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Learning Objectives

o Incorporate guidelines, investigations,
and fracture risk to individualize management
of osteoporosis in chronic kidney disease

o Formulate an approach to “treatment order matters”,
including key considerations when transitioning off
denosumab and when switching between anabolic to anti-
resorptive therapies

o Define osteoporosis pharmacotherapy treatment failure
and review the evidence for when to repeat BMD after
treatment initiation

o Describe an approach to premenopausal osteoporosis,
including pregnancy and lactation-associated osteoporosis
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Pre-Test Question #1:
Osteoporosis in CKD

Incorporate guidelines, investigations,
and fracture risk to individualize management

of osteoporosis in chronic kidney disease




Pre-test Question #1

o According to 2017 KDIGO guidelines for assessment and management lgnin fo Slido: Name, Emal

of fracture risk in CKD-MBD, which of the following is TRUE? olido.com wifh code: #2041740

n-

A) BMD cannot be used in advanced CKD (eGFR < 45) to assess fracture risk, E E

if there are biochemical abnormalities of CKD-MBD -ﬁ
Of

B) Osteoporosis freatment can be used in stage 3 CKD (eGFR >30),
if no biochemical abnormalities of CKD-MBD

C) Bone biopsy to assess for underlying renal osteodystrophy should be done
prior to initiating osteoporosis treatment in stage 4-5 CKD (e GFR <30)

D) None of the above

@ KDIGO: Kidney Disease Improving Global OQutcomes
CKD-MBD: Chronic Kidney Disease - Mineral and Bone Disorder Ketteler, Kidney Int 2017



Case 1:

Osteoporosis in CKD

o 84-year-old female, recurrent fragility fractures (both wrists, humerus, pelvis)
o Presents with new forearm fracture

o CKD Stage 3b/4 (e GFR 25-34)

o Remote short-term bisphosphonate use in her 60s

o Meds: pravastatin, amlodipine, candesartan, vitamin D 1000 U daily

o BMI20

o Bone mineral density:

L-spine -1.1 Questions:

L fem neck -3.9

How do you assess osteoporosis versus
L total hip -4.6 renal bone disorders in CKD?

Would you treat her with osteoporosis
medication? If so, with what agent?




Osteoporosis in
Chronic Kidney Disease

Incorporate guidelines, investigations,
and fracture risk to individualize management

of osteoporosis in chronic kidney disease
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Stages of CKD

) G1 Normal or high 290 Early CKD Stage 2

"E o Age-related / older patients

2 o G2 Mildly decreased 60-89 | o NormalPO, PTH, ALP

< g

N

[ Mildly to moderatel CKD Stage 3

£z G3a y Y | 45-59 9

E © decreased o 3a: GFR 45-59

— : ) i

o 2 Moderately to o b GRR30-44

= o G3b 30-44 o/ FGF-23 with L GFR (prior to 1 PTH)
o 5 severely decreased

Q 0

-

3T G4 Severely decreased 15-29 Late Stage 4-5 CKD (eGFR < 30)
- o Abnormal Ca, PO,, PTH, 250HVitD
T : :

G5 Kidney e <15 o  Mineral and Bone Disorder (MBD)

o Renal osteodystrophy

Ketteler, Kidney Int 2017




CKD-MBD (Mineral and Bone Disorder)

O

O

O

Different from previously recognized “renal osteodystrophy”

Systemic disorder of mineral and bone metabolism due to CKD

Manifested by one or combination of the following:

LAB abnormalities

Ca, PO,, PTH

Vitamin D, (FGF-23)

CHroNIC KIDNEY DISEASE—
MINERAL AND BONE DISORDER

CcvD
FRACTUR

MORT
4
L

CKD-MBD

BONE abnormalities in
turnover, mineralization, volume,
linear growth or strength

Vascular or Extraskeletal
Calcification

Moe, Kidney Int 2006



Renal Osteodystrophy: Classification

o Alteration of bone morphology in CKD-MBD Maijor Types

o Quantifiable by histomorphometry on bone biopsy
Osteitis fibrosa cystica
o Usually late stages of CKD (e.g. stage 4-5) o High bone fumover

o Due tosecondary 1 PTH

Adynamic bone disease

o Low bone turnover

Osteomalacia

o Abnormal mineralization

Turnover Mineralization = Volume (mass) Mixed uremic osteodystrophy
High Normal High Variable bone turnover
Normal Abnormal Normal °
@ Low Low o Abnormal mineralization

Moe, Kidney Int 2006



Renal Bone Disease:

May Have Altered Bone Turnover

Biomarkers for Bone Turnover

PTH
Physiological

) o > 2-9x ULN: suggests high turnover

Bone o > 9x ULN: high specificity for high turnover

Quality ALP and bsALP
o Biomarkers of bone formation
o Not aoffected by eGFR

o I bsALP consistently associated with low
bone furnover

C-telopeptide, N-telopeptide
Bone Turnover o Associated with high turnover

Too much turnover o However, affected by renal clearance

High PTH o Unclear if cleared by dialysis
(esp. 29x ULN)

Too little turnover

Adynamic bone disease
E.g. low PTH, low bsALP

Hampson, Endocrine 2021; Ginsberg, Am J Kidney Dis 2022



Osteoporosis versus CKD-MBD

Difficult to diagnose osteoporosis in advanced CKD
o May coexist with CKD-MBD or renal osteodystrophy

All spectrums of renal bone disease increase fracture risk

o But etiology and management may be different

CKD: independent risk factor for fracture

o Likely multifactorial
o M 2.5x hip fracture (1 5x on dialysis)

o A fracture-related mortality with severity of CKD

FRAX risk does not account for eGFR

o Proposal: consider doubling
absolute fracture risk if CKD Stage 3b-5

Coco, Am J Kidney Dis 2000, Ensrud, Arch Int Med 2007

Pimental, Kidney Int 2017; Hampson, Endocrine 2021; Ginsberg, Am J Kidney Dis 2022



Bone Density by DXA in CKD

( N
Multiple new prospective studies: 3.?.1. In patients with CKD G3a-G5D
Lower DXA BMD with evidence of CKD-MBD, and/or
predicts incident fractures risk factors for osteoporosis, we
in CKD G3a-G5D suggest BMD testing to assess fracture risk
if results will impact treatment decisions (2B)
\ Y,

Limitations:
o No info on bone turnover
o No info on bone mineralization

o Does not directly assess microarchitecture

o Cannot distinguish cortical vs trabecular bone

: o Cannot distinguish osteoporosis from renal bone disease

Nickolas, J Am Soc Nephrol 2010; Ketteler, Kidney Int 2017; KDIGO, Kidney Int Supp 2017



Diagnosing Osteoporosis in CKD

CKD Stage 1-3 CKD Stage 4-5
(eGFR > 30) (eGFR < 30)
o Renal bone disease is less common o CKD-MBD and renal osteodystrophy

o  Can use WHO T-score -2.5 become more prevalent and profound

o Can apply FRAX to assess fracture risk o Cannot apply BMD WHO criteria

o Aslong as no biochemisiry o Cannot apply FRAX

abnormalities suggesting CKD-MBD o Need to exclude CKD-MBD
(including renal osteodystrophy)

o Labs: Ca, PO,, PTH, bsALP, VitD

o Bone biopsy may be considered

Isakova, Am J Kidney Dis 2017; Ketteler, Kidney Int 2017; KDIGO, Kidney Int Supp 2017



Bone Biopsy: Gold Standard

for Ruling out Renal Bone Disease

Growing experience with
osteoporosis medications in CKD,
low BMD, and high risk for fracture 3.2.2. In patients with CKD G3a-G5D,
it is reasonable to perform a bone biopsy if
Inability to perform bone biopsy knowledge of the type of renal osteodystrophy

may not justify withholding willimpact tfreatment decisions (not graded)
antiresorptive therapy from
patients with high fracture risk

4 )

. J

Limitations:
o Invasive, specialized expertise, costly, “fluid”
When uncertain if underlying adynamic bone disease:

o bsALP > median reference range or high:
adynamic bone disease very unlikely

@ o Low PTH: strongly correlates with adynamic bone disease

Isakova, Am J Kidney Dis 2017; Ketteler, Kidney Int 2017



Treatment of Osteoporosis in CKD

CKD Stage 1-3 CKD Stage 4-5
(eGFR > 30) (eGFR < 30)
Same as for osteoporosis without CKD, o If no history of fragility fracture,
IF no evidence for CKD-MBD no tfreatment is recommended
If abnormal biochemistry of CKD-MBD: o If high risk based on fractures (not BMD alone),

AND excluded renal bone disease (labs or biopsy),

o Manage secondary 1 PTH then may consider pharmacotherapy

and mineral metabolism
prior to considering osteoporosis drug o If GFR <15, consider bone biopsy

o Preventrenal osteodystrophy o Only treat if clearly high risk

o Control secondary hyperparathyroidism of mortality from recurrent fracture

o Avoid over-suppression of PTH o Must always rule out adynamic bone disease
(risk of adynamic bone disease) o Linked to increased vascular calcification
|:i o Manage acidosis, vitamin D deficiency o Unlikely if 1 bsALP and 4 PTH

Miller, Semin Nephrol (2009); NOF. Osteoporosis and CKD Updates (2010); Ginsberg, Am J Kidney Dis 2022



Treatment of Osteoporosis in CKD

o Data for fracture risk reduction in CKD (up to stage 3/4):
from post-hoc secondary analyses
of pivotal osteoporosis drug trials
with no evidence of CKD-MBD

o Bisphosphonates
o Denosumab
o Teriparatide

o Raloxifene

Miller, Semin Nephrol (2009); Ginsberg, Am J Kidney Dis 2022



North American / Europeadn

Labelling: Bisphosphonates

o Oral bisphosphonates: not recommended if GFR < 30 (Stage 4-5)

o IV zoledronic acid: not recommended if GFR < 35

o Bisphosphonate data in CKD:
o Post-hoc analyses, otherwise healthy women, short-term duration

o Bisphosphonate retention in bone over time with low GFR is unknown

o Excreted by kidneys; expect longer bone retention in CKD

o Low dose oral bisphosphonate has been suggested when GFR <30

o Expert opinion / controversial

@ Miller, Semin Nephrol (2009); Eveneopeol, Nephrology Dialysis Transplantation 2021
Hampson, Endocrine 2021; Ginsberg, Am J Kidney Dis 2022



Cauvution with denosumab in CKD

o Not cleared by kidneys (benefif)
o Limited experience in advanced CKD (GFR <30)

o Potent anti-resorptive, risk of profound suppression of bone turnover

o Risk of symptomatic hypocalcemia

o Especially with vitamin D insufficiency and/or inadequate calcium

o Unclear effect on vascular calcification

o Risk of rapid bone loss and rebound VCFs when delayed or stopped

@ VCFs: vertebral comoression fractures Block, JBMR 2012; Eveneopeol, Nephrology Dialysis Transplantation 2021
>- veriebralcomp Hampson, Endocrine 2021; Ginsberg, Am J Kidney Dis 2022



Anabolics in CKD

o May be beneficial with low bone turnover state (adynamic bone disease)

Teriparatide:
o Does not appear to increase risk of renal impairment

o Efficacy and safety in GFR to 30 (small sample size)

o Trial only included normal PTH

Romosozumab:

o Dual action of bone formation and anti-resorptive

o Risk of hypocalcemia (especially if GFR<30 or dialysis)
@ o Black box warning: increased CV events

Millar, Osteo Int 2007; Eveneopeol, Nephrology Dialysis Transplantation 2021
Hampson, Endocrine 2021; Pazianas, Am J Kidney Dis 2021; Ginsberg, Am J Kidney Dis 2022



Osteoporosis treatment in CKD-MBD?

e R
4.3.3. In patients with CKD G3a-G5D with

biochemical abnormalities of CKD-MBD and
low BMD and/or fragility fractures, we suggest
that tfreatment choices take into account the
magnitude and reversibility of the biochemical
abnormalities and the progression of CKD,
with consideration of bone biopsy (2D)

o Off-label use (limited evidence)

o Priority: optimize underlying CKD-MBD derangements
that adversely affect bone quality first

o E.g. PTH, ™ POy, vitamin D insufficiency

o

Ketteler, Kidney Int 2017; Eveneopeol, Nephrology Dialysis Transplantation 2021



Case 1 Revisited

84-year-old female, recurrent fragility fractures (both wrists, humerus, pelvis)

Presents with new forearm fracture

CKD Stage 3b/4 (e GFR 25-34)
Remote short-term bisphosphonate use in her 60s ©
Meds: pravastatin, amlodipine, candesartan, vitamin D 1000 U daily >
BMI 20 O
Bone mineral density: o)
L-spine -1.1 O
L fem neck | -3.9 O
L total hip -4.6 o)
@

Labs
Ca =2.23 normal
Phos = 1.2 (hormal)
PTH = 5.9 pmol/L (ref 1.6-7.2)
Cr= 137 (eGFR 29)
ALP =127 (normal)
250HD = 99
bsALP = 32.8 (ref 8.1-22)
C-telopeptide = 1560 (H)




o

X 5 Figure 1. | An algorithm for fracture risk screening and initiation of anti-fracture strategies in patients with
GFR =60 ml/min/1.73 m and bone disease; DXA, dual energy x-ray absorptiometry; PTH, parathyroid hormone.

29
CKD. CKD-MBD, CKD mineral

+
[CKD MBD* = clinical risk factors for fractures ji - GKD MBD: chronic kidney disease
mineral bone disorder (i.e.,
v 1) v abnormalities of calcium, phosphorus,
- PTH, or vitamin D metabolism)
Lifestyle CKD MBD DXA scan every “ Old |
interventions? | * management + 1-2 years er age, po‘slt-menopausa status,
prevalent fragility fracture, use of
| glucocorticoids, low body mass index
\ 4 A 4 A Weight-bearing exercise, adequate
(T—SGOI'E < _2_51 ( T-score > -2.5 w nutrition, vitamin D supplementation,
and fall prevention strategies
L = Pt J L"’ Sl = Fracturej— x Bisphosphonate or denosumab
,I, v Teriparatide or abaloparatide
[Assess bone tu rnoverj
! } !
Bone-specific alkaline Bone-specific alkaline Bone-specific alkaline
phosphatase > median phosphatase between the lower phosphatase < lower limit
of the reference range limit of normal and the median of the reference range
l of the reference range l
[Anti-resorptive agent"j [Bone biOpsyJ [Anabolic agent’ j
Normal to high bone turnover Low bone turnover .
Khairallah

, Clin J Am Soc Nephrol 2018
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Post-Test Question #1

Pre-Test Question #2




Post-test Question #1

Sign in to Slido: Name, Email

o According to 2017 KDIGO guidelines for assessment and management
Slido.com with code: #2041940

of fracture risk in CKD-MBD, which of the following is TRUE?

n-
A) BMD cannot be used in advanced CKD (eGFR < 45) to assess fracture risk, Eﬂ@m

if there are biochemical abnormalities of CKD-MBD

B) Osteoporosis treatment can be used in stage 3 CKD (eGFR >30), EI.

if no biochemical abnormalities of CKD-MBD

C) Bone biopsy to assess for underlying renal osteodystrophy should be done
prior to initiating osteoporosis treatment in stage 4-5 CKD (e GFR <30)

D) None of the above

% KDIGO: Kidney Disease Improving Global Outcomes
CKD-MBD: Chronic Kidney Disease - Mineral and Bone Disorder Ketteler, Kidney Int 2017



Pre-test Question #2

o A 71yo woman sustains an acute T8 vertebral fracture
after missing her denosumab dose 8 months ago.
Which of following management options
would be considered acceptable?

Choose all acceptable answer(s):

A) Offer vertebroplasty and/or teriparatide
if experiencing retractable pain

B) Prompt re-initiation of denosumab

C) IV zoledronic acid or oral bisphosphonate

D) Combination of denosumab and teriparatide for 2 years,

followed by a potent anti-resorptive agent

Sign in to Slido: Name, Email

Slido.com with code: #2041940

%"ﬁj’@lﬂ

Ol

Leder, Lancet 2015; Ramchand, JCEM 2020; Tsourdi, JCEM 2021



Case 2:

Denosumab Transition

o 72yo Asian female

o Wrist fracture age 61

o Maternal hip fracture age 60

o Meds: denosumab x 9.5 yrs, vitamin D 1000 units/day

o Was on oral bisphosphonate x 5 yrs before denosumalb

o Asymptomatic, but worried about higher risk of AFFin Asian women

o Favourable BMD response over time

Questions: P
2016 | 2018 | 2020 | Now
L-spine -1.8 | -1.5 | -1.3 | -1.0 Would you suggest continuing denosumab
Liemneck | 25 | =22 | 20 | -1.7 indefinitely or transitioning off?
L total hip -20 | -1.8 | -1.5 | -1.3 What approach would you propose in

@ transitioning off denosumab?
AFF: atypical femoral fracture
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Management of
Discontinuation of Denosumab

Formulate an approach to “treatment order matters”,
including key considerations when transitioning off

denosumab and when switching between anabolic to
anfti-resorptive therapies




Drug Holiday:

Does NOT apply to denosumab

Lumbar Spine

9 -A-A& Placebo ©©Denosumab

8 |
£ ; o Do NOT delay
w .
g .| gémo doses
5 4
&
s 3 .
2 2. o Switch to another
S 11 agent if patient cannot
g 07 receive next dose
g

_2 i

-3 -] _ | | : | | | :

01 6 12 24 30 36 42 48

Higher risk with:

* Longer DMAB duration e.g. > 2.5 yr
) * Prevalent vertebral fracture

Risk of Prior bisphosphonate therapy

Study Month

Rapid drop to baseline BMD

within 1-2 years rebound vertebral fractures may mitigate risks

Bone, JCEM 2011; Popp, Osteo Int 2016



Denosumab discontinuation

o Transition to anti-resorptive six months after final DMAB dose

o Good results if prior DMAB was only 1-2 years

Goals are 1o try and:
o Minimize BMD drops after DMAB stopped

o Offset risk of rebound vertebral fractures

o Best study = Salling, JBMR 2020
o Only partial protection with zoledronic acid in all groups

o Repeat dose needed in many

: Lamy, JCEM 2016; Ferrari, JBMR 2020; Sglling, JBMR 2020; Tsourdi, JCEM 2021



Zoledronic acid after denosumab

o N =61, average DMAB duration = 4.6 yr

o RCT: IV zoledronic acid after denosumab

o 6mMo, 9 Mo, or based on c-telopeptides

ZOL administrated if:
p-CTX >1.26 ug/L
BMD loss > 5% at the lumbar spine or total hip
Low-energy vertebral or hip fracture
No later than month 6
ml m2 m3 m4 m5 mé

H EEEE®N
A A

Randomized at baseline
(m0). Observational group (n=20) |
6 months after the last

DMAB injection

Treatment with
ZOL

M Blood sample
A DXA

6-month group (n=20)

ZOL administrated if:

- p-CIX=126ugL

- Low-energy vertebral or hip fracture
- No later than month 3

Treatment with ZOL post-DMAB:

* Did not fully prevent BMD losses
« lIrrespective of timing of ZOL

ZOL administrated if:

p-CTX = 1.26 ug/L
BMD loss > 5% at the
lumbar spine or total hip

Ml M2M3* M6 MI2
H B E =
A A

Only partial protection

in all groups; repeat
dose needed in many

)

- o

)

IS

Mean percent change = SEM
& W

&

U
~

Mean percent change + SEM
N W I —

'
w

Lumbar spine bone mineral density

(S8

6 8 10 12 14
Months

Total hip bone mineral density

16

18

~

6 8 10 12 14
Months

16

18

w6 months group
w9 month group
~—Qbservational group

No significant difference between
groups (ANOVA) 6 months ()
and 12 months (0) after the initial
ZOL treatment or at month 12, p
>0.05.

s 6 months group
9 month group
«Qbservational group

No significant difference between
groups (ANOVA) 6 months (»)
and 12 months (0) after the initial
ZOL treatment or at month 12, p
>0.05.

Sglling, JBMR 2020
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E U ro p e q n C q I C ifi e d The Journal of Clinical Endocrinology & Metabolism, 2021, Vol. 106, No. 1, 264-281 =.
Tiss U e SOCiety: Reports and Recommendations

Fracture Risk and Management of

P OS“'iO n S-I-q.l.e m e n'I' Discontinuation of Denosumab Therapy:

A Systematic Review and Position Statement

doi:10.1210/clinem/dgaa756

) ENDQOCRINE
Reports and Recommendations SOCEETY

Denosumab

Long duration
(more than 2.5 years)
and/or high fracture risk

Zoledronate
not available, )
or patient Oral bisphosphonate for 12-24 months
BTMs: bone turnover markers preference Depending on re-evaluation of BMD and BTMs

Tsourdi, JCEM 2021



c oo
E U ro e q n q I ‘ Ifl e d The Journal of Clinieal Endocrinology & Metabolism, 2021, Vol. 106, No. 1, 264-281
doi:10.1210/clinem/dgaa756
Reports and Recommendations
(] (] 4
I ISS U e ( : Ie y Reports and Recommendations
[ J

Fracture Risk and Management of

P OS"'io n slllqllle m e ni' Discontinuation of Denosumab Therapy:

A Systematic Review and Position Statement

ENDOCRINE
SCCETY

Prompt re-initiation of denosumab

OR

Vertebral fracture(s) occurring Avoid vertebroplasty
within 1-2 years and/or
after DMAB discontinuation monotherapy with teriparatide

IV zoledronate or PO bisphosphonate
OR

Consider combination of denosumab and
teriparatide for 2 years, followed by zoledronate

Tsourdi, JCEM 2021



Low dose denosumab

Endocrine
https://doi.org/10.1007/512020-022-03230-5

ORIGINAL ARTICLE

Effect of low dose denosumab on bone mineral density in
postmenopausal women with osteoporosis after a transition from
60 mg dose: a prospective observational study

o Denosumab 60 mg SC gémonths - 30 mg SC gémonths
o Postmenopausal women, moderate risk for fracture

o Maintained BMD without clinical fractures observed

Year 1
Fig. 1 Mean % change in BMD p=0.25 p=0.41 p=0.53 p=0.43
at 12 months describes the a5 -
changes in BMD values
12 months after the switch from
denosumab 60 mg g 6 months to g9
denosumab 30 mg g 6 months at
the lumbar spine, femoral neck,
total hip, and distal third radial 25
sites. Blue: group A (N = 78),
red: group B (N = 36)
2.0
g -
E 15
8
5 10+
&
0.5
0.0
-05
-10 - p<0.01  pe<0.01 p=0.88  p=0.39 p=0.07  p=0.62 p=068  p=050
<Qyr 3yr+ <3yr 3yr+ <Byr 3yr+ <3yr 3yr+
Lumbar spine Femoral neck Total hip 1/3 radius

Year 2

p=0.59 p=0.28

p=0.74

p=0.83

Parcent change from baseline

p=0.87

-2 - p<0.01 p=0.07 p=0.71 p=0.29 p=0.95 p=0.73 p=0.79
<3 yr 3yr+ <3 yr 3yr+ <3 yr 3 yr+ <3 yr 3 yr+ .
Lumbar spine Femoral neck Total hip 1/3 radius Khan, Endocrine 2023



Case 2 Revisited: Denosumab transition

o 72yo Asian female -
. Imaging
o Wrist fracture age 61

o Maternal hip fracture age 60 o Thoracolumbar XR:no VCF

o Meds: denosumab x 9.5 yrs, vitamin D 1000 units/day o Bilateral femoral XR: no AFF

o Was on oral bisphosphonate x 5 yrs before denosumalb

o Asymptomatic, but worried about higher risk of AFFin Asian women

o Favourable BMD response over time
o Mostrecent BMD:

Options:

1. Continue denosumab

IS U 2. Transition to IV zoledronic acid

Lfemneck | -1.7 Half dose denosumab x 24 month,

L total hip -1.3 then transition to IV zoledronic acid
o Monitor BTM and BMD

AFF: atypical femoral fracture VCEF: vertebral compression fracture




42

Sign in to Slido:

Name, Email

Slido.com with code:
#2041940

Post-Test Question #2

Pre-Test Question #3




Post-test Question #2

Sign in to Slido: Name, Email

o A 71lyowoman sustains an acute T8 vertebral fracture
Slido.com with code: #2041940

after missing her denosumab dose 8 months ago.
Which of following management options EE'-. E
would be considered acceptable? #@

Choose all acceptable answer(s):

Ol

A) Offer vertebroplasty and/or teriparatide
if experiencing retractable pain

B) Prompt re-initiation of denosumab

C) IV zoledronic acid or oral bisphosphonate

D) Combination of denosumab and teriparatide for 2 years,
followed by a potent anti-resorptive agent

Leder, Lancet 2015; Ramchand, JCEM 2020; Tsourdi, JCEM 2021



Pre-Test Question #3

Osteoporosis Canada 2023 guidelines

define inadequate response to treatment

as which of the following despite adherence to
adeqguate course of treatment for at least 1 year?

A) Atleast 1 fracture AND =25% BMD drop from baseline
B) More than 1 fracture OR 25% BMD drop from baseline
C) Atleast 1 fracture AND any BMD drop from baseline
D) More than 1 fracture OR any BMD drop from baseline

Sign in to Slido: Name, Email

Slido.com with code: #2041940

%"ﬁj’@lﬂ

Ol

Morin, CMAJ 2023



o 70 year old female with osteoporosis
o Alendronate x 2 years

o Recent fall: distal radius fracture

Questions:

« Does this ‘count’ as a treatment failure?

« Would you change her medications?




G

Treatment Failures and
Sequences of Therapy

Formulate an approach to “treatment order matters”,
including key considerations when switching between
anabolic to anti-resorptive therapies

Define osteoporosis pharmacotherapy treatment failure
and review the evidence for when to repeat BMD after
freatment initiation

46
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influence the content of the




Treatment Failure: Definition

British Columbia Manitoba Ontario

Fragility fracture, AND Fragility fracture, AND/OR Fragility fracture, OR
BMD decline 25%, BMD decline below baseline, BMD decline below baseline,

despite 21 yr bisphosphonate despite 21 yr adherence despite 21 yr adherence




Treatment Failure: Definition

OSTEOPOROS IS

CANADA

O Remark: Inadequate response to treatment should be considered when > 1 fracture or
substantial bone density decline (e.g., 2 5%) occurs despite adherence to an adequate

course of treatment (typically > 1 yr).

O However, fractures or bone density decline during therapy do not always indicate
iInadequate response to tfreatment (e.qg., secondary causes of osteoporosis, falls, BMD
Imprecision errors).

Morin, CMAJ 2023



Monitoring for tfreatment response

2020  ENDOCRINE g

SOCIETY s Repeat BMD every 1-3 years
2020 AACE® Repeat BMD in 1-2 years
2022 BHOF Repeat BMD in 1-2 years

FOUNDATION

2023 OSTEOPOROSI|S  Repeat BMD in 3 years*

CANADA

new risk factors associated with rapid bone 10ss Shoback, JCEM 2020; Camacho, Endocr Pract 2020
LeBoff, Osteoporos Int 2022; Morin, CMAJ 2023

é *shorter interval if secondary causes of osteoporosis, new fracture, or



Trouble with serial BMD

o SeriC” BMD done in C{UiCk SUCCGSSIOH can: Observational Study > J Clin Endocrinol Metab. 2022 May 17:107(6):1662-1666.

doi: 10.1210/clinem/dgac051.

o Magnity eror Apparent "Rapid Loss" After Short-Interval Bone

o Lead to incorrect conclusion on freatment effect Density Testing in Menopausal Women Is Usually a
Measurement Artifact

Gregory A Kline 1, Suzanne N Morin 2, Lisa M Lix %, William D Leslie * 3

O LeOdIng TO: Affiliations + expand
. . . PMID: 35134963 DOI: 10.1210/clinem/dgac051
o Emroneous adjustments on medication
o Additional investigations
o Patient distress

o Physician confusion

Kline, JCEM 2022



Trouble with serial BMD

o Measurement error
(slope of green vs blue line)
magnifies at shorter
versus longer intervals

o Steepest slope will
always be greater
for a shorter time interval

BMD

Uncertainty around any
., single BMD measurement

Steepest slope that e T

could be observed ~—

between baseline + 2 yr

Steepest slope that A

could be observed

-\-\--\-\--.

between baseline + 10 yr

Actual BMD
decline

| | | 1 | | | | |
baseline 1 2 3 4 S5 6 7 8

£ —

10

Kline, JCEM 2022



Trouble with serial BMD

-
N

@8 Lumbar spine
@8 Total hip
@8 Femoral neck

-

o Odds ratio for ‘rapid bone loss' (> 95t %ile)
highest at 2-2.9 years, declining from there

o Population BMD loss per year:
steady across cohort

% BMD loss exceeding 95th percentile

5 ,% 9
- 5 + - )5 5 3 55 Q
LN S S LAV SR SO R

9 % ] 2 S x

Vv ) o A’ Q® )
o Suggests people with more frequent BMDs Interval between BMD tests, years
m Oy b e m ore |i|<e |y -I-O h Ove :;::I;Iz,::. spine BMD % loss ;l':‘lt:l hip BMD % loss per gflrn:)cr:: neck BMD % loss
161 1 Interval, years ~ Number of BMD pairs ~ Mean  SD  95® percentile ~ Mean  SD  95% percentile  Mean  SD 95 percentile
a magnified conclusion on
g 2-2.9 947 -0.1 1.9 -2.8 -0.6 1.5 -3.1 -0.6 1.8  -3.1
treatment effect (Or lack Thereof) 339 1762 02 15 26 07 12 26 07 14 26
4-4.9 1163 -0.2 1.1 -2.0 -0.7 1.0 -2.3 -0.7 1.1 -23
5-5.9 844 -0.1 1.0 -l.6 -0.7 09 -22 -0.7 1.0 -22
6-6.9 628 -0.2 0.9 -le -0.7 0.7 2.0 -0.7 0.8 -2.0
7-7.9 511 -0.1 09 -1.5 -0.7 0.8 -2.0 -0.7 0.8 -2.0

8-8.9 378 -0.2 0.8 -1.5 -0.7 0.6 -1.8 -0.7 0.7 -1.8

9-9.9 296 -0.1 0.8 -1.3 -0.7 0.6 -1.7 -0.7 0.7  -1.7
210 593 -0.1 0.7 -14 -0.7 0.6 -1.8 -0.7 0.7 -1.8

Kline, JCEM 2022



Trouble with fractures on therapy

HORIZON
o Can't prevent all fractures A peensiever e SE—

o E.g.J 15-20% non-vertebral fracture (and not 100%) - . oy s
o Yet they are within the definition of ‘treatment failure'’ o
o Patients have “residual fracture risk” while on therapy & ereranas e N
o Fractures provide an opportunity to assess the patient . B
o Adherence S e
o Appropriate administration
o New/worsened medical conditions (e.g. inflammatory) P B ;. °°‘)
o Glucocorticoids ; 1
o Malabsorption or other Gl concerns e R ) ‘*—ﬂi
@ o Weightloss - ERREEEs | r-aBunRNY

Black, NEJM 2007



I BM) O ] :
PerS|S'|'ence of J Open Real-world persistence and adherence

with oral bisphosphonates for

org I bi S p h oS p h onaqa 'l'e S osteoporosis: a systematic review

F Fatoye, P Smith, T Gebrye, G Yeowell

o “Patient persistence and adherence -
with oral bisphosphonates was poor a5
and reduced notably over time” 40

35
30

o Important to assess adherence 25
20

and appropriate administration
15
0 L ANNNNNNNNS

6 months 1 year 2 years 3 years
(34.8% to 71.3%) (17.65% to 74.80%) (12.9% to 60.6%) (21.0% to 40.0%)

Length of treatment (range of mean persistence)

Number of studies

wv

Fatoye, BMJ Open 2019



Back to the Case: After ‘failure’

o 70 year old female with osteoporosis
o Alendronate x 2 years

o Recent fall; distal radius fracture

Question: Answer:

What is the sequence of « Depends on the current course of therapy

therapy after ‘failure’ ?
If starting on an oral bisphosphonate:

 Switch to zoledronic acid?
+ Switch to denosumab?
« Switch to an anabolic agent?




Oral bisphosphonate Denosumab or Zoledvonic Ac inPostmenopauea

Women With Osteoporosis Previously Treated With

'I'O ZOL or D M AB Oral Bisphosphonates

P. D. Miller, N. Pannacciulli, J. P. Brown, E. Czerwinski, B. S. Nedergaard,
M. A. Bolognese, J. Malouf, H. G. Bone, J.-Y. Reginster, A. Singer, C. Wang,
R. B. Wagman, and S. R. Cummings*

o Internatfional multicenter RCT 2402
e B Denosumab

o N= 643, women age > 55 Q 7 O Zoledronic acid
o 22 years oral bisphosphonate % 3 - 1.4%3°
(average 6 years) &E : 1.2%"
o Switched to either ZOL or DMAB § | 0.6%
= ]
o BMD and BTMs at 12 months . . i
2 L _ 2
& 0  ——
S 1 1
o DMAB: greafer BMD increases and By

1 HaYE s 1 a Lumbar Spine Total Hip Femoral Neck One-third Radius
greater inhibition of bone remodeling (Primary End Point)
versus ZOL

@ RCT = randomized confrol trial ZOL = zoledronic acid
BTM = bone tumover markers DMAB = denosumab Miller, JCEM 2016



Sequence of therapy matters

o |deally start patients who are tfreatment naive PERSPECTIVE
on anabolic agents first (if indicated)
before transitioning to antiresorptive therapy Treatment Sequence Matters: Anabolic

o Greater BMD gains and Antiresorptive Therapy for Osteoporosis

Felicia Cosman,'? Jeri W Nieves,'? and David W Dempster'*

'Regional Bone Center and Clinical Research Center, Helen Hayes Hospital, West Haverstraw, NY, USA
’Department of Medicine, Columbia University College of Physicians and Surgeons, New York, NY, USA

1 i 1+ ! 1 1 *Department of Epidemiology, Columbia University College of Physicians and Surgeons, New York, NY, USA
O C erT OI n TI'CI n SITI O n CO m b In OT IO n S “Department of Pathology, Columbia University College of Physicians and Surgeons, New York, NY, USA

are important to know

Cosman, JBMR 2017



Antiresorptive

Treatment Sequence Matters: Anabolic
and Antiresorptive Therapy for Osteoporosis

b efo re I e rI a rq I I d e Felicia Cosman,"? Jeri W Nieves,'* and David W Dempster'*
'Regional Bone Center and Clinical Research Center, Helen Hayes Hospital, West Haverstraw, NY, USA

?Department of Medicine, Columbia University College of Physicians and Surgeons, New York, NY, USA
*Department of Epidemiology, Columbia University College of Physicians and Surgeons, New York, NY, USA
“"Dep of Pathok Columbia University College of Physicians and Surgeons, New York, NY, USA

o Although there is a decline in response
with antiresorptive therapy before anabolic agent,
there is still a residual effect (with oral bisphosphonate)

Table 1. Hip BMD Effect of Switching From Potent Antiresorptive Therapy to TPTD

% Change in total hip BMD during
TPTD/PTH treatment

Study Sample size Treatment paradigm 6 mo 12 mo 18 mo 24 mo
Ettinger et al.*” 33 Alendronate (mean 29.3 mo) — TPTD (18 mo) -18%  -1.0%  +0.3% -
Boonen et al.*" 107 Alendronate (median 29.2 mo) — TPTD (24 mo) -1.2% —0.6% +0.6% +2.1%
Boonen et al.*" 59 Risedronate {median 23.4 mo) — TPTD (24 ma) ~1.6% ~0.4% 10.9% 12.9%
Miller et al.®" 158 Risedronate {mean 37.2 mo) — TPTD (12 mo) ~1.2% ~0.3% - _
Miller et al.*® | 166 Alendronate (mean 38.0 mo) — TPTD (12 mo) ~1.9% -1.7% - -
Cosman et al.!*® 50 Alendronate (mean 45.7 mo) — TPTD (18 mo) -0.8% — +0.9% -
Leder et al.*® 27 Denosumab (24 mo) — TPTD (24 mo) “1.7% _2.7% ~1.7% —0.7%

mo — months.
@ In some cases, numbers are estimated by extrapolation from graph in article.

Cosman, JBMR 2017



Denosumab before Teriparatide

Lumbar spine Switch
—@- Teriparatide—denosumab v

—il- Denosumab—teriparatide /
—&— Combination—denosumab g

o Caveat to previous slide

Is denosumab - teriparatide =
o DATA-Switch: ] ¥/
o Decline in BMD after , | .
switching from DMAB - TPTD N _ Totalbip _

H-l |//. T T T T T T ’ : |7______¥_____| T T ] T T
Months Months
DMAB = denosumab
Leder, Lancet 2015

TPTD = teriparatide



(] [ ]
A n llll re sorptlve Romosozumab and antiresorptive treatment: the importance

of treatment sequence

b efo re R o m o s OZ U m a b Felicia Cosman'(® . David L. Kendler? - Bente L. Langdahl® - Benjamin Z. Leder* - E. Michael Lewiecki® -

Akimitsu Miyauchi® - Maria Rojeski’ - Michele McDermott” - Mary K. Oates’ . Cassandra E. Milmont’ .
Cesar Libanati® - Serge Ferrari®

Total Hip

a. 1 Year Gains With Romosozumab b. Cumulative 2 Year Gains After

O I_e SS BM D gQI nS If rOI ' IOSOZU I | |G b [l Romosozumab prior to alendronate Sequent'al Treatment
[H Romosozumab prior to denosumab ROMO/
started AFTER antiresorptive therapy TR TR lnlisiing g% 127 ROMO/ Dy
g; [l Romosozumab after denosumab %E ALN
ES 10 5= 107 85 DMAb/
om o 71
$£ 8 After eL 8 7
=% . ALN After =G -
cg 6 oF 6
=L " DMAb <L i
. . . w o i o c A
@ £ 0.9 D=
o However there is still a BMD gain % o ; % 2
25 o- 25 oA ;
n= 1773 3197 197 13 n= 1619 2903 13
ARCH FRAME STRUCTURE Ph 2 Ext ARCH FRAME STRUCTURE® Ph 2 Ext
(M0-12) (M0-12) (M0-12)*  (M36-48)° (M0-24) (M0-24) (M24-48)'
Lumbar Spine
c. 1 Year Gains With Romosozumab d. Cumulative 2 Year Gains After
[l Romosozumab prior to alendronate Sequent|a| Treatment
Romosozumab prior to denosumab
[@ Romosozumab after alendronate RoMay
—~ 201 —~ 20+ ROMO/ DMAb DMAb/
=3 [l Romosozumab after denosumab = ALN
oy 184 ° o 18 4 16.6 ROMO
s} =) .
= 164 S= 164 s
£ @ i 13.7 13.1 After = @ i
gg 14 ALN g 14
L8 124 After &g 121
= § 10 DMAb = E 104
X E g4 X E 8-
83 83
ZE 6 =% 6+
85 41 $9 41
= § o] = § 2
CEEY o o4 f
n= 1715 3151 197 n= 1568 2861 13
ARCH FRAME STRUCTURE Ph 2 Ext ARCH FRAME STRUCTURE® Ph 2 Ext
(M0-12) (M0-12) (M0-12)*  (M36-48)° (M0-24) (M0-24) (M24-48)'

Cosman, Osteo Int 2022




Antiresorptive

Effects of prior osteoporosis treatment on 12-month treatment

response of romosozumab in patients with postmenopausal
before Romosozumab [

Kosuke Ebina®"-*, Hideki Tsuboi®, Yoshio Nagayama®, Masafumi Kashii®,

O PFOSpeCTlve, @) bS erVOhO Na |, = Change in lumbar spine BMD (%) b Change in total hip BMD (%) £ Change in femoral neck BMD (%)
multicentre Japan study ORI e M e i y e

18 4 ~—s— DMAb group (n=45) =—=——DMAb group (n=45)
«+es0-... TPTD group (n=16) b 6 1

DMAD group (n=45)
«ws000« TPTD group (n=16) o 6 1 +ess0uses TPTD group (n=16)

o BMD gains after starting
or switching to Romosozumab

Change from baseline (9b)
Change from baseline (%)
Change from baseline (%)

o Not as much as pretfreatment

o But still an increase vontns
Months Months
Table 1. Patients’ clinical characteristics at baseline.
Variable Naive group  BP group (n=37) DMAD group TPTD group
(n=50) (n=45) (n=16)
Duration of prior 0 281+23.3 24.1+15.8 11.6+£8.0°

treatment (months)

% ROMO =romosozumab

Ebina, Joint Bone Spine, 2021



Switching from

Skeletal responses to romosozumab after 12 months

DMAB 'I'o ROMO of denosumab

Michael R. i"w'|||:CIun(_;|,1'2 Michael A. Bu::aloc_:;nese,3 Jacques P. Brown,* Jean-Yves Rec_:;inster,s‘E
Bente L. Langdahl,” @ Yifei Shi,® Jen Timoshanko,? Cesar Libanati,” © Arkadi Chines,® and Mary K. Oates®

Group 2:
Placebo-to-denosumab-to-romosozumab
B. Lumbar splac (n = 16)
o N=16 . ™
éz N A5 rr.l
O Plgcebo 9 DMAB 9 ROMO ;E " AOB(-ZELL) : y ’{I,-;——}///t
¢F ] . W oM
e g F S
o No comparator to teriparatide e B R gy e B
D. Total hip
. '_;‘ 10 5 A3R(26,50)
o BMD gain seen, but small study 5E RAENED
Unclear if generalizable to Y P/ .
longer duration of DMAB 1 AH\I\P:{ P

<=
0 3 6 12 I8 24 30 6 39 32 48
DMAB = denosumab Study Month

ROMO =romosozumab McClung, JBMR Plus, 2021



Romosozumab (sclerostin monoclonal antibody) versus

W h iC h q n q b o I iC teriparatide in postmenopausal women with osteoporosis

transitioning from oral bisphosphonate therapy:

aflller q ni'iresorp'l'ive? a randomised, open-label, phase 3 trial

Bente L Langdahl, Cesar Libanati, Daria B Crittenden, Michael A Bolognese, Jacques P Brown, Nadia 5 Daizadeh, Eva Dokoupilova, Klaus Engelke,
Joel 5 Finkelstein, Harry K Genant, Stefan Goemaere, Lars Hyldstrup, Esteban Jodar-Gimeno, Tony M Keaveny, David Kendler, Peter Lokatos,
Judy Maddaox, Jorge Malouf, Fabio E Massari, Jose Fernande Maolina, Maria Rosa Ulla, Andreas Graver

Total hip

o 436 postmenopausal women 40+ -8~ Romosozumab (n=206)

—&— Teriparatide (n=209)

Femoral neck

307 EPE

o =23 years of oral bisphosphonate

2.04

1.04

o Alendronate for the year before screening
o Randomized to ROMO or TPTD

Change from baseline (%)

Time (months)

Time (months)

O % BMD ChCIﬂge W|Th ROMO Lumbar spine Hip strength

45 -8 Romosozumab (n=176)
—&— Teriparatide (n=178) *f

was greater versus TPTD

Change from baseline (%)

0 T T -2 T 1
0 6 12 0 6 12
Time (months) Time (months)
@ ROMO =romosozumab

TPTD = teriparatide Langdahl, Lancet 2017



Repeat anabolic therapy

o Limited data on repeat romosozumalb
after initial course of therapy

o Teriparatide black box warning lifted November 2020

o No longer restricted for 24 months lifetime exposure

o Repeat therapy not currently approved for use

o Perhaps consider in very high risk fracture patients?




(]
Repeqt q nq bOIIC Bone mineral density gains with a second 12-month course

of romosozumab therapy following placebo or denosumab

therapy

D.L. Kendler ' (% - H.G. Bone” « F. Massari> « E. Gielen® « S. Palacios > + J. Maddox® - C. Yan™®
S. Yue®? . R.V. Dinavahi®- C. Libanati'? - A. Grauer®""

Month Maonth Month Month Month

o 12 24 8 48
Placebo QM (N = 30) -
o Second course of ROMO Placebo Q3M (- 22) & Placebo
after 1 year of p|CICebO or DMAB Romosozumab 140 mg OM {N = 51) @ =130 | Roppsczumab
Romosozumab 210 mg QM [N = 52) & 11
- [N = 167)
Romosozumab 140 mg G3M (N = 54) &
Romosozumab 210 m:nm:u=533 L N = 129)
. ) ) Alendronate T0 mg OW= (N = 51) *~— | ﬁgﬁf;;‘é“‘;gu
o Stability to slight BMD gain Teriparatide 20 g QO (= 55) « , , ,
with continued treatment “""nw":““"bﬁhi'rn‘:“ "E,g““‘:‘,l“z';:” 2;‘::._;?%“:‘.:2

® Romosozumab (210 mg M) @ Placeba @ Denosumab (60 mg Q8M)
a. Lumbar Spine

@
= 301
o No safety concerns noted _ g om B ESSP Ca
ES /./‘ 151 1 - 1
] B 1 10
2 51
é C3IE B B A ® memb & 535 6 B % s heme &
Manth Month

b. Total Hip
-% 15 15
3
g 10 ) ) 104
é 5 *\//t 5 f_%-M
% [i] 081
g
a

@ ROMO =romosozumab & VI E T T8 4 Rk ®mmd & 0 3 6 12 18 24 30 36 3942 48

DMAB = denosumab o Mo Kendler, Osteo Int 2019



Repeat anabolic

A single dose of zoledronate preserves bone mineral density for
up to 2 years after a second course of romosozumab

therapy

M. R. McClung ' - M. A. Bolognese®+ J. P. Brown® + J.-Y. Reginster *® « B. L. Langdahl” - J. Maddox® - Y. Shi®
M. Rujes.kiﬂ . P.D. Meisner” - A. Grauer®

Mo Further Active Treatment Zoledronate
a Lumbar Spine d Lumbar Spine
Romosozumaby Romocsogumab Zoledronate
. ¥ w0 R0 my Oy Mo Further Active Treatment % W 4210 my Q) 5 g Sirgls Doas)
o BMD preserved with i i
single dose of zoledronic acid
"é 15 % 15
following second course of ROMO 8 \F«{R :
s & T4 3 5
R S S O —
E g g
. ® 2 48 “5:1 . & 5% gl ® i) a8 ms'«\m a0 55 72
nt| lal
Months 0—72 b Total Hip e Total Hip
Ellglble for Study - ﬁ%ﬁm? Mo Further fictive Treatment 2 4 %ﬁ?ﬂﬁﬁf & lszgﬂ:rleaaﬁul
Months 48-72 ’
Placebo QM (N = 30) @ - Assigned by Protocol Criteria E 25 % 25
Placebo Q3M (N = 22) @ Placebo £ 3
SC Q6M No Further Active g 1 s 1
am Treatment § 10 5 10
= 2 2
Romosozumab 140 mg SC QM (N=51) @ (N=111) ?fg‘;;oggnaﬁ E N=51¢ S o5 H‘}—_{\-ﬁ.‘_ﬁ}: 25
Romosozumab 210 mg SC QM (N = 52) @ 101 | Y VO ! I .
= 1 L
Romosozumab 140 mg SC Q3M (N= 54) @ _ / ( ) i Zoledronate E = . ' . ' g - 1 . 1 . r
Romosozumab 210 mg SC Q3M (N = 53) @ (N'=108) *=] 5mglV Single Dose = e S e
_ = Denosumab _—
Alendronate 70 mg PO QW= (N = 51) L a— 60 mg SC Q&M ¢ Femoral Meck 1 Femaral Meck
Teriparatide 20 pg SC QD" (N = 55) | . TG mg oty Mo Furthar Active Troamant ; G g Gt {5 gy Seghe Deme)
L i i i i Ew 2=
I 1 L) 7 T 5 4
Month 0 12 24 36 48 @ g ”
Romosozumab Denosumab Romosozumab Zoledronate E. 0 E =
Double-blind Extension Second-course Follow-on g " &
Period Period Period Period £ 10 %\ 2
- - g
55 g5
36 az i 54 & 86 72 ) & a4 54 a0 6 72
Month Month

ROMO =romosozumab

McClung, Osteo Int 2020
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Sign in to Slido:

Name, Email

Slido.com with code:
#2041940

Post-Test Question #3

Pre-Test Question #4




Post-Test Question #3

Osteoporosis Canada 2023 guidelines

define inadequate response to treatment

as which of the following despite adherence to
adeqguate course of treatment for at least 1 year?

A) Atleast 1 fracture AND =25% BMD drop from baseline

More than 1 fracture OR 25% BMD drop from baseline

C) Atleast 1 fracture AND any BMD drop from baseline
D) More than 1 fracture OR any BMD drop from baseline

Sign in to Slido: Name, Email

Slido.com with code: #2041940

%"ﬁj’@lﬂ

=

Morin, CMAJ 2023



Pre-Test Question #4

Regarding premenopausal osteoporosis, i i ,
which of the following is FALSE? >ldo.com wiih code: #2041949

A

B)

Sign in to Slido: Name, Email

. [m] Pk [m]
Bisphosphonates have been shown to
increase BMD in premenopausal women.

Bisphosphonate exposure in pregnancy has been shown to E'
increase adverse neonatal outcomes above the general population.
Teriparatide followed denosumab has been shown to I —
increase BMD in premenopausal women. /

. . . X
There is no published data with denosumalb o

and anabolic therapy in pregnancy.

Bhardwaj, Cochrane Database Syst Rev 2016; Shane, JCEM 2022; de Campos, Eur J Clin Pharmacol 2024



Case 4

o 37 year old female

o Acute back pain 2 months postpartum

o X-rays: wedging at 18, 79, T12, L1

o MRIspine: T? 30% compression fracture with marrow edema

o Bone mineral density:

7 Questions:

L-spine -3.4 - Do we start osteoporosis pharmacotherapy?

L fem neck -0.8

:  What is our approach to premenopausal
L total hip -1.5 and pregnancy/lactation osteoporosis?
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Premenopausal Osteoporosis

Describe an approach to premenopausal osteoporosis,
including pregnancy and lactation-associated
osteoporosis
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Peak Bone Mass Accruadl

Childhood o}

. = Peak bone mass Decreasing
disorders ‘g 1500 ' L bone mass b
T with age
o
Sexual = 1250
E
development 8 1000
and function ﬁ ®
§ g 750 =
]
- o % - Bone loss due
B"'i.h CO nfl'0| no- 500 to menopause
L)
8 250
£
° .-q 0
Lifestyle S
factors 0 10 20 30 40 50 60 70 80 90 100

Age 30 Age (in years)
OpenStax College, 2013



Low Bone Mass in Premenopausal Women

o Rare, challenging

o Cannot extrapolate fracture risk from BMD

o Fracture risk calculators not standardized for
premenopausal women

/-score < -2 before age 20,
P IOE T-score < -2.5 after age 20 AND

absence of delayed puberty

Internationa
Osteoporosis
Foundation

@ISCD Low bone mass

For Clinical Densitormetry Z-score < -2 below the expected range for age




Predictors of Bone Loss and Fractures

in Premenopavusal Women

o FRAX only validated for age 40-90

o Further studies required to validate
TBS and HRpQCT

o What about bone turnover markerse
o N =20, logistic regression

o Only moderate performance of
osteocalcin, PINP, and CTX
in predicting distal radius #

Sensitivity

Sensitivity

1.0
0.8
0.6
0.4
0.2
0.0

1.0
0.8
0.6
0.4
0.2
0.0

ocC

AUC: 0.79 (0.66, 0.93)

1 08 06 04 02 O

Specificity

BSAP

AUC: 0.79 (0.65, 0.93)

1 08 06 04 02 O

Specificity

Sensitivity

Sensitivity

1.0
0.8
0.6
0.4
0.2
0.0

1.0
0.8
0.6
0.4
0.2
0.0

Elevated Bone Turnover Markers Are
Associated With Distal Radius Fractures in
Premenopausal Women

Beverlie L. Ting MD *, Kempland C. Walley BSc T, Thomas G. Travison PhD =,

Tamara D. Rozental MDT 2, =

CTX

AUC: 0.86 (0.73, 0.98)

1 08 06 04 02 O

Specificity

25(0H)D

AUC: 0.55 (0.36, 0.74)

i1 08 06 04 02 O

Specificity

Sensitivity

Sensitivity

1.0
0.8
0.6
0.4
0.2
0.0

1.0
0.8
0.6
0.4
0.2
0.0

P1NP

AUC: 0.90 (0.79, 1.00)

1 08 06 04 02 O

Specificity

PTH

AUC: 0.56 (0.37, 0.75)

1 08 06 04 02 O

Specificity

Ting, J Hand Surg 2017



Idiopathic Osteoporosis

o Low trauma fracture with T-score < -2.5

o Possible mechanisms:
o Microarchitectural deterioration + atypical regulation of bone and fat
o Osteoblastic dysfunction
o GH/IGF-1 abnormalities
o Subclinical estrogen deficiency
o Increased bone turnover
o Hypercalciuria
o Potential genetic variants
o LRPS5, WNTI, PLS3, DKK1, COLTA1/COLTA2 , DKBP10, HGD, SLC34A3

o 46% have no genetic variants

@ Reed, JBMR 1995; Rubin, Osteo Int 2005; Peris, Clin Exp Rheumatol 2008; Colett, JBMR Plus 2018
Cohen, JCEM 2011; Sturznickel, JBMR 2021; Cohen, Bone 2022; Goetz, Osteo Int 2022; Stringer, JCEM Case Rep 2024



Who Should <

b e qu I U qi‘ed ? A Contemporary View of the Definition and Diagnosis

of Osteoporosis in Children and Adolescents

Major low-trauma* fractures Other low-trauma fractures of childhood
Vertebral, Femur Tibia, Fibula
Humerus Radius, Ulna
Flat Bones Fingers, Toes, Clavicle

e needed to trigger a bone health evaluation

v v

Less More

Examples of supporting evidence needed to trigger a bone health evaluation
Physical/radiographic stigmata (ie, blue sclera, Wormian bones, joint hypermobility, etc)
Known increased risk for fracture (such as glucocorticoid exposure)

A positive family history of osteoporosis/osteogenesis imperfecta
Recurrent low-trauma fractures
Low** BMD

é * Low trauma - defined as falling from a standing height or less, at no more than walking speed.

** Low BMD - a continuous, not a threshold, factor. The lower the BMD, the more likely to sustain a fragility fracture.
Ward, JCEM 2020



Notable Secondary Causes

in Premenopausal Osteoporosis

'e) Anorexio Nervosa Secondary osteoporosis
o 1 osteoporosis (OR 12.6) and fractures (OR 1.84) >50% 30% 50-80%
premenopausal postmenopausal men
o Lifestyle alterations — e

Chronic diseases

o Smoking (OR 2.6 if > 3 pack years)

Endocrine Glucocorticoids (GCS)
o Excess ETOH Chronic inflammatory states Post-transplant
o MO| nu’rri’rion Chronic kidney disease HIV and its treatment
v ; ) d' ; Neuromuscular disease Medications/lifestyle
@) eqgerarnan / v N al
g / egO e Gastrointestinal disease Cancer
o | 4-6% BMD versus omnivores (clinically insignificant) Nutritional conditions Genetic
o Vitamin D deficiency The four “I"s of integrated management

o Medications Investigate and treat Initiate tailored
underlying disease anti-osteoporosis treatment
o Glucocorticoids
Improve lifestyle factors Interpret treatment responses

& o Hormone deprivation therapy
Ho-Pham, Am J Clin Nutr 2009; Salmi, Acta Psychiatr Scand 2016, Ebeling, Endocr Rev 2022



BMD Changes in

Pregnancy and Lactation — [usibstisdisisntgs

Maria Florencia Scioscia, Maria Belen Zanchetta

Complete
recovery?

O o

Pregnancy Lactation Postweaning

@ recovery

Scioscia, Int J Womens Health 2023



Bone loss in

preghancy and lactation

Period of life Adaptation mechanisms Effect Bone loss?
Pregnancy 1-25 OH Vitamin D Doubled-up intestinal it o | LH, | FSH
increase - absorption of calcium R\
| E,, | PROG
No
PTHrp increase - Mild bone resorption
increase Ca?*
‘ Ca?
o
Lactation Suckling>>
HyperPRL>>(-) GnRH>> Increased bone Yes
HypoE2 '
YpP - resorption

PTHrp increase

However, pregnancy and lactation do not increase the risk of fracture in the long term

o

Kovacs 2020; Ali, J Clin Med 2021; Scioscia, Int J Womens Health 2023
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Preghancy and

Lactation-associated osteoporosis

Potential Risk Factors for PLO

' o Maternal age > 30
o Incidence: 4.5 per 10 000 s Srieking
o Family history of Osteoporosis

o Fragility fractures in 39 frimester or early postpartum o Heparin or glucocorticoid use
_ _ in pregnancy

o Vertebral, hip, pelvis/sacral fractures most common o o
o Vitamin D deficiency

o Gestational diabetes
o Severe back pain at presentation o IVF

o Debilitating with chronic pain o Twin pregnancy
o Postpartum thyroiditis

o Autoimmune disease

i:i o LRP5/WNTT1, COLTA1/A2 mutations

Kovacs, Physiol Rev 2020; Carsote, Diagnostics 2023



Approach to PLO:

9 months pregnanc 12 months lactation

Vertebral

Non-vertebral

HRPQCT

VD + calcium TPT, DEN > BPs

Repeat DXA
Repeat BTM

Carsote, Diagnostics 2023



Premenopausal Osteoporosis:

Treatment options

o Treat underlying secondary cause if feasible
o Calcium 1000-1500 mg/day

o Target 250HVIitD =75 nmol/L

o Reasonable, non-excessive physical activity
o Analgesia * vertebroplasty for vertebral #

o Bisphosphonates, denosumab, teriparatide

o SERMSs: not indicated

o Nasal calcitonin: limited use

o Romosozumab: no data in premenopausal women

Arnala, Bone 1996; Scioscia, Int J Womens Health 2023



B M D I m p ro Ve m e n II.S Osteoporosis in Premenopausal Women: A Clinical

Narrative Review by the ECTS and the IOF

by Treating Underlying Cause

Jessica Pepe,’ Jean-Jacques Body,” Peyman Hadji,? Eugene McCloskey,*
Christian Meier,” Barbara Obermayer—Piets.ch,6 Andrea Palermo,’ Elena Tsourdi,®°
M.Carola Zillikens,'® Bente Langdahl,”‘* and Serge Ferrari'®*

Diseases Patients Study Design Intervention Findings Summary
PHPT N =10, median age 44.5 years  Retrospective study Parathyroidectomy Approximately 12 + 6 months after parathyroidectomy a percentage
(28-55) increase of BMD was observed at LS 2.2 + 4.5, total hip + 2.6 + 2.2, radius
-0.8 £ 3.2.
IBD anti-TNF-a N = 23 (90% Longitudinal Treatment with anti-TNF-a After 7 years of follow-up, LS and FN BMD increased significantly in patients
premen women) Mean age prospective cohort therapy treated with anti-TNF-a. No difference in the number of incident fractures

33.4 + 12.1years vs control
N =48 (66.7% premen) Mean
age 39.6 + 11.6 years

but new fractures were more common and more severe in the group not
receiving anti-TNF-a therapy

Celiac N =26, mean age Longitudinal Gluten-free diet for 1 HR-pQCT revealed improvement at the distal radius of approximately 9% of
. 31.1 + 8.7 years (19-50) prospective cohort trabecular volumetric density, BV/TV and trabecular thickness (all P < 0.05).
disease year A decrease of cortical thickness was reported (-3.6%, P = 0.03). At the

distal tibia, all volumetric parameters, the total, trabecular and the cortical
density increased significantly (3.6%, P = 0.004; 8.3%, P < 0.0001; and
1.54%, P = 0.0004, respectively). A BV/TV and trabecular thickness increase
of approximately 8.3% (both P < 0.05) were reported. A decrease of cortical
thickness was observed (-0.8%, P < 0.05).

Anorexia N = 160, mean age Retrospective Body Weight regain No significant changes in hip and LS BMD were observed after 3 years.
28.3 + 10 years However, fat mass gain was a significant factor associated with BMD
nervosa improvement at follow-up (8.0 £ 9.1 vs 3.0 + 3.5 kg, P = 0.02), as well as

weight gain (7.7 + 8.2 vs 3.2 + 5.6 kg, P = 0.10).

o

Pepe, JCEM 2020



Osteoporosis Pharmacotherapy
with Secondary Causes

Diseases

RA

Celiac
disease

Anorexia
nervosda

People
Living With
HIV

Cystic
fibrosis

Patients

N =167 women, 6% <40
years, 20% < 50 years
Premenopausal 27% in the
ibandronate group, 20% in
the placebo group

N =28, mean age 26 years
(14 female)

N =21, mean age 47 years

N =44 (2 women), median
age alendronate 43 years
placebo 47 years

N=171, female N = 84,
mean age 14, years (range
5-30)

Study
Design

A 48-week
double-blinded
RCT

RCT open label

RCT

RCT

RCT

Intervention

Ibandronate 150 mg or placebo
every 4 weeks for 48 weeks

calcium/vitamin (N =13) vs
zoledronic acid 4mg

+ calcium/vitamin D (N = 15)
For One year

Teriparatide for 6 months (N = 10)
placebo (N=11).

Alendronate group (N = 20) vs
placebo group (N = 24) for 96
weeks

Alendronate group (N = 65) vs
placebo group (N = 63) for 12
months.

Findings Summary

After 48 weeks, increased LS BMD changes (3.7% vs
-1.9%, P <0.0001and FN and total hip also showed
similar results (P <0.0073 and P<0.0031, in ibandronate

Ca/vit D:T-score increase from -3.31 £ 1.46 fo
-2.12+1.44 3D, (P<0.05) Zol-2.82+ 127 to -1.06 + 1.84
SD, (P <0.001). No difference in delta T scores

6.0% + 1.4% increase in LS BMD compared to 0.2%+
0.7% all P <0.01). No differences in femoral BMD.

6.1% (95% Cl 2.8-9.3), P = 0.0003 difference
improvement with a T-score <-2.5 SD in alendronate vs
placebo

Alendronate significantly increased BMD 16.3% vs 3.1%
vs placebo group (P =0.001).

Pepe, JCEM 2020



Premenopausal Osteoporosis:

Bisphosphonates

o Limited datain premenopausal women
o 1 BMD in cystic fibrosis, IBD, B-thalassemia

AMERICAN COLLEGE

s BH,EEMA}FQ}JPGX Moderate risk / consider treatment:
mpowering IKheurmatology Irofessionals

Glucocorticoid- Women age <40

Induced Prednisone >7.5mg/day for 26 months, AND
: [-score < — 3 OR significant bone loss*

Osteoporosis

2022

é *above least significant change

Conwell, Cochr Database Rev 2014; Bhardwaj, Cochr Database Rev 2016; Yao Medicine 2017, Humphrey, Arthritis Rheumatol 2023



Premenopausal Osteoporosis: g

ICASE REPORT

D e n o s U m q b Influence of denosumab on bone mineral density in a severe case

of pregnancy-associated osteoporosis

U. Stumpf' (- M. Kraus' - P. Hadji?

C port T T
Denosumab Treatment 2nd Pregnancy Denosumab Treatment 2nd Pregnancy
2017/09/01 - 2019/01/10 2019/10 - 2020/07/30

-2

o 33yo, severe PLO

T-Score of Bone Mineral Density [SD]
T-Score of Trabecular Bone Score [SD]

o Multiple vert # ? ?

o Could not afford teriparatide o @ e cosmi h ro I
C D
o Stopped DMAB after 3 doses ——— -

( p U rs U i n g O n O .I. h er pr e g n O n Cy) Denosumab Treatment 2nd Pregnancy Denosumab Treatment 2nd Pregnancy

o BTMs stable after A’;;

o — E—

=
2

Trabecular Bone Score

|
|

Bone Mineral Density [g/cm2]

DMAB — d e no SU m O b Date of Examination Date of Examination

@ PLO = pregnancy and lactation-associated osteoporosis L =775 ) 7% 00 0% 77 5%
BTMS - bone ‘I'U['nover mquers colour ‘ Femoral Neck ‘ Lumbar Spine (L2 L3) ‘ Total Femur colour ‘ Lumbar Spine (L2¢ L3) STUmpr OSTeo |n1_ 202]



P remeno p ausd I O sllle O p oro Sis: Effect of Teriparatide on Bone Remodeling and

Density in Premenopausal Idiopathic Osteoporosis:
A Phase Il Trial

[eri fid
e rI p q rq I e Adi Cc:hen,1 Stephanie Shiau,2 MNandini NElir,1 Robert R. Recker,3 Joan M. Lappe,3

David W. Dempster,* Thomas L. Nickolas,' Hua Zhou,” Sanchita Agarwal,’
Mafo Kamanda-Kosseh,' Mariana Bucu\.rsky_1 John M. Williams,'
Donald J. McMahon,' Julie Stubby,® and Elizabeth Shane'

o Randomized conftrol frial, N = 41

o Teriparatide 20 mcg v placebo (switched to TPTD after 6 months)

A Percent Change in BMD +/- SE on Active TPTD B Percent Change in TBS +/- SE on Active TPTD C Percent Change in BTM +/- SE on Active TPTD
Marker
OCN
- N PINP

Percent Change in BMD (%)
Percent Change n BTM (%)

Percent Change in TBS L1 L4 (%)

é Time Point (months) Time Point (months) Time Point

Cohen, JCEM 2020



Premenopausal Osteoporosis:

1 1 e . . .
Teriparatide -> Denosumab [t

Elizabeth Shane, Stephanie Shiau, Robert R Recker, Joan M Lappe, Sanchita Agarwal,

Mafo Kamanda-Kosseh, Mariana Bucovsky, Julie Stubby, Adi Cohen

Teriparatide Denosumab
— o Region Treat t Treatment & .b*.c*
o N =232 24 reatmen ) ot
sl s Period Period a* b* *
= ® TH e
20 A N ’/%”""
g C DR e
o TPTD x 24 months, then 3 a*
361 Wi
DMAB x 12-24 months =l .}
m '/"
% . ' v a* b* c*
S 10
o 1 BMD 5,
E 6

o PMTBSby58+56%
(p <0.001)

_ . . Baseline End of 12 Months of 24 Months of
TPTD = ’renparo’nde Teriparatide Denosumab Denosumab
DMAB = denosumab Treatment
TBS = frabecular bone score Eene Shane, JCEM 2022



Pregnancy and Lactation-associated

Osteoporosis: Effect of therapy on BMD

Comparative Effectiveness of Therapeutic Interventions
in Pregnancy and Lactation-Associated Osteoporosis:
A Systematic Review and Meta-analysis

Panagiotis Anagnostis,"(® Kalliopi Lampropoulou-Adamidou,? Julia K. Bosdou,®
Georgios Trovas,? Petros Galanis,” Efstathios Chronopoulos,? Dimitrios G. Goulis,
and Symeon Tournis?

o Meta-analysis, 66
studies

o Rare fractures

o Higher risk of fractures
in subsequent
pregnancies

o

BMD-LS % change

60

507

40+

307

207

107

0
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CaD/Ca
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——STR

—BPs g
—Dmab

TPD plus Dmab
Ca plus vit
Vitk

= no intervention

30

257

]
o
1

BMD-FN % change
i’

107

5+

0

—TPD
~CaD/Ca

STR

—BPs

—Dmab

—TPD plus Dmah
Ca plus vitK
Vit

no intervention

) ~f
=h
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-
L=}
L]
=
w
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Anagnostis, JCEM 2024



Pregnancy and Lactation-associated

Bone Density After Teriparatide Discontinuation

Osll.eo porOSiS: Mq i nte n q n Ce Of With or Without Antiresorptive Therapy in

Pregnancy- and Lactation-Associated Osteoporosis

(] (] [
BMD post-teriparatide cessation
Seunghyun Lee 1, Namki Hong 1, Kyoung Jin Kim ' 2, Chung Hyun Park ', Jooyeon Lee T,

Yumie Rhee 3

(A) Lumbar spine GFET  pDdid  p=OBAD (B) Femoral neck (C) Total hip
40 == - == 40- p=0.457  p=0.851 p=0.523 0 p=0.708  p=0453 p=0.553
30- B 20
20

BMD percent change
from baseline (%)
N
T

o -10
10— -204
0- . — T -20 . I I T -30 : . I T
9 ;L 2 3 (years) (2 ‘1‘ 2 3 (years) 0 1 2 3 (years)
TPTD ART vs. no ART " TPTD  ARTvs.no ART P | ARTvs mo ART

-@- TPTD-ART (n=13)
-# TPTD-no ART (n=20)

&

Lee, Calcif Tissue Int 2021



Possible Teratogenic Effects

o Limited long-term data
o No adverse maternal or fetal outcomes
o Animal models: fetal bone exposure

o Bisphosphonates: long skeletal half-life, cross placenta

o Review of bisphosphonate exposure
6 weeks prior/during pregnancy with systemic disease:

o No increased risk of congenital malformations

o M neonatal complications (25% vs 6%)

o E.g.arrhythmia, maternal fetal infection, acute fetal distress, polycythemia, thrombocytopenia
o  live birth rate (90% versus 100%)

o Transient hypocalcemia with long-acting IV bisphosphonate

Munns; JBMR 2004; Sakal, Osteo Int 2019



Pregnancy: Bisphosphonate Exposure

o 13 studies, 108 pregnancies
1%

B Alendronate
M Residronate

. & Pamidronate
M Before conception

) ) M Etidronate
M First trimester

) M Ibandronate
m Second trimester

: 2 M Clodronate
i Third trimester

. u Neridronate
m All gestational period

B Unknown

Gushiken de Campos, Eur J Clin Pharmacol 2024



Pregnancy: Bisphosphonate Exposure

o Adverse neonatal outcomes did not exceed that of general population
o Spontaneous abortion (n = 6)
o Congenital malformations (n = 4)
o Hypocalcemia (h=4
o Preterm birth (n=23)
o Low birth weight (n = 3)
o Distress syndrome (n=2)

o Jaundice (n=2)
REVIEW

(@) Osteoporosis in premenopausal women

Bente L. Langdahl

o Bisphosphonate treatment should not be initiated
é if a woman planning pregnancy in the next 12 months

Langdahl, Curr Opin Rheumatol 2017; Gushiken de Campos, Eur J Clin Pharmacol 2024



Pregnancy: Denosumab

and Anabolic Therapy

o No human studies

o Noftrecommended for use in pregnancy

o Denosumab exposure in utero in cynomolgus monkeys:
o Dental dysplasia
o & bonelength, cortical thickness, femur diaphysis peak load / strength

o Ofther bone features resembled an
partially reversible osteoporotic phenotype

o /P stillbirth, postnatal mortality

o & body weight gain, decreased growth/development

: Bussiere, Reprod Tox 2013; Boyce, Bone 2014



P re m e n O p q U s q I Osteoporosis in Premenopausal Women: A Clinical

Narrative Review by the ECTS and the IOF

([ )
Osteoporosis: Flowchart
p L Jessica Pepe,’ Jean-Jacques Body,” Peyman Hadji,? Eugene McCloskey,*

Christian Meier,” Barbara Obermayer—Piets.ch,6 Andrea Palermo,’ Elena Tsourdi,®°
M.Carola Zillikens,'® Bente Langdahl,”'* and Serge Ferrari'®*

Lumbar spine and/or feerI"Uf neck T-score <-2.5 SD Investigate for causes of secondary osteoporosis
and fragility fractures

Check, and if needed ensure or advise: Present | Absent |
v Correct calcium intake for age-range (Idiopathic osteoporosis)
v Vitamin D > 50 nmol/L |
g i Refer, if necessary, to specialist
Y Smoking GE_‘&SEtIDﬁ for assessment ;ynd treatment Before starting osteoporosis therapy,
v Alcohol avoidance discuss:
v Increase exercise - Benefit on BMD gain but lack of
g data on fracture risk
BMD stable or improved and M + Possible side effects
Investigate for causes of secondary osteoporosis no new fractures *  Potental teratogenic effects and
need for effective contraception
Yes
Monitor Treatment - Consider:

« Bisphosphonates (oral or IV)
+ Denosumab
+ Teriparatide (in severe cases)

Use postmenopausal licensed doses
Use for shortest duration necessary

Pepe, J et al JCEM 2020; 105(8): 2487-2506




Back to the Case

o 37 year old female, postpartum vertebral fractures

Further review:

o Menarche age 12, normal puberty

o PCOS diagnosis with oligomenorrhea, on OCP
o Dentition unremarkable

o Weight stable

o Unremarkable workup for secondary causes




Case

o Did not want to pursue vertebroplasty

o Treatment: calcium, vitamin D, exercise

o Repeat BMD at 1 year: o Repeat BMD at 3 years:
Z
L-spine -3.4 >
Lfem neck | -0.8 q 0.7
Ltotal hip | -1.5 g 0.7
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Post-Test Question #4

R di | " ) Sign in to Slido: Name, Email
egor mg Premenopausal OSTEOpPOrosis, Slido.com with code: #2041940

which of the following is FALSE?
[=] P e [m]

A) Bisphosphonates have been shown to
increase BMD in premenopausal women.

B) Bisphosphonate exposure in pregnancy has been shown to
increase adverse neonatal outcomes above the general population.

C) Teriparatide followed denosumab has been shown to
increase BMD in premenopausal women.

D) There is no published data with denosumab
and anabolic therapy in pregnancy.

Bhardwaj, Cochrane Database Syst Rev 2016; Shane, JCEM 2022; de Campos, Eur J Clin Pharmacol 2024



Questions and Answers

Sign in to Slido: Name, Email

Slido.com with code: #2041940




Wrap Up




Accreditation

This activity is an accredited group learning activity under Section 3 as defined by the Royal
College of Physicians & Surgeons of Canada for the Maintenance of Cerfification program.

Approved by CSEM for a maximum of 2.0 hours (credits are automatically calculated)

CREDITS
Complete the evaluation
2 weeks post-session, we'll email your results and personal reflection tool
Review your results
Reflect using the tool

Enfer your learning outcomes into Mainport




Evaluation

O Scan the QR code now to complete the evaluation
O Or, check your email tomorrow for link




DC/CSEM Professional Conference

Registration Opens June 25, 2024

Visit the welbsite for more information.




Thank You

Thank you to:
O Our faculty for sharing their expertise.
O Our sponsors.

O You - our participants and CSEM members!
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