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<Review Article>
Mineral and bone disorders in kidney transplant recipients:
reversible, irreversible, and de novo abnormalities
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after renal transplantation

Clinical impact of preexisting vascular calcifications on mortality
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Coronary artery calcification: a strong predictor of cardiovascular events
in renal transplant recipients
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Progression of coronary artery calcification and thoracic aorta calcification
in kidney transplant recipients
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Table 5. Logistic regression analysis showing patient characteristics
associated with progression of CAC*®

Analysis 0Odds ratio (95% CI) P

Multivariate (first model), R* 0.295¢

Age (years) 1.031 (0.988-1.076) 0.160
Time on transplantation (months) 1.001 (0.993-1.010) 0.727
Baseline CAC presence (%) 4.446 (1.758-11.245) 0.002
Baseline CAC score 1.001 (0.999-1.003) 0.440
Triglycerides (mg/dL) 1.006 (1.001-1.011) 0.011
Multivariate (second model), B2 0.352°
Age (years) 1.032 (0.985-1.082) 0.187
Time on transplantation (months) 0.997 (0.988-1.006) 0.532
Baseline CAC presence (%) 5.239 (1.933-14.194) 0.001
Baseline CAC score 1.001 (0.999-1.003) 0.398
Triglycerides (mg/dL) ) 1.007 (1.002-1.012) 0.011
Body mass index (kg/m™) 1.028 (0.921-1.148) 0.623
Active vitamin D (%) 2.248 (0.821-6.153) 0.115
Bisphosphonates (%) 2.641 (1.043-6.687) 0.040
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A Prospective Cohort Study of Mineral Metabolism After Kidney Transplantation

<Prospective, multicenter observational analysis>
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Wolf M, et al: Transplantation 100; 2015
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2. All-cause Death n=342
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Renal graft Loss n=333

2 4 6
analysis time, years
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Figure 2. Unadjusted cumulative hazard as a function of time for
high (65 pg/mL) and normallow (<65 pg/mL) PTH. Numbers at risk
presented for every year of follow-up.

Increased risk of all-cause mortality and renal graft loss
in stable renal transplant recipients with hyperparathyroidism

HR All-cause Death n=291

2-
144
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REF 101 1.05
1 ° Py 091 ®
0.5

Q1 0z 03 Q4 Q5
HR Renal Graft Loss n=285

0.5- T I T i T

s3] Qz Q3 Q4 Qs
Figure 3. Multivariate Cox Proportional HRs for quintiles 2-5 com-
pared with quintile 1 as reference. Covariates: age, sex, smoking,
coronary heart disease, diabetes mellitus, ST-T changes, high density
lipoprotein, triglycerides, systolic and diastolic blood pressure, body
mass index, eGFR, proteinuria, s-calcium, s-phosphate, high sensi-
tive C-reactive protein, randomization group, time on dialysis, and
time since last transplantation.

Pihlstrom,H et al: Transplantation 99; 2015
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Tominaga Y, Tanaka Y, Sato K, et al.
Seminars in Surgical Oncology 1997:13:78-86
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l'Surgery for Hyperparathyroidism: & 7k & &2 |
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Parathyroid hormone and clinical outcome
in kidney transplant patients with optimal transplant function

‘Quartile 3: IPTH 9.3-14.4 pmol/l (877'1358 pg/ml)
" Quartile 1: iPTH = 6.6 pmol/l

E; . Quartile 2: iPTH 6.6-9.3 pmol/l

§ Quartile 4: iPTH >14.4 pmol/l

E o

Years after inclus ion

Number at risk
Quartiie 1 111 se 30 ° *Norway Registry(2001-2008)
::::::: ::: : :: b : *522Pts. =4 quartile
Quartile 4 108 78 38 7 o ‘iPTH{IE(lOW)

Bleskestad IH, et al: Clin Transplant 2014, 28
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Median graft survival grouped

by timing of parathyroid hormone resolution
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Lou l,et al: Ann Surg 262(4); 2015

Persistent hyperparathyroidism is a major risk factor for fractures in the five
years after kidney transplantation
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Figure 3: Evolution of mineral disorders during the 5 posttransplantyears in patients with (s) and without fractures (o). "p < 0.05.

Values are expressed as median or mean + SD, as appropriate.

Post-transplant years

Perrin P, et al: Am J Transplant 13, 2013
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Hirukawa T, Kakuta T, Nakamura M, Fukagawa M: Clin Exp Nephrol 19'%015
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Pathologic Features of Parathyroid Glands Associated With the
Pathogenesis of Long-lasting Persistent Hyperparathyroidism
After Kidney Transplantation in Long-term Dialysis Patients
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DH

Fig 1. The relationship between glandular weight (GW) and parathyroid histologic type. (A) All glands characterized by nodular
hyperplasia (NH) in patients who underwent early parathyroidectomy (PT) weighed &gt;400 mg. In the late PT group, many small

M. Nakamura, et al: Transplant Proc 48; 2016
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Fracture Risk in Kidney Transplant Recipients:
A Systematic Review
o R ot s Naylor KL, et al. Transplantation 95; 2013
(n=2715)
— )
: et ot || N
I [ |
} ;f;ﬂ::ﬂd]-u:m anticles excluded*
2 Full-text ariicles n:scﬁcﬂ :ET:JJK reidence ot reported
= - [ * Incidence rate: 3.3-99.6 fractures
R Other study design
\ e per 1000 person-year
i S[udiﬂm‘cnhtjﬁe‘i)inm'im' (FU. o . SE‘% ﬁ%*ﬁg : 0'85~27%
3 pory <Risk factor>
e - . KM BRA. BREELE
*Excluded if met first exclusion criteria
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Fracture risk and mortality post-kidney transplantation

Ferro CJ: Clin Transplant 29,2015

* 21769 recipients in England database (2001~2013)
* Hip fracture rate: 1.54 per 1000 Patient-year
+ Risk BF: =86, ik, BR%. BIEE. BA
* Mortality_£ 5 (hip fracture):

HR3.28 by an extended Cox model
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3 Bone Miner Metb (2014) 32:337-350
DOI 1010074500774 01405866 J Bone Miner Metab 32; 2014

SPECIAL REPORT

Guidelines on the management and treatment B FARTF | AT3U—1E Aa7—1k
of glucocorticoid-induced osteoporosis of the Japanese Society L
for Bone and Mineral Research: 2014 update

Satoshi Soen - Saeko Fuji i Na
Sagawa - Ryoichi Takayanagi - Hiroyu
a Tanaka I Committed or exposed to > 3 months of oral glucocorticoid (GC) therapy |
| General guidance | Risk factors Score
EW\]S’DG):ITI'\ f“ﬁﬁj&, . l, Prior fragility No 0
n=903(M117,F786) Assess clinical risk factors and fractures Yes T
calculate individual patient’s score E:>
Table 3 Predictors of fracture (prior fragility fracture, Age, GC dose, BMD) Age (years) <50 0
Factor Hazard 95 % P value l l 50< <65 2
ratio ‘conﬁdelnce >65 4
interva | score 23 | | score <3 |
- N GC dose <5 0
Age 1 year 1024 1.003-1.40  0.025 (PSL equivalent mg/day)
increase 5< <75 1
GC dose® 1 mg/day 1.038 1.024-1.051 <0.0001 >75 4
increase Treatment Follow-up ——
Lumbar bone 1% 0979 0.968-0.991  0.006 First-line treatment: Assess clinical risk (L‘]:"Yn»:]]:’[; BMD =80 0
(m'%';{e}:a;;)lem“y fnerease alendronate factors by calculating - 70< <80 2
risedronate score
Prior fragility + 3412 2.409-4.832  <0.0001 Allernative treatment : <70 4
fracture teriparatide
Bisphosphonate + 0472 0.302-0.738 0.001 ibandronate
therapy alfacalcidol
* Prednisolone equivalent calcitriol
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Outcomes of bisphosphonate therapy in kidney transplant

recipients: a systematic review and meta-analysis
Toth-Manikowski SM: Clin Transplant 30:2016
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Prevention of fractures after solid organ transplantation

Meta -Analysis

Stein EM, et al. J Clin Endocrinol Metab 96; 2011
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Change in BMD (%)

(e}

Change in BMD (%)

Effect of Twice-Yearly Denosumab on Prevention of Bone Mineral Density Loss

Total lumbar spine

in De Novo KidneyTransplant Recipients:

A Randomized Controlled Trial

Total hip
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Femoral neck
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Age <45 (31)
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>15(51)
T-score <-25(10)
>-25(76)

Bonani M, et al.
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GFR >45 (61)
<45 (29) g
PTH <150 (63) —
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Treatment difference for %change BMD

Am J Transplant 16; 2016

Histologic Evolution of Bone Disease 6 Months

After Successful Kidney Transplantation

Cruz EA, et al. Am J Kidney Dis 44; 2004
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Bone histomorphometry in de novo renal transplant recipients indicates
a further decline in bone resorption 1 year post-transplantation
- Evenepoel P, et al. Kidney Int 91(2);2017
Characteristic Result
Age, y 420123 High Turnover
Male gender (%) 806 —
Female gender (%) 19.4 3% 1
Height, cm 175.0 {B.5)
Body weight, kg 765 (13.5]
Body mas index, kg/m® 249(37)
Dialysis vintage, y 234 (1.42-134)
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Diabetic nephiopathy 119
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in Adult Kidney Transplant Recipients

Fracture Incidence

Naylor KL, et al: Transplantation;100, 2016
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Temporal Trends in the Incidence, Treatment
and Outcomes of Hip Fracture After First
Kidney Transplantation in the United States Unagused =

Sukumaran N, et al.
Am J Transplant 2014; 14: 943

&
I

-

Figure 3: Temporal trends in the incidence of hip fracture in
recipients of a first kidney transplant. Note: Modell is adjusted
for demographic variables (age, sex, race, Hispanic ethnicity);
Model 2 is additionally adjusted for all comorbidities, dialysis-
related and healthcare utilization variables in Table 1 and for BMI;
Model 3 is additionally adjusted for all transplant variables in
Table 1; Maodel4 is additionally adjusted for induction and baseline
immunosuppression. p-Values for linear year in Models 1-3 were - . ————

Hazard Ratio (95% C1)
et 4

06 -

T T T
<0.001. Exact numbers for hazard ratios and 95% confidence 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
intervals are available in Table S4. Transplant year

Recent Changes in Chronic Kidney Disease-Mineral and Bone Disorders
and Associated Fractures After Kidney Transplantation
Perrin P, et al: Transplantation 101:2017
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A 1-Year Randomized, Double-Blind,
Placebo-Controlled Study of Intravenous Ibandronate
on Bone Loss Following Renal Transplantation

Smerud KT, et al: Am J Transplant:12; 2012
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META-ANALYSIS

Bisphosphonates for preventing bone disease in kidney
transplant recipients: a meta-analysis of randomized

controlled trials Veresele EB, et al. Transpl Int 29(2);2016

Bisphophonates  Placebo or No treatment Risk Ratio Risk Ratio

Study or Events  Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

Coco 2003 1 31 2 28 14.6% 0.45[0.04, 4.71]

Shahidi 2015 ] 16 0 24 Not estimable

Torregrosa 2007 2 39 4 45 29.8% 0.58[0.11, 2.98] -

Tarregrosa 2010 4 52 6 49 55.5% 0.63[0.19, 2.09] ——

Torregrosa 2011 0 24 0 15 Not estimable

Total (85% CI) 162 161 100.0% 0.58 [0.24, 1.43] e

Total events 7 12

Heterogeneity: Tau® = 0.00; Chi* = 0.06, di =2 (P =0.97); P = 0% t t + t
Test for overall efiect: Z = 1.18 (P = 0.24) 005 0.2 1 § 20

Favours Bisphosphonates  Favours placebo/ no treat

Figure 3 Bisphosphonates versus placebo or no treatment. Number of Fractures at vertebral spine after 12 months, diagnosed by X-ray.

Bisphosphonates  Placebo or No treatment Mean Difference Mean Difference
Study or Subgroup __Mean ___SD_ Total __ Mean SD___ Total Weight IV, Random, 95% CI IV, Random, 95% CI
Coeo 2003 =039 005 31 =5.81 0.09 28 17.1% 5.42 (538, 5.46] -
El-Agroudy 2005 08 305 15 -32 3.0 15 47% 400 (182,618 —
‘Giannini 2001 5 44 20 07 44 18 13.4% 4.30 [1.50, 7.10] e
Grotz 1998 48 53 15 18 59 14 10.8%  2.80(-1.29,6.89] N B —
Grotz 2001 =09 6.1 36 -65 54 36 13.7% 5.60 [2.94, 8.26] e
Koc 2002 815 92 8 006 141 8 70%  B.09[164,1454) —_—
Nam 2000 26 14 15 -82 23 20 163%  10.80[9.57,12.03] -
=24y Torregrosa 2011 183 19 - 83 10 74%  7.00[0.64,13.36] _
NN NETA NF Total (95% CI) 159 148 100.0% 5.98 [3.77,8.18] -
. §x B g
Hg*ﬁbxﬂ’g A DBM DM = % 1’m Heterogeneity: Tau” = 7.42; Chi* = 77.92, df = 7 (P < 0.00001); I = 91%

'%*ﬁb%t$f55A®§ﬂ¥(i$+§j\ Test for overal effect: Z = 5.30 (P < 0,00001) —10 5 § 10

Favours placebol no treat  Favours Bisphosphonates

= - = - Figure 5 Bisphosphonates versus placebo or no treatment. Bone Mineral Density—vertebral, measured in g calcium/cm?, expressed in % change
AEBRITHTHREADLT T THDo | from basalineat 12 months.
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Reduced Fracture Risk With Early Corticosteroid
Withdrawal After Kidney Transplant

Nikkel LE, et al: Am J Transplant 12:2012.
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Executive summary of the 2017 KDIGO
Chronic Kidney Disease—Mineral and Bone Disorder (CKD-MBD)
Guideline Update: what’s changed and why it matters

Ketteler, M, et al. Kidney Int 92; 2017

> GIT~GSTCEHMEREDYRIEH:

BMDAIEZITLN. BHTURVDFEMZESTS (20)
BMDEEITIRY DRE
G3-5DTlEmeta-analysis CREE AV R IE

> FHE%124 A . GFR>30TIEBMDD B :

Vitamin D 8%, & RIVINFIF|% 5 (2D)
B HE %% E (not graded)
124 A URIE+ 272 T—4H30

5.5:

5.6:

In patients with CKD G1T—G5T with risk factors
for osteoporosis, we suggest that BMD testing be
used to assess fracture risk if results will alter
therapy (2C).

In patients in the first 12 months after kidney
transplant with an estimated glomerular filtra-
tion rate greater than approximately 30 ml/imin/
1.73 m® and low BMD, we suggest that treatment
with vitamin D, calcitriol/alfacalcidol, and/or
antiresorptive agents be considered (2D).

« We suggest that treatment choices be influ-
enced by the presence of CKD-MBD, as
indicated by abnormal levels of calcium,
phosphate, PTH, alkaline phosphatases, and
25(0H)D (2C).

« It is reasonable to consider a bone biopsy to
guide treatment (Not Graded).

There are insufficient data to guide treatment
after the first 12 months.
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» Non-traditional effect of PTH
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CKD-MBD

Non traditional effect of PTH

(Adverse effects of PTH and FGF23)

Komaba H, et al. Clin Exp Nephrol 21(Suppl 1):2017
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How well does kidney Tx cure CKD—-MBD ?

B AERT 2
T HERT

CKD-MBDIZDUW\TRENEENBS L

EERET “EREAF u Irrevesible
<SRG~ 1R <FEHE B i# Bk (stage2~4) & Reversible
R A CAKE-DM) *CKD-MBD HiEtk de novo
B E B IEMEHPT, de novoHPT

*CKD-MBDO) EHIR AR ARt s
20 HPT = Irreversible | .pry/FGr23 E L BRI 2 DOMBDFEE
BRI Reversible | .pzn/Kr&EHEHR
BRE De novo REEMER
RERE (PTH/FGF23) o I o R A

7SR/ FEER ARiiEE THER

JSREEMER GEMGHF - RTOCF u Irrevesible

~EIBE —_ i Reversible
\ ) \ ) de novo

o 4

Take—Home Message

Irreveresible De novo BiotE
=/NERIZ =/NRIZ mAER
o Bl B IR IR HEBETTE c BEDTEIBIIRE  REIFHRDER
« Bkt

‘ b,

CKD-MBD

31



