inhibition of angiogenesis, matrix
metalloproteinase activity, altered cytokine and
growth factor expression, and reductions in pain
have been reported. In humans, clinical BP use has
transformed the treatment of both post-
menopausal osteoporosis and metastatic breast
and prostate cancer, albeit not without infrequent
but significant adverse events. Despite the well-
characterized health benefits of BP use in humans,
less is known regarding the effects of BPs in
veterinary medicine. BPs are successfully used in
veterinary practice for the medical management of
hyperparathyroidism, idiopathic hypercalcemia in
cats, as well as treatment of pain associated with
skeletal neoplasia. Bone tumors are common in
dogs, in particular primary bone tumors such as
osteosarcoma, yet multiple myeloma, apocrine
gland anal sac adenocarcinomas and transitional
cell carcinomas are also common. Thus, palliative i.v.

BP treatment has become increasingly more
common in veterinary oncology to alleviate tumor-
associated bone pain. In the equine setting, non-
nitrogen-containing BPs delivered i.m or i.v. are
FDA-approved to control clinical signs associated
with navicular syndrome in horses 4 years of age
and older, with increasing concerns regarding the
rampant off-label use of BPs in rapidly growing
yearling horses. Off-label use in immature animals,
whose growth plates do not close until ~3.5 years,
disturbs growth and joint development with the
added risk for accumulated bone microdamage. In
immature horses BPs provide short-term analgesic
effects and improvement to the radiographic
appearance of sesamoiditis, making the animal
appear more presentable at sale, despite being
unable to handle the rigors of even light training
shortly after purchase. The focus here is to discuss
the current understanding of the strengths,
weaknesses and hot button issues around BP use
in veterinary medicine, and highlight the future
utility of these potentially beneficial drugs.

James triffitt
B.Sc. (Hons. Biochem.), Ph.D.  
Emeritus Professor of Bone Metabolism 

Jim graduated from the Honours School
of Biochemistry, University of Liverpool (1961) and
gained his Ph.D. in the Faculty of Medicine (1964).
Thereafter he worked on the chemical dynamics of
bone mineral with Professor W.F. Neuman at the
University of Rochester and after two years moved
to the MRC Radiobiology Unit, Harwell to work on
the metabolism of Strontium 90. In 1969 he
transferred to Oxford as MRC External Staff at the
Churchill Hospital and with Maureen Owen in 1974
created the Bone Research Laboratory at the
Nuffield Orthopaedic Centre. In 1979 on a two-year
sabbatical with Professor Marshall Urist at the UCLA
Bone Research Laboratory he worked on bone
morphogenesis and isolation of BMP. In 1992 he
succeeded Dr Maureen Owen as Director of the
MRC Bone Research Laboratory at the Nuffield
Orthopaedic Centre and in 2000 became Professor
of Bone Metabolism at the University of Oxford. 

thomas m tzschentke
Thomas Tzschentke is scientific director
and project scientist at Grünenthal
GmbH and a honorary professor at RWTH

Aachen University. After his studies of biology,
behavioural pharmacology and
neuropharmacology in Tübingen, Brighton and
Montreal, he joined Grünenthal in 1999 as laboratory
head. In 2005 he joined the Grünenthal tapentadol
development team and was responsible for
preclinical pharmacology and publications. In his
current role he continues to support late stage
development projects and marketed products. He
acted on the executive committee of the EBPS
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TNSALP by discovery of loss-of-function mutation(s)
of the “candidate” ALPL gene that encodes TNSALP.
Significantly, defective skeletal mineralization in
HPP had been discovered in the 1960s by Graham
Russell, PhD and Herbert Fleisch, PhD to be
associated with deficient hydrolysis of PPi by
TNSALP.  PPi levels were elevated in the blood and
urine of patients with HPP, and was cleared slowly
from their circulation.  This observation from an
“experiment-of-nature”, subsequently with
appreciation that alteration of the P-O-P core of PPi
instead to P-C-P resisted hydrolysis by ALP,
awakened an interest in these bisphosphonates
(BPs) that had been synthesized by chemists
decades earlier.  Then, BPs were recognized for their
potential to influence hard tissue mineralization.
Hence, ALP, HPP, and PPi were crucial to the
development of BPs as pharmaceuticals.  The
multinational approval in 2015 of asfotase alfa, a
TNSALP-replacement therapy for HPP that
decreases endogenous PPi levels and restores “hard
tissue” mineralization, has brought this important
story “full circle”.

mark Wilkinson
J Mark Wilkinson PhD FRCS (Ortho & Tr)
is Professor of Orthopaedic Surgery at
the University of Sheffield, and honorary

consultant orthopaedic surgeon at Sheffield
Teaching Hospitals NHS Foundation Trust. He is the
President of the British Orthopaedic Research
Society and an executive member of the National
Joint Registry for England, Wales, Northern Ireland,
and the Isle of Man, and chairs its research
committee. He sits on the Board of Directors of the
Orthopaedic Research Society in the United States
and is an editorial board member of several
orthopaedic journals. His academic interests are in
the pathogenesis of diseases leading to joint
replacement and the subsequent interactions
between the patient and the prosthetic implant
and the outcomes of joint replacement surgery. He
has published over 150 peer-reviewed articles and
lectures internationally on these topics. His current
funding sources include the NIHR, MRC, Arthritis
Research UK, and the Health Quality Improvement
Partnership. He has received the Gold Medal and
Association Award of the British Orthopaedic
Association, The William Harris Award of the
Orthopaedic Research Society (United States), and
in 2018 the Otto Aufranc Award of the American Hip
Society for his work on the genetics of hip diseases.

ABSTRACT: 

The use of bisphosphonates to meet
orthopaedic challenges
The anti-resorptive properties of bisphosphonates
have been explored in a number of settings
manage orthopaedic-related problems. In
osteonecrosis, bisphosphonate use has been
predicated on the principle that bone collapse

occurs during the revascularisation phase of the
disease. If this resorptive phase can be modulated,
then joint architecture is more likely to be preserved
to lessen the incidence of secondary degenerative
change. In a bone chamber study in rats, Astrand
and Aspenbergdocumented that high-dose
systemic alendronate treatment retainedtrabecular
structure and encouraged new bone formation
ontostructural frozen bone grafts, indicating that
repair was possible inthis model as long as the bone
template was present.Subsequent pre-clinical and
small scale clinical studies have been supportive of
this principle, provided the bisphosphonate is
administered before the collapse phase of the
disease. Further clinical trials are currently
underway to establish the efficacy of this treatment
in the adult and paediatric populations.In the
setting of joint replacement, bisphosphonate use
has focussed on 2 broad areas. Several clinical
studies have shown that bisphosphonate given
systemically or applied topically to the implant
surface can reduce periprosthetic bone loss and
enhance implant fixation in the early period after
surgery. This may be advantageous in settings
where osseointegration may be problematic.
However, the true potential benefit of
bisphosphonates has been in establishing their use
to reduce the incidence of late periprosthetic
inflammatory osteolysis, the main cause of
prosthesis failure. To this end,cohort-based
epidemiological studies have associated
bisphosphonate use with a lower incidence of
osteolysis, and supported by 1 pre-clinical trial in the
dog model. However, subsequent clinical trials have
failed to demonstrate efficacy in the human
disease, leading to exploration of other prophylactic
and therapeutic options for this disease. The timing
of bisphosphonate administration for secondary
prevention after acute osteoporotic fracture has
been subject to extensive investigation, with pre-
clinical studies showing increased callus formation
but decreased remodelling and no effect on the
restoration of mechanical integrity of bone. In a
recentclinical trial, Duckworth et al showed that
among patients aged 50 and over, early
administration of alendronic acid did not adversely
affect fracture union or DASH score, fracture-site
pain, grip strength, or any other clinical
outcome.Finally, bisphosphonates have also been
explored as a treatment for complex regional pain
syndrome type-I. A recent meta-analysis has shown
a beneficial effect on visual analogue scale pain
scores, but an increase in mild adverse events.
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nelson B. Watts
Dr Nelson B. Watts, MD, FACP, MACE,
CCD, currently serves as Director of
Osteoporosis and Bone Health Services

for Mercy Health, an integrated health system in
Cincinnati, Ohio. He has a long career in
osteoporosis research at Emory University and the
University of Cincinnati. He has served as President
of the American College of Endocrinology,
President of the International Society of Clinical
Densitometry, Chair of the FDA’s Advisory
Committee for Endocrine and Metabolic Drugs and
on the ABIM subspecialty board in Endocrinology
and Metabolism. He is active in numerous
professional organizations and serves on several
editorial boards. He has published numerous,
books, book chapters, abstracts and articles in such
journals as the New England Journal of Medicine
and the Journal of the American Medical
Association.

ABSTRACT: 

Etidronate
Etidronate is a non-nitrogen-containing
bisphosphonate that was first synthesized in 1897.
It was known to bind with calcium and inhibit
crystal formation and dissolution. Procter & Gamble
considered it (and rejected it) as an additive to
toothpaste (to prevent build-up of tartar) and
detergent (to bind calcium and increase sudsing in
“hard” water). The first clinical use (1968) was for
fibrodysplasia ossificans progressiva. The first
approved clinical use (1977) was for treatment
ofPaget’s disease of bone. Other approved
indications are hypercalcemia of malignancy and
heterotopic ossification, with a host of off-label uses
(including fibrous dysplasia, periodontal disease,
multiple myeloma, neuropathic arthropathy,
pulmonary microlithiasis, diabetic retinopathy,
bone metastases, melorrheostosis, urinary stone
disease, periodontal disease, etc.). Of interest, oral
therapy results in hyperphosphatemia and
increased levels of 1,25-dihydroxyvitamin D. With
prolonged high-dose use, etidronate impairs bone
mineralization that can result in osteomalacia and
bone fractures. “Coherence therapy” for treatment
of osteoporosis (Activate-Depress-Free-Repeat) was
an attractive hypothesis, and etidronate
(intermittent –approximately 2 weeks of daily
therapy every third month) was used to “depress”
osteoclastic bone resorption with hopes of avoiding
the mineralization defect (PTH and phosphate were
some of the “activating” agents used). Although the
ADFR concept did nothold up (at least with the
agents chosen, which in retrospect were probably
not ideal), etidronate alone resulted in favorable
changes in bone density and histomorphometry
(no mineralization defect) as well as a decrease in
vertebral fracture rates in postmenopausal women
with osteoporosis. Later studies showed similar
effects in men with osteoporosis and patients with
glucocorticoid-induced osteoporosis. Intermittent

cyclic etidronate therapy was approved in 22 of the
23 countries with drug regulatory agencies (not
approved in the US). Its use in osteoporosis has
largely been supplanted by newer
bisphosphonates, which have a much broader
therapeutic window (the difference between
antiresorptive effect and impaired mineralization).
Because of its unique properties, it remains the
bisphosphonate of choice for treatment of
heterotopic ossification

michael Whyte
Michael P Whyte, M.D. is Professor of
Medicine, Pediatrics, and Genetics at
Washington University School of

Medicine and Medical-Scientific Director of the
Center for Metabolic Bone Disease and Molecular
Research, Shriners Hospital for Children; St Louis,
Missouri, USA. His research interests include the
cause and treatment of heritable disorders of bone
and mineral metabolism in children and adults.
Included are genetic forms of rickets, brittle bone
diseases, and conditions that cause dense bones.
DNA studies aim to explain such disorders.
Molecular findings are then related to clinical
observations to better understand pathogenesis.
The Research Center at Shriners Hospital serves as
an international resource for diagnosis, treatment,
and investigation of disorders of bone and mineral
metabolism and skeletal dysplasias. Dr Whyte has
authored or coauthored more than 400 related
scientific papers or chapters.

ABSTRACT:

Alkaline phosphatase (ALP) was discovered by
Robert Robison, PhD working in London in 1923.
During the next decade, he advanced the
hypothesis that this phosphomonoester
phosphohydrolase functioned importantly in
skeletal calcification, emphasizing liberation of
inorganic phosphate (Pi), perhaps from a
hexosephosphoric ester substrate, to bind with
calcium (Ca++) for hydroxyapatite (HA) crystal
formation and growth.  However, by 1932, he had
concluded that some additional unknown factor
also conditioned this process.  This factor would
prove to be the ALP natural substrate and inhibitor
of biomineralization, inorganic pyrophosphate (PPi).
In 1948, confirmation that the ubiquitously
expressed “tissue nonspecific” (bone/liver/kidney)
isoenzyme of ALP (TNSALP) is essential for skeletal
mineralization began with the discovery of
hypophosphatasia (HPP) by John C. Rathbun, MD
working in Toronto.  HPP is the rare metabolic bone
disease that features tooth loss and rickets in
childhood and osteomalacia in adult life without
reductions in circulating Ca++ or Pi levels.  The
biochemical hallmark of HPP in the clinical
laboratory is, however, low serum ALP activity
(hypophosphatasemia).  In 1988, HPP was
confirmed to be an inborn-error-of-metabolism of
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We calculated changes in lumbar spine, total hip
and femoral neck BMD between baseline and
weeks 12, 48 and 96 for each individual. The
duplicate week 12 results were used to calculate the
least significant change (LSC) for lumbar spine
(4.4%), total hip (4.2%) and femoral neck BMD (8.0%).
Women were classified as treatment responders if
their individual BMD increase was greater than the
site-specific LSC.  Differences in the number of
responders by weeks 12, 48 and 96 were examined
using chi-squared tests (Table 1).

RESULTS: Table 1. The proportion and percentage of
responders by treatment duration and
bisphosphonate type.

Number of responders is significantly different
between bisphosphonates by chi-squared testing;
a (p=0.04) and b (p=0.03).

CONCLUSION: The LSC for femoral neck BMD was
larger than that for lumbar spine BMD and total hip
BMD.  Lumbar spine BMD was able to identify more
treatment responders than total hip BMD and
many more than femoral neck BMD. We found that
the number of treatment responders was
dependent on the bisphosphonate type.  By week
96, more women had responded to alendronate
than ibandronate and risedronate.

DISCLOSURES: None
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P3
Long-term Safety of Zoledronic acid
treatment for Osteoporosis in Men and
Women: A Systematic review and Meta-
Analysis of Clinical Trials 
R Singh1,2, A Ibrahim1,2, J J Carey1,2

1Department of Medicine, National University of Ireland
Galway, Galway, Ireland; 2Department of Rheumatology,
Galway University Hospitals, Galway, Ireland

BACKGROUND: Osteoporosis is characterised by
bone fragility leading to millions of fractures
worldwide each year. Fractures are associated with
significant morbidity, mortality and economic
costs. Many are preventable. Bisphosphates are
effective agents for treatment of osteoporosis.
Concern about potential rare side-effects has
resulted in an imbalance in the perceived risk-
benefit ratio in practice, limiting their use and
effectiveness. Clinical trials are considered the gold
standard for efficacy, treatment approval and
provide information on adverse events and side-
effects. Multiple clinical trials show zoledronic acid
(Zol) reduces the risk of vertebral and non-vertebral
fractures in men and women with osteoporosis.
However current practice, bias and widely held
beliefs limit objective interpretation of adverse
events, despite availability of scientific
methodology and published data. 

OBJECTIVES: To evaluate the safety of Zol treatment
in primary osteoporosis in men and women, in
particular ONJ, AFF, MACE, Infections, ‘severe
adverse events’ and death. 

METHODS: We included placebo-controlled clinical
trials with a minimum of 1 year of follow-up in men
and women aged 50 years and older with
osteoporosis or low BMD. A literature search was
performed on three databases Embase, MEDLINE
(OVID) and CENTRAL register of controlled clinical
trials of the Cochrane collaboration. Statistical analysis
was performed with statistical software Minitab17. 

RESULTS: 95 relevant publications were identified by
primary screening, 18 of which met our criteria: 8,911
treated with placebo, and 9,851 treated with Zol
representing almost 30,000 patient-years of Zol
therapy.  Overall, we found Zol was associated with an
increased risk of flu-like symptoms (P <0.001), transient
hypocalcemia and ocular events (P<0.05), but a lower
risk of serious adverse events (P <0.001) and death
(P<0.05). We found no significant increase in the risk
of ONJ, MACE, AFF, renal failure, cancer or infection. 

CONCLUSION: Zol treatment of primary osteoporosis
is associated with a lower risk of serious adverse
events and death, but a greater risk of transient
hypocalcaemia, flu-like symptoms and ocular
events.

REFERENCES:
Moynihan R. Coverage of the news media of the benefits
and risks of medications. N Engl J Med 2017; 342:1645-1650.
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P1
The effect of bisphosphonates on bone
turnover and bone balance in
postmenopausal women with
osteoporosis: The T-score bone marker
approach in the TRIO study
F Gossiel1, R M Jacques1, K E Naylor1, E V
McCloskey1, N Peel2, J S Walsh1, R Eastell1

1University of Sheffield, Sheffield, United Kingdom;
2Sheffield Teaching Hospitals NHS Foundation Trust,
Northern General Hospital Sheffield, United Kingdom  

RATIONALE: Postmenopausal osteoporosis is
characterised by increased bone turnover and an
imbalance between bone resorption and formation.
Bisphosphonate treatment reduces bone turnover
but their effect on bone balance is yet to be fully
investigated. 

AIMS: Using the T-score approach our aims were to:
i) investigate the effects of oral nitrogen-containing
bisphosphonates on bone balance and turnover in
postmenopausal women with osteoporosis and ii)
determine the relationship of the change in bone
balance and turnover with the change in BMD at
the lumbar spine and total hip

METHODOLOGY: Women were recruited, mean age
67years, and randomised to receive: ibandronate
(n=55, 150mg/month), alendronate (n=54,
70mg/week) or risedronate (n=56, 35mg/week).
They also received calcium and vitamin D daily. A
fasting serum sample was collected at baseline and
weeks 1,2,4,12,13, 48 and 96. The control group were
226 healthy premenopausal women receiving no
treatments. PINP and CTX were measured using
the iSYS-IDS analyser and BMD (in g/cm2) of the
lumbar spine and total hip were measured by DXA
(Hologic Inc). PINP and CTX values were log10-
transformed and normalised. T-scores were
calculated using the mean and standard deviation
from the premenopausal group. Bone turnover and
bone balance were calculated from the T-scores.

RESULTS: Mean levels (95% CI) of balance and
turnover are shown in the table. The change in
turnover at weeks 4, 12 and 48 was inversely
correlated with the change in lumbar spine and
total hip BMD at weeks 48 and 96, (p<0.01 to
p<0.001). The change in balance at week 4 positively
correlated with the change in total hip BMD at
weeks 48, (p<0.01).

CONCLUSION: Bisphosphonates resulted in an initial
positive balance and a reduction in turnover. Some
of these changes were associated with increases in
BMD. Bone turnover is a better predictor of BMD
than bone balance.

DISCLOSURES: Dr N Peel has received speaker’s
honoraria and funding to attend educational events
from Warner Chilcott, Lilly, Servier, Merck, Roche,
GSK and Prostrakan and consultancy fees from
Internis Pharma and Lilly. Dr Walsh has received
speaker’s honoraria from Lilly and the donation of
drug and placebo from Prostrakan. Professor
McCloskey has received speaker’s honoraria and/or
research funding and/or advisory board funding
from Warner Chilcott, Merck, Amgen, GSK, Bayer,
Consilient Healthcare, Hologic, Lilly, Novartis, Pfizer,
Servier, Wyeth and Roche. Professor Eastell has
received grant funding from Warner Chilcott and
the National Institute for Health research (NIHR)
and consultancy funding from Warner Chilcott,
Roche, Immunodiagnostic Systems and Merck.

P2
Comparison of treatment responder rates
for three oral bisphosphonates: The TRIO
study
Paggiosi MA1, Peel NFA2, McCloskey EV1, Walsh JS1,
Eastell R1

1Mellanby Centre for Bone Research, Academic Unit of
Bone Metabolism, Department of Oncology and
Metabolism, The University of Sheffield, Sheffield, UK;
2Mellanby Centre for Bone Research, Metabolic Bone
Centre, Northern General Hospital, Sheffield Teaching
Hospitals NHS Foundation Trust, Sheffield, UK

RATIONALE AND HYPOTHESIS: Bone mineral density
(BMD) is used to assess the efficacy of
bisphosphonate treatment in the individual patient,
however it is unclear whether the response rate is
similar for all oral bisphosphonates.

METHODOLOGY: The TRIO study is a randomized,
open-label, parallel, controlled trial of three
bisphosphonates, orally administered at their
licensed dose for two years.  We recruited
postmenopausal women (n=172, ages 53-84 years)
with a BMD T-score, by DXA, of <-2.5 at the spine
and/or total hip, or of <-1.0 plus a previous low
trauma fracture.  Women were randomized to
receive one of three bisphosphonates, either
alendronate 70 mg once weekly, risedronate 35 mg
once weekly, or ibandronate 150 mg once monthly,
together with calcium (1200 mg) and vitamin D
(800 IU) daily supplements.  Lumbar spine, total hip
and femoral neck BMD were measured at baseline
and weeks 12 (in duplicate), 48 and 96.
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DISCLOSURES: BA reports institutional research
grants from Novartis and UCB, consulting fees from
UCB and speakers fees from Amgen and Eli Lilly.
DPA's research group has received research grants
and consultancy and/or speaker fees from Amgen
and UCB. PH reports research grants and/or
consultancy fees from UCB and Amgen.

P6
Audit to assess FRAX risk assessment and
subsequent management according to the
NICE and NOGG guidelines in a primary
care practice in Smethwick, Birmingham
N Arora1, C Munro2

1University of Birmingham, Birmingham, UK; 2Cape Hill
Medical Practice, Birmingham, UK

RATIONALE AND HYPOTHESIS: There are
approximately 536,000 new fragility fractures each
year in the UK, many of which are a consequence of
osteoporosis. This has substantial financial
ramifications to the NHS and severe pain and
disability to individual patients.  

The FRAX tool was developed to calculate the 10-
year probability of hip or major osteoporotic
fracture. NICE advocates considering the risk of
fragility fracture in all women aged ≥ 65 years and
all men aged ≥ 75 years using the FRAX tool. The
National Osteoporotic Guideline Group (NOGG)
provide thresholds to guide management
according to the FRAX score. Patients in the ‘green’
zone require no further management, patients in
the ‘orange’ zone require a DEXA scan and patients
in the ‘red’ zone require treatment. 

OBJECTIVES: We aim to evaluate the adherence to
the NICE guidelines and the further management
of patients as per the NOGG guidelines, at Cape Hill
Medical Practice, Birmingham. 

METHODOLOGY: An EMIS search was carried out to
retrospectively identify patients who met the age
criteria and evaluate the use of the FRAX tool, and
their subsequent management. 

RESULTS: The search conducted showed that 81/710
females and 15/250 males had FRAX calculations
done. 100% of male patients were in the ‘green’
zone, requiring no further action. 47 (58%) of female
patients were in the ‘orange’ zone and 7 (8.6%) were
in the ‘red’ zone. Of the female population only 43
(53%) patients were managed appropriately
according to the NICE and NOGG guidelines. 

CONCLUSION: There is insufficient FRAX risk
assessment for osteoporosis in this patient
demographic. Moreover, it has been highlighted
that there has been inadequate management of
female patients aged ≥65 years. Hence, primary
care practices need to alter their approach towards
this as it can be severely detrimental to patients.  

DISCLOSURES: None

P7
Defining how oestrogen influences the
anti-tumour effects of adjuvant
bisphosphonates using in vivo models of
breast cancer
VG Canuas-Landero1, DV Lefley1, C Tulotta1, C
Wilson2 and PD Ottewell1

1Academic Department of Oncology, University of
Sheffield, Medical School, Sheffield, UK; 2Academic Unit of
Clinical Oncology, University of Sheffield, Medical School,
Sheffield, UK.

BACKGROUND: Bone is the most common site for
breast cancer (BC) metastases. Clinical trials have
demonstrated that adding adjuvant zoledronic acid
(ZA) to standard of care reduces the risk of BC
relapse to bone and other organs in
postmenopausal women. Whereas, pre and
perimenopausal women experience reduced bone
metastasis but increased recurrence outside of
bone. We hypothesise that ZA reduces bone
metastasis via inhibition of bone resorption and
further oestrogen driven changes to the bone
microenvironment drives tumour cells to other
sites. We aim to establish the mechanism by which
ZA interacts with oestrogen to affect tumour
growth in bone and non-bone sites.

METHODS: Mice were ovariectomised (OVX) before
receiving 0, 1.38 and 12.5 mg/L oestradiol to model
pre- post and peri- menopausal conditions. All
animals received 40ug/day Goserelin to prevent
OVX induced FSH and animals were randomised to
100ug/kg/week ZA or control. For tumour studies,
MDA-MB-231-Luc2 cells were injected inter-cardiac,
4-days after OVX. Bone volume was measured by
microCT, bone turnover and oestradiol/FSH were
measured by ELISA. Histomoprhological analysis
was carried out using Osteomeasure and tumour
growth monitored by IVIS.

RESULTS/CONCLUSIONS:  Supplementing OVX mice
with 0, 1.38 and 12.5 mg/L oestradiol for 2-weeks
resulted in serum oestradiol concentrations of 13±10
pg/ml, 49±18 pg/ml and 153±18 pg/ml (respectively).
ZA caused a trend towards reduced serum
oestradiol (p=1.05). Both oestradiol and ZA increased
bone mass (p<0.001 and P<0.05 resepectively).
Oestradiol, alone had no significant affect in
osteoclasts or osteoblasts. Whereas, ZA reduced
osteoclast number (p<0.05) and activity (TRAcP 5b;
p<0.001), Interestingly, administration of ZA led to a
decrease in the number of osteoblasts
proportionally to the oestradiol concentrations.
Further analysis of tumour growth in these animals
is currently being undertaken and will inform us
how these bone affects alter tumour growth in
bone and non-bone sites in mouse models.

DISCLOSURES: None
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Rizzoli R. Adverse reactions and drug-drug interactions in
the management of post-menopausal osteoporosis.
Calcif Tissue Int 2011; 89:91-104.
Abassi J. Amid osteoporosis treatment crisis, experts
suggest addressing patients’ bisphosphonate concerns.
JAMA 2018; 319:2464-2466. 
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P4
Bisphosphonate Binding to
Hydroxyapatite: Differing Affinities and
Local Delivery for Bone Regeneration
Zhidao Xia1,2, MA Shelly Lawson1, Xuchen Aimee
Duan1, F Hal Ebetino3, James T. Triffitt1 and R
Graham G Russell1

1Botnar Research Centre, Nuffield Department of
Orthopaedics, Rheumatology and Musculoskeletal
Sciences, Oxford University; 2Swansea University Medical
School, Singleton Park, Swansea; 3Dept.of Chemistry, U. of
Rochester, Rochester, NY 14627, USA

The pharmacological efficacy of bisphosphonates
is closely related to their affinity to solid phase
calcium phosphates, or hydroxyapatite. The binding
of bisphosphonates to bone mineral is an essential
step leading to their biological effects. It is well
known that not only the P-C-P groups but also a
hydroxyl(-OH) group in the R1 position contributes
to the high affinities noted for bone mineral. By
using column chromatography and Langmuir
adsorption isotherm with hydroxyapatite ceramic
spheres we successfully demonstrated the
retention profile of clinically relevant
bisphosphonates. The rank order from such studies
is Aln=Pam>ZOL>Iban>Min>Ris>NER>Ox14. The
affinity of BPs for hydroxyapatite has also paved a
way for local delivery of bisphosphonates for bone
regeneration through inhibiting osteoclastic bone
resorption and retaining newly formed bone when
peri-/endosteal bone formation occurs after bone
injury.  Bisphosphonates enhanced bone formation
and mechanical properties tested in a rabbit bone
defect model. In general the affinity of
bisphosphonates for hydroxyapatite is an important
property that can be applied to develop new
therapies, in particular local delivery for different
clinical conditions.

REFERENCES
1. Yang Z et al.  Local Application of Ibandronate/Gelatin

Sponge Improves Osteotomy Healing in Rabbits.
PLoS One. 2015; 10(5): e0125807.  

2. Lawson MA, Xia Z, Barnett BL, Triffitt JT, Phipps RJ,
Dunford JE, Locklin RM, Ebetino FH, and Russell RGG.
Differences between bisphosphonates in binding
affinities for hydroxyapatite.  J Biomed Mater Res B
Appl Biomater. 2010 Jan;92(1):149-55.

3. Ebetino FH et al  The relationship between the
chemistry and biological activity of the
bisphosphonates.  Bone. 2011 Jul; 49(1):20-33

DISCLOSURES: None

P5
Impact of renal function on BMD
response to bisphosphonate treatment:
Real world observational data using
linkage to national registers.
B Abrahamsen1,2,3, MT Ernst1, M Nybo4, KH Rubin1,
M Stougaard1, D Prieto-Alhambra3,6, AP Hermann5.
1Open Patient Data Explorative Network, University of
Southern Denmark, Odense, Denmark; 2Dept of
Medicine, Holbæk Hospital, Holbæk, Denmark;
3NDORMS, University of Oxford, Oxford, UK; 4Dept of
Clinical Biochemistry, OUH, Odense, Denmark; 5Dept of
Endocrinology M, OUH, Odense, Denmark;  6GREMPAL,
Universitat Autònoma de Barcelona, Barcelona, Spain.

RATIONALE AND HYPOTHESIS:  Bisphosphonates (BP)
for osteoporosis are contraindicated in patients
with C-G crea clearance < 30-35 ml/min and a large
proportion of patients referred for DXA scans have
reduced renal function. The impact of milder
degrees of renal function impairment on BMD
gains in a real-world population is unknown. Ho
hypothesis: the BMD response to treatment is
independent of renal function.

OBJECTIVES: Assess the BMD response to oral and i.v.
BP treatment as a function of CKD stage at
different level of adherence.

METHODOLOGY: Single clinic: 4,080 men and
women who began oral or i.v. BP treatment
following DXA, divided into high adherence
(MPR>=80%, N=2,213) and suboptimal adherence
(MPR<80%, N=1,867). Annualized femoral BMD
change was calculated in all patients who had an
eGFR measurement and a DXA scan in the last year
before initiating treatment, and where a follow-up
DXA was available 2-3 years after the start of
treatment (N=1,761). BMD changes against renal
function could be similarly tracked in 3,841
untreated persons. 

RESULTS: Differences in baseline characteristics
included PPI use (22% for MPR>=80%, 28% for
MPR<80%), glucocorticoid use (29.2% vs 38.7%),
diabetes (7.8 vs 5.6%). Though femoral neck BMD
improvements were smaller in patients with
eGFR<60 (stage 3A) and largely absent with
eGFR<45 (stage 3B), the negative BMD change
seen without treatment or with suboptimal
adherence was avoided. In accordance with the
contraindication, BP use in persons with baseline
eGFR<30 was practically non-existent. 

CONCLUSION: While femoral neck BMD
improvement  on BPs was less in stage 3A or worse,
a benefit for adherent BP users in terms of
preservation of femoral BMD was observed even in
stage 3B (eGFR 30-44). A limitation to the analysis
is the difference in baseline characteristics between
patients with MPR>=80% vs <80%. However, the
groups were well balanced on age and Charlson
Comorbidity Index.
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P10 
Patterns of recurrence in breast cancer
on bisphosphonates and control arm:
analyses of the AZURE (BIG 01/04) study
S D’Oronzo1,2, J Brown2, K Chong2,, S Nicholson2, W
Gregory3, R Coleman2

1 Department of Biomedical Sciences and Human
Oncology, University of Bari Aldo Moro, Bari, Italy;
2Department of Oncology and Metabolism, Academic
Unit of Clinical Oncology, Weston Park Hospital,
University of Sheffield, Sheffield, UK; 3Clinical Trials
Research Unit, University of Leeds, Leeds, UK.

RATIONALE AND HYPOTHESIS: AZURE clinical trial
randomised 3,360 patients with moderate/high risk
early breast cancer (BC) to receive standard
adjuvant therapy with or without the addition of
zoledronate (ZOL). This trial provided an excellent
opportunity to evaluate the impact of this agent on
both local and distant recurrences, during a long-
term follow-up.

OBJECTIVES: To investigate BC patterns of local and
distant recurrence after 10-years of follow-up, while
defining the impact of adjuvant ZOL on relapse
sites and survival. 

METHODOLOGY: Patients were reviewed during the
treatment phase and then annually for up to 10
years (median follow-up: 117 months) or until
recurrence in bone, or death. Local and distant
recurrences were recorded and classified by sites,
according to the patient’s menopausal status at the
time of diagnosis and the expression of estrogen
receptor (ER) in the primary tumour. Where
necessary, data were adjudicated with trial site to
remove errors or ambiguities. 

RESULTS: At 10 years, ZOL reduced the incidence of
bone ± other recurrences in the overall population
(12.0% vs 15.4% of control). With respect to first
relapse in bone, patients benefited from adjuvant
ZOL regardless of menopausal and ER status; in
terms of total invasive disease free survival (IDFS)
events, benefits from ZOL were limited to post-
menopausal women (35.3% vs 42.8% of control).
Non-post-menopausal women and those with ER
negative BC had a higher rate of visceral
metastases. Little effect of ZOL was found on bone
metastasis prevention after an extra-skeletal first
relapse. ZOL had no effect on survival after BC
recurrence. 

CONCLUSION: Adjuvant ZOL improves bone
metastasis-free survival in patients with early breast
cancer at moderate/high risk of recurrence. In
terms of IDFS, only post-menopausal women
benefited from ZOL. No advantages were observed
in ZOL arm in terms of survival after recurrence. 

DISCLOSURES: 

JB: advisory boards/lectures for Amgen, Novartis,
BMS, MSD, Daiichi-Sankyo, Ipsen and Sandoz and
institutional grants from Amgen and Novartis

WG: consultancy fees from Cologne and Janssen;
patent pending with Inbiomotion for the biomarker
MAF. 

RC: grant funding to institution from Novartis,
Bayer and Amgen; lecture fees from Amgen; patent
pending with Inbiomotion for the biomarker MAF.

SD, KC, SN: no conflicts of interest.

P11
Clinical characteristics and effects of
bisphosphonates in a Hungarian cohort
of patients with Paget’s disease of bone
ZsL Török1, J Donáth1, Gy Poór1,2

1National Institute of Rheumatology and Physiotherapy,
Budapest, Hungar;, 2Semmelweis University, Department
of Rheumatology and Physiotherapy, Budapest,
Hungary.

RATIONALE AND HYPOTHESIS: Paget’s disease of bone
(PDB) is a focal disorder of bone remodelling
characterized by increased osteoclast-mediated
bone resorption. Zoledronic acid, a new generation
bisphosphonate was shown to inhibit bone
resorption after a single 5 mg intravenous infusion.

OBJECTIVES: The aim of this study was to evaluate
the early (up to 3 months) effect of a single, 5 mg
infusion of zoledronic acid on serum alkaline
phosphatase level (SAP), a marker of disease activity
in patients with PDB.  

METHODOLOGY: Diagnosis was confirmed by typical
radiological feature and bone scintigraphy at 68
patients. Characteristics of patients were collected
by questionnaire at baseline. 57 patients had a
single 5 mg intravenous infusion of zoledronic acid
treatment. Blood tests were performed to measure
levels of SAP in 68 patients (40 males, 28 females)
with PDB (51 monostotic and 17 polyostotic), aged
42-89 years. Visual analog scale (VAS) was recorded
at baseline and at 3 months following infusion. The
statistical analysis was performed using a SPSS
statistics package, version 22.

RESULTS: There was a significant reduction in SAP
levels within 3 months after zoledronic acid
infusion. (Z= -6.19; p<0.00, Cohen-d:1.7) The infusion
resulted in improvements measured on the VAS
scale. (Z=-5,46; p<0.00, Cohen-d:1.7) There was no
significant correlation between the duration of the
disease and changes in SAP levels, or between the
disease duration and changes on the VAS. The most
frequently encountered side effects were flu-like
symptoms, observed in 21 cases.

CONCLUSION: The single 5 mg infusion of zoledronic
acid is a safe and effective treatment for patients
with both mono and polyostotic Paget’s disease, as
compared to other bisphosphonates.
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P8
Understanding atypical femur fractures
AM Cheung1

1Department of Medicine, University Health Network,
University of Toronto, Toronto, Canada

RATIONALE/HYPOTHESIS: Atypical femur fractures
(AFFs) have increased in incidence over the past 50
years. Because they cause considerable morbidity,
and fear of using bisphosphonates for the
prevention of osteoporotic fractures, we embark on
a series of studies to better understand their
pathophysiology and how they can be prevented. 

OBJECTIVES: 1) To describe the clinical characteristics
and outcomes in patients with AFFs in Ontario,
Canada; 2) To examine whether we can build a risk
assessment tool for identifying patients at risk of
developing AFFs; 3) To investigate whether
advanced glycation end-products play a role in the
development of AFFs; 4) To determine if there are
genetic predispositions to the development of
AFFs; 5) To test densitometer-based femur imaging
as a point-of-care tool for the early diagnosis of
abnormalities in the spectrum of AFFs. 

METHODOLOGY: We established the Ontario AFF
Cohort Study as a prospective cohort study, and
compared it to population-based and patient
cohorts to develop a risk calculator. We are
analysing serum pentosidine in these cohorts using
mass spectroscopy combined with liquid
chromatography, and performing whole exome
sequencing. We conducted screening studies of
postmenopausal women on long term potent
antiresorptive therapies using densitometer-based
single energy femur scans, and compared them to
plain radiographs to establish sensitivity and
specificity of this diagnostic test, and the
prevalence of abnormalities in the spectrum of
AFFs. 

RESULTS: Patients with AFFs are heterogeneous,
although Asian women and those on
glucocorticoid therapy who have been on potent
antiresorptive therapies are at increased risk. Risk
tool based on patient characteristics, duration of
bisphosphonate therapy and bone characteristics
perform only moderately. Densitometer-based Full-
length Femur Imaging (FFI) has moderate to high
sensitivity and high specificity in identifying
abnormalities in the spectrum of AFFs prior to a
complete fracture.

CONCLUSIONS: Our series of studies advance our
understanding of AFFs and is one step forward in
the prevention of complete AFFs.

DISCLOSURES: Consultancy – Amgen, Eli Lilly

P9
Bone-bound bisphosphonates inhibit
proliferation of breast cancer cells
Jillian Cornish, Young-Eun Park, Usha Bava, Dorit
Naot, Ian Reid 
Department of Medicine, University of Auckland, New
Zealand

RATIONALE AND HYPOTHESIS: Bisphosphonates are
used as a standard treatment for patients with
breast cancer. In vitro studies have shown that
bisphosphonates act directly on tumour cells,
inhibiting cell proliferation and inducing apoptosis.
In most studies, drugs were added to the culture
media, thus exposing the cells to bisphosphonates
in solution. However, since bisphosphonates bind to
bone hydroxyapatite with high affinity and remain
bound for very long periods of time, these
experimental systems are not an optimal model for
the action of the drugs in vivo.

OBJECTIVES: The aim of this study was to determine
whether bone-bound zoledronate had direct
effects on adjacent breast cancer cells. 

METHODOLOGY: Bone slices were pre-incubated
with bisphosphonate solutions, washed, and
seeded with cells of the breast cancer cell line,
MCF7. Proliferation was assessed by cell counts and
thymidine incorporation for up to 72 hours.
Inhibition of the mevalonate pathway was tested by
measuring the levels of unprenylated Rap1A on
western blots. 

RESULTS: The proliferation rate of MCF7 cells seeded
on zoledronate-bound bone was significantly lower
compared to cells on control bone. Other
bisphosphonates tested in this experimental
system showed a similar inhibitory effect, with an
order of potency that was related to their clinical
potencies. Unprenylated Rap1A accumulated in
MCF7 cells seeded on zoledronate-bound bone,
suggesting that similar to its mechanism of action
in bone cells, zoledronate acted through the
inhibition of the mevalonate pathway. 

CONCLUSION: Bone-bound zoledronate effectively
inhibits breast cancer cell proliferation, an activity
that may contribute to its anti-tumour effects seen
in the clinic.

DISCLOSURES: None
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P14
Effect of bisphosphonates on tooth
development in patients with
osteogenesis imperfecta.
B Malmgren1,2, N Monsef-Johansson1,2 , E Astrom3, I
Thesleff4, G Dahllof1,2, G Tsilingaridis1,2

1Department of Dental Medicine, Division of Orthodontics
and Pediatric Dentistry, Karolinska Institutet, Huddinge,
Sweden; 2Center for Pediatric Oral Health Research,
Stockholm, Sweden; 3Department of Woman and Child
Health, Karolinska Institutet and Pediatric Neurology,
Astrid Lindgren Children's Hospital at Karolinska
University Hospital, Stockholm, Sweden; 4Academician of
Science, Institute of Biotechnology, University of Helsinki,
Finland

RATIONALE AND HYPOTHESIS: The prevalence of
Osteogenesis imperfecta (OI) types I, III and IV in
Sweden is estimated to 7.4/1000 000.
Dentinogenesis imperfecta (DGI) and tooth
agenesis (congenital absence of one or more
permanent teeth) are common dental aberrations.
Hypodontia is defined by agenesis of <6 permanent
teeth and oligodontia congenital absence of >6
permanent teeth, excluding third molars. The
prevalence of tooth agenesis in Scandinavian
countries ranges from 6 to 8% while oligodontia is
rare with a prevalence of 0.1-2%. We have earlier
reported a high prevalence of tooth agenesis in
individuals with OI. Animal studies have
demonstrated that bisphosphonate (BP)
administration affects tooth mineralization and
tooth formation, and therefore our hypothesis is that
tooth formation and tooth mineralization is affected
when BP is administrated in young children. 

OBJECTIVE: To study the effect of BP on tooth
development in children with OI. 

METHODOLOGY: Clinical and radiographic dental
examinations were performed in 203 individuals, 121
boys and 82 girls, between 1991 and 2018 at Astrid
Lindgren Children´s Hospital, the Eastman
Institute, and Karolinska Institutet in Stockholm. 

The patients were divided into two groups: Group 1;
53 boys and 41 girls treated with BP (intravenous
disodium pamidronate). The age at start of
treatment varied from 0.2 to 18 years of age with an
average of 7.4 years, and Group 2; 68 boys and 41
girls not treated with BP.  

RESULTS: The prevalence of tooth agenesis was
significantly higher (p=0.027) in patients treated
with BP (21%) compared to patients not treated
with BP (10%). The prevalence of oligodontia was
also significantly higher (p=0.009) in patients
treated with BP (9%) compared to patients not
treated with BP (1%).

CONCLUSION: Our results indicate that BP
administration in young children affects tooth
development.

DISCLOSURES: None

P15
Characterising a mouse model for
atypical fracture
S Monzem1,3, DA Sônego1, RY Ballester2, B
Javaheri3, AA Pitsillides3, RL de Souza1

1Veterinary College, Federal University of Mato Grosso,
Cuiabá, MT, Brazil; 2Odontology College, São Paulo
University, São Paulo, SP, Brazil; 3The Royal Veterinary
College, London, UK

Atypical fractures (AF) arise following
bisphosphonate use. Understanding of their
precise pathophysiology remains, however, only
putative and treatment strategies limited. Our aim
is to characterise a mouse model suitable for
studying AF and to examine whether long-term
bisphosphonate treatment coupled with
ovariectomy provokes bone quality and quantity
changes that modify fracture pattern and
susceptibility. Three groups (n=7/group) of 12 week-
old Swiss mice were either: i) ovariectomised and
treated weekly, from 20wks, for 24wks with
subcutaneous ibandronate (Bonviva®, 1mg/ml,
Roche, 100µm/kg, OVX+IBN); ii) ovariectomised
(OVX) or ii) sham-operated (Sham) and treated
weekly with saline vehicle. Femora and right tibiae
were collected. For femoral fracture analysis, the
distal half was removed and its diaphysis
embedded perpendicularly in acrylic to allow the
head to be compressed until failure; stiffness, yield
displacement and ultimate load were measured.
Tibiae were microCT scanned and cortical
parameters (cross sectional area (CSA), mean
thickness, ellipticity, second moment of area
around minor/major axes (Imin/ Imax) and torsional
resistance (J)) were measured along the length (15-
85%). Trabecular bone mineral density (BMD) and
bone volume/trabecular volume (BV/TV) were also
measured. Statistical analysis used one-way ANOVA
followed Tukey`s post-test. Fracture analyses found
that combined OVX+IBN led to significant
modifications in quality, with greater stiffness and
diminished yield displacement compared to
OVX/Sham. This was coupled with regional
modification in tibial cortical bone, with increased
CSA, Imin/Imax and J and decreased ellipticity at
the proximal diaphysis in OVX+IBN group; no
significant changes in ultimate load, cortical
thickness, BMD or BV/TV were observed. This
indicates that combined ovariectomy/ibandronate
treatment produces specific cortical bone changes,
linked to greater brittleness and modified fracture
characteristics compared with Sham or OVX. This
suggests that coupling of ovariectomy and long-
term bisphosphonates in mice provokes modified
bone mass, architecture and quality that provide a
model for the study of atypical fractures.
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P12
The differential effect of zoledronic acid
and oestrogen on the immune response
to cancer
Christopher George1, Claudia Tulotta1, Victor
Canuas-Landero1, Diane Lefley1, Munitta Muthana1,
Caroline Wilson1 and Penelope D Ottewell1

1Academic Department of Oncology, University of
Sheffield, Medical School, Sheffield, UK

BACKGROUND: ~70% of patients with late stage
breast cancer develop bone metastasis, this
condition is currently incurable. A large clinical trial
(AZURE) has shown that combining the bone
sparing drug zoledronic acid (ZOL) with standard of
care drugs has life prolonging benefits for post-
menopausal women but pre-menopausal women
experience worse outcome. Both pre-and post-
menopausal women develop fewer bone
metastases with this combination treatment,
however pre-menopausal women developed
increased metastasis in other organs. We
hypothesise that high concentrations of oestrogen
inhibit anti-tumour effects of ZOL through
immune-modulatory mechanisms.

METHODS: To test this hypothesis, ovariectomy
followed by supplementation of 10 pM/L, 84 pM/L
and 300pM/L concentrations of oestradiol in the
drinking water will be used to model pre, peri and
post-menopausal conditions in immune
compromised mice. Metastases to bone and lung
will be induced by intracardiac injection of mouse
mammary cancer cell lines E0771 and 4T1 before
treatment with 100ug/kg/week ZOL or saline
(control). Effects of combining of immune
checkpoint inhibition with ZOL will be assessed
using the PD-L1 inhibitor avelumab. Effects on
bone, metastatic organs, immune cells and
hormones will be assessed by uCT,
histomorphology, flow cytometry and ELISA.

FINDING: This data will define the immune
regulatory mechanisms by which ZOL affects
breast cancer metastases under pre- and post-
menopausal conditions. Importantly these data will
also indicate if increasing the immune response
with avelumab may increase the anti-tumour
efficiency of ZOL for pre-menopausal women.

DISCLOSURES: None

P13
DKK1 – A novel biomarker for predicting
risk of breast cancer metastasis to the lung
A Lopez-Guajardo1, SL Wood1, MR Oliva1, S
D’Oronzo2, FOG Esteves3, AM Hanby3, JA
Westbrook1, W Gregory4, RE Coleman1 & JE Brown1

1Academic Unit of Clinical Oncology, Sheffield Cancer
Research Centre, University of Sheffield, Sheffield, UK; 2

Università degli Studi di Bari Aldo Moro, Bari, Italy;
3Clinical Trials Research Unit, Leeds Institute of Clinical
Trials Research, University of Leeds, Leeds, UK; 4Leeds
Institute of Cancer and Pathology, St. James's University
Hospital, University of Leeds, Leeds, UK. 

RATIONALE AND HYPOTHESIS: Major advances have
been made in treatment of breast cancer bone
metastasis, with adjuvant bisphosphonate
treatment pivotal in the improved treatment
options of post-menopausal women. Bones as well
as lung are significant sites for breast cancer
metastasis. Biomarkers predicting risk of breast
cancer spread are required to enable tailoring of
treatment to patients. We have applied proteomics
to identify potential biomarkers.   

OBJECTIVES: Proteomic studies in our laboratory
identified differential expression of Wnt-family
inhibitor Dickopf-1 (DKK1) within a lung metastatic
variant MDA-MB-231 breast cancer cell line (LM)
compared to parental (PCC) and bone homing
(BM1) variants. We tested DKK1 as a potential
predictor for risk of metastasis to bone, lung and
other sites in primary breast tumour samples from
AZURE patients.

METHODOLOGY: Primary tumour cores from AZURE
patients were stained with DKK1 antibody.
Cytoplasmic staining was assessed independently
by two trained operators, blinded to outcome data,
with supervision by a breast histopathologist. DKK1
levels were correlated with local and distant
recurrences by multivariate analysis.

RESULTS: Immunohistochemical analysis of primary
tumour sections from 1773 patients within the
AZURE trial for DKK1 levels revealed statistically
significant association with first distant recurrence
in lung. High DKK1 levels (TMA score = 3) predicted
increased risk of first recurrence in lung compared
to patients with low DKK1 levels (TMA score = 1), p-
value = 0.004 (Control + zoledronate arms). There
was no correlation of DKK1 levels with potential
confounding factors, nor did DKK1 correlate with
spread to bone (p = 0.88) or liver (p = 0.38) or with
overall survival (p = 0.27) or survival after recurrence
(p = 0.055). Validation of DKK1 is currently underway
utilising gene expression analysis and studies
within serum samples.

CONCLUSION: DKK1 is a potential biomarker
predictive of risk of lung metastasis within early
breast cancer patients. 

DISCLOSURES: None
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suggest new treatment approaches for those who
do not benefit from adjuvant ZOL.  

DISCLOSURES:

E Theodoulou: no disclosures 

C Wilson: Speaker fees from Amgen & Pfizer,
Consultancy fees from Amgen

JE Brown: advisory boards/lectures for Amgen,
Novartis, BMS, MSD, Daiichi-Sankyo, Ipsen and
Sandoz and institutional grants from Amgen and
Novartis

I Holen: Speaker’s bureau fee from Amgen

P18
Cyclin-dependent kinases (CDKs) as drug
targets within breast cancer bone
metastasis
Steven L Wood1, Maria R Oliva1, Ana Lopez-
Guajardo1, Jules A Westbrook1, Ingunn Holen1,
Penelope D Ottewell1, Lubaid Saleh1, Robert E
Coleman1 & Janet E Brown1,2

1Academic Unit of Clinical Oncology; 2Sheffield Cancer
Research Centre, University of Sheffield, Sheffield, UK

RATIONALE AND HYPOTHESIS: Despite major progress
in breast cancer management, 75% of advanced
breast cancer patients develop bone metastases.
Adjuvant bisphosphonate treatment has made a
significant impact upon the treatment of post-
menopausal women. Despite these advances
additional therapies are required for the treatment
of metastatic disease.    

OBJECTIVES: Global proteomic and
phosphoproteomic techniques were applied to
compare the protein expression levels and protein
phosphorylation states within a murine model of
breast cancer bone metastasis during acquisition
of bone homing ability. The aim was to characterize
the alterations in cell-signalling during the
development of bone metastatic ability.   

METHODOLOGY: We carried out a quantitative
proteomics study using spike-in-SILAC (SIS) to
compare global protein expression within a murine
model of human breast cancer bone metastasis
during acquisiition of bone homing ability. This
enabled accurate quantification of thousands of
proteins. Bio-informatic protein-protein interaction
analysis identified key signalling hubs centred
around cyclin-dependent kinase 1 (CDK1), CDK4 and
CDK6.      .   

RESULTS: Spike-in SILAC (SIS) analysis identified
>4100 proteins within cells from the bone homing
model. Of these > 2000 proteins were elevated > 1.8-
fold in the final stage bone homed cells compared
to the parental cell line. Data filtering reduced this
protein candidate list to 45 highly –interconnected
signaling hub proteins. In parallel with this study,
phosphoproteomic analysis identified 426

phosphosites upregulated within bone homing
cells, clustering into 112 differentially regulated
phosphoproteins. Bioinformatic analysis of the
phosphoproteomic data identified signaling hubs
centered around the CDKs. Western blotting has
confirmed the increased expression of these pivotal
CDKs within the bone homing cells. We are
pursuing studies to investigate the combination of
CDK4/6 inhibitors (palbociclib) with zoledronic acid
for treatment of breast cancer bone metastasis.               

CONCLUSION: Cyclin-dependent kinases (CDKs) are
potential drug targets within breast cancer bone
metastasis which can be targeted in addition to
zoledronic acid treatment.

DISCLOSURES: None

P19
Bisphosphonates and Denosumab
reduce all-cause mortality risk after hip
fracture 
Martina Behanova1, Berthold Reichardt2, Tanja A
Stamm3, Jochen Zwerina1, Klaus Klaushofer1,
Roland Kocijan1

1Ludwig Boltzmann Institute for Osteology, Hanusch
Hospital of the WGKK and AUVA Trauma Center, 1st
Medical Department at Hanusch Hospital, Vienna,
Austria; 2Sickness Fund Burgenland, Burgenländische
Gebietskrankenkasse, Eisenstadt, Austria; 3Section for
Outcomes Research, Center for Medical Statistics,
Informatics and Intelligent Systems, Medical University of
Vienna, Vienna, Austria

INTRODUCTION: Excess mortality risk after hip
fracture (HF) is well documented. However, less is
known about effects of antiresorptive drugs on
patient’s survival. We aimed to compare for the first
time denosumab (DMAB) against bisphosphonates
(BPs) with respect to patients' survival after hip
fracture (HF).

METHODS: In this large population-based
retrospective cohort study we used data from all
patients in Austria aged ≥50 who sustained a HF
between 2012-2016 and were followed for all-cause
mortality until 2017. Cox proportional hazard ratios
were calculated to assess all-cause mortality risk
among HF patients with and without antiresorptive
treatment. 

RESULTS: The cohort of 54,155 hip fractured patients
(mean age 80.0, SD 10.5 years; 71.8% of women) were
followed-up for a median (interquartile range) of
23.4 months (26.6). We identified 46,152 (85.2%)
patients who did not receive any anti-osteoporotic
treatment after their HF, 3,541 (6.5%) patients on oral
BPs (oBPs; risedronate, alendronate), 3,332 (6.2%)
patients on intravenous BPs (iBPs; zoledronic acid,
ibandronate) and 1,130 (2.1%) on DMAB therapy.
During the study follow up 18,610 (34.4%) patients
died. Patients treated with DMAB, oBPs or iBPs had
significantly longer mean survival time compared
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P16
DOCK4 – A novel biomarker for
predicting risk of breast cancer bone
metastasis
Maria R Oliva1, Ana Lopez-Guajardo1, Jules A
Westbrook1, David A Cairns2,3, Kathryn McMahon4,
Reni Gahlaut4, Helen Thygesen4, Michael Shires4,
Helen Marshall3, Andrew M Hanby4, Peter J
Selby2,4, Valerie Speirs5, Georgia Mavria4, Robert E
Coleman1, Janet E Brown1,2, Steven L Wood1

1Academic Unit of Clinical Oncology, Sheffield Cancer
Research Centre, University of Sheffield, Sheffield, UK;
2Clinical and Biomedical Proteomics Group, Leeds
Institute of Cancer and Pathology, University of Leeds,
Leeds, UK; 3Clinical Trials Research Unit, Leeds Institute of
Clinical Trials Research, University of Leeds, Leeds, UK;
4Leeds Institute of Cancer and Pathology, St. James's
University Hospital, University of Leeds, Leeds, UK
.5Institute of Medical Sciences, University of Aberdeen,
Aberdeen, UK.

RATIONALE AND HYPOTHESIS: Despite major progress
in breast cancer management, up to 75% of
advanced breast cancer patients develop bone
metastases with consequent severe bone pain and
reduced quality of life. Adjuvant bisphosphonate
treatment reduces bone metastasis and breast
cancer deaths in post-menopausal women
however biomarkers are urgently required to
identify those patients at greatest risk of bone
recurrence.    

OBJECTIVES: Using quantitative proteomic
techniques, we compared global protein expression
levels between parental breast cancer cells and a
bone-homing variant cell-line. The aim is to identify
proteins differentially expressed following
acquisition of bone homing ability. These proteins
are potential biomarkers predictive of bone
metastasis risk.

METHODOLOGY: We carried out a quantitative
proteomics study using SILAC-labelling comparing
protein expression within a murine model of
human breast cancer bone metastasis. Using high-
sensitivity mass spectrometry enabled accurate
identification and quantification of thousands of
proteins. Literature searching and data filtering was
used to remove proteins implicated in metastasis
to non-bone sites, thus identifying potential bone
metastasis specific biomarkers for validation in
patient derived tumour samples.   

RESULTS: Proteomic analysis identified >3500
proteins within cells from the murine bone-homing
model. 134 proteins were elevated more than 1.5-
fold within the bone homing cells. Data filtering
reduced these proteins to 4 bone-metastasis
specific proteins from which Dedicator of
Cytokinesis 4 (DOCK4) was selected for further
validation. In primary patient tumors high DOCK4
expression was prognostic for skeletal recurrence
(HR 2.13, 95% CI 1.06-4.30, p = 0.034). No association

was found between DOCK4 levels and bone relapse
in patients receiving zoledronic acid and a 4-fold
reduced risk of first metastasis to bone was
observed in patients with high DOCK4 expression
upon receiving zoledronate.

CONCLUSION: DOCK4 is a potential biomarker
predictive of risk of bone metastasis within early
breast cancer patients and has potential to predict
treatment benefit.     

DISCLOSURES: None

P17
The ZOLMENO study – exploring the
effects of ZOLedronic Acid and
MENOpausal status in patients with early
breast cancer
E Theodoulou1,2, C Wilson2,3, JE Brown2,3, I. Holen1,2

1Department of Oncology and Metabolism, University of
Sheffield, Sheffield, UK; 2Sheffield Experimental Cancer
Medicine Centre, Sheffield, UK; 3Academic Unit of Clinical
Oncology, Cancer Research Centre, University of
Sheffield, Weston Park Hospital, Whitham Road,
Sheffield S10 2SJ, UK.

Breast cancer is the most common cancer in
women and bone metastases occur in 70% of
metastatic patients. Adjuvant use of
bisphosphonates in early breast cancer reduces
recurrence risk and improves survival, only in
postmenopausal women. The underlying
responsible molecular mechanism for this
differential effect according to menopausal status
remains unclear. 

We have designed ZOLMENO study with aim to
investigate how effects of Zoledronic Acid (ZOL) are
governed by endocrine influences, exploring
interactions between hormones, tumour and bone
microenvironment which might explain why
adjuvant ZOL only has positive survival effects in
postmenopausal breast cancer patients.

This single centre study will be run at Weston Park
Hospital and is funded by YCR. It aims to recruit 80
patients (40 pre- and 40 post-menopausal) with
early breast cancer. Patients will be randomised to
receive a single 4mg IV dose of ZOL, either 7 days
prior to breast cancer surgery or 21 days post breast
cancer surgery. Serum, tumour and bone marrow
samples will be collected for translational studies to
evaluate the effects of patients’ serum on breast
cancer cells in vitro (proliferation, invasion and
migration). Bone marrow samples will undergo
genetic analyses, allowing us to establish the effects
of ZOL on the pre- and post-menopausal bone
microenvironment. 

This study will help us to identify some of the
mechanisms that underpin the differential effects
of ZOL in women with different menopausal status.
Out ultimate aim is to determine which group of
patients benefit most from adjuvant ZOL and
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(BV600052) had an MIC90 of 4 µg/mL vs 31.25
µg/mL for BV600022 against S. aureus strain ATCC-
6538. This new carbamate analog at 5 µg/mL also
eradicated established S. aureus biofilms grown on
HA in vitro. As similar drug release data have been
demonstrated with carbamate linkages in
osteoclast models, enzymatic cleavage processes
under bacteria on HA may also be involved. This BP
conjugate series for bone-targeted delivery
therefore constitutes a promising approach to
providing new treatments to eradicate
osteomyelitis biofilm pathogens in bone while
minimizing systemic exposure. 

DISCLOSURE: S. Sun, F.H. Ebetino, and C.E. McKenna
are shareholders of BioVinc. S. Sun, F.H. Ebetino and
P. Cherian are employees of BioVinc. J. Neighbors
and P. Sedghizadeh are consultants to BioVinc.

P22
Bisphosphonates regulate autophagy in
vitro and in vivo
JDG Beard1, EV Morris2, JE Dunford1, MA Lawson3,
FH Ebetino3,4, RG Russell1,3, JR Edwards1

1Botnar Research Centre, Nuffield Department of
Orthopaedics, Rheumatology and Musculoskeletal
Sciences, University of Oxford, UK, 2Nuffield Department
of Surgical Sciences, 3Department of Oncology and
Metabolism/Mellanby Centre for Bone Research, Medical
School, University of Sheffield, UK, 4University of
Rochester, Rochester, NY, USA.

Bisphosphonates (BPs) are linked to wider
beneficial effects in humans beyond anti-resorptive
properties alone, including anti-cancer properties,
and increased longevity. Autophagy involves the
breakdown of defective proteins and recycling of
material for protein production. Impaired
autophagy is associated with many age-related
disorders (e.g. diabetes, neurodegeneration) where
unwanted proteins accumulate to impair cellular
function. We explored whether BPs control
autophagy, to investigate whether the reported
effects of BPs to increase lifespan might be
mediated by preventing the age-related decline in
the autophagic process.

Autophagy can be assessed by quantifying the
autophagy-related protein LC3, and its conversion
from LC3-I to LC3-II as the protein-degrading
autophagosome structure is formed. Bone stromal
cells (ST2) were treated with zoledronic acid (ZOL),
risedronate (RIS) or a novel BP OX14 at 0.5-100uM
for 4, 24 or 48 hrs and BP activity confirmed by
assessing the prenylation status of the Rap1a
protein. Also, 7-8 week old female C57BL6 mice
were injected s.c. 2X/week with either ZOL (125
μg/kg), RIS (125 μg/kg), OX14 (1.25, 12.5 or 125 μg/kg)
or PBS control (100 ul/mouse). After 21 days, bone,
heart, gut, kidney, spleen, and liver were collected,
and BP activity and autophagy assessed in protein
lysates by western blotting.

Treatment with ZOL, RIS and OX14 decreased Rap1a
prenylation in vitro (up to 18-fold in RIS (20uM) vs
vehicle), which corresponded with a stimulation in
autophagic flux, evidenced by increased  LC3-II/LC3-
I ratio. Similarly, positive changes in autophagy were
seen in heart, gut and liver tissues in vivo following
BP treatment, particularly OX14 (125ug/kg) where a
3-fold increase in LC3-II/I ratio was observed.

Our data suggests that BPs can activate autophagy
in bone stromal cells in vitro and at certain soft
tissue sites when delivered in vivo, indicating that
BP treatment might prolong health span and
lifespan by protecting against an age-related
decline in autophagy.

P23
Genetically-achieved disturbances to the
expression levels of TNFSF11 receptors
sway the effects of zoledronic acid on
growing mouse skeletons
JW Vargas-Franco1,2, B Castaneda3, CG. Mueller4,
DHeymann5,6, F Rédini1, F Lézot1

1INSERM, UMR-1238, Equipe 1, Faculté de Médecine,
Université de Nantes, Nantes, France; 2Department of
Basic Studies, Faculty of Odontology, University of
Antioquia, Medellin, Colombia; 3Service d’Odontologie-
Stomatologie, Hôpital Pitié-Salpêtrière, AP-HP, Paris,
France; 4CNRS, UPR 9021, Institut de Biologie Moléculaire
et Cellulaire (IBMC), Laboratoire Immunologie et Chimie
Thérapeutiques, Université de Strasbourg, Strasbourg,
France; 5INSERM, LEA Sarcoma Research Unit, University
of Sheffield, Department of Oncology and Human
Metabolism, Medical School, Sheffield, UK; 6INSERM, UMR
1232, LabCT, Université de Nantes, Université d’Angers,
Institut de Cancérologie de l'Ouest, site René
Gauducheau, Saint-Herblain, France.

RATIONAL AND HYPOTHESIS: Amino-bisphosphonates
are powerful inhibitors of bone resorption. They are
currently used in clinical practice to treat pediatric
osteolytic diseases. Variations between individuals
in the intensity of their effects and side-effects have
been reported with no clear explanation of their
origins. The hypothesis that such variations could
potentially be associated with different levels of
activity in the RANKL signalization in bone during
and after treatment was questioned here.

OBJECTIVES AND METHODOLOGY: A series of
transgenic mice with graded levels of RANKL
signaling was generated by mating mice
invalidated for Opg and over-expressing Rank.
These mice were subjected to a zoledronic acid
protocol mimicking those used in onco-pediatrics,
and the skeleton phenotypes were compared one
month after the last injection at the end of growth
and then much later, at ten months.

RESULTS: The results validated the hypothesis with,
however, one surprise: the absence of a strict
reverse correlation between the severity of the
skeleton phenotypes and the increase in RANKL
signaling activity. More precisely, the graded allelic
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to patients without treatment (56.5, 52.4, 55.4 and
42.9 months, respectively, p<0.001). Patients treated
with DMAB, oBPs and iBPs had lower risk of
mortality (HR=0.46, 95%CI 0.40-0.54, HR=0.66, 0.61-
0.71; HR=0.54, 0.49-0.58; respectively, for all: p<0.001)
after adjustments for all co-medications. A longer
duration of antiresorptive treatment was associated
with a better survival. There were no significant
differences between iBPs and DMAB in risk
reduction (HR=1.16, 95%CI 0.98-1.36, p>0.05).
However, DMAB in comparison with oBPs revealed
better mortality risk reduction (HR=0.71, 95%CI 0.61-
0.83, p<0.001).

CONCLUSIONS: Bisphosphonates and DMAB reduce
mortality and should be administered immediately
following HF. Antiresorptive treatment before the
onset of hip fracture seems to be beneficial
regarding survival.   

DISCLOSURES: None

P20
The effect of Zoledronate on lifespan and
healthspan 
Zhengqi Chen1, Dr Julia Cordero2, Dr Cathy Slack3,
Dr Martin Zeidler1*, Prof Ilaria Bellantuono1*
1The University of Sheffield, Sheffield, UK; 2University of
Glasgow, Glasgow, UK; 3Aston University, Birmingham,
UK   
* These authors have contributed equally

By 2050, the number of people aged over 65 is
projected to double due to increased longevity.
However, healthspan (time spent without disease)
is not increasing at the same rate. New
interventions to reduce the period of morbidity in
later life are urgently needed. Senescence is causal
to multiple age-related diseases. Zoledronate has
recently been shown to increase survival in
osteoporotic patients and in human mesenchymal
stem cells to extend lifespan by preventing
accumulation of DNA damage and delaying
senescence, suggesting that it may extend
healthspan. Here we test the hypothesis that
administration of zoledronate extends the lifespan
and healthspan in Drosophila Melanogaster.

Firstly, we confirmed that Zoledronate inhibits
phosphorylation of AKT(S505), supporting the
findings that zoledronate inhibits the mTOR
signaling via the mevalonate pathway, similar to
that in the mammalian system. Flies pre-treated
with zoledronate showed a significant increase in
lifespan when they were fed with H2O2 as a source
of oxidative damage, and reduced levels of
genomic mutations following irradiation was
observed, both suggesting that zoledronate
reduces accumulation of DNA damage. Significant
lifespan extension was observed in Drosophila fed
with zoledronate. Drosophila’s climbing ability
declined with age but significant increase in the

proportion of high climbers was observed in flies
treated with zoledronate. An increase in intestinal
stem cell proliferation compatible with epithelial
dysplasia was observed with age and this was
significantly decreased in the intestines of aged
females treated with zoledronate. These results
suggest that pharmacological intervention with
zoledronate may improve survival and healthspan
with age.

P21
Bone targeted fluoroquinolone antibiotic
conjugate bisphosphonates for the
treatment of osteomyelitis biofilms
Parish Sedghizadeh1, Shuting Sun2, Philip Cherian2,
Esmat Sodagar1, Jeffrey Neighbors2, 3, R. Graham
G. Russell4, 5, Charles E. McKenna6, Frank H.
Ebetino1

1Center for Biofilms, Ostrow School of Dentistry, University
of Southern California, Los Angeles, CA 90089, USA;
2BioVinc LLC, Pasadena, CA USA; 3Department of
Pharmacology and Medicine, Pennsylvania State
University College of Medicine, Hershey, Pennsylvania
17033, United States, 4The Botnar Research Centre,
Nuffield Department of Orthopaedics, Rheumatology,
and Musculoskeletal Sciences, University of Oxford,
Oxford OX3 7LD, UK; 5The Mellanby Centre for Bone
Research, Department of Oncology and Metabolism,
University of Sheffield, Sheffield S10 2RX, UK;
6Department of Chemistry, Dana and David Dornsife
College of Letters, Arts and Sciences, University of
Southern California, Los Angeles, CA 90089, USA

Current treatments for osteomyelitis are often
inadequate due to the limited access of
systemically administered antibiotics to sites where
causative bacteria (e.g. S. aureus) can reside in
biofilms on bone, including the osteocytic
canalicular network. We have been investigating a
“target and release” approach involving delivery of
the fluoroquinolone antibiotics via bisphosphonate
(BP) conjugates, utilizing serum-stable drug-BP
linkers that metabolize and release the antibiotics
at the bone surface. Pharmacologically “inert” BPs
are utilized to avoid confounding antiresorptive
effects from this carrier. Quantitative determination
of the CFU of bacteria from resected peri-prosthetic
osteomyelitis tissue showed that a single dose of
15.6 μmol/kg of a bisphosphonate-carbamate-
ciprofloxacin conjugate, BV600022, gave a ca. 10-
fold greater suppression of bacteria relative to
multiple doses of ciprofloxacin at a 6-fold higher
total dose. The single dose of 10 mg/kg of conjugate
was highly significant (p=0.0005, unpaired t-test)
compared to the control arm. Also, a non-cleavable
linked conjugate was nearly inactive in
osteomyelitis biofilms grown on hydroxyapatite
(HA) surfaces in vitro. Optimization of this series of
analogs has involved studies of the susceptibility of
bacterial biofilms cultured on simulated bone
surfaces. A new carbamate-linked conjugate analog
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calcein and they further demonstrate the
propensity of BPs to label resorbing as well as
forming surfaces.

Our BP related diagnostic studies have extended to
the first BP based 18F-PET scanning probe (18F-RIS-
SFB), which has been useful in further
demonstrating early bone involvement in a rat
model of rheumatoid arthritis. High uptake of our
18F-PET scanning probe was observed even before
visible signs of inflammation, unlike results with the
control Na18F-PET scanning probe. We hope earlier
diagnosis of bone involvement will improve
treatment strategies for arthritis patients in the
long term. These new probes may also find utility in
other bone related diseases such as multiple
myeloma where resorptive processes are prevalent.

DISCLOSURE: S. Sun, F.H. Ebetino, and C.E. McKenna
are shareholders of BioVinc. S. Sun, F.H. Ebetino and
P. Cherian are employees of BioVinc.

P26
Competitive Equilibrium-based
Bisphosphonate Displacement to
enhance extraction socket healing in a
model of the early stages of
Bisphosphonate-related Osteonecrosis of
the Jaw (BRONJ)
Shuting Sun1,2, Akishige Hokugo2,3, Frank H.
Ebetino1,4, Philip Cherian1, Charles E. McKenna5,
Ichiro Nishimura2

1BioVinc LLC, Pasadena, CA USA; 2Weintraub Center for
Reconstructive Biotechnology, UCLA School of Dentistry,
Los Angeles, CA 90095, USA; 3Department of
Regenerative Bioengineering and Repair Laboratory,
Division of Plastic and Reconstructive Surgery,
Department of Surgery, David Geffen School of Medicine
at UCLA, Los Angeles, CA 90095, USA; 4Department of
Chemistry, University of Rochester, Rochester, NY 14627,
USA; 5Dana and David Dornsife College of Letters, Arts
and Sciences, University of Southern California, Los
Angeles, CA 90089, USA

Bisphosphonate-related osteonecrosis of the jaw
(BRONJ) is a rare but serious concern for oral
surgery patients who have received a nitrogen-
containing bisphosphonate (BP) drug to avoid
skeletal complications and bone pain due to
multiple myeloma or metastatic bone cancer. We
continue to study the concept of legacy
bisphosphonate displacement via local
administration with a suitable inactive BP as an
approach to prevent or treat this potential side
effect.

We have developed several novel low activity BP
compounds that facilitate displacement at the
jawbone for this purpose. This includes the design
of fluorescent BPs including ICG-conjugated
analogs which offer an imaging moiety that is
approved as a human diagnostic. Thus, our analogs
are designed to maintain their bone affinity, but not

possess pharmacological activity typical for
nitrogen containing BPs. Useful bone affinity was
demonstrated with these new fluorescent BP
analogs on incubation with hydroxyapatite.  Anti-
prenylation, activity (a marker for the potential to
inhibit bone resorption) was evaluated in J744.2
macrophages.

Efficacy to prevent the development of Zol-induced
ONJ was determined in female 8-10 wk old C57B16J
mice pretreated with 500 µg/Kg ZOL. Subsequently,
mice were subjected to an intra-oral injection of
vehicle saline, or a low activity BP to the palatal
mucosa adjacent to a maxillary first molar. Ten days
later, the maxillar first molar was extracted. Two
weeks after tooth extraction, the treated maxilla
exhibited a marked reduction of inflammation vs
saline control animals. The area of necrotic bone
over the left palatal bone area was also reduced vs
saline treated animals. Our results provide support
for the proposal that local BP displacement
prophylaxis, prior to dental surgery, can prevent or
mitigate the induction of MRONJ associated with
legacy nitrogen containing BP accumulated in the
jawbone after routine therapy, while preserving the
therapeutic effect of NBPs at other diseased
skeletal sites.

DISCLOSURE: S. Sun, F.H. Ebetino, and C.E. McKenna
are shareholders of BioVinc. S. Sun, F.H. Ebetino and
P. Cherian are employees of BioVinc. I. Nishimura
was a consultant to BioVinc. 

P27 
Bisphosphonate use in the horse
demonstrates improved gait is
independent of the inhibition of bone
resorption
A Mitchell1, AE Watts2, FH Ebetino3, LJ Suva1

1Department of Veterinary Physiology and
Pharmacology; 2Large Animal Clinical Sciences, College
of Veterinary Medicine and Biomedical Sciences, Texas
A&M University, College Station, TX USA; 3Department of
Chemistry, University of Rochester, Rochester, NY, USA

Despite the well-characterized health benefits of
BPs in humans, little is known regarding the effects
of BPs in the horse. In the equine setting, only non-
nitrogen-containing BPs are FDA-approved for the
treatment of navicular syndrome. Given the
potential for complications of BP use in humans
such as acute-phase reactions, esophagitis,
gastritis, and an association with very infrequent
atypical fractures and osteonecrosis of the jaw, it is
critical to understand the effects of BPs in the
horse. Our goal was to determine if clodronate
given at the clinically relevant dose could alter any
cellular parameter or ultimately bone resorption.
Twelve university-owned horses were used for this
study. Inclusion criteria included horses on the
equestrian team that were competing during the
fall 2016 semester and had not previously received
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reduction in Opg improved the skeleton phenotype
observed at the end of growth, while Rank over-
expression made it worse. Analysis of the skeleton
phenotypes at ten months confirmed the
beneficial effect of Opg allelic reduction, while Rank
over-expression seemed to freeze the situation.

CONCLUSION: In conclusion, the level of activity of
RANKL signalization in the bone microenvironment
was shown to be implicated in the modulation of
the skeleton’s phenotypic response to
bisphosphonates, with differing impacts of Opg
invalidation and Rank over-expression, whose
molecular deciphering formed the next challenge.

DISCLOSURES: None

P24
TLR9 regulates inflammatory effects of
bisphosphonates.
N Petruk1, L Närhi1, L Polari2, P Rantakari3, TA
Hentunen2, J Vääräniemi2, J Sandholm4, J Määttä2,
K Väänänen2, JM Tuomela1*, KS Selander5* 
University of Turku: Institute of Biomedicine, Cancer
Research Laboratory FICAN West1; Institute of
Biomedicine;, Institute of Biomedicine, MediCity Research
Lab3; University of Turku and Åbo Akademi University, Cell
Imaging Core4; University Hospital of Oulu, Department
of Oncology5, Finland.
*equal contribution

RATIONALE AND HYPOTHESIS: N-BPs induce pro-
inflammatory effects by activating cellular protein
complexes called inflammasomes. This activation
results in cytokine up-regulation. Inflammasome
activation is antagonized by TLR9, an innate
immune DNA-receptor and also an important
regulator of inflammation.  Whether the anti-
inflammatory effects of p-BPs also involve
inflammasomes, is not known. It is also not known
whether TLR9 has a role in BP-induced
inflammation and whether the inflammatory
responses to BPs affect their ability to inhibit
osteoclasts. 

OBJECTIVE: Our aim was to investigate whether BP
effects on inflammasomes/TLR9 also influences
their bone effects. The studies were conducted with
WT and TLR9 ko mice, which were treated with PBS,
clodronate or zoledronate. The bones were assayed
with µCT and Dexa, plasma cytokines were assayed
with ELISA. Osteoclast precursors were derived
from bone marrow cells of WT or TLR9 ko mice and
cultured in the presence or absence of BPs. TRACP+
osteoclasts were counted microscopically.

RESULTS: Clodronate induced a significant increase
of osteoclasts in TLR9 ko, but not in WT bone
marrow cultures. Zoledronate induced a significant
decrease in osteoclast formation in both WT and
TLR9 ko bone marrow cultures, but the effect was
significantly reduced in cultures derived from TLR9
ko mice. Clodronate-treatment significantly

decreased osteoclast numbers at epiphyses in WT
but not in TLR9 ko mice. Both clodronate and
zoledronate induced a significant increase in BMD
in WT-mice. Their effects on BMD in TLR9 ko mice
were significantly reduced. Clodronate and
zoledronate significantly decreased trabecular
separation (ts) in WT mice. Such effects were absent
(clodronate) or significantly decreased
(zoledronate) in TLR9 ko mice. Zoledronate had
differential effects on various plasma cytokines
between WT and TLR9 ko mice. 

CONCLUSIONS: TLR9 mediates inflammatory effects
of bisphosphonates and this influences their effects
on bone.

DISCLOSURES: None

P25
Bisphosphonate based imaging probes:
new tools for bone imaging and disease
diagnosis
Shuting Sun1,2, Philip Cherian1, Zibo Li3, Charles E.
McKenna4, Frank H. Ebetino1,5

1BioVinc LLC, Pasadena, CA USA; 2Weintraub Center for
Reconstructive Biotechnology, UCLA School of Dentistry,
Los Angeles, CA 90095, USA; 3Department of Radiology,
School of Medicine, University of North Carolina, Chapel
Hill, NC 27599, USA; 4Department of Chemistry, Dana and
David Dornsife College of Letters, Arts and Sciences,
University of Southern California, Los Angeles, CA 90089,
USA; 5Department of Chemistry, University of Rochester,
Rochester, NY 14627, USA

Due to their specific bone binding properties,
bisphosphonates (BPs) are considered ideal carriers
to deliver imaging agents or drugs to sites of bone
disease. We have developed a fluorescent imaging
“toolkit” with more than 20 probes derived from
multiple clinically relevant heterocyclic N-BP drug
classes (eg. risedronate, zoledronate and
minodronate). The ‘toolkit’ contains a series of
fluorescent probes ranging from visible to near
infrared optical window as well as a wide range of
mineral affinities. In addition, we have obtained
evidence that certain probes (e.g. the FAM- and
ROX- conjugates) have anti-prenylation and anti-
resorptive effects in vitro and in vivo, demonstrating
that some probes can also retain some
antiresorptive related activity.

The diverse spectroscopic and pharmacological
properties available within this fluorescent imaging
probe “toolkit” has been successfully utilized in
various biological research projects including
skeletal distribution, osteoclast imaging, and other
cellular labelling studies. Their use has now
extended to studies and therapy development in
dental abnormalities, cancer imaging, cochlear
imaging, and arthritis models. The fluorescent
bisphosphonates are demonstrated to be a more
permanent marker of bone metabolism than
traditional histomorphometric labels such as
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scale (VAS) and ability to each medication to
achieve remission of CNO activity.

RESULTS: According to the NSAID, MTX, SSZ, PAM
and TNFα-inh groups the following data were
registered: patient’s VAS:  -14.2% (p=0.05), -50.0%
(p=0.04), -23.1 (p=0.89), -83.3% (p=0.0001), -73.6%
(p=0.0007);  painVAS: -21.9% (p=0.01), -18.6% (p=0.13),
+36,4 (p=0.89), -79.7% (p=0.00016), -74.1%, (p=0.0015);
MDVAS: -13.8% (p=0.13); -56.4% (p=0.09), +30.8%
(p=0.89), -74.7%, (p=0.0001), -82.1 (p=0.0015)
respectively. The ability of each treatment strategy
to achieve the CNO remission was 52.6%, 44.4%,
57,1%, 88.8% and 73.3% respectively (log-rank test,
p=0,001). 

CONCLUSION: The efficacy of treatment approaches
for CNO depended on the severity of the disease.
NSAID, methotrexate, and sulfasalazine were
effective in forms without spine involvement, but
pamidronate and TNF-a inhibitors were useful in
vertebral forms of CNO. Pamidronate provides the
highest remission rate compare studied
medications. The randomized controlled trials for
assessment of the efficacy and safety of these
medications is mandatory to confirm these results.

This work supported by the Russian Foundation for
Basic Research (grant № 18-515-57001).

DISCLOSURES: None

P30
A paradoxical acute hypercalcaemia
following a bisphosphonate infusion – a
case report 
L Passby1, W Ripley2, K Earp3, I Pernicova4.
1Academic F2 Doctor, Sheffield Teaching Hospitals NHS
Foundation Trust, Sheffield, UK; 2F1 Doctor, Sheffield
Teaching Hospitals NHS Foundation Trust, Sheffield, U;.
3Consultant Chemical Pathologist, Sheffield Teaching
Hospitals NHS Foundation Trust, Sheffield UK;
4Consultant Endocrinologist, Sheffield Teaching Hospitals
NHS Foundation Trust, Sheffield UK.

RATIONALE AND HYPOTHESIS: Bisphosphonate
infusion carries a risk of hypocalcaemia and is
routinely prescribed to treat acute hypercalcaemia
after fluid replacement. We describe a case report
where calcium started to rise paradoxically one
week after a zoledronic acid infusion. 

OBJECTIVES: To identify the cause and management
for the unexpected hypercalcaemia.

METHODOLOGY: Case review.

RESULTS: A 71-year-old lady was admitted with
increasing lethargy and confusion following an
annual infusion of IV bisphosphonate for
osteoporosis. The patient reported a similar
phenomenon following her infusion the year
previously, which was concluded to be
bisphosphonate-related. Her other past medical
history included poor mobility following a spinal

surgery for a schwannoma, a suprapubic catheter,
NAFLD with varices, and T2DM. Mild
hyperammonaemia was treated with lactulose,
empirical antibiotics were given. Her admitting
calcium was 2.49 (normal); she was vitamin D
replete.  Among other medications, she was on
long-term Adcal D3 supplementation and
sucralfate.  One week after bisphosphonate infusion
her calcium started to rise, at which point oral
supplements were stopped. The calcium continued
to rise and peaked at 3.08mmol/L, subsequently
returning to normal with IV fluids over the following
10 days. Meanwhile, her PTH and PTH-rp were
suppressed, her 1,25 dihydroxyvitamin D, serum
ACE, myeloma screen and 24hr urinary calcium
were normal, and no malignancy or evidence of
granulomatous disease was identified on CT-TAP or
NM-SPECT. Her P1NP was relatively elevated given
recent zoledronate but the interpretation is difficult
in liver disease. Her albumin and eGFR remained
unchanged. She had a nocturnal hypoventilation
compensated by bicarbonate retention. 

DISCUSSION: 90% of hypercalcaemia is due to
primary hyperparathyroidism or malignancy. 

Milk-alkali syndrome compounded with immobility
were considered the culprits of this hypercalcaemia
through history and by exclusion. This unusual case
highlights that calcium and vitamin D
supplementation needs to be monitored cautiously
in patients with complex metabolic dysfunctions.

DISCLOSURES: None

P31
Healing of myeloma bone disease with
bone anabolic therapy – are
bisphosphonates really necessary?
A.C. Green1,2, D.L. Lath1,2, K. Hudson1,2, B. Walkley3,
J.M. Down1,2, R. Owen3,4, H.R. Evans1,2, M.A. Lawson,
A.D. Chantry1,2,5

1Sheffield Myeloma Research Team, Department of
Oncology and Metabolism, Medical School, University of
Sheffield, Beech Hill Road, Sheffield, S10 2RX, UK;
2Mellanby Centre for Bone Research, University of
Sheffield Medical School, University of Sheffield, Beech
Hill Road, Sheffield, S10 2RX, UK; 3Department of
Materials Science and Engineering, The University of
Sheffield, Sheffield, S1 3JD, UK; 4INSIGNEO Institute of in
silico medicine, Department of Materials Science and
Engineering, University of Sheffield, Sheffield, S1 3JD, UK;
5Department of Haematology, Sheffield Teaching
Hospitals NHS Foundation Trust, Royal Hallamshire
Hospital, Glossop Road, Sheffield, S10 2JF, UK.

RATIONAL AND OBJECTIVES: Multiple myeloma
causes a destructive bone disease in ~90% of
patients and bisphosphonates do little to repair
existing bone damage. This study aimed to
determine if bone recovers after chemotherapy and
if this is enhanced by bone anabolic therapy,
without the use of bisphosphonates.
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bisphosphonate treatment. Horses were randomly
placed into either the treatment group receiving
1.4mg/kg clodronate (OSPHOS®; n=6) or an
equivalent volume of placebo (CONT; n=6). Bone
marrow for OBL and OCL cultures as well as blood
was evaluated weekly for 8 weeks before and after
drug administration (clodronate or placebo) for
bone turnover markers CTX-I and osteocalcin.
Lameness evaluations were performed to assess
any change in lameness one week before and one,
2, 3 and 8 weeks after drug administration. Coach
questionnaires were performed to assess for
change in ridden performance one, 2, 3 and 8
weeks after drug administration. No significant
differences were observed in bone cell
differentiation or serum CTX-I or osteocalcin levels.
A small but significant decrease in forelimb
lameness was detected in clodronate-treated
horses one week after treatment (p = 0.005). There
were no significant differences in hindlimb
lameness. Coaches identified an improvement in
performance significantly more often in clodronate
vs. CONT (p = 0.01) at week 8. A single dose of
clodronate appears to reduce lameness without
producing any demonstrable effects on serum
bone turnover markers

DISCLOSURES: None

P28
The experience of pamidronate
treatment in 43 children with
osteogenesis imperfecta.
Mikhail Kostik1, Rena Idrisova1, Dmitry Buklaev2,
Arthur Bergaliev2, Eugenia Isupova1, Irina Chikova1,
Olga Kalashnikova1

1Saint-Petersburg State Pediatric Medical University,
Saint-Petersburg, Russian Federation; 2The Turner
Scientific Research Institute For Children’s Orthopedics,
Saint-Petersburg, Russian Federation

OBJECTIVES: The purpose of our study was to
evaluate the bone mineral accrual in children with
osteogenesis imperfecta (OI) treated by
pamidronate (PAM). 

METHODOLOGY: in retrospective study 43 children (17
boys and 26 girls) with OI (I type-13; III type-24; IV
type-4; V type-1; Bruck syndrome-1) were included.
The standard protocol with cyclic PAM infusions (3
consequent days 3-4 times in a year) was applied in
annual cumulative dose ranged from 9 to 12 mg/kg.
Observation period was 24 months. Bone
mineralization parameters were detected by dual-
energy X-ray absorptiometry of lumbar spine L1-L4
(densitometer Hologic QDR 4500C, with pediatric
reference database).  We evaluated bone mineral
density (BMD) - Z-score, measured in standard
deviations and deficiency in percentages.  All
patients were divided in 2 groups:  1st group (mild-
OI I type) and 2nd group (moderate-severe, all other
types).

RESULTS: During 2 years of PAM treatment we have
observed BMD-Zscore accrual (p=0.000001),
decreasing the BMD deficiency (p=0.0007) and
fracture rate reduction (p=0.003). BMD-Zscore
increased from -3,2 (-4,5; -2,2) SD to SD in 1 year
(p=0.0003); -2,4 (-3,7; -1,4)  SD in 2 years (p=0.005).
The deficiency of BMD changed from -34.0% (-22.0;
-46.0) to -27.0% (-17.0; -38.0) in 1 year (p=0.0001); -
23.0% (-12.0%; -26.0%) in 2 years (p=0.00009).
Patients with OI I type had more intensive bone
mineral accrual compare to moderate-severe
patients: in 1 year: BMD Zscore +50.0% (4,9-68,4) vs
+3,2% (0-15,9) , p=0.077;  BMD deficiency +13.0% (4,2-
31.8) vs +5,6% (2,6-29,4), p=0.022; in 2 years: BMD
Zscore +53,7% (24,6-67,1) vs +14,3 (5,6-20)%, p=0.01;
BMD deficiency +34,3% (24-54,1) vs +16,4% (4,7-26,8),
p=0.022

CONCLUSION: PAM treatment was effective in bone
mineral accrual and fracture reduction. Patients
with mild form of OI increased BMD more effective
then moderate-severe forms.

DISCLOSURES: None

P29
Pamidronate provides the highest
remission rate in the chronic non-
bacterial osteomyelitis, compare to
antirheumatic drugs and tumor necrosis
factor-a inhibitors
Mikhail M. Kostik1, Olga L. Kopchak2, Irina A.
Chikova1, Eugenia A. Isupova1, Alexander Y.
Mushkin3

1Saint-Petersburg State Pediatric Medical University,
Saint-Petersburg, Russian Federation; 2Kirov’s regional
children’s hospital, Kirov, Russian Federation; 3Science
Research Institute of Phthisiopulmonology, Saint-
Petersburg, Russian Federation

RATIONALE AND HYPOTHESIS: chronic non-bacterial
osteomyelitis (CNO) is a chronic inflammatory bone
disease which usually manifests in children and
adolescents. There are a few data about
pathogenesis and treatment.

OBJECTIVES: The aim of the study:  to compare the
efficacy of different treatment approaches in
pediatric CNO cohort patient. 

METHODOLOGY: 52 children (25 boys and 27 girls)
with CNO with the average age at the onset of the
disease 8.4 years (5.4; 11.0), the number of foci - 3.0
(2.0; 6.0, incl. multifocal cases in 80.8%).  Non-steroid
anti-inflammatory drugs (NSAID) was the first-line
treatment for non-vertebral cases, as well as
pamidronate (PAM) for vertebral involvement.
Second-line treatment includes sulfasalazine (SSZ),
methotrexate (MTX), PAM and tumor necrosis
factor-α inhibitors (TNFα-inh). 

We evaluated the dynamics of pain, patient’s and
physician’s (MDVAS) assessment with visual-analog
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P33
The pharmacological profile of a novel
highly potent bisphosphonate, OX14 (1-
fluoro-2-(imidazo-[1,2 alpha]pyridin-3-
yl)ethyl-bisphosphonate), with reduced
bone affinity, which is as effective as
zoledronate in the treatment of myeloma
bone disease in JJN3-NOD/SCID-γmice   
MA Lawson1,2 FH Ebetino1,2,3 A Mazur,4 AD Chantry1,2

J Paton-Hough1,2 HR Evans1,2 D Lath1,2 MK
Tsoumpra1,2 MW Lundy,5 RLM Dobson,6 M Quijano,6

AA Kwaasi,7 JE Dunford,7 X Duan,7 JT Triffitt,7 G
Jeans,6 and RGG Russell1,2,7

1Department of Oncology and Metabolism, Medical
School, University of Sheffield, UK; 2Mellanby Centre for
Bone Research, Medical School, University of Sheffield,
UK; 3Department of Chemistry, University of Rochester,
Rochester, NY, USA; 4TWI Chem LLC, Mason, OH, USA;
5Department of Anatomy and Cell Biology, Indiana
University, Indianapolis, IN, USA; 6Procter & Gamble,
Mason, OH, USA; 7Nuffield Department of Orthopaedics,
Rheumatology and Musculoskeletal Sciences, The Oxford
University Institute of Musculoskeletal Sciences, The
Botnar Research Centre, Nuffield Orthopaedic Centre,
Oxford, UK

Bisphosphonates are used in the treatment of a
variety of diseases with skeletal complications. With
the development of more potent compounds, there
is the potential for further improvement.  One
concept is to use compounds with a reduced
affinity for bone, reducing their long-term retention
and possible adverse events, as well as potentially
enhancing their non-skeletal benefits. We
hypothesise that a highly potent bisphosphonate
with low bone affinity, known as OX14, will be as
effective as bisphosphonates currently used in the
clinic. The aim of this work was to evaluate the use
of OX14 in vitro and in vivo. The binding of OX14 to
hydroxyapatite and its ability to inhibit FPPS was
compared to other bisphosphonates. The excretion
rate and anti-resorptive potency of OX14 was
assessed in a growing rat model. The effects of
different doses of OX14 on bone integrity were
assessed in naïve mice and its therapeutic effect
was compared to ZOL in the JJN3-NSG murine
model of myeloma. OX14 was more potent than
ZOL at inhibiting FPPS and had a lower binding
affinity to hydroxyapatite than ZOL, ALEN, IBAN or
RIS. In a growing rat model, OX14 was more
effective than RIS at increasing BMD. In addition, it
was excreted into the urine to a greater extent than
other bisphosphonates currently used clinically,
indicating lower skeletal retention. In non-tumour
mice, OX14 was shown to have a dose dependent
effect on bone and was as effective as clinically
relevant bisphosphonates. In a murine model of
myeloma-induced bone disease, OX14 was shown
to be as effective as ZOL at preventing the
formation of osteolytic lesions. In summary, OX14 is
a highly potent bisphosphonate with lower bone

affinity than other bisphosphonates, and this may
offer potential advantages in eventually treating
patients who require bisphosphonates for their
skeletal or non-skeletal benefits.

DISCLOSURES: None

P34
Scientific discoveries and technological
developments with bisphosphonates
(BPs) in Argentina, 1972-2019
EJA Roldán1, J Castorina1

1New Ventures and Innovation Division, Gador SA, Buenos
Aires, Argentina  

Since 1984, more than 400 original contributions
related to BPs have been presented at the
Argentinean Bone & Mineral Association (AAOMM)
meetings.  From the 1970s onwards, Gador SA have
played a key role in developments in this field, often
involving international collaborations and
publications. 

Gador SA manufactures BP raw materials (1996) for
worldwide use.  Numerous patents have been
generated eg for etidronate (1972) and for N-BPs
(stable hydrated forms; 1979), and for bone scanning
devices (1995).  Oral pamidronate in enteric-coated
soft gelatin capsules was launched in 1987
(Aminomux®), as the first amino-BP available in the
world. 

Drinkable solutions of BPs have been developed
using a high viscosity liquid to transit a bolus of
soluble BPs to the duodenum, eg Bonesol®, a liquid
form of alendronate (2010). A number of patches,
gels, sprays, and BP nanoparticles have also been
evaluated.

Development of toothpastes and mouthwashes
started in 1977, and Gador SA still produces
toothpastes containing etidronate to combat
plaque. 

Gador SA have been involved in many clinical
studies with BPs, in osteogenesis imperfecta, in BP-
resistant Paget’s bone disease, and also in multiple
myeloma and arthritis osteolysis.

The synthesis of new BPs and understanding their
properties has led to several novel observations.
Olpadronate is a di-methyl derivative of
pamidronate and is 7fold more soluble than
alendronate.  It has been shown to be clinically
effective.  A particularly interesting BP is
lidadronate (IG-9402), in which the R1 -OH group of
olpadronate is replaced by an amino group, -NH2.
This markedly reduced its anti-resorptive effects,
but lidadronate still enhances bone mass, probably
by exerting pro-survival effects on osteocytes and
osteoblasts.

Non-skeletal activities of BPs include anti-parasite
activities in Chagas disease and schistosomiasis.
There are many opportunities for repurposing BPs
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METHODS: Human U266-GFP-luc myeloma cells
were i.v. injected into NSG mice (n=7/group). After
tumour and osteolytic lesion development, mice
were administered first-line chemotherapeutics
(bortezomib + lenalidomide) ± a bone anabolic
(SD208; transforming growth factor (TGF)β receptor
I kinase inhibitor) or vehicles for 2 weeks. Tumour
and bone lesions were monitored in vivo by
bioluminescent imaging, serum paraprotein and
μCT. Flow cytometry, histomorphometry, μCT, TRAP
and P1NP ELISAs, QPCR, Raman spectroscopy and
3-point bending were performed at endpoint.
Myeloma and healthy patient bone marrow stromal
cells (BMSCs) were treated with TGFβ±SD-208 in
osteogenic media, osteogenic differentiation was
assessed by alkaline phosphatase staining and
QPCR.

RESULTS: Vehicle-treated mice exhibited progressive
lesion development and virtually no trabecular
bone at endpoint. Total lesion area was unchanged
after 1 week of chemotherapy, but after 2 weeks
lesions began to repair, with reduced TRAP+
osteoclasts and increased osteoblasts (p<0.05). Mice
treated with chemotherapy + SD-208 exhibited
enhanced repair of bone lesions, with partial repair
of perforating lesions within 1 week and complete
repair within 2 weeks, with improvement over
chemotherapy alone (p<0.05). SD-208 significantly
increased trabecular bone volume after 2 weeks
(p<0.05). Analysis of bone material and mechanical
properties found enhanced matrix maturation and
fracture resistance with SD-208 (p<0.05). SD-208
promoted osteoblastic differentiation of patient
BMSCs.

CONCLUSION: SD-208 enhanced healing of myeloma
bone disease and fracture resistance when
administered with first-line chemotherapeutics
and promoted osteoblastic differentiation of
patient BMSCs, providing incentive for clinical
translation to improve patient bone outcomes. The
effectiveness of SD-208 and chemotherapy in
combination with bisphosphonates is currently
being investigated.

DISCLOSURES: None

P32
Novel niclosamide-bisphosphonate
vectors as bone-targeted therapy for
multiple myeloma
Down JM1,2,3, Jiang Y4, Cagnol S5, Egorov M5,
Khanim F4, Lawson MA1,2,3

1Department of Oncology and Metabolism, University of
Sheffield, Sheffield, UK; 2Mellanby Centre for Bone
Research, University of Sheffield, Sheffield, UK; 3Sheffield
Cancer Centre, University of Sheffield, Sheffield, UK;
4School of Biosciences, University of Birmingham,
Birmingham, UK; 5Atlanthera, Saint-Herblain, France

Myeloma remains a largely incurable cancer
despite improvements in survival outcomes over

the last few years, due to the development of better
therapies. However, these therapies are often not
suitable for old, frail patients due to significant
toxicities. Niclosamide has been identified to have
significant anti-myeloma effects in vitro. However,
adverse effects have been observed using
niclosamide in preclinical models of myeloma. In
patients, it has been limited due to its poor
bioavailability. Therefore, we conjugated
niclosamide to 4 different bone-seeking
bisphosphonate vectors (ATA-N1 to ATA-N4). We
hypothesised ATA vectors would target the bone
and niclosamide would retain its anti-myeloma
activity when released. We aimed to test the
efficacy of the niclosamide vectors compared to
native niclosamide in vitro and assess any adverse
effects in vivo. Myeloma cells lines (U266, JJN3 &
5TGM1) were incubated with 1 µM ATA-N1, ATA-N2,
ATA-N3, ATA-N4, native niclosamide or vehicles and
cell viability was assessed at 24, 48 and 72 hours. 7
week-old C57BL/6 mice were treated intravenously
with 30 µmoles/kg of ATA-N1, ATA-N2, ATA-N3 or
vehicle. Animals were monitored and culled 3
weeks later. Micro-CT of the long bones were
assessed for differences in bone parameters and
histological sections assessed for changes in bone
marrow. ATA-N2 and ATA-N4 reduced cell viability
at 72 hours in all cell lines. Using hydroxyapatite
coated wells ATA-N2 and ATA-N4 reduced viability
in 5TGM1, ATA-N2 reduced viability in U266 & JJN3.
In non-tumour bearing mice treated with the
niclosamide vectors no toxicity was observed
throughout the 3 weeks. No significant differences
in trabecular or cortical bone volume of tibias and
femurs or any detrimental effects on the bone
marrow microenvironment were observed in mice
treated with niclosamide vectors compared to
control. 

CONCLUSIONS: ATA-N2, ATA-N4 have anti-myeloma
activity in vitro and show no adverse effects in vivo.

DISCLOSURES: None
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DISCLOSURES: Received industry support from
Celgene (equipment grant) and honoraria from
Amgen and AbbVie.

P38
Innovative approaches to creation of
bifunctional hydroxybisphosphonic
molecules for specific drug delivery to
the bone
M Egorov, JY Goujon, E David, S Cagnol, R Le Bot 
ATLANTHERA, 3 rue Aronnax, 44800, Saint-Herblain,
France

Atlanthera R&D company develops new
therapeutic agents for the treatment of bone
diseases such as bone tumor, osteoarthritis,
osteonecrosis and pain by targeting the bone
environment with innovative hydroxybisphonate
(HBP)-conjugated drugs. 

These molecules consist of three chemical parts:  a
potent API covalently attached through a linker to
the bone targeting HBP vector. Linkers are
designed to bind the API on specific functional
groups and can also turn the API into a prodrug, by
controlling its release in the pathological bone
microenvironment. The HBP-vector type
determines the antiresorptive activity strength and
provides a greater water solubility to hydrophobic
APIs. As a result, these bifunctional HBP molecules
improve the physicochemical, biopharmaceutical
or pharmacokinetic properties of the parent API by
increasing its concentration and efficiency in the
bone environment and reducing systemic toxic side
effects.  Moreover, in term of drug development
strategy, these bifunctional HBP molecules permit,
as new chemical entities, the repurposing of
existing drugs optimizing their life cycle.

Atlanthera has developed new chemical
approaches to synthetize bifunctional HBP
molecules that were not easily accessible in the
prior art and special methods of manipulation of
these products: the purification, the analysis, etc.
Atlanthera owns general method of HBP group
creation and developed dozens of innovative linkers
and HBP vectors conjugated to various parent API
ranging from small molecules to large and complex
multifunctional ones (MW ~200-2000). Beside
innovative chemistry, Atlanthera has developed
different in vitro and animal models for drug testing
in bone oncology, inflammation, pain and infection.

The preclinical proof of the concept of Atlanthera -
bone targeting, therapeutic efficacy and reduced
toxicity - was carried out with our lead candidate in
oncology, the HBP conjugated doxorubicin 12b80
molecule. 

As result, Atlanthera has created global platform for
custom drug vectorization for osteoarticular
pathologies treatments.   

DISCLOSURES: None

P39
HBP-bound doxorubicin 12b80: a
promising new therapy for bone cancer 
Emmanuelle David, Sébastien Cagnol, Jean-Yves
Goujon, Maxim Egorov, Ronan Le Bot 
ATLANTHERA, 3 rue Aronnax, 44800, Saint-Herblain,
France

To reply to as yet unmet medical needs to treat
tumors localized in bone environment, Atlanthera
has developed the new compound 12b80: the
anticancer drug doxorubicin bound to a bone
targeting hydroxybisphosphonate (HBP) vector
through a pH sensitive linker. 

12b80 was administered by IV injection every 3
weeks. Compared with doxorubicin, 12b80 showed
a much lower and reversible toxicity: mild medullar
toxicity was recovered within two weeks and no
sign of cardiotoxicity or osteonecrosis were
observed in rodents and dogs. 12b80 displayed
rapid and sustained targeting of bone tissue and
tumor-associated heterotopic bone and permitted
a higher doxorubicin payload in tumor bone
environment. Doxorubicin release from 12b80 was
triggered by acidic pH associated with active bone
tumor environment. 12b80 promoted strong
antitumor effects in various rodent model of
primary bone sarcoma (orthotopic xenograft
models of osteosarcoma and Ewing sarcoma),
osteosarcoma-derived lung metastasis and
prostate or breast adenocarcinoma bone invasion.
Therapeutic effect was dose-response dependent
and was more potent than combination of
doxorubicin and zoledronate. 

The latest Phase I range finding veterinary trial in
companion dogs with spontaneous osteosarcoma
resulted in a recommended dose of 12b80 at 8
mg/kg. Low grade and reversible allergic and
digestive side effects were detected in absence of
any hematopoietic, renal, hepatic or cardiac toxicity.
Efficacy of 12b80 was associated to a decrease in
serum alkaline phosphatase levels, an
improvement of the quality of life and an overall
survival greater than 6 months. Moreover, tumor
response was confirmed by CT imaging and by the
stabilization of tumor mitotic index or necrotic
response in tumor biopsy samples.

HBP-bound doxorubicin 12b80 molecule
demonstrated a proof of concept of preclinical
bone-targeted doxorubicin delivery. The next step
is to complete regulatory phase before starting
12b80 clinical trial (Phase I/IIa) as an orphan drug in
osteosarcoma salvage therapy.

DISCLOSURES: None
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for new indications, and for alternative modes of
administration.

DISCLOSURES: EJAR and  JC are Gador S.A.
employees
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P36
Genome-wide Screens Reveal Molecular
Determinants of Nitrogen-containing
Bisphosphonates’ Action 
Lauren Surface1, Zhou Yu2,3, Ji Woong Park4,
Michael Mannstadt1, Erin O'Shea2,3, Timothy
Peterson4

1Endocrine Unit, Massachusetts General Hospital, and
Department of Medicine, Harvard Medical School,
Boston, MA. 2Department of Molecular and Cellular
Biology, Faculty of Arts and Sciences Center for Systems
Biology, Harvard University, Cambridge, MA 02138, USA.
3Howard Hughes Medical Institute, 4000 Jones Bridge
Road, Bethesda, MD 20815, USA. 4Division of Bone &
Mineral Diseases, Department of Genetics, Institute for
Public Health,Washington University School of Medicine,
BJC Institute of Health, 425 S. Euclid Ave., St. Louis, MO
63110, USA.

RATIONALE & HYPOTHESIS: Nitrogen-containing
bisphosphonates (NBPs) are the standard of
treatment for several bone diseases, including
osteoporosis. While the use of NBPs is quite
common, we still lack a clear mechanistic
understanding of the process by which these
highly-charged drugs enter, traffic through, and
reach their molecular targets. In addition,
associations between the prolonged use of NBPs
and the risk of atypical femoral fractures further
emphasize the need for increasing the number of
genes implicated in NBPs’ action. We hypothesized
that an unbiased screen could identify novel genes
that underlie responsiveness to NBPs. 

METHODOLOGY: To investigate this, we utilized two
distinct high-throughput genetic screens to
identify genes involved in NBP-induced cell death,
i) a haploid cell screen and ii) a CRISPR-mediated
transcriptional interference screen, to identify novel
targets required for the cytotoxic effects of NBPs.

RESULTS: These screens for NBP genetic targets
identified the major enzymes of the mevalonate
pathway, including the canonical targets of NBPs,
FDPS and GGPS1, as significant hits, confirming the
utility of our screens. To explore novel targets of
NBPs, our initial studies focused on two genes of
relatively unknown function that were top hits in
the respective screens. In cell based models, loss of
ATRAID or SLC37A3 function results in selective
resistance to NBPs. ATRAID and SLC37A3 are
required for alendronate (ALN) inhibition of
osteoclast cell function, and ATRAIDKO mice have

impaired therapeutic responses to ALN in a model
of postmenopausal osteoporosis. In addition, we
probed the mechanism by which these genes act
molecularly, and found they are required for
trafficking of NBPs from the endocytic pathway
through the lysosome to the cytosol. 

CONCLUSION: Our work adds key insights to the
mechanistic action of NBPs and identifies a cadre
of high-priority genes that may underlie differential
responsiveness to NBPs.

DISCLOSURES: None

P37
Preventing and Repairing Myeloma Bone
Disease by Combining Conventional
Antiresorptive Treatment With a Bone
Anabolic Agent in Murine Models 
Julia Paton-Hough1,2, Simon Tazzyman1,2, Holly
Evans1,2, Darren Lath1,2, Jenny M Down1,2, Alanna C
Green1,2, John A Snowden3, Andrew D Chantry1,2,3,
and Michelle A Lawson1,2

1Sheffield Myeloma Research Team, Department of
Oncology and Metabolism, Medical School, University of
Sheffield, Sheffield, UK 2Mellanby Centre for Bone
Research, University of Sheffield Medical School,
University of Sheffield, Sheffield, UK; 3Department of
Haematology, Sheffield Teaching Hospitals NHS
Foundation Trust, Royal Hallamshire Hospital, Sheffield,
UK 

Multiple myeloma is a plasma cell malignancy,
which develops in the bone marrow and frequently
leads to severe bone destruction. Current
antiresorptive therapies to treat the bone disease
do little to repair damaged bone; therefore, new
treatment strategies incorporating bone anabolic
therapies are urgently required. We hypothesized
that combination therapy using the standard of
care antiresorptive zoledronic acid (Zol) with a bone
anabolic (anti-TGFb/1D11) would be more effective
at treating myeloma-induced bone disease than
Zol therapy alone. JJN3 myeloma-bearing mice
(n1⁄48/group) treated with combined Zol and 1D11
resulted in a 48% increase (p 0.001) in trabecular
bone volume (BV/TV) compared with Zol alone and
a 65% increase (p 0.0001) compared with 1D11 alone.
Our most significant finding was the substantial
repair of U266-induced osteolytic bone lesions with
combination therapy (n1⁄48/group), which resulted
in a significant reduction in lesion area compared
with vehicle (p0.01) or Zol alone (p0.01). These results
demonstrate that combined antiresorptive and
bone anabolic therapy is significantly more
effective at preventing myeloma-induced bone
disease than Zol alone. Furthermore, we
demonstrate that combined therapy is able to
repair established myelomatous bone lesions. This
is a highly translational strategy that could
significantly improve bone outcomes and quality of
life for patients with myeloma. © 2018 The Authors.
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of GEM-IB have enabled in vivo testing.  In a mouse
model of osteosarcoma, GEM-IB reduced tumor
growth and in combination with docetaxel
demonstrated preservation of bone architecture
and antitumor efficacy synergistically. These results
warrant further clinical development of this
promising approach. 

BONE LESION ACTIVITY: Of 14 patients, 211 bone lesions
were detected at baseline using 18F-FDG-PET/CT
imaging. The change in SUVmax after 2 months (2
cycles of MBC-11 therapy) are shown with dark-blue
bars; -100% indicates reduction to below the limit of
detection. Five patients continued on therapy for an
additional 2 months (4 cycles total); further changes
from baseline are shown by light-blue bars
overlapping their respective bone lesion at the 2-
cycle time point. Of the 211 lesions, 110 (52%) showed
a reduction in SUVmax of ≥ 25% after 2 cycles of
MBC-11. Of the 133 bone lesions present at baseline
in the five patients that received 4 cycles, 85 (64%)
showed a reduction. The underlying grey bars
correspond to blue bars and indicate the dose
administered - scale on right.

TUMOR VOLUME AND SURVIVAL: Nude mice were
treated once-weekly 4 days after intratibial implant
of 143B human osteosarcoma cells with the
following drugs: 20 mg/kg GEM-IB, or equimolar
amounts of gemcitabine (GEM), ibandronate (IB), or
both GEM + IB, plus or minus 5 mg/kg docetaxel
(DTX). Median survival time of GEM-IB + DTX = 45.5
days; untargeted combination = 35 days. 

DISCLOSURE: SPZ, KF and AK are employees of and
compensated by MBC Pharma Inc.
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P42
Benzylideneacetone derivatives
ameliorate ovariectomy-induced
osteoporosis in DDY mice based on the
capacities to inhibit osteoclastogenesis
and activate osteoblastogenesis
Kim MH1 Pativada T1 Lee J-H,2 Song DW,2 Hong SS,2

Choi CW,2 Choi Y-H,2 Kim WJ,2 Kim HK,3 Ku J-M*2 &
Park GH*1

1Department of Biochemistry and Molecular Biology,
College of Medicine, Korea Molecular Medicine and
Nutrition Research Institute, Korea University, Seoul
02841, Korea; 2Bio-Center, Gyeonggido Business & Science
Accelerator, Suwon 16229, Korea; 3Department of Surgery,
Seoul National University Hospital, Seoul 03080, Korea

RATIONALE AND HYPOTHESIS: Challenges for the
management of osteopenic diseases are posed
based on the phenomenon that any modification
of osteoclast differentiation by disease or drugs
tends to induce a parallel change in osteoblast
differentiation. Currently, the mostly used clinical
therapeutics for osteopenic diseases includes
osteoclast-inhibitory agents represented by
bisphosphonates, and anabolics including
parathyroid hormone. 

OBJECTIVES AND METHODOLOGY: In an effort to
search for compounds with increased potency to
inhibit osteoclastogenesis and activate
osteoblastogenesis concurrently, we synthesized
benzylideneacetone derivatives, and examined
their potential to maintain bone integrity in vitro
and in vivo osteoporosis mouse model.

RESULTS: (E)-3,4-Dihydroxybenzylideneacetone
(compound 1), (E)-4-(3-hydroxy-4-methoxyphenyl)-
3-buten-2-one (2c) and (E)-4-(4-hydroxy-3-
methoxyphenyl)-3-buten-2-one (2g) inhibited
receptor activator of NF-kB ligand (RANKL)-induced
osteoclastogenesis of C57BL/6 murine bone
marrow monocyte/macrophage lineage with IC50
values of 7.8, 0.11 and 7.5 µM, respectively (IC50 of
alendronate, 3.7 µM), while concurrently activating
the differentiation of MC3T3-E1 murine osteoblastic
cells significantly based on the induction of Runt-
related transcription factor 2 (RUNX2) and the
subsequent increase in production of alkaline
phosphatase (ALP) and osteocalcin (OCN).
Compounds 1, 2c and 2g showed negligible
cytotoxicities against normal cells, but significant
cytotoxicities against cancer cells based on 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay. Administration of compounds
1, 2c and 2g per os for 4 weeks prevented
ovariectomy (OVX)-induced osteoporosis in ddY
mice mainly in proportion to their
osteoclastogenesis-inhibitory potencies. Oral
administration of 1 mg/kg/day compound 2c
ameliorated histomorphometrical indices of
osteoporotic bone to the degree comparable to 10
mg/kg/day alendronate. Intriguingly, New Bone
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P40
Upper gastrointestinal safety with the
buffered solution of alendronate 70 mg:
6 years of post-marketing experience 
B Cortet1, P Fardellone2, L Zakin3,  E Fink Eriksen4

1Service de Rhumatologie, Hôpital Roger Salengro, Lille,
France; 2Service de rhumatologie, Hôpital Nord, Amiens,
France; 3Medical Affairs Department, EffRx
Pharmaceuticals SA, Freienbach, Switzerland;
4Department of Endocrinology, Oslo University Hospital,
Oslo, Norway

Alendronate (ALN) and other bisphosphonates
have been the mainstay in osteoporosis
management and fracture prevention for over 20
years. While ALN reduces risk of vertebral, non-
vertebral and hip fractures by 48%, 27% and 53%
respectively in osteoporotic patients with T-score <-
2.5 1, unfortunately, adherence to oral,
subcutaneous and intravenous treatments is low
among patients with osteoporosis. Approximately
50–75% of patients discontinue therapy within 1
year2,3,4. Upper gastrointestinal (GI) side effects are
one of the most common reasons for treatment
discontinuation in patients receiving ALN5,6. ALN
70mg effervescent (ALN EX) was developed to
improve the GI tolerability; ingested as a buffered
solution of fully dissolved ALN to increase pH in the
stomach and to eliminate contact of solid ALN with
esophageal mucosa7. 

OBJECTIVE: To assess the impact of ALN EX on
occurrence of upper GI adverse reactions (AR).

Materials and Methods: The post-marketing
experience with ALN EX, launched in 2012,
comprises approximately 4’394’833 prescriptions,
which translate into 366’236 patient years and
17’579’332 ingestions. Number of upper GI AR,
descriptive of GI tolerability and associated with use
of ALN EX were extracted from the
pharmacovigilance database. 

RESULTS: 5 serious GI ARs: erosive esophagitis: 1,
abdominal pain upper: 2, rectal bleeding: 1 and 123
non serious GI ARs were reported. Among the non-
serious ARs were abdominal pain: 30, dyspepsia: 25,
dysphagia: 4, nausea: 31, gastritis: 5, GI pain: 1,
vomiting: 5 and other GI ARs: 22. This compares
favorably with frequencies of these ARs reported for
ALN tablets9.

CONCLUSION: Even considering that only 6-10% of all
ARs are reported8 post-marketing, the available
safety data suggest that ALN EX is associated with
a lower frequency of upper GI ARs than reported for
ALN Tablets 9. Specifically, for the AR of esophagitis,
assuming a similar frequency as reported for ALN
tablets (0.1-1%)9; for ALN EX in the 366’236 patient
years, at least 366 cases of esophagitis would be
expected, whereas only 1 was reported. 

A Post Authorization Safety Study (GastroPASS) that
includes over 1000 patients treated with ALN EX is

currently ongoing. The study will assess the
cumulative incidence of upper GI AEs (esophageal
toxicity, gastritis, gastric ulcers and duodenitis) and
therefore will provide additional upper GI safety
information.

The safety data to date suggest that ALN EX is a
well-tolerated oral bisphosphonate for the
management of osteoporosis.

References:
1. Black D. J Clin Endocrinol Metab 2000; 85:4118.
2. Rabenda V et al. Expert Opin Pharmacother

2009;10(14):2303-15. 
3. Imaz I et al. Osteoporos Int 2010; 21:1943–1951.
4. Modi A et al. Osteoporos Int 2017; 28:1355–1363

Hodges L. Int J Pharm 2012; 432:57.
5. Weycker D et al. Osteoporos Int 2006;17 (11):1645-1652.
6 Invernizzi M et al. Aging Clin Exp Res 201 ;27 :107-113.
7 Hodges LA et al. Int J Pharm 2012 ; 432 :57-62.
8 Mazzitello C et al. J Pharmacol Pharmacother 2013; 4:

S20-S28.
9 Fosamax 70 mg SPC. www.ema.europa.eu; accessed

15.02.2017
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P41
Novel bone-targeting bisphosphonate-
chemotherapeutic conjugates: from
clinical proof-of-concept to second
generation compounds
SP Zinnen1, K Farrell1, DH Thamm2, A Karpeisky1

1MBC Pharma Inc. Aurora, CO, USA;  2Flint Animal Cancer
Center, Colorado State University, Fort Collins, CO, USA

MBC-11, a conjugate of etidronate and cytarabine,
has recently demonstrated significant reduction of
cancer cell activity in the majority of bone lesions in
patients with prostate, breast and cervical cancer
metastases [Oncologist, 2019, 24(3):303-e102]. In an
effort to extend this success, a second-generation
conjugate of ibandronate and gemcitabine (GEM-
IB) is designed to increase (i) antiresorptive activity
with the use of ibandronate, and (ii) anticancer
activity directed at solid tumors with the use of the
self-potentiating antimetabolite gemcitabine. The
development of synthetic methods and purification
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study determines if the fracture risk score predicted
from the Raman spectroscopic analysis is
influenced by bisphosphonate intervention.

Material and methods: 36 post-menopausal women
were randomly assigned to the following treatment
groups: placebo, alendronate, ibandronate or
risendronate and nail clippings collected at baseline
(all samples), 12 and 48 weeks for treatments and
96 weeks for controls in the TRIO study. DXA and
blood biomarkers of bone turnover were also
collected. 

Results: The controls showed no significant change
in risk of future fracture between baseline and 96
weeks. Between baseline and 12 weeks, no change
was observed in the risk score, with 12 weeks being
too short a time for the nail growing post
intervention to reach a clippable length. In contrast,
the 48-week clippings from the aggregated
treatments showed significant change (p<0.05) in
the risk of future fracture score indicating a
reduction in fracture risk. These preliminary results
show a promising interaction between osteoporosis
pharmaceutical treatment and Raman analysis of
nails. If confirmed by larger studies, this offers the
possibility of enhanced treatment response
monitoring and more responsive management of
bone active interventions.

Disclosure: JRB and MT are consultants for, and
shareholders of, Crescent Ops, a company with IP
rights to the use of Raman spectroscopic nail
analysis for fracture risk.

P45
Bisphosphonates prevent turnover of
primary bone in facture healing
Michel Hauser, Mark Siegrist, Irene Keller, Willy
Hofstetter
Department for BioMedical Research (DBMR), University
of Bern

Bisphosphonates (BP) are the primary drug for the
treatment of osteoporosis, Paget’s Disease and
skeletal effects of cancer. With the increasing
number of patients treated with BP, the necessity
for surgical interventions to treat bone defects is on
the rise. Therefore, the aim of this study was to
elucidate whether BP exert effects on the process
of bone repair. For this purpose, small rodent
models of femoral defects, with surgical rigid/non-
rigid stabilization, in OVX animals treated with BP,
were established. In addition to histology and
MicroCT, transcriptome analysis was performed
during repair. Principal component analysis
revealed that the mode of fixation was the
strongest effector on the process of bone repair,
followed by treatment with BP and OVX. Four
weeks after insertion of the femoral defect, repair
was concluded, all experimental groups clustering
again, except for the BP/non-rigidly fixed groups.

Analysis of the number of differentially expressed
genes showed high variance from the early time
points when comparing transcriptomes of repair
tissues from rigidly and non-rigidly fixed
osteotomies. Treatment with BP led to significant
differences in gene expression only at the end of
repair after 4 weeks. OVX on the other hand
affected differential expression of a small number
of genes only. Detailed expression analysis revealed
the major differences in rigid vs. non-rigidly fixed
defects lies in the onset of cartilage formation
within 2 weeks post-defect. Upon treatment with
BP, high expression of osteoclast related genes was
detected 4 weeks post-defect. The data
demonstrates that BP treatment does not impair
bone accrual during defect repair. To the contrary,
gain in bone mass is increased in groups treated
with BP. On the other hand, remodelling of primary
woven bone or cartilaginous mineralized callus is
blocked by treatment with BP, preventing full
quality bone repair. 

P46
FUBIS is an alendronate-5-
Fluorodeoxyuridine duplex drug with
strong anti-resorptive activity and
reduced systemic toxicity
Tiwari S1, Tower RJ1, Kneissl P2, Rambow A-C2,
Campbell GM3, Desel C1, Damm T1, Heilmann T2,
Fuchs S5, Zuharya M6, Trauzold A4, Glüer CC1,
Schem C2

1Section of Biomedical Imaging, Department of
Radiology and Neuroradiology, MOIN CC, University
Hospital Schleswig-Holstein, Campus Kiel, Kiel, Germany;
2Department of Gynecology, University Hospital
Schleswig-Holstein, Campus Kiel, Kiel, Germany; 3Institute
of Biomechanics, TUHH Hamburg University of
Technology, Hamburg, Germany; 4Division of Molecular
Oncology, Institute for Experimental Cancer Research,
University Hospital Schleswig-Holstein, Campus Kiel, Kiel,
Germany; 5Department of Trauma Surgery, Section
Experimental Trauma Surgery, University Hospital
Schleswig-Holstein, Campus Kiel, Kiel, Germany;
6Department of Nuclear Medicine, Section
Radiopharmaceutical Chemistry, University Hospital
Schleswig-Holstein, Campus Kiel, Kiel, Germany

Nitrogen-containing bisphosphonates (N-BPs)
exert their anti-resorptive activity through
inhibition of farnesyl pyrophosphate synthase
(FPPS), which is ultimately toxic to osteoclast cells.
High exposure of N-BPs can damage epithelial
layers and give rise to renal toxicity and gastro-
intestinal tract toxicity. Increasing reports in the
literature associate toxicity to different cell types,
including osteoblast, with administration of N-BPs.
A bone-seeking agent which maintains anti-
resorptive properties but with improved safety
profile will allow for higher dosing with beneficial
effects on bone health. In this study we tested
FUBIS, a bisphosphonate duplex drug consisting of
alendronate conjugated to the anti-metabolite 5-
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Volume and Trabecular Thickness of 1 mg/kg/day
compound 2c-administered OVX mice showed
higher levels than those of 10 mg/kg/day
alendronate-administered OVX mice, which might
be ascribed to the potential of compound 2c to
activate osteoblastogenesis. 

CONCLUSION: A few benzylideneacetone derivatives
ameliorated OVX-induced osteoporosis with the
capacity to inhibit osteoclast and to activate
osteoblast independently, suggesting a novel
therapeutics for osteopenic diseases.

P43
Identifying genetic risk factors for
atypical femur fractures
PR Ebeling1, H Nguyen1, DM van de Laarschot2, MC
Zillikens2.
1Department of Medicine, School of Clinical Sciences,
Monash University, Clayton, Victoria 3168, Australia;
2Department of Internal Medicine, Erasmus Medical
Centre, Rotterdam, The Netherlands.

Atypical femur fractures (AFFs) are feared, but rare,
complications of antiresorptive drugs
(bisphosphonates/denosumab). Although the
incidence is low (0.3-11 per 100,000 person-years),
patient and physician concern has led to decreased
uptake of treatment with antiresorptive drugs
following fragility fractures. To overcome these
concerns, it would be useful to identify patients at
increased risk of AFF, so that either antiresorptive
drug therapy could be limited in duration, or an
alternative anti-osteoporotic (anabolic) treatment
could be recommended. This is an important goal
given the increasing role of precision medicine and
the global affordability of bisphosphonates for
osteoporosis treatment. The identification of AFF in
bisphosphonate‐naïve individuals and in
monogenetic bone disorders has led to the
hypothesis that genetic factors predispose to AFF.
AFFs have been reported in the following
monogenetic bone disorders (gene): osteogenesis
imperfecta (COL1A1/COL1A2), pycnodysostosis
(CTSK), hypophosphatasia (ALPL), X‐linked
osteoporosis (PLS3), osteopetrosis, X‐linked
hypophosphataemia (PHEX), and osteoporosis
pseudoglioma syndrome (LRP5). Family studies
allow AFF susceptibility gene identification,
however, it is important to separate genes
predisposing to osteoporosis from AFF
susceptibility genes. The first whole‐exome
sequencing (WES) study in 3 sisters with AFFs
showed, among 37 shared genetic variants, a
p.Asp188Tyr mutation in the GGPS1 gene in the
mevalonate pathway, critical to osteoclast function,
which is also inhibited by bisphosphonates.
However, other gene variants were also shared by
these sisters and this GGPS1 mutation has not been
identified in other cohorts. Two other studies
completed targeted ALPL gene sequencing, an

ALPL heterozygous mutation was found in one case
of a cohort of 11 AFFs, whereas the second study
comprising 10 AFF cases did not identify a
mutation. Targeted sequencing of ALPL, COL1A1,
COL1A2, and SOX9 genes in 5 cases of AFF identified
a variant in COL1A2 in one case. Other more recent
AFF family and cohort studies have also identified
other variants in COL1A2 and other genes
associated with osteogenesis imperfecta. Overall,
these findings suggest a genetic susceptibility for
AFFs, however, the causative gene mutations
remain undefined. We have therefore formed a
large multicenter international collaborative study
[Transcontinental AFF Consortium (TrAFFiC)] of well
phenotyped AFF cases and controls to understand
the role of genetics in this rare fracture. Centres
include Monash University, the Universities of
Melbourne and Sydney (Australia), Erasmus
University (Netherlands), Kaiser Permanente
(Southern California, USA) and the University of
Oxford (UK). To date, WES has been performed in a
large Belgian family of 3 sisters with AFFs and long-
term bisphosphonate use and in two families from
Singapore with AFFs and long-term
bisphosphonate use. WES has also been performed
on 120 unrelated individuals with AFF, with the aim
of obtaining DNA from a total number of 400
individuals with AFF for WES. Genes identified from
these families and the unrelated cohort will also
undergo functional gene testing at Oxford
University. By identifying AFF susceptibility genes,
the construction of a chip comprising these genes
will allow a cheap diagnostic test to guide selection
of anti-osteoporotic treatment in the minority of
patients who should avoid long-term treatment
with antiresorptive drugs.  

DISCLOSURE: PRE: Research funding or honoraria
from Amgen, Eli-Lilly and Theramex

P44
Impact of bisphosphonate treatment on
the fracture risk predicted by Raman
spectroscopic analysis of fingernail.
JR Beattie1, NA Peel2, J Walsh2, EV McCloskey2, M
Towler3, 4 R Eastell2, 
1J Renwick Beattie Consulting, Ballycastle, UK 2Sheffield
Teaching Hospitals NHR Trust and University of Sheffield,
Sheffield, UK 3Department of Mechanical and Industrial
Engineering, Ryerson University, Toronto, Canada 4Li Ka
Shing Institute, St. Michaels Hospital, Toronto, Canada.

Background: Estimate of change in bone mineral
density contribution to treatment related lowering
of fracture risk with bisphosphonates range from 10
to 70%, indicating that there is a need to further
understand the way in which drugs reduce fracture
risk. Raman spectroscopy has been used to
correlate protein structural modifications in the
fingernail with bone health (in particular, risk of
future fracture) and bone protein structure. This
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Fluorodeoxyuridine in a preclinical mouse model of
bone metastases. In vitro, FUBIS does not inhibit
FPPS but cells accumulate in the S and G2/M phase
of the cell cycle. Cell toxicity assays reveal FUBIS to
be less toxic to breast cancer cells than alendronate,
but for multiple myeloma cell lines FUBIS has
greater toxicity. In vivo, FUBIS retains anti-resorptive
activity but in contrast to alendronate treatment
does not decrease serum levels of the bone
formation marker osteocalcin. Furthermore, molar
doses of 1000 fold greater than alendronate do not
affect renal function as assayed by measurement of
the glomerular filtration rate. The preclinical study
indicates FUBIS to be a promising drug for
treatment of multiple myeloma but further studies
are required to elucidate mechanism of action and
pharmacokinetics.

DISCLOSURES: None
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Venue
The Edge, Endcliffe Village, Sheffield S10 3ED

Registration
The registration desk is open as follows:

Sunday 14 July             17:30-19:00
Monday 15 July            08:30-18:30
Tuesday 16 July            08:30-18:30
Wednesday 17 July     08:30-16:30

WiFi access
Search for “Guest network”.

You will need to pre-register onto the Sky Wifi
(https://www.sky.com/wifi). Once signed in you will
stay logged onto the network.

Breakfast times

HALIFAX HALL
Monday-Friday:           07:00-10:00
Saturday-Sunday:       07:30-10:30

JONAS AND ENDCLIFFE
(Breakfast is taken at the Edge Dining Room)

Monday-Saturday:      07:30-09:30
Sunday:                          08:00-10:00

Checkout (all accommodation):
By 11:00 on day of departure.

There is a cloakroom and luggage storage at the
meeting venue.

Insurance and security
Neither the Organisers nor the University of
Sheffield will accept any responsibility for accidents
to delegates while at the meeting, or for damage to,
or loss of, their personal property.  Delegates are
requested to reduce the risk of thefts by not leaving
valuables unattended on University premises.

Smoking
Smoking is not permitted within any of the
University buildings

Sorry I can’t be with you... 
from Scott Miller

It is really unfortunate that I can’t attend as I started
working on the bisphosphonates as a second year
graduate student working for Web Jee in 1971!   David
Francis from P&G visited the lab and handed Web a
couple of bottles of material to test and Web,
fortunately, gave the assignment to the most junior and
inexperienced new graduate student - me!  My first
publication did not appear until 4 years later, mostly

because Web didn’t believe my results and only agreed to permit me
to submit my first paper after Graham Russell assured him that the
incredible accumulation of bone volume that we were seeing in rat
bones was real!  I remember the first time I showed Web a micro
radiograph of a rat bone treated with Etidronate and he told me that
somehow I and screwed up the experiment as this was clearly an
artifact because this just could not be real!  He had me repeat the
experiment. The results (and Web’s disbelief) were even more stunning
for Clodronate!  

Scott C Miller
Chief, Division of Radiobiology
Professor of Radiology and Imaging Science, University of Utah

© University of Utah

The background to the
photo is actually an “art
shot” of a thick section
of a human lumbar
vertebra that was von
Kossa stained on the
surface and then
photographed under
polarizing light.
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SAVE THE DATE!

OI2020
5-8 SEPTEMBER 2020

14TH INTERNATIONAL CONFERENCE 
ON OSTEOGENESIS IMPERFECTA

SHEFFIELD, UK

ABSTRACT DEADLINE:
FRIDAY 1 MAY 2020

www.oi2020.org

The meeting will 
be of interest to:
Metabolic bone specialists
Endocrinologists
Adult physicians
Paediatricians
Dentists
Geneticists
Genetic counsellors
Nephrologists
Neurosurgeons
Orthopaedic surgeons
Nurses
Occupational therapists
Physiotherapists
Psychologists
Radiologists
Molecular biologists
Cell and stem biologists

MEETING CHAIR:
Nick Bishop (She�eld, UK)

SCIENTIFIC PROGRAMME COMMITTEE
Joan Marini, CHAIR (USA)
Franco Antoniazzi (Italy)
Darko Anticievic (Croatia)
Nick Bishop (UK)
Peter Byers (USA)
Adele Boskey (USA)
Raymond Dagliesh (UK)
Anne de Paepe (Belgium)
Francois Fassier (Canada)
Antonella Forlino (Italy)
Francis Glorieux (Canada)
Gerard Pals (The Netherlands)
Cathleen Raggio (USA)
Marianne Rohrback (Switzerland)
Oliver Semler (Germany)
Lena Lande Wekre (Norway)

OI2020

For further information contact 
Janet Crompton
iccbh@ectsoc.org

O          
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In association with the Mellanby
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The Organisers are grateful to the following companies for their support:

The Organisers are grateful to these organisations for their support. The Bisphosphonates 50th Anniversary Programme was

developed independently by the Organising Committee under no influence from any supporting organisation or their employees.

American Society for Bone and 
Mineral Research (ASBMR)

Bone Research Society (BRS)

Cancer and Bone Society (CABS)

Elsevier

European Calcified Tissue Society (ECTS)

International Federation of Musculoskeletal
Research Societies (IFMRS)

International Osteoporosis Foundation (IOF)

Paget’s Association

Royal Osteoporosis Society (ROS)

OTHER SUPPORTERS:

        




