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A Case of Postransplant Osteoporosis

w 49 year old man

w History

Heart transplant for viral
cardiomyopathy

Severe back pain at 2 months
Several recurrences over next
6 months

w Physical Exam
¢ 6 2 beforetransplant

¢ 5 10 after transplant
¢ Markedkyphosis

w Spine xays- 7 vertebral fractures
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Skeletal Disease in Patients Awaiting
Transplantation




Prevalence of Osteoporosis by DXA In
TransplantCandidates

291 patients awaiting transplant in Norway 67%

23%  24% 3% [

Liver

Adapted from Hartmann, Clin Tranaspl 2010




Causes of Low BMD @andidates
AWAITINGI ransplantation

w Older age

w Postmenopausal

w Tobacco

w Alcohol

w Drugs: Loop diuretics, heparin, steroids
w Physical inactivity

w Diabetes'

w Low calcium intake

w Vitamin D deficiency

1. Rakeletal., J Bone Miner Res. 2007 2. Stein et al., Clin Transpl. 2009




Vitamin D Deficiency in Recent Transplant
Recipients

Serum levels of free 250HD may
not be as low.
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Stein et al., Clin Transpl. 2009




Causes of Low BMD in Candidates
AWAITINGI ransplantation

w Older age

w Postmenopausal

w Tobacco

w Alcohol

w Drugs: Loop diuretics, heparin, steroids

w Physical inactivity

w Diabetes'

w Low calcium intake

w Vitamin D deficiency

w Endstage liver, kidney, lung and heart disease

1. Rakeletal., J Bone Miner Res. 2007 2. Stein et al., Clin Transpl. 2009




Risk Factors for Low Bone Mass and Fractu
In Patients with Heart Failure

wChronic kidney disease
wLoop diuretics
wHeparin

wLow physical activity

wVitamin D deficiency
wSecondary hyperparathyroidism
wHypogonadism

Majumdar et al. JCEM 2012, Lyons et al, Circ Heart Fail 2011, Mazziotti et al. Eur J Endocrinol 2011




Risk Factors for Low Bone Mass and Fractu
In Patients with Chronic Lung Disease

w Glucocorticoids

w HypoxemiaAcidosis
w Cachexia

w Tobacco

w Cystic Fibrosis
¢ Low peak bonemass
¢ Pancreatic insufficiency
¢ Calciumand Dmalabsorption
¢ Hypogonadism

Graat-Verboon et al, Bone 2012. Romme et al. Exp Rev Respir Med 2013. Paccou et al, Calcif Tiss Int 2010.
Lakey Clin Transplant 2011. Jastrzebski Eur J Med Res 2010.




Risk Factors for Low Bone Mass and Fractu
In Patients with EneéStage Liver Disease

wHCYV infection
wAlcohol use
wHemochromatosis
wCirrhosis +/encephalopathy
wPrimaryBiliaryCirrhosis

¢ Chronic cholestasis

¢ Low bone turnover

wVitamin D deficiency

Lo Re et al, Hepatology 2012. Webaux et al, Joint, Bone Spine 2011. Santori et al, J Endocrinol Invest 2008;
Tsai et al, J Hepatol, 2013.




Risk Factors for Low Bone Mass and Fractu
In Patients with End Stage Kidney Disease

w CKBMBD:complex disturbances in bone
¢ Disorderedcalcium and phosphate metabolism
¢ Calcitriol deficiency
¢ Secondary hyperparathyroidism

w Type 1 DMDiabeticnephropathy

w Hypogonadism secondary to uremia

w Medications: Loop diuretic§;lucocorticoidsGyclosporine
w Duration of dialysis

w Peripheral vascular disease

w Prior kidneyransplant

Alem et al, Kidney Int, 2000. Nair et al., CJASN 2013.




Skeletal Disease in Organ Transplant
Recipients
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Incidence of Bone Loss and Fracture
Immediately After Transplantation

Organ BoneLoss During Fracture
15 Yege~ Incidencg” ™\
Kidney __Spine: /' 4-99 |Vertebral: ___/3-10%\

More recent studies show lower rates
of bone loss and fracture.

ver JITIC. O 20 veTenre rmeres
I WYY M
Hip: i ‘

Cohen, 2003; Maalouf, 2005; Stein, 2007; Ebeling, 2009; Kulak, 2010; Hamdy 2007; Malluche 2010; Huang &
Sprague 2009
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PREVALENG®EOsteoporosis L ONGTERM
Transplant Survivors

Organ Osteoporosis by  Fracture
BMD &xteria* Prevalence

Kidney 11 /5609 3 -/43%\

Heart 25-50%)| |12-35%
Liver 16|- 46% 2?- 47%}

Lung 57\ 73% ZW
*T < -2. /Z<-2.0

Cohen, 2003; Maalouf, 2005, Stein, 2007; Ebeling, 2009; Kulak, 2010; Hamdy 2007; Malluche 2010; Huang &
Sprague 2009 ; Butin, 2017




Pathogenesis oSkeletal Disease
In Transplant Recipients
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Immunosuppressive Therapy

wGlucocorticoids

wCalcineurin Inhibitors
¢ Cyclosporine A
¢ Tacrolimus (FK506)

Westenfeld, Nephrol Dial Transplant 2011




Glucocorticoids Uncouple Bone
Remodeling

Most common secondary cause of osteoporosis

Profoundlydecrease bone formation
w Decrease osteoblast number, function and survival

Slightly increase bone resorption

w Increase osteoclast number, maturation
¢ Increase osteoblast production of RANK Ligand
¢ Decrease osteoblast production of OPG

Osteocyte apoptosis, directly decrease bone strength




Other Detrimental Skeletal Effects of
Glucocorticoids

w DECREASE
¢ IGF1 synthesis
¢ Gonadal steroid production
¢ Intestinal calcium absorption
¢ Muscle mass and strength

w INCREASE

¢ Urinary calcium excretion
¢ ? PTH secretion




Calcineurin Inhibitors (CI)

Inhibit activation of NFATa key regulator of T cell function

w NFATALSkey transcription factor for osteoblasts and osteoclas
In vitro

w INHIBIT osteoclast and osteoblast formation

w Expected Cls to cause low bone turnover

In animal studies

A Rapid, severe cancellous bone loss

A Markedly increased bone resorption and formation

A Tacrolimus (FK506) - similar effects but probably less severe

A Prevented by antiresorptive drugs - estrogen, bisphosphonates

Epstein, J Bone Miner Res. 1996 Schlossberg, Endocrinol 1989

21




Pathogenesis of Transplantation Osteoporo

Cyclosporine A
or Tacrolimus

: g 3

Glucocorticoids

Pre-transplant Vitamin D deficiency

bone disease ¢ BOne FOl’matIOn Persistent HPT

A Bone Resorption

1

Rapid Bone Loss
Fractures

Hypogonadism Renal Insufficiency

Adapted from Compston JE. Liver Transpl 2003




Natural History of Bone Loss After
Transplantation

23



Lumbar Spine Bone Loss After Heart Transplantat
From 1990s 2011
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Biochemical Evidence of Uncoupling After
Transplantation

Formation Marker
Serum Osteocalcin

_ Resorption Marker
Urine Deoxypyridinoline
Rapid bone loss

@Highest fracture rates
* p<0.05

** n<0.001
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36 months

Adapted from Shane, J Clin Endocrinol Metab. 1997;82;1497




Fractures Occur EARLY: During First 1-3
Years After Heart Transplantation

Vertebral FX Vertebral FX Vertebral FX
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Shane 1996 Leidig-Bruckner 2001  Shane 2004 Kerschan-Schndl 2007




Fracture Risk Higher in Kidney Transplant
Than Dialysis Patients
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Healthy CKD 3-4 ESRD Transplant
Kidney (HD/PD)
Function

Nickolas et al JASN 2006; Alem et al, KI 2001; Ball et al, JAMA; Vautour et al, Ol 2004




Trends inKidney Transplant

Immunosuppression

w Inductiontherapy

¢ Anti-IL2 receptor antibodieAntilymphocyteand
Antithymocytedrugs

w Shift fromCyclosporingo Tacrolimus

w Other changes maintenance regimens
¢ Sirolimus mycophenolatanofetil

‘ Fewer episodes of rejection
Lower prednisone doses

Less bone loss
Fewer fractures??




Fractures After Kidney Transplant Resulting
Hospitalization: US Renal Data System

Percent with Fracture Incidence per 1,000
Patient Years

P<0.001 P<0.001

|
Glucocorticoids Glucocorticoids

NO YES NO YES
Adapted from Nikkel et al., J Am Soc Nephrol, 2012.




BMD by DXA After Glucocorticoldree
Kidney Transplant

Baseline 3m 6m
3.0% 1

w Spine
¢ No change 2.0% -
w Hip

- 1/3R -8-UDR

1.0% -
¢ Transient 2%

decrease 0.0%

w Forearm
-1.0% -

¢ Progressive decline
-2.0% -

-3.0% A

lyer et al. JASN 2014




12 Month Changes in vBMD and
Microarchitecture After Renal Transplantatio

-2.2% -2.2% -2.5% 0.4% -4.4%
. . A By HRpQCT,
N

cortical bone
loss

directly
related to

higher PTH
and BTMs

Associated
with decrease
in whole bone
SIESS

* * *

Cortical Cortical ~ Cortical Area Trabecular ~ Trabecular
Density ~ Thickness Area Density

*p < 0.05 vs. Baseline
Adapted from lyer et al. JASN 2014




Increased CorticaPorosity One Year After Kidne
Transplantation with Glucocorticoid-ree Immune
Suppression

Baseline 1 year

/4' Py e T

Marked
Increase In
pores (red)
after 1 year

Nishiyama et al. JBMR 2015




Prevention of PosfTransplant Osteoporosis
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Bisphosphonatesand/or
Active Vitamin D Metabolites

wReduce bone resorption by decreasing
osteoclast number and activity

w Increase BMD and reduce vertebral fractures
In patients on glucocorticoids

w Active vitamin D metabolites alsoarease
Intestinal calcium absorption and decrease
PTH secretion

Black DM, Lancet 1996; Cummings SR, JAMA, 1998; McClung M, New Engl J Med 2001; Chesnut Ill CH, J Bone Miner Res 2004; Black DM, N
Engl J Med . 2007; Lyles KW, N Engl J Med . 2007; Wallach,  Calcif Tiss Int 2000; Adachi, Arthr Rheum 2001




Prevention of Early Postransplant Bone Los

Active Vitamin D metabolites
w Calcitriol or 1,25(O|§D Sambrook, J Bone Miner Res, 2000
w 1h-OH vitamin D](a- OHD) De Sevaux, J Am Soc Nephrol, 2002

Oral Bisphosphonates
w Alendronate (Fosama)amaz, ol, 2006; Gil Fraguas, JBMR, 2005; Shane, 20BaMShane JCEM 2012
w Risedronate (Actonel, Ate|Via§)JadaIix, Transpl Int, 2011; Coco, J Am Soc Nephrol, 2012

IV Bisphosphonates
w Pamidronate (Aredia)/Ionegal, Transpl Int, 2009; Walsh, Am J Kid Dis, 2009

w Zoledronic acid (Reclaskpdingbauer, AJT, 2007; Crawford, Ann Int Med, 2006; Haas, KI, 2003; Schaae,
Shane JCEM 2012

w |bandronate (Boniva)rotz, JASN, 2001; Fahrleitfeammer, JBMR, 2009; Kaemmerer, Tran<20t0

RANKL Inhibitor
w Denosumab (PrOIi&)Jnani Am J Transplant, 2016




Most RCTs Show That Early Intervention
Prevents Bone Loss or Increases BMD

w Kidney

¢ Active vitamin D metabolite®amidronate, Zoledronic
acid, IbandronateRisedronat§women),Denosumab

w Liver

¢ Alendronate, Pamidronate, Zoledronic acid,
Ibandronate

w Heart
¢ Alendronate, 1,25(OHD, Ibandronate, Risedronate

w Lung
¢ Active vitamin D metabolites




Zoledronic Acid Aftetiver Transplantation

wN =62
w Placebovs.Zoledronic Acid

Lumbar Spine

w Very High Dose
¢ 4 mg

¢ 1 Week and 1, 3, 6 and 9 Mont
w In Zoledronic acid group, no

Femora Neck

bone loss at
¢ Lumbar spine

¢ Femoral neck
¢ Total hip

Total Hip

Adapted from Crawford et al, Ann Intern Med 2006
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Calcitriolvs. Alendronate AfterHeart
Transplantation

w Randomizeddoubleblind, doubledummy
w 149 subjects randomized first month after hedmr

w Alendronate (ALN)10 mg QD
or

w Calcitriol(1,25D) 0.25 mcgBID
w Treated for first 12 months, thestopped

w Reference group

¢ 27 nonrandomized, concurrently transplanted,
prospectively recruited subjec{®REF)

Shane, New Engl J Med. 2004;350:767.




Calcitriolvs. Alendronate:
BMD % Change From Baseline

Lumbar Spine
—a— |

S

® Alendronate
e Calcitriol
® Reference

T T T
0 6 12

Months Post-
Transplant

Alendronate
Calcitriol
Reference

Femoral Neck

Total Hip

e Alendronate
e Calcitriol
m Reference
T I
0 6

Months Post-
Transplant

-1.5%
-2.3%
-4.6%*

® Alendronate
o Calcitriol
B Reference

T T
0 6

Months Post-
Transplant

Adapted from
Shane, NEJM 2004
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Calcitriolvs. Alendronate After Heart
Transplantation: Incident Fractures

Percent of
Subjects 10 1

5%
-

Vertebral Non-Vertebral
Fracture Type

Overall fracture rates in controls lower than anticipated
However, there was still a trend toward higher fracture incidence in controls

Shane, New Engl J Med. 2004;350:767.




Calcitriolvs. Alendronate After Heart
Transplantation: Year 2 Extension

w 59 subjects who completed RCT on assigned study drug; 16
REF subject$pllowedfor another 12months

w T scores >2.5

w HypothesisBMD would decline in the calcitriol group,
remain stable in the alendronate group

w BMD stable in all three groups
w No incident fractures

In patients with relatively normal BMD,
treatment may be stopped at 1 year without
rapid bone loss

Cohen et al., Transplantation, 2006.




Alendronatevs. Zoledronic Acid After Heart o
Liver Transplant

84 Heart and LivdRecipients
Randomized during first month after transpla

Zoledronic Acid Weekly Alendronate
5 mg IV Once 70 mg PO for 1 year
or or
Placebo Placebo

Non-randomized
Reference Group
BMD T Score >-1.5

Ergocalciferol 50,000 IU po x 5 days before Zoledronic Acid infyision
Calcium 1000 mg/d and Vitamin D 1000 Iu/d




Alendronatevs. Zoledronic Acid
% Change ihumbar Spine BMD

ZA vs, ALN _
ZA vs. REF ZAvs. ALN

ALN vs. REF ZAvs. REF
ALN vs. REF
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Shane, Cohen, Stein et al., J Clin Endocrinol Metab 2012.




Alendronatevs. Zoledronic Acid:
% Changdotal Hip& Femoral NeciBMD

Total Hip Femoral Neck

DXA FN BMD %Change
d® & 0O o N a2 o

6_
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o 4
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Heart + Liver Heart + Liver

0 6 0 6
Months Since Transplant Months Since Transplant

No Difference in Effect by Heart vs. Liver Transplant

Shane, Cohen, Stein et al., J Clin Endocrinol Metab 2012.
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Alendronate vs. Zoledronic Acid Conclusio

w Significanbone loss (~3%ih untreated patients after
heart or livertransplant

w No hip bondoss with eitherzoledronicacid or
alendronate

w In liver transplant recipients, botroledronicacid and
alendronateprevent bone loss at thspine

w In heart transplant recipientgpledronicacid provided
greater protection at the spine thaamlendronate

Shane, Cohen, Stein et al., J Clin Endocrinol Metab 2012.




Effectof Denosumab on Prevention of Bone
LossAfter Kidney Transplant

A 90 patients . Lumbar Spine Total Hip

A Randomized 3
within 2 weeks
of transplant g
to Denosumab
or placebo __

. 0 3 b 9 12

A Received 2 Tie (monthe} Time (months)

doses -9 Denosumab
& Control

Change in BMD (%6)

Dmab: Significant improvement in BMD at
LS and TH

Adapted from Bonani et al. Am J Transplant 2016.
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Denosumab After Transplant:
Safety Considerations

w Infection:

¢ In RCT of renal transplant recipients, increasdds
Incidence of other infections similar to contigroup

w Hypocalcemia:
¢ Increased in RCT of renal transplant recipients

¢ After heart and lung transplant, reports of severe
hypocalcemia

¢ Greater risk in patients with low baseline eGFR,
despite normal calcium an260OHD

A Rebound bone loss and vertebral fractures:
¢ Complicate discontinuation of treatment

Bonani et al. Transplantation 2017; Shrosbree et al. Intern Med J 2018




Prevention of PosflransplantFractures
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Intervention Studies and Fracture Incidence

w Most intervention studies show preservation ®BMD
w Majority not powered to detect differences fmacture

w Reduction in fractures reported INACTSs

¢ Others found no significant difference or did not report
fractures because of smallimbers

w Lack of evidence that intervention prevents fractures
has led to reluctance to implement prevention
protocols aftertransplantation




Meta-analysis: Prevention of Fracture
After Solid Organ Transplant

Aim: To determine whether treatment reduces risk of
fracture In the first year postransplant

INCLUSION CRITERIA

w Randomized clinical trials
w Solid organ transplant

¢ Liver, kidney, heart, lung
w Patients followed from transplant

w Treatment and control group
(x placebo)

w Fracture assessment byray

w Bisphosphonates (oral/ IV)
Or

Activevitamin D analogues

Stein et al, J Clin Endocrinol Metab, 2011

EXCLUSION CRITERIA
w Historical controls
w Other treatments

¢ HRT

¢ Calcitonin (as active treatment)

¢ Resistance exercise
w Pediatric populations
w Studies comparing two treatments




Bodingbauer, 2007
Crawford, 2006

FahrleitnerPammey2009
GilFraguas2005

Grotz, 2001
Kaemmerer, 2010
Monegal, 2008
Schwarz, 2004

Walsh, 2009
De Seveaux, 2002

Sambrook, 2000

IncludedStudies

Liver
Liver
Heart
Heart
Kidney
Liver
Liver

Kidney

Kidney
Kidney

Heart/Lu
ng

Subject

ZA

PAM
1la-OHD

1,25(OH)D

Subjects With

Fractures

Total Fractures

RXx Con
4(4) |11(11)
2 (0) 10 (9)
2 (2) 17 (17)
7 (6) 15 (15)
2(1) |2(2)
2(1) |8(4)
15 (13) (3 (2)
11> |1(D)*

2(0) |[5(2)
0.5 (0.5)¥12.5 (6.5)*

1(1)* |11 (11)*
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Bisphosphonates or Active Vitamin D Analogues
Effect on Fractures

11 studies: 78patients,134 fractures
Fracture Incidence in untreated patierld. 2%

- 50% Reduction [ 76% Reduction

Bodinghaver — Bodinghauer ]
Crawiord E— Crawford —_—
De Savaun De Sevaun

Faihrleiiner —_— Fahriaiiner —_—

Gilfragus
Grotz
Hasmmerer
Monegal
Sambrook

0 1 2
Subjects with Fractures Vertebral Fractures

OR 0.50; 95% C1 0.29,0. OR 0.24, 95% CI 0.07, 0.78

Stein et al, J Clin Endocrinol Metab, 2011
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Bisphosphonate Studies Only:
Effecton Fractures

O studies: 737 subjects, 116 fractures

— 50% Reduction —]

Bodngmauar
Cramiord
Fahriaimner
Gifragus
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Kasmmanmr
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Sowarz

o
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' 66% Reduction; p=NS

Bodingbauer
Crawiond
Farrianer
Gifragus
Gratz
Kaasmmerar
Monagal
Scoiwarz
Walsh
Foad-aSact

RS

S

-1 o 1

Subjects with Fractures

OR 0.50, 95% CI 0.30, 0.91

Stein et al, J Clin Endocrinol Metab, 2011

-4

=2

Vertebral Fractures

OR 0.34, 95% CI 0.09, 1.24
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Meta-Analysis Summary

w Limitations:
¢ Heterogeneity of studies
¢ Variable quality of reported data
¢ Limited access to raw data

¢ May not be generalizable to patients on newer
Immunosuppressive regimens
w Lower glucocorticoid doses, FK 506 instea@yflosporiné\

w Treatment with bisphosphonates or active vitamin D
analogues during the first year after solid organ
transplant is associated with reduced risk of fracture

Stein et al, J Clin Endocrinol Metab, 2011




Management of Bone Disease
PostTransplant
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Approachto Fracture Prevention After Heart
Liver,or Lung Transplantation

Before or at time of transplant
w BMD by DXA and spine radiographs

w Measure serum 250HD
Fracture Risk Assessment

w Age > 50, postmenopausal woman, prior fracture,
diabetes, BMD T scores

All patients

w Replete vitamin D to 30 ng/ml

w Calcium (Diet + supplements = 160200 mg/d
w Weight bearing exercise




American College of Rheumatology
2017 Guidelines for Management of GIOF

w Treat adult solid organ transplamecipientswith
eGFR>30 ml/min who continue glucocorticoids
according to generdblOP guidelines

w Treat patients at moderate or high risk for fracture
¢ Prior fracture, DXA-Bcore/ZScore, FRAX, GC dose

w Referall renal transplant to Metabolic Bone expert

w Recommendigainstdenosumalbecause of lack of
safetydata

Buckley Arthritis & Rheumatology 2017




