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1. Summary of the impact (indicative maximum 100 words)

Every three seconds someone in the world breaks a bone because of osteoporosis — a disease in
which bones become thin and porous. Osteoporotic fractures cost the UK around
GBP4,500,000,000 each year, with hip fractures alone accounting for 69,000 emergency
admissions into English hospitals. Cambridge University research and advisory work has
underpinned the development of a novel treatment and diagnostics that have transformed the
management of osteoporosis. These include the development of romosozumab, a major new
therapeutic, which prevents osteoporotic fractures by blocking the bone protein sclerostin (Europe-
wide approval, 2019), and the use of femoral Quantitative Computed Tomography for diagnosing
osteoporosis (incorporated in the FRAX online fracture risk calculator used by 66 countries
worldwide).

2. Underpinning research (indicative maximum 500 words)

Osteoporosis affects >3,000,000 people in the UK (Svedborn A et al, Arch Osteoporos 2013;
8;137); weakening bones and leading to painful, deforming fractures of the vertebrae and hips. It
is difficult to detect and usually diagnosed only after a patient develops their first ‘fragility’ fracture
(bones that break after falling from standing height or less). More than 500,000 people receive
hospital treatment for fragility fractures every year as a result of osteoporosis (Svedborn et al.).

Mapping of sclerostin in human bone: Sclerostin is a secreted glycoprotein produced primarily
by osteocytes — cells that control the balance of bone resorption and formation through a network
of tiny channels in the human skeleton. In February 2005, Cambridge University researchers
mapped site-specific changes in sclerostin expression in mineralised human bone and showed for
the first time that sclerostin is deposited throughout bone channels, preventing new bone from
filling-in these cavities. This research identified sclerostin as the major physiological inhibitor of
human bone owing to its location within mineralised bone. It further showed that osteocytes control
surface bone formation by the timely secretion of this ‘master’ inhibitory signal [1]. This Cambridge-
led research contributed directly to the development of the anti-sclerostin antibody ‘romosozumab’
as a therapy of osteoporosis (see below). The pivotal clinical trial sponsored by Amgen showed
that romosozumab treatment results in the production in one year of the same amount of bone
as that lost through 10 years of normal ageing. It rapidly prevents patients from fracturing their
vertebrae, lowering the risk of new vertebral fractures by 75% relative to placebo (Cosman F et al,
N Engl J Med 2016; 375:1532-43).

Developing sclerostin-directed therapies of osteoporosis: Poole and the Cambridge team
also developed leading expertise in the use of bone imaging to measure the efficacy of anti-
osteoporosis drugs [2-4]. Therefore in 2013, Amgen commissioned the team to study the effects
of monthly romosozumab therapy in a placebo-controlled trial of 56 women. Analysis of the spinal
Computed Tomography (CT) scans of these patients using a novel 3D cortical bone mapping

Page 1



Impact case study (REF3) 202]

(CBM) software developed together with Cambridge University engineers, showed that
romosozumab therapy had superior effectiveness over alternative bone agents, increasing
vertebral thickness — a common site of osteoporotic crush or wedge fractures — by 12% and
density by 22% [5]. These findings were subsequently confirmed in a separate study that showed
romosozumab treatment is associated with a 48% lower risk of new vertebral fractures than the
standard treatment, alendronate (Saag KG et al. N Engl J Med 2017; 377:1417-27)

Developing novel imaging approaches to diagnose osteoporosis on routine CT scans:
Osteoporosis is usually not detected until patients present with painful fractures. Earlier detection
offers the opportunity for intervention, treating patients before fractures develop or progress.
Cambridge imaging research was critical in testing, validating and implementing Quantitative
Computed Tomography (QCT), a method to diagnose osteoporosis in routine clinical practice.
QCT measures bone mineral density (BMD) using a standard CT scanner that can convert the
tomographic image data to BMD values. QCT (also called Mindways QCT Pro) is used primarily
to evaluate BMD at the lumbar spine and hip and to guide treatment decisions. In 2015, Cambridge
University medical and engineering researchers analysed a series of clinical trials involving 10
sites and 1,201 patients sampled from 11,178 volunteers. Together with Mindways software
professionals and academic triallists in the USA, Iceland and Czech Republic, they showed that
QCT-BMD measurement accurately predicts hip fractures in healthy women and men [6-8]. In
2017 the new diagnostic method was incorporated into UK National Osteoporosis Guidelines [9].

Deploying 3D bone imaging to understand the mode of action of new osteoporosis
therapies: As well as diagnosing latent osteoporotic fractures, in 2009 Cambridge researchers
applied their patented 3D CBM software [10] to discover the precise bone-building effects of the
two drugs used to treat severe osteoporosis: teriparatide injectable parathyroid hormone therapy,
and denosumab, an anti-RANKL antibody. This research has enabled drug development teams
to determine precisely where new bone is formed following treatment with teriparatide,
romosozumab and denosumab [2-5] as well as in response to high intensity exercise regimens.
Of particular note, in 2015 this research showed that denosumab increases bone density
in defective areas of the hip in women with osteoporosis, preventing hip fracture and providing
evidence of drug efficacy [2].

3. References to the research (indicative maximum of six references)
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4. Details of the impact (indicative maximum 750 words)

Over 3,000,000 people in the UK have osteoporosis, leading to 500,000 fragility fractures each
year. Vertebral, hip and other osteoporotic fractures are estimated to cost the UK around
GBP4,500,000,000 each year, with hip fractures alone accounting for 69,000 emergency
admissions into English hospitals (Source: National Institute for Health and Care Excellence, ‘Falls
and fragility fractures’, 2018). Many of these fractures could be prevented with earlier intervention.
The pain and deformity of osteoporotic vertebral fractures accounts for an additional 14 GP visits
in the year after the injury [A]. Once diagnosed, treatment for osteoporosis is both clinically and
cost-effective for preventing more fractures. Improving the identification of vertebral fractures and
osteoporosis is critical to reducing these enormous medical and fiscal costs [A].

Impact on the health and wellbeing of people

Romosozumab (EVENITY™) treatment has improved health and wellbeing of women with
severe osteoporosis: Since romosozumab was first produced in 2005, Ken Poole has provided
15 years of expert advice to the drug companies co-developing the drug; UCB (Union Chimique
Belge) and Amgen. The Executive Vice-President of UCB described Poole’s research and expert
advice as ‘valuable and critical...in the recent EU regulatory process which has led to the
Committee for Medicinal Products for Human Use (CHMP) positive opinion regarding
romosozumab’ [B]. This filing culminated in approval of romosozumab by the European Medicine’s
Agency (EMA) and Federal Drug Administration (FDA, USA) in 2019. Romosozumab is now being
used to treat >60,000 patients across the world including in Europe, USA, Japan, Canada and
Australia [B, C]. Extrapolating the numbers of fractures prevented during the pivotal trial (Saag
KG, et al. N Engl J Med. 2017) to these 60,000 women provides an estimate of the impact of
romosozumab on women'’s health globally. Within one year of starting romosozumab instead of
alendronate, 1,123 fewer vertebral fractures and 611 fewer hip fractures are expected to have
occurred. Romosozumab increased cortical thickness by 10.3%z= 4.9 over 12 months; a significant
(p = 0.05) increase over the next best treatment, teriparatide, which increased cortical thickness
4.3% £ 3.4 [D]. Hisoko N. from Kyoto, Japan was pleased to benefit, “When my 88-year-old mother
fell and fractured her spine, we feared she would stay bedridden for life. Thankfully, her doctor
prescribed EVENITY®. After several months of treatment, her bone mineral density has increased
and her risk for another fracture has been greatly reduced” [E]

Impact on practitioners and the delivery of professional services
An improved tool was developed to diagnose osteoporosis in the clinic: QCT Pro devices —
new effective tools for diagnostic discordance of osteoporosis — have been used worldwide [text
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removed for publication]. [F]. Cambridge University research was critical for the approval of the
QCT Pro method to diagnose osteoporosis in routine clinical practice [6-8], via the International
Society of Clinical Densitometry (ISCD) official position statement [G] which cited five papers from
the University of Cambridge. A further health impact of improved diagnosis occurred as QCT Pro
measurements of bone density were then incorporated into FRAX, the online fracture risk
prediction tool and App. Developed by Sheffield University, FRAX evaluation of fracture risk was
restricted to clinical risk factors and hip bone density values alone hip (from Dual-energy X-ray
Absorptiometry, DXA) [H]. With the introduction of QCT Pro, FRAX now has the facility, in 66
countries worldwide, to calculate patient risk estimates from QCT Pro measurements of bone
density as well as DXA [H]. Dr Brown, President of Mindways QCT Pro commented, “Your work
demonstrating superiority of QCT-based hip measurements to DXA-based hip measurements for
assessment of hip fracture risk assessment has been pivotal in obtaining recognition within ISCD
position statements of the clinical utility of QCT-based assessments of the hip in predicting hip
fracture risk.” [F].

Improved care of osteoporosis patients in the Cambridgeshire regional referral centre: In
2016 with the support of an NHS Innovation Award, the Cambridge team established the QCT Pro
Opportunistic Osteoporosis Screening Service at Cambridge University Hospitals. This service,
endorsed by the Clinical Director of Radiology [l], deploys routine clinically acquired medical CT
scans to diagnose osteoporosis as an ‘added-extra’ to mitigate the devastating effect of late
diagnosis. Automated letters are then sent to patients’ GPs to give specific advice on treating
osteoporosis to prevent future fractures. The service was audited in 2019 [I] and showed that 581
patients had been detected and benefited from specific osteoporosis intervention. A meta-analysis
of fracture risk found that treatment of 28 high-risk individuals would prevent one hip fracture in
that population (Merlijn T. et. al. Osteoporosis Int. 2020; 31;251: 257). Accordingly, the service is
estimated to have prevented 20 hip fractures, preserving people’s health and wellbeing. Similarly,
vertebral fracture detection rates increased from 10-30% in 2013 to 79% in 2018 through local
audits [I]. This service is now being tested across the Eastern region in other NHS hospitals
including Bury St Edmunds, Peterborough, Huntingdon and Bedford. The benefit of implementing
this service was explained by one patient, a retired engineer: "During my annual bowel CT check-
up in December 2019 | was found to have severe osteoporosis in my spine and hips. | am so
grateful that this was picked up and treated before any damage occurred. | know all too well the
agony of spine fractures having broken a lumbar vertebra falling from a ladder some years ago"
[1]. Patients suffering from the intense pain of osteoporotic vertebral fractures are often left unable
to work and may need years of therapy during recovery (Al-Sari et al. Osteoporosis Int. 2016; 27:
2891). Improved osteoporosis care not only reduces the risk of osteoporotic fractures but also
could reduce osteoporosis-related health care costs (by for example reducing hip fractures, which
cost health and social services over GBP1,000,000,000 each year — National Hip Fracture
Database 2019 annual report). The 2019 Royal Osteoporosis Society Bone Academy Patient
Insight Survey showed that 92.5% of respondents (n=7,237) with osteoporosis considered a
programme of opportunistic detection of osteoporosis using CT to yield either 'extremely beneficial’
(70%) or 'very beneficial' (22.5%) outcomes for patients [l].

Impact on commerce and the economy

Romosozumab. Since Romosozumab launched in May 2019, Amgen has generated revenue of
uUsD189,000,000 to year-end 2019 [E]. Over 60,000 women have received romosozumab for
severe osteoporosis worldwide, at an average wholesale price of USD26,243 for 12 months [B],
equating to approximately USD13,000,000 in sales.

QCT Pro diagnostic software. Screening for osteoporosis is estimated to have reduced
Cambridgeshire hip fracture-associated costs by GBP283,260 (GPB14,163 for each of 20
fractures averted from Leal et al. Osteoporosis Int. 2016; 27:549) versus screening costs and the
annual treatment costs.

Cortical Bone Mapping. The Lilly-commissioned Cambridge CBM research programme allayed
growing clinical concerns that teriparatide treatment for osteoporosis might worsen hip strength.
The research demonstrated the converse; that hip 3D structure improved substantially after
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treatment with teriparatide for 18-24 months. Cambridge CBM hip maps subsequently featured in
product literature to reassure prescribers worldwide, aiding commercial sales [4]. Teriparatide had
US sales of USD1,800,000,000 in 2018. In osteoporotic women, Cambridge CBM research found
that denosumab (a monoclonal antibody used to treat osteoporosis in >80 countries worldwide)
enhanced bone accrual in parts of the hip that commonly break during a fall to the side [2],
enhancing claims of drug efficacy. Denosumab had combined worldwide net sales of
USD3,200,000,000 in 2016 [J].

Impact on pharmaceutical education strategy: Testimonials from the Head of Bone, at Lilly and
Head of Bone at Amgen & UCB describe how Cambridge CBM research has influenced
understanding, learning and pharmaceutical strategy [K]. With drugs that add new bone structure
or mineral, it is important to discover where and how much new bone is formed. The research
identified the treatment effects of denosumab, teriparatide and romosozumab [2-5] which had
impacts on physician understanding and learning, and in turn prescribing of the drugs. Teriparatide
CBM results allowed Lilly to reassure prescribers using CBM images in prescriber handouts to
show precisely where bone accrual was occurring with the drug [L]. This allowed the
pharmaceutical industry to educate prescribers on the benefits of denosumab and teriparatide on
preventing fractures through targeted bone accrual at sites of known vulnerability. The testimonial
from Amgen describes how the Cambridge research has influenced educational strategy: “The
work has also been used in education initiatives, not only by Amgen but | have witnessed related
work by other pharmaceutical companies to understand and educate practitioners on the effects
of bone anabolic treatments” [K].

5.Sources to corroborate the impact (indicative maximum of 10 references)
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EVENITY® (romosozumab) Treatment of Severe Osteoporosis in Postmenopausal Women at
High Risk of Fracture, October 18, 2019, page 1

[C] Romosozumab authorisation: (i) EMA authorisation October 2019 (ii) FDA approval April 2018
(iiif) Correspondence with UCB regarding Evenity prescriptions.

[D] Poole, K Treece, G et al, Romosozumab enhances vertebral bone structure in women with low
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