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ABSTRACT

Chronic Kidney Disease Stage 5 (CKD-5) imparts a 4-fold increase in minimal trauma fracture with a substantial
increase in mortality following hip fracture. Bone disease in CKD is complex, characterised by abnormal levels of
PTH, calcium, phosphate, ALP, and vitamin D, manifesting as a condition known as CKD-Mineral and Bone
Disorder (CKD-MBD). While bisphosphonates (BPs) are widely used in the management of osteoporosis, their
therapeutic role when end-stage renal function and bone disease co-exist remains unclear. This 15-year retro-
spective cohort study examines the long-term use of BPs in CKD-4 and -5 patients receiving no renal replacement
therapy, haemodialysis and renal transplant in a tertiary centre in Sydney, Australia. In multivariate regression
adjusting for age, baseline bone mineral density (BMD) and history of fracture, BP use was associated with net
gain in lumbar spine bone density in renal transplant recipients over a mean treatment period of 3.5 years (net
annual BMD gain of 0.039 g/cm?, p = 0.005). No such benefit was seen in hip BMD in CKD subjects. Regardless of
transplant status, CKD patients treated with BPs had no improvement in hip BMD with a general decline in hip
BMD across both groups during the study period (hip BMD: transplant recipients decline 0.024 + 0.81 g/cm?,
non-transplant CKD patients decline 0.055 + 0.84 g/cm?). BP therapy did not result in significant changes in
biochemical parameters (ALP, PTH, and phosphate) and no serious adverse effects were detected in association
with BP use. In particular, kidney function was not affected by BPs post-transplant (eGFR = 43 + 29 ml/min/
1.73 m?, p = 0.80). BPs preserved lumbar spine bone density in kidney transplant recipients but did not prevent
declines in hip bone mineral density in either transplant patients or those with CKD-4 and -5.

Summary: There remains a lack of clarity of the risks vs. benefits of bone-sparing pharmacotherapy in chronic
kidney disease Stages 4 and 5. This single-centre 15-year retrospective data analysis showed that bisphospho-
nates are not associated with any detectable serious adverse effects in CKD-4 and -5 and effective at mitigating
lumbar spine bone loss in kidney transplant patients.

1. Introduction

compromised mineral homeostasis is common. Secondary hyperpara-
thyroidism, interdependent hyperphosphatemia and vitamin D defi-

Chronic kidney disease (CKD) is increasing globally with an annual
incidence rate of 11 per 100,000 in Australia and contributing to 1.8
million hospitalisations per year (Welfare, 2017). Chronic Kidney Dis-
ease Stage 5D (CKD-5) is defined as an estimated glomerular filtration
rate (eGFR) <15 ml/min/1.73 m? in patients requiring haemodialysis
(Miller, 2014a), (Toussaint et al., 2009). In patients with CKD,

ciency are hallmark abnormalities of CKD-Mineral and Bone Disorder
(CKD-MBD) (Connelly et al., 2018). This condition can coexist with
osteoporosis, further compounding the greater risk of fractures in CKD-5
(Toussaint et al., 2009; Connelly et al., 2018). Incidence of hip fracture
in CKD-5 is 30 per 1000 and over double that in the general population
(Alem et al., 2000), with vertebral fractures in up to 34% of patients
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with end-stage renal disease (Jansz et al., 2020; Jean et al., 2013). In
addition, hip fractures in haemodialysis patients generally carry a 1-year
morality rate of 50%, two times higher than those without kidney dis-
ease (Jean et al., 2013; Danese et al., 2006).

While bisphosphonates (BPs) are first-line agents for the treatment of
postmenopausal osteoporosis, their use in patients with CKD-5 is con-
traindicated due to their unmetabolized renal excretion (Toussaint et al.,
2009; Miller, 2014b; Wilson et al., 2017).

A subset of patients with CKD-5 receive BPs because they reduce the
incidence of fractures in post-menopausal osteoporosis (Connelly et al.,
2018; Ketteler et al., 2017; Nitta et al., 2017) but a clear evidence-base
for their anti-fracture efficacy in CKD-4 and 5 is lacking (Toussaint et al.,
2009; Miller, 2014b; Nitta et al., 2017; Schipper et al., 2015).

The theoretical concern that BPs may precipitate adynamic bone
disease in CKD patients has restricted their use in this population but
evidence for this is limited to small case series (Amerling, 2010) and a
study examined bone turnover markers in CKD patients on alendronate
(Chavassieux et al., 2014). However, animal data do not support this
link (Allen and Aref, 2017), (Andress et al., 1986). Conversely, BPs may
confer benefits in CKD-MBD, particularly in patients with high bone
turnover and recurrent fractures, in whom a concurrent diagnosis of
osteoporosis is possible (Toussaint et al., 2009; Bover et al., 2017; Liu,
2013; Moe et al., 2014; Ott, 2017). Due to complex biochemical dysre-
gulation in CKD-MBD, making a specific diagnosis of osteoporosis in this
patient population is often challenging (Miller, 2014a). However, recent
updates to the KDIGO CKD-MBD guideline suggest regular DXA scans do
affect treatment decisions and confer a net benefit (Ketteler et al., 2017).
There is therefore clinical equipoise in the use of BPs in patients with
CKD-MBD and a greater need to understand how bisphosphonates affect
outcomes in this patient population, with key differences in the use of
these treatments in patients receiving dialysis versus transplant re-
cipients. Recent systematic studies and a Cochrane review, suggest a
benefit of BPs in preserving BMD and preventing fracture in renal
transplant recipients but call for more robust, real-world data to clarify
the question (McKee et al., 2020; Palmer and Strippoli, 2020; Wang
et al., 2016).

The Department of Renal Medicine at Royal North Shore Hospital in
Sydney, Australia is a tertiary referral service with a patient load of over
400 end-stage kidney disease patients encompassing a catchment of over
1.1 million people. From 2014 to 2019, 273 patients were on dialysis,
and, within the study period (2015-2020), 217 kidney transplants were
performed, with an almost 5-fold increase in renal transplants per year
in 2020 compared to 2005. Patients with CKD-MBD were concurrently
managed in an adjoining Metabolic Bone Clinic at the same institution,
within the Department of Endocrinology. This study presents the expe-
rience from this institution over 15 years on the use of BPs in a cohort of
CKD patients to determine effects on bone outcomes including bone
mineral density and biochemical markers of renal bone disease.

2. Methods
2.1. Study population

A two-fold method was used to select subjects for this study. First, the
electronic database for Dual Energy X-ray Absorptiometry (DXA) scans
at the Royal North Shore Hospital (RNSH) containing patient bone
mineral density (BMD) data from 2005 to 2020 was accessed. Subjects
were filtered by keyword search (renal, kidney, transplant, CKD, ESRF)
and by referring physician (i.e., subjects referred from the renal
department). A preliminary list of 273 subjects who met the initial
criteria of transplant waiting list, kidney transplant recipient, chronic
kidney disease, and/or haemodialysis was formed. Subjects in this study
all had CKD-4 or 5 (eGFR <30 ml/min/1.73 m2). This list was then cross-
referenced with 3 electronic medical record databases used at RNSH to
obtain individual data on anti-resorptive therapy, fracture incidence
during the study period and fracture history prior to study period, type
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and length of renal replacement therapy, renal function (eGFR), un-
derlying cause of renal failure, and biochemical parameters related to
CKD-MBD (see below). Exclusion criteria included those with a DXA
scan at only one time-point, all T-scores > — 1.5 SD indicating the
absence of bone densitometry criteria for osteoporosis, eGFR >30 ml/
min/1.73m? or with limited data in corresponding eMR databases
(Fig. 1).

The second part of the selection process consisted of cross-
referencing the renal medicine transplant lists (the RNSH waiting list
as of December 2020 and the completed kidney transplant list from 2005
to 2020) with eMR and DXA scan database. Subjects with at least two
DXA BMD scans, T-scores < —1.5 SD in at least one timepoint, eGFR
measurement <30 ml/min/1.73 m? in at least one time-point, the use of
dialysis or kidney transplantation, and on bisphosphonate therapy were
selected. Medical Record Numbers were then cross-referenced with the
list generated from the DXA database (above) to remove duplicates
(Fig. 1).

Subjects from this list were split into 1 of 4 groups according to their
renal transplant status and history of anti-resorptive therapy:
bisphosphonate transplant (BP-T), non-bisphosphonate transplant (nBP-
T), bisphosphonate non-transplant (BP-nT), and non-bisphosphonate,
non-transplant (nBP-nT). Non-transplant groups included subjects that
were on haemodialysis and those that did not receive any form of renal
replacement therapy. All patients in the transplant group had a func-
tioning renal transplant without the need for resumption of renal
replacement throughout the study period.

2.2. Demographic and biochemical factors

Age at completion of the study (2020) and age at time of first BMD
DXA scan (i.e., baseline), and BMI were collected from the DXA scan
database. The remaining data was obtained from patient eMR at RNSH
including history of fracture (i.e., at or before baseline DXA scan),
incident fractures (i.e., during study period), length and type of anti-
resorptive pharmacotherapy, history of corticosteroid use, mean eGFR
(at time of baseline BMD scan and the most recent measurement), length
and type of renal replacement therapy (haemodialysis, peritoneal dial-
ysis, and/or transplant), and underlying cause of renal failure. Several
biochemical parameters related to chronic kidney disease-mineral bone
disorder (CKD-MBD) (calcium, phosphate, magnesium, 25(OH)Vitamin
D, parathyroid hormone (PTH), and alkaline phosphatase (ALP)) were
collected at two time points that correlate to the DXA bone scan dates,
designated ‘baseline’ and ‘most recent’.

2.3. Bone mineral density (DXA-BMD) assessment

Absolute values (g/crnz) of bone mineral density (BMD) were
collected for lumbar spine (reported as the average BMD at L1-1L4) and
total hip at the time of diagnosis (i.e., the first BMD available in the
database, or baseline) and the most recent measurement. The time be-
tween scans was calculated for each patient and the mean time in each
treatment group determined. A minimum of one single T-score < —1.5
SD at any location plus a minimum of two (2) scans at two (2) different
points in time were required for the BMD data, and thus the subject, to
be included. Net change in BMD (g/m?) was calculated by taking the
difference between the most recent measurement and that recorded at
baseline. Annualised change in BMD was then calculated by dividing the
net change by the time in years between each measurement (g/m?/
year).

2.4. Bisphosphonate therapy

The use of bisphosphonate (BP) therapy in these subjects was
examined. Further evidence of BP therapy was cross-checked across
three eMR database at RNSH: Written records were searched for evi-
dence of prescriptions and New South Wales eHealth records containing
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Royal North Shore Hospital
(RNSH) DXA scan database

l

Patients filtered by keyword search:
Renal, kidney, transplant, CKD, ESRF
and by attending physician

l

273 patients
from 2005-2020 meet
preliminary selection
criteria

|

Patients cross-referenced
in RNSH eMR for missing

data

Remove patients with:

- single DXA scan

- no evidence of bone disease

- all eGFR measurements >30
ml/min/1.73m?

- no additional data found in eMR

.
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Search RNSH eMR:
- eGFR <30 ml/min/1.73m?
- Bisphosphonate therapy
- Other bone sparing
therapy

+

Renal medicine transplant
list and transplant waiting
list

Cross-reference MRN with
Royal North Shore Hospital
(RNSH) DXA scan database

148 patients meet all
criteria

//

T T

28 transplant 55 transplant
patients on patients not on
bisphosphonate bisphosphonate
therapy therapy
(BP-T) (nBP-T)

24 non-transplant 41 non-transplant
patients on patients not on
bisphosphonate bisphosphonate
therapy therapy
(BP-nT) (nBP-nT)

Fig. 1. Flow chart of data retrieval and selection of patients with CKD-MBD, Royal North Shore Hospital, Sydney, Australia.

medication data (a state-wide eMR database external to RNSH) were
checked. In this group, the baseline bone density was at the initiation of
bisphosphonate therapy. Ongoing use of BP throughout the study period
and between the recorded BMD measurements was established for study
subjects. Subjects prescribed denosumab, osteoanabolic agents or se-
lective estrogen receptor modulators (SERMs) throughout the study
period were excluded with the primary focus of this study on
bisphosphonate therapy.

2.5. Statistical analysis

The annualised rate of change in BMD was calculated by subtracting
the baseline from the most recent value and dividing by the number of
years observed between the two measurements. Unadjusted analysis was
first performed which compared the rate of change between the four
groups (BP-T, nBP-T, BP-nT, nBP-nT) using ANOVA, with clinically
relevant pairwise comparisons between groups performed using t-tests.
Non-parametric tests including the Kruskall-Wallis test and the Wil-
coxon rank-sum test were also performed as a sensitivity analysis.
Adjusted analysis was performed using multivariable linear regression

including covariates baseline BMD, baseline age and history of fracture.
Adjusted least square means were calculated for rate of change by group.
A subsidiary analysis was also done with net change (Fol-Base) as the
outcome.

The correlation between the change in BMD and change in
biochemistry measures was assessed using the Pearson or Spearman
correlation coefficient depending on normality. This was assessed both
overall and by group.

3. Results
3.1. Demographic factors

Of the 273 patients who met the preliminary inclusion criteria, 125
were removed due to missing or incomplete data. Retrospective data
from 2005 to 2020 was collected for total of 148 patients. Eighty-three
of these had received a kidney transplant at the time of the study (i.e.,
transplant group) and 65 had not (non-transplant). Within the trans-
plant group, 28 subjects (11 males and 17 females) received
bisphosphonates (BP transplant; BP-T) and 55 (33 males and 22 females)
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did not (non-BP transplant; nBP-T). The non-transplant group was
comprised of 24 subjects (9 male and 13 female) that received BPs (BP
non-transplant; BP-nT) and 41 that did not receive BPs (non-BP non-
transplant; nBP-nT; Table 1). Of the non-transplant patients, 42% (n
= 10) of those receiving BPs were on dialysis with 78% (n = 32) in the
non-BP receiving group.

Mean age at baseline was similar in renal transplant recipients who
received BPs and those that did not (51.9 + 12.2 years in BP-T compared
50.4 £ 13.4 for the nBP-T). Patients in the non-transplant groups were
significantly older on BPs compared to not on BPs (65.4 + 10.9 and 48.7
+ 11.3, respectively; p < 0.001; Table 1).

Mean body mass index (BMI) was similar all patients, with no sig-
nificant differences between any of the groups (Table 1).

3.2. Bone mineral density at baseline

Transplant recipients prescribed BPs had a lower mean BMD
compared to those not on BPs (Lumbar BMD 0.910 + 0.156 g/cm2 Vs
1.033 =+ 0.188 g/cm? not on BPs p = 0.003). The mean baseline lumbar
T-score for transplant recipients prescribed BPs was —1.6 + 1.4 SD
compared to —1.1 £+ 1.5 SD for those not on BPs. Similarly, non-
transplant CKD patients on BPs had a trend for lower mean lumbar
spine BMD at baseline (0.932 + 0.134 versus 1.012 + 0.196 g/cm? for
nBP-nT group; p = 0.07) and significantly lower hip BMD (0.689 +
0.140 g/cm?; T-score = —1.9 = 1.1, 0.814 + 0.172 g/cm?%; p < 0.008; T-
score = —0.9 £ 2.4; Table 1). No significant differences were found in
either lumbar spine or hip baseline BMD between the transplant and
non-transplant subjects on BPs (p = 0.59 and 0.46, respectively).

There were no significant differences in the average time between
baseline and the most recent BMD measurements amongst study par-
ticipants in each of the groups, indicating similar follow-up periods and
allowing adequate longitudinal comparison of BP treatments (Table 1).

3.3. Bisphosphonate therapy

The average length of bisphosphonate therapy was 4.2 + 3.1 years in
the transplant group and 2.5 + 1.8 years in the non-transplant group (p
= 0.12) with a range from <1 year to 12 years. The most frequently
prescribed BP was risedronate in both groups (46% and 63%, respec-
tively), followed by pamidronate (32% and 17%), zoledronic acid (18%
and 8%) and alendronate (14% and 17%; Table 1).

3.4. Fractures

A higher proportion of transplant recipients prescribed BPs had a
fracture before or at the time of their baseline BMD measurements (11 of
28, 39.2%) compared to those not on BPs (2 of 55, 3.6%). Similarly,
amongst non-transplant patients, 45.8% of those on BPs had previously
experienced a fracture (11 of 24) as opposed to a lower proportion of
non-transplant patients not on BPs (5 of 41, 12%) (Table 1). Fracture
history was therefore incorporated in the regression model in examining
BMD change by treatment. A small number of incident fractures
occurred during the study period (three in each of the BP-receiving
groups, 2 in nBP-T, and 3 in nBP-nT) and the study was underpowered
to examine effects of BPs on fractures in this cohort. Adjusted and
annualised BMD changes as a surrogate marker of fracture risk were
examined.

3.5. Change in lumbar spine Bone Mineral Density

As there were significant differences in baseline age, BMD, and
previous fractures between the treatment groups, multivariate analyses
adjusted for these factors (Table 1). All values and statistical relation-
ships assessing changes in BMD are least square means adjusted for
baseline age, baseline BMD, and previous fracture.

A significant decline in lumbar spine BMD was seen in transplant
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patients that did not receive BPs (nBP-T = —0.064 + 0.050 g/cmz)
compared to the significant increase in BMD in the BP-receiving trans-
plant group (0.054 + 0.055 g/cmz, p = 0.001). In contrast, amongst
non-transplant CKD-4 and -5 subjects, BP use had no effect on BMD
(—0.020 + 0.054 g/cm? and 0.001 =+ 0.063 g/cm? for nBP-nT and BP-
nT, respectively; p = 0.63; Table 1; Fig. 2).

Annualised rates of change in bone density in the groups, adjusted
for significant univariables, were also examined (Fig. 3). Renal trans-
plant recipients treated with BPs had a mean net annual increase in
lumbar spine BMD of 0.039 g/cm? compared to those not on BPs (p =
0.005). Fig. 3 illustrates the annual rate of change in lumbar spine BMD
in the different groups.

3.6. Changes in hip bone mineral density

Adjusted for age, baseline BMD, and previous fracture, all groups had
mean net losses in hip bone mineral density across the study period.
Although BPs preserved hip BMD in transplant recipients, this effect was
not significant at this site compared to transplant recipients not
receiving BPs (Table 1; Fig. 4).

Further, annualised rates of change in hip BMD were not found to be
significantly different between the groups. The lowest rate of decline,
however, was observed in transplant recipients treated with BP (—0.003
+ 0.013 g/cm?/year which was 0.01 g/cm?/year less than nBP-T pa-
tients at —0.013 £ 0.001 g/cmz/year,p = 0.123; Table 1; Fig. 5). Sub-
jects not treated with BPs had similar annual reductions in hip BMD at
—0.017 + 0.014 and — 0.015 + 0.010 g/cm?/year, respectively for
transplant and non-transplant groups (p = 0.789; Table 1; Fig. 5).

3.7. Bisphosphonate use and estimated Glomerular Filtration Rates
(eGFR)

Mean estimated glomerular filtration rate at baseline in BP-T patients
was 16 + 16 ml/min/1.73 m? as measured at the time-point just prior to
transplantation. This was similar to BP-nT patients that had a mean
baseline eGFR of 13 + 11 ml/min/1.73 m? (p = 0.99; Table 1). BP use in
transplant recipients did not have an adverse effect on eGFR during the
study period, with eGFR increasing in transplant recipients as expected,
regardless of BP use (BP-T post-treatment eGFR = 43 + 29 ml/min/1.73
mz; nBP-T post-treatment eGFR = 46 + 35 ml/min/ 1.73m2; p = 0.80;
Table 1).

3.8. Biochemical markers of CKD-MBD

There were no significant differences in alkaline phosphatase (ALP)
or parathyroid hormone (PTH) between mean the baseline and most
recent measurements in either group, regardless of treatment. Trans-
plant recipients who were not receiving BPs demonstrated a significant
reduction in serum phosphate across the study period (1.18 + 0.53 vs
1.56 + 0.45 mmol/]; p = 0.0001; Table 2).

Biochemical parameters of CKD-MBD did not change in association
with BP use. In particular, Pearson and Spearman correlation coefficient
revealed no correlation between change in ALP, PTH, or phosphate and
change in BMD overall or within each group (Table 2).

4. Discussion

Chronic Kidney Disease-Mineral Bone Disorder CKD-MBD is a com-
plex disease generally spanning many years of mineral and/or hormone
dysregulation ultimately resulting in fractures and greater mortality.
The clinical course and optimal management of CKD-MBD remain un-
clear with clinical equipoise in the use of anti-resorptive agents. The
present study examines prescribing trends of bisphosphonates (BPs) in
end-stage kidney disease at the Royal North Shore Hospital from 2005 to
2020 and identifies patient- and/or treatment-specific factors that may
determine a benefit from osteoporosis therapy in the context of CKD-



D. Hauck et al.

Table 1
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Demographic, bone mineral density, bone sparing pharmacotherapy, and renal parameters in kidney transplant and non-transplant patients with chronic kidney
disease-mineral bone disorder (CKD-MBD), 2005-2020. Retrospective data was collected on patients with CKD Stage 4 and 5 (eGFR <30 ml/min/1.73 m?) and
concomitant BMD evidence of bone disease osteoporosis (t-score < —1.5 SD) from electronic medical records at the Royal North Shore Hospital, Sydney, Australia.
Patients were first divided into transplant and non-transplant groups and subsequently split into those that received bisphosphonates and those that did not. The
differences between the means of the various paramaters were statistically compared with analysis of variance (ANOVA).

Transplant Non-transplant p-Values (ANOVA)*
BP Non-BP BP Non-BP BP-T vs nBP- BP-T vs BP- BP-nT vs nBP-
T nT nT
Total number of patients 28 55 24 41 - - -
No. of male patients 11 33 9 17 - - -
No. of female patients 17 22 13 24 - - -
Mean age (years)
At diagnosis 51.9 +12.2 50.4 + 13.6 65.4 + 10.9 48.7 £11.3 0.52 <0.001 <0.001
Current 61.1 £13.1 54.9 +13.9 71.5 +12.1 56.7 + 11.4 0.10 0.008 <0.001
No. of deceased patients 3 3 2 3 - - -
Percent deceased (%) 11% 5% 8% 7% - - -
Mean BMI (kg/cm?) 25.7 + 5.4 26.6 + 3.6 26.1 £5.5 25.7 + 5.7 0.64 0.87 0.84
Bone Mineral Density
Mean baseline BMD (g/cmz)
Lumbar 0.910 + 1.033 + 0.932 + 1.012 + 0.003 0.59 0.07
0.156 0.188 0.134 0.196
Hip 0.724 + 0.854 + 0.689 + 0.814 + <0.001 0.46 0.008
0.115 0.154 0.140 0.172
Mean baseline T-score
Lumbar -16+14 -1.1+1.5 -15+21 -1.0+1.4 0.03 0.46 0.33
Hip -2.1+£0.9 -1.3+17 -19+1.1 —-09 24 <0.005 0.88 0.008
Mean time between baseline and most recent BMD 4.4+24 3.8+1.0 43+23 4.2+3.1 0.26 0.86 0.96
measurement (years)
Mean net change in BMD (g/cm?)
Lumbar 0.068 + -0.072 + 0.002 + —0.026 + <0.001 0.040 0.15
0.095 0.194 0.092 0.099
Hip 0.019 + —0.045 + —0.069 + —0.048 + <0.001 0.003 0.34
0.086 0.070 0.109 0.069
Mean annual rate of change in BMD (gecm ™ 2.year ')
Lumbar 0.020 + —0.024 + —0.007 + —0.005 + 0.003 0.090 0.240
0.021 0.016 0.025 0.012
Hip 0.001 + —0.014 + —0.025 + —0.016 + <0.0005 0.001 0.250
0.032 0.027 0.043 0.022
Adjusted mean net change in BMD? (g/cm?)
Lumbar 0.054 + —0.064 + 0.001 + —0.020 + 0.001 0.210 0.63
0.055 0.050 0.063 0.054
Hip —0.016 + —0.045 + —0.071 + —0.050 + 0.145 0.012 0.34
0.030 0.026 0.032 0.027
Adjusted mean annual rate of change in BMD”
(gecm~2.year 1)
Lumbar 0.016 + —0.023 + 0.002 + —0.006 + 0.005 0.420 0.620
0.021 0.016 0.025 0.012
Hip —0.003 + —0.013 + —0.017 + —0.015 + 0.123 0.230 0.789
0.013 0.001 0.014 0.010
Fracture history”
Hip 3 2 5 3 - - -
Vertebral 4 - 1 - - - -
Wrist - - 2 1 - - -
Other 4 - 3 1 - - -
Fracture incidence® - - -
Hip 1 - - - - -
Vertebral 1 - 1 - - - -
Wrist - 1 1 1 - - -
Other 1 1 1 1 - - -
Pharmacotherapy
Bisphosphonate (total number of patients)
Risedronate 13 - 15 - - - -
Pamidronate 9 - 4 - - - -
Alendronate 5 - 2 - - - -
Zoledronate 4 - 4 - - - -
Average length of Therapy (years) 4.4 - 2.5 - - 0.12 -
Range (years) <1-12 - <1-11 - - - -
Corticosteroids 22 43 10 17
Renal Parameters
Mean eGFR (ml/min/1.73 m?)
At diagnosis 16 £ 16 13+11 24 +17 18 +£18 0.99 0.09 0.32
Most recent 43 £ 29 46 + 25 17+ 8 14 +17 0.80 <0.001 0.66
Renal replacement therapy (RRT)
Total number on dialysis 23 39 10 32 -

(continued on next page)
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Table 1 (continued)

Transplant Non-transplant p-Values (ANOVA)'
BP Non-BP BP Non-BP BP-T vs nBP- BP-T vs BP- BP-nT vs nBP-
T nT nT
Mean time on dialysis (years) 4.2+ 2.1 3.5+ 29 4.8 + 3.7 4.4+ 3.4 0.87 0.50 0.73
Underlying cause of renal failure (number of patients)

Type I diabetes mellitus 3 1 1 2 - - -
Type II diabetes mellitus 4 6 9 4 - - -
Hypertension 1 1 0 6 - — —
Glomerulonephritis 8 23 6 9 - _ _
Acute kidney Injury 1 0 1 1 - - -
Polycystic kidney disease 2 7 9 3 - - _
Other or unknown 11 17 0 18 - _ _

! Significant differences in the means were calculated with a of p-value <0.05.
2 Least square means were adjusted for age, baseline BMD, and fracture incidence
BP-T = bisphosphonate transplant; nBP-T = non-bisphosphonate, transplant; BP-nT = bisphosphonate non-transplant; nBP-nT = non-bisphosphonate, non-
transplant.
3 Fracture history are fractures that occurred at or before the baseline BMID measurements and are included as a covariate in the regression model.
*# Fracture incidence are those that occurred during the study period.

Fig. 2. Net change in lumbar spine bone mineral
density (BMD; g/m?) adjusted for age, baseline BMD,
and fracture incidence. BMD was recorded in non-
kidney transplant and kidney transplant patients
and compared in those who received bisphospho-
nates (BPs) and those that did not.
Net change in BMD between the most recent mea-
surements and those taken at time of diagnosis (i.e.,
[ baseline) was determined. Statistical differences were

0.15

0.1

0.05

calculated by ANOVA and least square means
adjusted for age, baseline BMD, and fracture inci-
dence. Error bars indicate 95% confidence intervals.
* Indicates a significant difference (p = 0.001) be-
tween BP-receiving and non-BP receiving kidney
transplant patients.

BP = bisphosphonate.

g/em

-0.05

-0.1

*

-0.15
BP No BP BP No BP

non-Transplant Transplant

Fig. 3. Annual rate of change in lumbar spine bone
mineral density (BMD; gem 2eyear ' adjusted for
age, baseline BMD, and fracture incidence.
Lumbar spine BMD were recorded in non-kidney
0.03 transplant and kidney transplant patients and
compared in those who received bisphosphonates
(BPs) and those that did not. Annual rate of change
was calculated by dividing the net change in BMD
between the most recent measurements and those
T taken at time of diagnosis by the number of years
between measurements. Statistical differences were
calculated by ANOVA and least square means
adjusted for age, baseline BMD, and fracture inci-
dence. Error bars indicate 95% confidence intervals.
*Indicates a significant difference (p = 0.005) be-
-0.03 tween BP-receiving and non-BP receiving kidney
transplant patients.
BP = bisphosphonate.

o
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g cm? year!

-0.01
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Fig. 4. Net change in hip bone mineral density
(BMD; g/rn2) adjusted for age, baseline BMD, and
fracture incidence.

BMD was recorded in pre-kidney transplant and post-
kidney transplant patients and compared in those
who received bisphosphonates (BPs) and those that
did not. Net change in BMD between the most recent
measurements and those taken at time of diagnosis
was determined. Statistical differences were calcu-
lated by ANOVA and least square means adjusted for

g/

-0.05

-0.1

-0.15
BP No BP BP

non-Transplant

0.05

0.03

0.01

ar!

age, baseline BMD, and fracture incidence. Error bars
indicate 95% confidence intervals.

# Indicates a significant difference (p < 0.05) be-
tween non-transplant and transplant patients who
received BPs.

BP = bisphosphonate.

No BP

Transplant

Fig. 5. Annual rate of change in hip bone mineral
density (BMD; gem 2.year ') adjusted for age,
baseline BMD, and fracture incidence.

Neck of femur BMD were recorded in non-kidney
transplant and kidney transplant patients and
compared in those who received bisphosphonates
(BPs) and those that did not. Annual rate of change
was calculated by dividing the net change in BMD
between the most recent measurements and those
taken at time of diagnosis by the number of years

,
cmye

eo -0.01

-0.03

-0.05
BP No BP BP

non-Transplant

MBD. Patients prescribed BPs were more likely to have a lower baseline
bone density and previous fracture, consistent with mainstream in-
dications for the use of these agents in patients with osteoporosis. Pa-
tients with biochemical evidence of higher bone turnover in this study
were not preferentially treated with bisphosphonates.

Over the 15-year study period, BP use in CKD-4 and -5 patients did
not result in significant changes in biochemical parameters and were not
associated with detectable serious adverse events in either transplant
recipients or non-transplant patients. Importantly, BPs had no effect on
eGFR in transplant recipients. After adjustment for age, previous frac-
tures and baseline bone density, BPs appeared to prevent a decline in
lumbar bone density in transplant recipients. However, hip bone min-
eral density declined in CKD subjects, regardless of transplant status or
bisphosphonate use. Across the study period, all groups demonstrated
declines in hip bone density, regardless of BP use.

While previous studies support our conclusions (Ott, 2017), there
have been inconsistencies in the evidence-base driven by heterogeneous
patient populations (Coco et al., 2003), inclusion of various sub-types of
renal failure and renal replacement regimens (Walsh et al., 2009), small

between measurements. Statistical differences were
calculated by ANOVA and least square means
adjusted for age, baseline BMD, and fracture inci-
dence. Error bars indicate 95% confidence intervals.
BP = bisphosphonate.

No BP

Transplant

patient cohorts and lack of longitudinal bone density data (Jamal et al.,
2007). Experts have called for a greater number of longitudinal cohort
studies to clarify the real-world use and efficacy of BPs in CKD-4 and- 5
(Palmer and Strippoli, 2020; Wang et al., 2016). The present study re-
flects 15 years of experience in the use of bisphosphonates in patients
with CKD-MBD with serial bone density outcomes and clear differenti-
ation of CKD patients by transplant status. Clear differences in
biochemical factors in pre- versus post-renal transplant patients and the
use of glucocorticoids and immune-suppressives in the latter would have
significant differential effects on the skeleton, necessitating independent
assessment of these groups.

BPs preserved bone in the peri- and post-transplant period in this
study in lumbar spine, but by comparison, CKD-4 and 5 patients on
dialysis or on no renal replacement continued to lose bone despite the
use of BPs. Furthermore, hip bone density declined in both transplant
and non-transplant CKD groups, possibly related to progressive loss of
cortical bone not mitigated by BPs.. In addition, the deleterious effect of
biochemical factors in CKD-4 and -5 including high bone turnover and
electrolyte abnormalities may not be mitigated by BPs. This may relate
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Table 2
Biochemical markers of bone health and mineralization measured at baseline (i.e., time of first BMD scan) and the most recent for the different treatment groups.
Ca®" Mg>* pPO*~ 25(0H)Vitamin D PTH ALP
(mmol/1) (mmol/1) (mmol/1) (nmol/1) (pmol/1) /M
Baseline Most Baseline Most Baseline Most Baseline Most Baseline Most Baseline Most
recent recent recent recent recent recent
Mean values
BP-T 2.34 £ 2.37 £ 0.86 £ 0.76 £ 141 + 1.13 + 47.5 + 76.5 + 23.8 £ 13.6 + 93 + 47 94 + 51
0.19 0.13 0.13 0.16 0.55 0.45 37.9 29.6 31.5 29.3
nBP-T 2.30 £ 2.40 £ 0.92 + 0.80 + 1.56 + 1.18 £ 60.0 + 66.2 + 35.6 £ 333+ 85 + 56 91 + 64
0.19 0.12 0.18 0.19 0.45 0.53 29.5 25.5 35.5 61.5
BP-nT 2.40 + 2.36 + 0.86 + 0.88 + 1.38 + 1.34 + 68.4 + 75.3 + 21.6 + 30.3 £ 103 + 112 +
0.93 0.96 0.33 0.37 0.49 0.45 26.2 29.1 12.8 16.1 41 55
nBP-nT 231+ 2.36 £ 0.89 + 0.90 + 1.55 + 1.40 £ 55.6 + 62.7 + 372+ 44.8 + 90 + 57 148 +
0.19 0.20 0.15 0.12 0.40 0.42 31.7 27.0 36.2 32.5 246
p-Values'
BP-T 0.998 0.001 0.181 0.052 0.488 0.858
nBP-T 0.001 0.001 0.0001 0.256 0.818 0.624
BP-nT 0.542 0.486 0.772 0.466 0.437 0.615
nBP-nT 0.186 0.583 0.100 0.345 0.370 0.154
Correlation to Lumbar Hip Lumbar Hip Lumbar Hip Lumbar Hip Lumbar Hip Lumbar Hip
change in BMD”
BP-T
r 0.096 —0.007 0.023 0.079 0.283 —0.153 0.591 0.156 0.042 0.209 0.210 0.337
p-Value 0.614 0.973 0.904 0.684 0.137 0.411 0.043 0.629 0.825 0.267 0.266 0.069
nBP-T
r —0.102 0.066 0.009 —0.031 —0.085 —0.120 —0.147 —0.139 0.056 0.088 —0.044 0.014
p-Value 0.482 0.652 0.955 0.837 0.558 0.410 0.326 0.364 0.709 0.560 0.763 0.926
BP-nT
r 0.204 —0.049 0.128 0.134 —0.246 -0.133 0.591 0.156 0.303 —0.021 —0.123 0.455
p-Value 0.416 0.847 0.651 0.635 0.326 0.598 0.043 0.629 0.254 0.940 0.627 0.058
nBP-nT
r —0.264 0.060 0.192 0.152 0.086 0.138 0.176 —0.063 0.245 0.208 0.033 0.112
p-Value 0.125 0.724 0.285 0.384 0.624 0.414 0.391 0.755 0.191 0.260 0.852 0.509

BP-T = bisphosphonate transplant; nBP-T = non-bisphosphonate, transplant; BP-nT = bisphosphonate non-transplant; nBP-nT = non-bisphosphonate, non-transplant.
! p-values <0.05 inidicate a significant difference between baseline and the most recent measurement within each group, calculated by non-parametric t-test.

2

Pearson or Spearman correlation.

to predominant use of risedronate in our institution rather than paren-
teral forms, the latter possibly.

exerting a greater anti-resorptive effect in CKD. Due to the small
number of fractures identified in this study, both prior to and during the
study period, fractures were not a primary outcome measure of this
study. Comparison of fracture rates between the groups was not possible
due to lack of study power. However, previous fractures were signifi-
cantly associated with BP use in this study and therefore included in the
multivariate assessment of bone density changes.

Whether BPs are harmful in patients with CKD is a salient question.
We found no evidence of biochemical changes in BP-receiving patients
or deterioration of renal function in the 148 patients receiving these
agents over the study period. However, in the absence of bone histo-
morphometry, this study could not report conclusively on the develop-
ment of adynamic bone disease in BP-receiving patients. BP use in
transplant recipients did not adversely affect renal function (Table 1), a
reassuring finding as recent studies suggest potential deleterious effects
of BPs in advanced stages of CKD (Wilson et al., 2017; Robinson et al.,
2021).

Strengths of this study include the use of 3 independent eMRs to
provide a real-world, albeit retrospective, picture on prescribing prac-
tices at a tertiary referral centre. Moreover, this study examined serial
BMD over time on state-of-the-art densitometer using a surrogate
marker of fracture, namely bone mineral density.

Limitations include the relatively small study population mainly due
to incomplete data or the number of patients simply not meeting the
criteria, and the inability to robustly assess fracture outcomes. There
were no data on more specific markers of bone turnover such as bone-
specific ALP or PINP in this study. Furthermore, while several

r and p-values (<0.05) represent a correlation in the change of the different biochemical parameters to change in BMD at lumbar spine and hip determined by

confounding factors were adjusted for in the statistical analyses (i.e.,
age, baseline BMD and previous fracture), other treatment biases exist
that may have gone unaccounted. In CKD 4- and 5, lumbar spine BMD
can be artefactually increased due to vascular calcification although
these changes would be expected amongst the groups.

While there are limitations of this study, the conclusions drawn yield
similar results from previous publications investigating bisphosphonate
use in end-stage kidney disease (Coco et al., 2003; Walsh et al., 2009;
Jamal et al., 2007). Importantly, a lack of strong evidence and clear
clinical guidelines around the use of BPs in patients with declining
kidney function is a reality, and many physicians are presented with a
clinical equipoise when faced with this patient population. BP therapy,
when safe and warranted, can provide life-saving bone-sparing therapy
(Schipper et al., 2015; Ott, 2013). Conversely, worsening of any co-
morbidity (e.g., adynamic bone disease or kidney function) in this
frail population can have detrimental effects. Large, prospective, multi-
centre studies may help to advance this field, clarify the clinical
dilemma, and address the limitations of the present study. From our 15-
year single-centre experience, BPs did not exacerbate biochemical
changes of CKD-MBD and maintained lumbar spine bone mineral den-
sity in renal transplant recipients. Hip bone mineral density did not
improve regardless of transplant status or BP use and specific strategies
to promote cortical bone and hip bone density in CKD patients require
further evaluation.
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