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GIOP Presentation Outline

* Epidemiology of GIOP

* Treatment and Prevention Studies (focus
on new therapeutic opportunities and
challenges)

* New Guidelines and GIOP treatment
conundrums
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VERTEBRAL FRACTURES RESULTING FROM PROLONGED CORTISONE
AND CORTICOTROPIN THERAPY

Paul H. Curtiss Jr., M.D., William S. Clark, M.D.

and

October 2, 1954 Charles H. Herndon, M.D., Cleveland JAMA. 1954;156(5):467-469. doi:10.1001/jama.1954.02950050007002
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Glucocorticoid Use in the U.K. and U.S.

 Glucocorticoids used chronically by
0.5% of population?

- Aetna managed care members |
beginning long-term ( >3 mo.) steroid
therapy (n = 6756)2

— Rheumatoid — Lupus (7%)
arthritis (21%) — Inflammatory bowel

— Emphysema (16%) disease (/%)

— Asthma (15%) — Polymyalgia

rheumatica (5%)

1. Walsh LJ. Brit Med J 1996:314:344
2. Mudano A, J Rheumatol, 2001:28:1298



Trends in Systemic Glucocorticoid Utilization in the

United Kingdom from 1990 to 2019

Rheumatoid Arthritis Systemic Lupus Erythematosus
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Year in study Year in study
Rituximab Infliximab Etanercept Adalimumab Belimumab
Golimumab Tocilizumab Certolizumab Baricitinib
Tofacitinib Sarilumab Anakinra Abatacept

<500 mg (left axis) >500 to <1000 mg (right axis) == >1000 mg (right axis)

Menzies-Gow A. Prag Obser Res 2024:15 53



Physicians Prescribing Glucocorticoids
(N=792)

All others (n=153)

19% Internal Medicine

(n=311)

Pulmonary Medicine /3%
(n=23)

Gastroenterology
(n=53)

Rheumatology
(n=129)
GP/FP

(n=123)
Mudano A. J Rheumatol, 2001:28:1298
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Prednisone Monotherapy Attenuates
Rheumatoid Arthritis X-ray Damage

*

Erosion Score

| | | | |
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Narrowing and Erosions

van Everdingen Ann Int Med 2002;136:1
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Annual Incidence of Fractures
on Glucocorticolids

Meta-regression of Control Arms of GIOP Clinical Trials

Vertebral Non-Vertebral

Glucocorticoid
Initiating

5.1 % (95 % Crl = 2.8-8.2) 2.5 % (95 % Crl = 1.2-4.2)

Glucocorticoid

. 3.2% (95 % Crl =1.8-5.0) 3.0 % (95 % Crl =0.8-5.9)
Continuing

Amiche M. Osteop Int 2016;27:1709



% Fractures

Glucocorticoids Alter the BMD
Fracture Threshold

40
[[] Steroid users

® Nonusers

Lumbar spine BMD

10 4

| | 1 1 1 |
-4.5 -3.5 -2.5 -1.5
Femoral neck BMD

van Staa T. Arth Rheum 2003; 48: 3224
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Effect of Daily Glucocorticoid Dose on Non-

2.8

Vertebral Fractures

No Fully Safe Dose For Bone but > 20 mg worse!

2.7
2.6 -
2.5
2.4
2.3
2.2
2.1 -
2.0 7
1.9 -
1.8 -
1.7 =
1.6 —
1.5+
1.4 -
1.3

Adjusted Relative Rate
of Fracture (and 95% Cls)

1.2 o sazs®

1.1

) 10 15 20 25
Average Daily Corticosteroid dosage (mg)

van Staa T. Rheumatology 2000;39:1383



Dose-Response of Glucocorticoid Impact on
Fracture Risk Observed among RA Patients
US Marketscan Claims Data (n = 42K)

Spine Fracture
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Fractures Are the Most Common
Serious Glucocorticoid (GC) Adverse Event
Among Rheumatoid Arthritis (RA) Patients

GC User GC Nonuser

Adverse Events (AEs) (112) (112)
Fracture 21 (19%) 8 (7%)
Cataract 17 5
Serious Infection 14 4
Gl Bleed or Ulcer 11 4
Diabetic Complication 8 3
Herpes Zoster 38 1
Myocardial Infarction 4 4
Stroke 6 1
Glaucoma 1 1
Death 2 0

Saag K. Am J Med. 1994;96:115



Time to the Development of the
First Adverse Event (AE)

Probability ,._{
of Remaining

No Prednisone
(n=112)

“AE Free”
Survival N
( ) out | Prednisone Dose <5 mg
Prednisone (n=41)
Dose >10-15 mg
(n=9)
0.2= Prednisone
Dose 5-10 mg
(n=62)
0 . . . . . . . . .
0 i J, !5 é 1'0 1'2 1'4 1|6 1'8 20

Years of Prednisone (Cases) or Follow-up (Controls)
Saag K. Am J Med 1994;96:115



Risk Factors for the First AE

Among RA Patients

Final Model Variables Odds Ratio
Average prednisone

> 10-15 mg/d 32.3

5-10 mg/d 4.5

> 0- <5 mg/d 1.9
Rheumatoid nodules 3.9
Bony erosions 2.4
Job: farmer/laborer 2.4

Gl protective drugs 0.6

95% ClI

4.6, 220

2.1,9.6
0.8,4.7
1.9, 8.0
1.2,4.7
1.1,5.6
04,09

p-value

0.0004
0.0001
0.15
0.0001
<0.02
<0.04
<0.02



Even Low Dose Glucocorticoids Lead to
Fractures (when not on anti-OP Rx)

50

N W =
o o o

Cumulative incidence (%)

—
o

10,

log-rank trend p 0.03

— 25 mg/day > 4.8 x 100 person-year

— 2.5to 5 mg/day -> 2.8 x 100 person-year

— 0 to 2.5 mg/day —> 2.5 x 100 person-year
— No disease (PSM cohort 2:1) = 2.2 x 100 person-year

2X higher
risk

30% higher
risk

3 4 5 6
Years Adami G. Arthritis Rheum 2023:75:1762



Journal of Bone and Mineral Research, 2025, 40, 176-183
https://doi.org/10.1093/jbmr/zjae162

Advance access publication: September 30, 2024
Research Article

The American Society for OXFORD

Bone and Mineral Research

Epidural steroid injections and fracture incidence among
older individuals with radiculopathy

Huifeng Yun', Ye Liu2 ), Jeffrey R. Curtis?, Kenneth Saag?, Giavanna D’Erasmo?,
Katherine Haseltine3, Emily M. Stein3-*

IRD: 15.3 [4.5, 26.1] *

IRD: 4.6 [-2.3, 11.5]
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Non-ESI group T .

0 - 6 months ) >6 months
ESI group Follow-up time

4 6 B 1-2ES >= 3 ESI
Follow-up, years - 95% CI *: p=0.008

Number at risk
Non-ESI group 4486 329
ESI group 4486 513




Osteoporosis and Rheumatoid Arthritis
Is It Steroids or RA ?

* RA, NOT
steroids,
causes
bone loss

Verhoven A. J Rheum
1997:24:1495

TNF-a 1L-6
(T > ]
q )‘ (« ) IL-1
, Estrogen é&'@
® @ QX’ p :
() S o
@ &
Lymphocytes :“:
’ »
- RANKL
p /:Osteoblasts
ﬂ Osteoclast“ Stromal cells
numbers

Gravellese EM. Arthritis Res 2001:3:6
Madsen OR. Ann Rheum Dis 2002:61:325



Osteoporosis and Fracture Risk
Multifactorial in Inflammatory Rheumatic
Diseases

¢ v

General, modifiable patient General, unmodifiable Comorbidities
characteristics <—— patient characteristics =——> (e.g., diabetes, thyroid disease)
(e.g., smoking, physical activity, BMI) (e.g., age, genetics) ‘ A A

,. | l

» Fracturerisk =

Y
IRMD

o Inflammation N
o Non-inflammatory factors (e.g., disability)

‘ J

Buttgereit F. Nat Rev Rheum 2024;20:417

Treatment of iRMD
(e.g., glucocorticoids)




Safety of Low-Dose Glucocorticoids
In Rheumatoid Arthritis

= Adverse effects widely reported, yet....

Problems with observational studies of steroids:
Confounding by indication (susceptibility bias)
Diagnostic detection bias
Extrapolation across doses
Effects of RA disease activity

Satety of low dose glucocorticoid treatment in rheumatoid
arthritis: published evidence and prospective trial data

J A P Da Silva, J W G Jacobs, J R Kirwan, M Boers, K G Saag, L B S Inés, 4qsT
E J P de Koning, F Buttgereit, M Cutolo, H Capell, R Rau, J W J Bijlsma O QNE




A Well Desighed Randomized Trial
Seems to be Needed!



CLINICAL SCIENCE

Low dose, add-on prednisolone

in patients with rheumatoid arthritis aged 65+:
the pragmatic randomised, double-blind
placebo-controlled GLORIA trial

Maarten Boers @ ,"* Linda Hartman @ ,"“ Daniela Opris-Belinski,’ Reinhard Bos,”
Marc R Kok @ ,> Jose AP Da Silva @ ,° Eduard N Griep,” Ruth Klaasen,”
Cornelia F Allaart ° Paul Baudoin, " Hennie G Raterman,'' Zoltan Szekanecz
Frank Buttgereit @ ," Pavol Masaryk,'* L Thomas Klausch,' Sabrina Paolino, "

Annemarie M Schilder * Willem F Lems @ % Maurizio Cutolo @ ' For the GLORIA
Trial consortium

12

Boers M. Ann Rheum Dis 2022:81:925



GLORIA Trail- Benefit

change in DAS28

primary model
0.0

—0.5 -

placebo

3.0 1-0.37 points

prednisolone

Boers M. Ann Rheum Dis 2022:81:925



GLORIA- Bone Health Outcomes

Prednisolone Placebo

baseline change baseline change diff
Bone mass, n

T-score, lumbar spine

0.27 <0.0001
T-score, total hip

-0.04 0.40

Fractures, n 211 120 220 124 RR

1.28 0.14

Spine fx, n (%) 68 (32)  23(19) 78 (36) 19 (15)

SAE AES| SAE A
Symptomatic, total
vertebral 4 '

pelvis

hip

foot
arm/hand

multiple limb

Boers M. Ann Rheum Dis 2022:81:925



GIOP Pathophysiology
S |

T PPARy2

T Sclerostin

1 Wnt signaling
]

A

BMPs
ctivation of pro-apoptotic Activation of
molecules pro-apoptotic molecules

Decreased osteoblastogenesis Reduced osteocyte number
Decreased osteoblast number

Compston J. Endocrine 2018;61:7



GIOP Pathophysiology

BMPs
ctivation of pro-apoptotic Activation of
molecules pro-apoptotic molecules

Decreased osteoblastogenesis Reduced osteocyte number

Decreased osteoblast number

T PPARy2 l

T Sclerostin

1l Wnt signaling ‘
!

A

N

Decreased formation
(long term)

Compston J. Endocrine 2018;61:7



GIOP Pathophysiology

BMPS f ' Activation of T M-CSF
ctivation of pro-apoptotic 1 OPG

molecules pro-apoptotic molecules

Osteoblasts Osteocytes Osteoclasts

Decreased osteoblastogenesis Reduced osteocyte number Increased osteoclastogenesis
Decreased osteoblast number Increased activity

Y ¢

T PPARy2

T Sclerostin

1l Wnt signaling T RANKL
l

A

Decreased formation
(long term)

Compston J. Endocrine 2018;61:7



GIOP Pathophysiology

T PPARy2

T Sclerostin

1l Wnt signaling T RANKL
l

A

BMPs | . 1 M-CSF
ctivation of pro-apoptotic Activation of
) 1 OPG
molecules pro-apoptotic molecules

Osteoblasts Osteocytes Osteoclasts

Decreased osteoblastogenesis Reduced osteocyte number Increased osteoclastogenesis
Decreased osteoblast number Increased activity

v NV

Decreased formation Increased resorption
(long term) (early, transient)

Compston J. Endocrine 2018;61:7



Alendronate GIOP Prevention and Treatment

. ] Trochanter
.. Spine 31 Trocha te
| 10 mg*** 5] 10 mg**
2 4 5 mg*** i
. 1- 5 mg**
% Change 11 % Change  _
(Mean 0. (Mean i $ 4\{
+ SE) - PBO +SE) -1 1 PBO
-1 - _2 -
-2 T T T T T _3 T T T T
0 12 24 36 48 Weeks 0 12 24 36 48 Weeks
2 1 Femoral
| Neck 5 mg**
10
% Change ma**
g
(Mean
+ SE)
PBO™ * %+ P < 0,001
*P<0.01
'3 1 I I

Saag K. NEJM 1998; 339:292 0 12 24 36 48 Weeks



GIOP Bisphosphonate Trials: Fracture Rates

> B Baseline M Etidronate 400 mg Cyclical

45 |- W Placebo B Risedronate 5 mg

40 |- B Alendronate 5 mg, 10 mg

35 |- B Alendronate Ext 2.5 mg, 5 mg, 10 mg

Vertebral
Fracture j3g |-
Rate

% 25 |- 70%*
( ) 38% risk
20 |- risk reduction
reduction
15 - 90%*
40% risk
10 [~ risk reduction
reduction
| N4
O I
1 year 1 year 1 year 2 year
Adachi 97 Wallach 00 Saag 98 Adachi 01
*P < 0.05 NEJM Calcified Tissue Int NEJM Arthritis Rheum

Etidronate Risedronate Alendronate



Zoledronic Acid vs. Risedronate in GIOP
Lumbar Spine BMD

—— Zoledronic acid

—— Risedronate

Treatment sub-population

] [1.36%]
> [1.04%] .
£ 4/ N = 249
o 1
w o 3 T
&5 _LN—275
cd 2-
£8 11
5 0]
2 ]
_1 T |
0] 6 12

Time (months)

* p-value < 0.01

Prevention sub-population

% Change From
Baseline

5_
4 [1.72%]  [1.96%]
3_ T
N = 129
2 - I
1 N =136
0 - 1
_1 T 1
0 6 12

Time (months)

Reid D. Lancet 2009; 373: 1253



Alendronate Reduces Hip Fx in GIOP
Swggish Nati_onal Data Base (n = 433K)

No alendronate use

e
©

ot
®

o
~

o
®

Alendronate use

ot
[

o
B

Cumulative Hip Fracture Incidence
w

e o
[\

o
-

No alendronate use
Alendronate use

=]

0 1 2 3 4
Time to Hip Fracture, y

No. at risk
No alendronate use 1802 1044 556 226 42
Alendronate use 1802 1110 588 230 64

Axelsson KF. JAMA. 2017:318:146



Oral Bisphosphonates Reduce Fracture Risk

Among Oral Glucocorticoid Users in Canada
(3945 Alendronate, 5825 Risedronate, and 8464 Etidronate)

Exposed Unexposed Hazard Ratios
Hip 131 183 —— 0.71 (0.57 - 0.89)
Vertebral 323 592 - 0.58 (0.51 - 0.66)
Forearm 76 98 —- 0.81(0.60 - 1.11)
Humerus 46 56 — 0.85 (0.60 - 1.21)
MTTT T TTTTT1

002 06 112 16 2222

Amiche M. JBMR 2018:; 33:419



Lumbar Spine BMD in GIOP

PTH (teriparatide) vs. Alendronate

+
B i
o Teriparatide
o 0O A
-
qo)
o
S }
> Alendronate
0 . . . . .
0] 3 6 12 18 Endpoil
Months Saag K. NEJM
10001 Alendronate N= 195 184 173 159 148 195 2007,351:2028

Teriparatide N= 198 183 178 170 156 198



Teriparatide vs. Alendronate
New Vertebral Fractures

Alendronate Teriparatide

(n=169)* (n=173)* P-value
Vertebral radiographic 13 (7.7%) 3 (1.7%) 0.007
Clinical vertebral** 4 (2.4%) 0 0.037

*Number (%) of patients with paired baseline and postbaseline spinal radiographs
**Radiographically confirmed vertebral fracture(s) associated with symptoms such as back pain;
vertebrae graded individually for compression deformity using semiquantitative criteria

Saag K. NEJM 2007;357:20
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Trabecular Bone Score (TBS)
and BMD by DXA in GIOP Trial

Teriparatide *
*9 LS BMD by DXA

Alendronate =
LS BMD by DXA

0000
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TeriparatideTBS

]- ]- Alendronate TB'S" ‘I
0 3 6 9 12 15 18 21 24 27 30 33 36 39
Months

Saag KG et al. Arth Rheum 2016 *p<0.05 from baseline; ° p<0.05 between groups



Teriparatide vs. Risedronate
Finite Element Analysis - Strength

M Teriparatide ™ Risedronate

™) 60 -
)
Q 50 - * * *
(V0] .
= - T
; 40 =
Q
X 30 -
&
Q 20 -
=
10 -
0 S R N I N | e N N N e e S s
Month 6 Month 18 Month 6 Month 18 Month 6 Month 18
Anterior Bending Axial Compression Axial Torsion

* P =0.015 for the between-treatment comparison (MMRM model)
Gluer C. J Bone Miner Res 2013;28:1355



Abaloparatide in OVX Rabbits with GIOP

Sham DVX GC-OV ABLS ABL25

Mid femur <2

Distal femur <
mid-sagittal view

Distal
femur
trabecular

Mid Cross- |
section ROI|

Chandler H. Osteoporos Int 2019;30:1607



Densosumab in GIOP

Lumbar Spine BMD Percentage Change From Baseline
Months 6 and 12

-®- Risedronate =@ Denosumab

Glucocorticoid-continuing (GC-C) Glucocorticoid-initiating (GC-I)
5-5 * 5-5
5 > *
f__cU ) 4.5 - f__cU ) 4.5 -
oc 3.5 - Oc 3.5 -
> 9 20
@ @
£s 25 £g 25
(D) [¢D)
FE 55 157
o L o LL
D 0'5 N D 0-5 B
= - S -
- -0.5 | | | @ -0.5 | | |
=] 6 12 =] 6 12
Study Month Study Month
Risedronate n= 227 211 128 126
Denosumab n= 224 209 127 119

n = Number of subjects with observed values at baseline and the time point of interest; *p < 0.002

Saag KG. Lancet Diab Endo,2018;6:445



Serious Infections by High Risk Subgroups
In Denosumab Glucocorticoid-Induced OP Study

With Concomitant Biologics Medication, n (%)

Risedronate Denosumab
N =27 N=17
2 (7.4) 0 (0.0)

N = Number of subjects who received 2 1 dose of IP with or without concomitant biologics medication

With Concomitant Biologics Medication
or Immunosuppressants, n (%)

Risedronate Denosumab
N =227 N = 208
9 (4.0) 6 (2.9)

N = Number of subjects who received 2 1 dose of IP with or without concomitant biologics medication or immunosuppressants

Saag KG. Lancet Diab Endo,2018;6:445



Results: Change in PINP From Baseline Upon Denosumab
Discontinuation in Subjects With Rheumatoid Arthritis

160+
P1NP 140- —o— Placebo Off-Treatment

120- —- Denosumab 60 mg
100- —6— Denosumab 180 mg
80+ %
60 - I
40
20+

Percent Change From
Baseline (Median, IQR)

*P < 0.05 vs placebo; TP < 0.001 vs placebo

BL 3 6 12 18 24
Study Month

26 25 9 14 15
27 27 17 19 14
AS 26 16 20 16

Placebo n
Denosumab 60 mg n
Denosumab 180 mg n

BL=baseline; IQR=interquartile range (Q1, Q3); PLNP=serum procollagen type | N-terminal propeptide Saag K. Arth Rheum, 2022:74:604
Includes subjects enrolled in the off-treatment phase with observed values at baseline and time point of interest



Denosumab GIOP Switching Trial

- J

New DMAB User* (no prior use)

Late ZOL

2 O = DPDPN—Z22 002> T,.

V-2:-12 MO V1: Randomization to VZ:MO3 V3:MO6
ALN or ZOL {early or late) "Late” Zol Dose

V4: MO 12
End of Study




Protection From GIOP
INn the Absence of Sost/Sclerostin

Total Spine Femur
" #

4
% Change
BMD

0

-4

*
* 10

* %
WT Sost™ WT Sost™ WT Sost™

B Placecbo BGC1 W GC2
Sato AY. JBMR 2016; 31:1791



Romo vs Dmab in GIOP — 12 mo data (n= 70)

£

S 14

1)

m 12
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5 10

- 8
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m 4
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£ 2

& o

s 2

S -4

& -6

s -

f-g 0 6 12 18 24
o~ Time (mo)

- Romosozumab superior to denosumab In increasing spine
BMD at month 12 in chronic GC users with high fracture risk

- Both drugs well-tolerated Mok CC. 3. Int Med| 2024:0:1



Change from Baseline (%)

Change from Baseline (%)

Denosumab vs Romosozumab in RA
Patients on Glucocorticoids (n = 36)

10

Lumbar Spine

—e— Denosumab (N=36) 8.7
—&— Romosozumab (N=36) ?'5
0 6 12
Months
Total Hip
—8— Denosumab (N=36)
-8 Romosozumab (N=36) 3.5

Months

Change from Baseline (%)

Femoral Neck

—8— Denosumab (N=36)
5| =®— Romosozumab (N=36)

] 6 12
Months

Kobayakawa T. Modern Rheum 2023;33:26



ACR GIOP 2022- Initial Fracture
O presetair Risk Assessment

<>Diseasestatusdecisionpoint C|InICa| Fracture R|Sk Assessment

- Conditional recommendation
Strong recommendation / l \
Ghildren <18 Yea@ <Adu|ts <40 Yeaa ( Adults 2 40 Yea9

l l l

« BMD with VFA

Back

Pain or - BMD with VFA or spinal xray
Fracture or spinal xray « FRAX ® with
{@0 o GC correction
within 6 months
of starting GC within 6 months
BMD, thoraco- of starting GC

lumbar X-ray




C) Presentation

<>

ACR GIOP 2023

Initial pharmacological treatment for adults

Optimize dietary and supplemental calcium (1000-1200 mg/day)

Disease status decision point and vitamin D (600-800 |U/day) to maintain serum vitamin D level >30-50 ng/ml

Treatment option

Conditional recommendation Clinical

fracture risk
Treatment option assessment, BMD with VFA or

Strong recommendation spinal x-ray, FRAX®
/ (if age >40) \

Adults

Very High Risk
Prior OP fracture(s) ORBMDT score
< -3.5 OR FRAX® (GC-Adjusted®)
10-year risk of MOF >30% or
hip 24.5%
I OR

High GC =30 mg/day for >30 days
or cumulative doses >5 g/year

¥




C) Presentation

<>

ACR GIOP 2023

Initial pharmacological treatment for adults

Optimize dietary and supplemental calcium (1000-1200 mg/day)
Disease status decision point and vitamin D (600-800 |U/day) to maintain serum vitamin D level >30-50 ng/ml

Treatment option

Conditional recommendation Clinical

fracture risk
Treatment option assessment, BMD with VFA or

Strong recommendation spinal x-ray, FRAX®
/ (if age >40) \

Adults >40 Years Adults

: : Very High Risk
High Risk yery High RiSK
Prior OP fracture(s) ORBMDT score
BMD T score <-2.5 but >-3.5 <-3.5 OR FRAX® (GC-Adjusted®)
OR 10-year risk of MOF =30% or
FRAX® (GC-Adjusted*) hip 24.5%
10-year risk of ‘ OR
MOF >20% but <30% or High GC 230 mg/day for >30 days
hip >3% but <4.5% or cumulative doses >5 g/year

¥




ACR GIOP 2023

Initial pharmacological treatment for adults

C) Presentation

<> Disease status decision point

Treatment option
Conditional recommendation

- Treatment option
Strong recommendatior/

Adults <40 Years Adults >40 Years
Moderate Risk

BMD Z score<-3 0OR FRAX® (GC-Adjusted®)
significant bone loss 10-year risk MOF 210
over 1-2 years AND GC and <20%, or hip >1
>7.5mg/day for =6 but <3%,
months ORBMDT score

between

-land-24

Optimize dietary and supplemental calcium (1000-1200 mg/day)
and vitamin D (600-800 |U/day) to maintain serum vitamin D level >30-50 ng/ml

Clinical
fracture risk

assessment, BMD with VFA or

spinal x-ray, FRAX®
(if age >40)

Adults >40 Years
High Risk

BMD T score <-25but>-3.5
OR
FRAX® (GC-Adjusted®)
10-year risk of
MOF >20% but <30% or
hip >39% but <4.5%

Adults

Very High Risk
Prior OP fracture(s) ORBMDT score
< -3.5 OR FRAX® (GC-Adjusted®)
10-year risk of MOF =30% or
hip >4.5%
OR
High GC =30 mg/day for >30 days
or cumulative doses >5 g/year
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Initial pharmacological treatment for adults

@ Presentation
Optimize dietary and supplemental calcium (1000-1200 mg/day)
<> Disease status decision point and vitamin D (600-800 IU/day) to maintain serum vitamin D level >30-50 ng/ml

Treatment option
Conditional recommendation Clinical

fracture risk
Treatment option assessment, BMD with VFA or

Strong recommendation spinal x-ray, FRAX®
(if age >40)
Low Risk /

Adults <40 Years
GC <7.5 mg/day AND

Z score >-3 AND no Gl Bk
- - - -
other OP risk factors Moderate Risk High Risk Very nign RisK

BMDZscore<-30R  FRAX® (GC-Adjusted") ] Prior P el % mi{eﬁgre
Adults 240 Years significant bone loss 10-year risk MOF 210 BMD T score <-25but>-3.5 ™ 10-vear rick of MOF >30% or
GC <7.5mg/day AND over 1-2yearsANDGC  and <20%, or hip >1 - OR ‘ yeur ”:). O>4 So wo
FRAX® (GC-Adjusted) >7.5mg/day for 26 but <3%, FRA)](;:GC'AQJ;S;M*) IpéR'
10-year risk of MOF -year risk o ‘
1o hip <1%, BMD month - gre\?c[).rlesrcn o MOF >20% but <30% or Hiigh G < malday for =0 deys
T score >-1.5 1and-24 hip >3% but <4.5% or cumulative doses 25 g/year

Adults <40 Years Adults >40 Years Adults >40 Years Adults

* everyone else * -1, 10,1 + -3.5, 30, 4.5
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Adults Low Risk CAdults Moderate Risk 2>

+ b \

Conditionally recommend oral BP, IV Conditionally recommend Conditionally recommend

fofimereaten BP, DEN*, PTH/PTHrP" DEN: or PTH/PTHIP over BP PTH/PTHIP over anti-resorptive
clinical fracture risk 8P DEN)

assessment with BMD - : "
Conditionally recommend against Conditionally recommend Conditionally recommend

& Adults High Risk & Adults Very High Risk

Strongly recommend

with VFA or spinal x-ray RAL and ROM® due to potential IV BP. RAL or ROM over no DEN* IV BP, RAL or ROM over no

every 1-2 years harms® except for those intolerant to treatment treatment

otheragents
Strongly recommend Strongly recommend

oral BP over no treatment’ oral BP over no treatment’
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Prednisolone = 2.5mg and Prednisolone 2 7.5mg and 1 risk factor:

Age 2 40 years old « Vertebral fracture
« Recent (<2 years) osteoporotic non-vertebral fracture
» Postmenopausal women or men 2 50 years old

L4

DXA+VFA

v v k|

T-score >-2.0 T-score<-20o0r Pharmacological
vertebral fracture treatment

v

FRAX
calculation

v v

Hip < 3% or Hip > 3% or Discontinuation GC:
MOF = 20% MOF > 20% DXA+VFA

v Y

Low risk: High risk:
General + T-score>-25 « T-score<-2.5
advices « No vertebral fracture « Vertebral fracture

. « No other osteoporotic fracture . :
Most women >65 yrs with P Other osteoporotic fracture

NORMAL Z-score and RA Odvina DM. Aging Clin and Exp Res 2022 34:2591




2022 LATAM GIOP Guidance

Panel proposal for pharmacologic therapies according to fracture risk stratification

Adults and posmenopausal women Premenopausal women Children

' ' ' '
Low rak ' Moderate sk High nsk Cinaral measaes " O

AT N M - o~ v
| " P " VIR RS TeNDraNOe
WU wie .)," | .;.ld‘ !:\' LR ol . y !

A SES IARDOEN Maeronai s
; ' v I':' ““'l-.’. :.. .[4 (.’

ol rezommendes i

SIS0 200 OOt NS

CaNEH neasLes GCenssy measunes STIVH 1T ases U 0S0MAE a0 IV 159 SHouks v e
Oral BFS (8 mnsie WA 8BS (eronnee dus 10 Dokl By e
neadotdie sadnonaa B3 shiui e FRCOR2 A5 3TN 35 POsSiN e
Denosamae ANHal IONANG
,':“‘,QH".',' e s Ay 58 O fr-, N shou De corsdered i
Jodrone a0l CALION., Clotely coAsrv 1he infan! o Sslec!

?|;;‘.;)‘ $1rPma

apecal populatiom: GC pulse therapy: Jodedionc a0d o lerparyide
nhaled CC. BF (annaonak)

Odvina DM. Aging Clin and Exp Res 2022 34:2591




GIOP Controversies and Challenges
Requiring A Personalized Approach
“The Data Free Zone”

 Indications for Osteoporosis Therapy

* Premenopausal women (particularly of child
bearing potential)?

* Duration of Osteoporosis Therapy
* “Drug Holidays” ?
« Rx after first teriparatide ?

 Bone Rx with CKD



Bisphosphonates Iin Premenopausal
Women on Glucocorticoids
Effects on Lumbar Spine BMD

@ Cohen, Arth Rheum 1999 (prevention) (n =46)

> @ Reid, JBMR 2000 (treatment) (n = 25) P
,| @ Saag, NEJM 1998 (n = 104) }
o L
c
g o —1 o T L
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PBO 2.5 mg RIS 5> mg RIS
or or
5mg ALN 10mg ALN
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COMMENTARY

Should Bisphosphonates Be Used for Long-Term Treatment of
Glucocorticoid-Induced Osteoporosis?

Steven L. Teitelbaum,' Margaret P. Seton,” and Kenneth G. Saag’




Atypical Femoral Fractures (AFF) Associated
with Longer Use of Glucocorticoids

Any Dispensing of Glucocorticoids in past 12 Ma

28 (14.5) 46 (15.2) 19 (16.7) 9 (12.9)

__— |

Cumulative steroid
use, yrs mean + SD

2.7 +2.9(n = 43) 2.6+2.6(n=17) 4.8 +4.1(n=8)

*Minor criteria of lateral stress fx at time of study iIS NOW major AFF criteria

Feldstein AC. I BMR 2012;27:977



What Happens to BMD When Alendronate
IS Withdrawn and Glucocorticoid Use
(> 6 mg per day) Continues?

Alendronate
continued
for <90
days

Alendronate
continued

for > 300
days

Emkey R. Arth Rheum 2003;48:1102



Caveats on Treating Low Bone Mass
Among Glucocorticold Users with CKD

* Is it osteoporosis or is it CKD MBD (or both)

« Adynamic bone disease is common (look for lowish
PTH and low alk phos) and anti-resorptives are
contraindicated

* IV and po bisphosphonates (with some exceptions)
are contra-indicated with GFR < 30

 Denosumab associated with prolonged, severe
hypocalcemia in CKD setting

* Limited evidence around PTH analogs with adynamic
disease; limited effectiveness if PTH level is high

* Romosozumab use in mild CKD possible; advanced
CKD anecdotal

Cejka D. Kid Blod Press Res 2010;33:221
Miller PD. JBMR 2022:37:1437



What Are Newer Strategies to Make
Glucocorticolids Less Toxic?

&g,

11 B-HSD1 inhibitors Chronopharmacology

- 11 Beta-Hydroxysteroid dehydrogenase type 1 (HSD1) Inhibitors
« Retard conversion of prednisone to prednisolone at cellular level

* Preliminary reports suggest reduced adverse effects on bone turnover,
lipids and blood pressure

« SElective Glucocorticoid Receptor Agonists (SEGRAS)

* Many tries and many misses to find the “ Holy Grail” of a safe, effective
glucocorticoid mimetic compound Pofi R. Endo Revs 2023: 44:975

Othonos N. Nat Com 2023:13:1025



GIOP Update 2025

* Increasing evidence on glucocorticoid dose and
duration effects on fracture risk, risk likely varies by
fx site and across disease- 75 yrs later !

 RCT data for BMD benefit with bisphosphonates,
denosumab, teriparatide and perhaps romozosumab
(no regulatory indication yet) in GIOP

* Observational studies of bisphosphonates show
reduced fractures

* GIOP guidelines from ACR and LATAM are very
helpful but not proscriptive

* Quality of GIOP (and post-fracture) care remains
suboptimal and difficult to fix in many international
health systems
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