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Bone biopsy: an ally in the management of
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ABSTRACT

Patients with chronic kidney disease (CKD) have an in-
creased susceptibility to fracture and this risk gradual-
ly rises as renal disease progresses. Chronic kidney
disease—mineral and bone disorder (CKD-MBD) en-
compasses the mineral, bone, hormonal and calcific
cardiovascular abnormalities that develop in these pa-
tients. Renal osteodystrophy (ROD) corresponds to the
histopathologic description of bone lesions associated
with CKD-MBD. Fragility fracture approach in CKD
stages 1-3a may be similar to that of the general popu-
lation. However, in stages 3b—5, osteoporosis cannot
be established by the World Health Organization
(WHO) criteria based on bone mineral density (BMD)
or the presence of fragility fractures, because low BMD
and fractures can also occur in the different forms of
ROD. The gold standard for the diagnosis and classi-
fication of ROD is tetracycline double-labelled transi-
liac bone biopsy, with bone histology and histomor-
phometric analysis. By informing on bone turnover,
mineralization and volume, it is a valuable tool that
may help guide the management of CKD patients with
fragility fractures, as therapeutic measures are distinct
depending if the patient has osteoporosis or one of the
forms of ROD.

For patients with stages 1-3 CKD, without bio-
chemical abnormalities suggestive of CKD-MBD, who
sustained low-trauma fractures, any therapeutic appro-
ved for use in osteoporosis could be used. However,
there is little evidence for the efficacy and safety of con-
ventional anti-osteoporotic agents in patients with more
advanced CKD stages, so currently the approach is
opinion-based and must be patient-tailored depending
on the presence or absence of ROD.
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INTRODUCTION

Chronic kidney disease (CKD) and fragility fractures
are important public health concerns, both increasing
as the population ages and co-occurring frequently.
Fracture susceptibility and incidence are increased in
CKD and this risk gradually rises as renal disease pro-
gresses'?. Of note, morbidity and mortality associated
with fractures are also higher in these patients**.

The increased fracture risk in CKD is multifactorial.
On one hand, CKD patients have impaired bone
strength due to deterioration of both bone volume and
bone quality (incorporating changes in turnover, mi-
neralization, cortical porosity and trabecular bone ar-
chitecture) that increase in severity as the disease pro-
gresses’. On the other hand, these patients are
commonly elderly with multiple comorbidities, such as
diabetes mellitus, also associated with increased fractu-
re risk, along with sarcopenia and cognitive dysfunction
leading to higher risk for falls'®. In addition, previous
fracture is a known risk factor for a subsequent one’.

The management of a CKD patient with one or more
fragility fractures is challenging, first due to the need to
determine whether the patient has osteoporosis and/or
the various forms of metabolic bone disease and secondly
to choose the therapeutic approach. Herein the authors
review the contribution of bone biopsy with histomor-
phometric analysis in the management of these patients.

OSTEOPOROSIS AND CKD-MINERAL AND
BONE DISORDER (CKD-MBD)

Osteoporosis has been mechanistically defined as a
metabolic skeletal disorder characterized by compro-
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mised bone strength that predisposes to an increased

risk of fracture, with bone strength being determined

by both bone quantity and bone quality®. Bone quan-
tity can be represented by bone mineral density

(BMD), a surrogate measure of bone mass assessed by

dual X-ray absorptiometry (DXA). Bone quality can be

evaluated by bone biopsy and includes several varia-
bles such as microarchitecture, bone remodelling ab-
normalities, collagen content and structure, micro-
damage accumulation and mineralization properties’.

The definition of osteoporosis established by World
Health Organization (WHO) is based on a T score of
-2.5 or less, in other words, a BMD measured by DXA
that is 2.5 standard deviations (SD) or more below the
mean for young healthy women!°.

The Disease Outcome Quality Initiative (KDOQI) of
the National Kidney Foundation (NFK) has classified
the categories of CKD according to the glomerular fil-
tration rate (GFR) ! as follows:
 Stage 1 - GFR 90 ml/minute/1.73 m?* or higher;

e Stage 2 - GFR 60 to 89 ml/minute/1.73 m?

e Stage 3a - GFR 45 to 59 ml/minute/1.73 m?;

e Stage 3b - 3B — 30 to 44 mL/minute/1.73 m?;

* Stage 4 - GFR 15 to 29 ml/minute/1.73 m?

* Stage 5 - GFR lower than 15 mI/minute/1.73 m’, or
if the patient is on dialysis (in this latter case called
5D).

There is evidence that CKD is associated with low
bone mass and accelerated bone loss as well as with de-
creased bone quality. Several studies have reported that
kidney function is significantly associated with de-
clines in BMD measured by DXA!***. Nikolas et al®
showed that CKD 2-5D patients have significant cor-
tical bone loss, with lower BMD in total hip, ultradis-
tal radius measured by DXA and significant declines in
cortical area, density, and thickness and increased
porosity evaluated by high-resolution peripheral quan-
titative computed tomography'*. There are also stu-
dies showing a gradual increase in bone resorption
associated with decreased bone formation and im-
pairment in bone mineralization on histomorphome-
try, as CKD progresses'®'®,

Moreover, there are systemic bone and mineral
metabolism disturbances that arise early in the course
of CKD and increase in frequency and severity as the
disease progresses, which are associated with signifi-
cant morbidity (including cardiovascular events and
fractures) and mortality". In 2006, the Kidney Disease
Improving Global Outcomes (KDIGO) Working
Group classified these disorders as a single clinical

designated CKD-mineral and bone disorder
(CKD-MBD) manifested by either one or the combina-
tion of: laboratory abnormalities of bone and mineral
metabolism, including altered calcium, phosphorus,
parathyroid hormone (PTH), or vitamin D metabo-
lism; abnormalities in bone turnover, mineralization,
volume, linear growth, or strength; and/or bone disea-
se and vascular and other soft-tissue calcifications'.

Renal osteodystrophy (ROD) corresponds to the
morphological description of bone lesions occurring in
the context of CKD-MDB assessed by histomorpho-
metric analysis of bone biopsy'’.

According to the KDIGO Working Group, the
WHO definition of osteoporosis can be applied for the
diagnosis and management of stages 1 to 3a CKD, as
long as there are no biochemical abnormalities sug-
gesting CKD-MBD?*.

However, diagnosis of osteoporosis in stages 3b-5
CKD (or in earlier stages if CKD-MBD is suspected) is
more complex and an exclusionary one'. In these
stages, patients have significant alterations in mineral
metabolism and the probability of having features of
ROD is high*. These are associated with bone strength
impairment and may lead to low BMD and/or fragili-
ty fractures. Thus, the WHO criteria are not valid in
these situations?'.

The 2017 KDIGO clinical practice guidelines state
that, in patients with CKD stage 3-5D, it is reasonable
to perform a bone biopsy if knowledge of type of ROD
will impact treatment decisions*.

Indeed, in CKD patients with fragility fractures it is
important to exclude ROD and, if present, discrimi-
nate between the different types (adynamic bone disea-
se, hyperparathyroid bone disease, osteomalacia and
mixed bone disease) because management is distinct
in each condition.

Currently, biochemical markers and imagiological
tests are not accurate predictors of bone histology*°.
Thus, the gold standard for the diagnosis and specific
classification of renal osteodystrophy (ROD) remains
the histomorphometric analysis of the bone biopsy*”.

BONE BIOPSY AND HISTOMORPHOMETRY

Bone histomorphometry provides qualitative and
quantitative information on bone structure, bone
remodelling and turnover in histological sections of
mineralized (undecalcified) bone #’. It enables the un-
derstanding of metabolic bone diseases’
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physiopathology and evaluation of the effects of specific
drugs on bone tissue?’. Transiliac bone biopsy is a well-
tolerated procedure associated with very low morbi-
dity and no mortality'"#. Bone histomorphometry is
classically performed on trabecular bone. However, it
should be noted that cortical bone quality is also an
important factor, and cortical abnormalities take place
in CKD patients, such as increased porosity and re-
duced thickness, so recent studies have focused in cor-
tical bone analysis™*’.

Several static and dynamic parameters are evalua-
ted. Static histomorphometric measurements include
osteoid thickness, osteoid surface, osteoblast surface
and osteoclast surface. Conversely, bone formation rate,
bone activation frequency, osteoid maturation time and
mineralization lag time are dynamic measure-
ment523’27’29.

To obtain information about dynamic parameters
such as bone formation rate and mineralization state,
double tetracycline labelling of the bone surface with
fluorochrome compounds such as demeclocycline or
tetracycline (the latter being the only available in Por-
tugal) needs to be performed prior to the bone biopsy
procedure'’. Tetracycline naturally fluoresces, which
enables its visualization under a fluorescent micros-
cope, and characteristically attaches to calcium, being
co-deposited on active mineralization sites *’. The
distance between labels corresponds to the new bone
formed during the interval of tetracycline administra-
tion?’. The usual schedule consists of two dosing pe-
riods, 3 days on (e.g. 500 mg tetracycline BID), 10 days
off, and 3 days on (e.g. 500 mg tetracycline BID), after
which the biopsy is performed within the next 4 to 14
days'’.

After the biopsy procedure, the sample is submitted
to a complex process including fixation, dehydratation,
and embedding in methylmethacrylate to make the dis-
tinction between calcified and uncalcified bone, and to
allow the study of the mineralization process. Subse-
quently the sample is cut in a microtome, with tungs-
ten knives and stained, more frequently with Goldner
trichrome technique or toluidine blue?’**. Afterwards,
the bone slides are visualized in a microscope equipped
with a camera and bone histomorphometric measure-
ments are obtained numerically by using one of seve-
ral commercialized computerized image analysis sys-
tems>"*.

Histologic abnormalities observed in CKD-MBD are
heterogeneous and may vary in the same patient along
with the progression of CKD'**% In order to stan-

dardize biopsy reports and allow comparison between
studies, “TMV” classification system, which comprises
bone turnover (T), mineralization (M) and volume (V),
is used".

Turnover is a representative measure of bone re-
modelling, which can vary from low to very high in
CKD patients. In this regard, the most important dy-
namic parameter to evaluate is bone formation rate,
however other dynamic measurements — such as bone
activation frequency, which corresponds to the proba-
bility that a new remodelling cycle will be initiated at
any point on the bone surface - and static ones —name-
ly osteoblast and osteoclast surface and number, os-
teoid and erosion surfaces - can help to define
turnover?.

Mineralization can be normal or abnormal (delayed
or disorganized). It is classified based also on dynamic
parameters as mineralization lag time and osteoid
maturation time, and static parameters including os-
teoid thickness®.

Volume can be low, normal or high across the dif-
ferent ROD categories and, although it has not been
previously considered in their definition, its impor-
tance in the pathophysiology of fragility fractures in
CKD has been recognized®. Bone volume is related to
bone strength and is also usually associated to the
severity and duration of CKD-MBD?*. Accordingly, it
has been demonstrated that patients with low bone
volume have an increased fracture risk?.

Based on TMYV classification, ROD is classified into
different histopathological patterns: hyperparathyroid
bone disease, mixed bone disease, osteomalacia and
adynamic bone (Table I).

High-turnover disease encompasses the spectrum of
hyperparathyroid bone disease (from mild hyper-
parathyroid-related bone disease to osteitis fibrosa) and
mixed uremic bone disease. The first one is attributable
to secondary hyperparathyroidism and is characterized
by an increased bone formation rate, a high number of
osteoclasts and osteoblasts, an increased number of re-
sorption lacunae and increased amount of osteoid al-
beit with normal mineralization (Figure 1). In severe
forms there can also occur marrow fibrosis (osteitis fi-
brosa)'’. Mixed uremic bone disease combines in-
creased bone remodelling and abnormal mineraliza-
tion with low to normal volume (Figure 2)'7!.

Low-turnover disease includes osteomalacia and
adynamic bone disease. Osteomalacia was formerly as-
sociated with aluminum toxicity and common in dialy-
sis patients, but its incidence has significantly decreased
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TABLE I. HISTOMORPHOMETRIC FINDINGS IN DIFFERENT METABOLIC BONE DISEASES

Bone disease Turnover Mineralization Volume

Renal osteodystrophy
Osteomalacia Low Abnormal Low to normal
Adynamic bone disease Low Normal/Abnormal Low to normal
Hyperparathyroid bone disease High Normal Low, normal or high
Mixed uremic osteodystrophy Normal to high Abnormal Low to normal

Osteoporosis Low, normal, or high Normal Low

and nowadays is rarely seen®?. Other potential etiolo-
gies of osteomalacia can also occur in CKD patients,
including 25-hydroxyvitamin D deficiency, metabolic
acidosis and hypophosphatemia'’. It is characterized
by increased osteoid volume and thickness, increased
osteoid maturation time, longer mineralization lag time
and low to medium bone volume (Figure 3).

In adynamic bone disease the main findings include
the absence or reduced number of osteoclasts and os-
teoblasts, markedly reduce bone formation rate and
activation frequency, along with normal to decreased
amount of osteoid, normal mineralization and low or
normal volume (Figure 4)'". This may be the result of
arelative hypoparathyroidism caused by an overtreat-
ment of hyperparathyroidism with vitamin D and cal-
cium supplementation and/or calcimimetics'’. Its
prevalence is steadily increasing, especially in patients
on peritoneal dialysis******. Other risk factors comprise
advanced age, corticosteroid use and diabetes mellitus **.

FIGURE 1. Iliac crest biopsy histology with goldner staining.
showing hyperparathyroid-related bone disease. (F: fibrosis;
MB: mineralized bone; O: osteoid; Ob: osteoblasts;

Oc: osteoclasts)

In spite of being a valuable tool, bone biopsy is un-
derused due to a variety of factors: invasiveness of the
procedure, the lack of technical training, the limited
number of specialized centres with expertise to inter-
pret and process bone samples and costs'’. Moreover,
the clinical relevance of the information provided by
bone biopsy in this context is underestimated by most
of practising physicians.

MANAGEMENT IMPLICATIONS FROM BONE
BIOPSY RESULT

The KDIGO working group recommends to treat os-
teoporosis in patients with stages 1-3a CKD as the gene-
ral population, as long as there are no accompanying
biochemical abnormalities indicative of the presence
of CKD-MBD, since there is evidence from clinical
trials that included patients with similar renal impair-

FIGURE 2. Mixed uremic bone disease with an increased
extent and thickness of osteoid seams, activated osteoblasts
and fibrosis (F: fibrosis; MB: mineralized bone; O: osteoid;
Ob: osteoblasts)
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FIGURE 3. Osteomalacia showing increased extent and
thickness of osteoid seams, without active bone cells
(MB: mineralized bone; O: osteoid)

ment, that efficacy and safety of anti-osteoporotic thera-
pies are similar in both groups****.

However, establishing the best therapeutic strategy
in patients with severe CKD (stages 3b-5) or with CKD-
-MBD, who have sustained a low-trauma fracture, is
more difficult®*>.

In first place, it is essential to make the correct
diagnosis and distinguish between the various forms
of ROD and osteoporosis, especially if the physician is

FIGURE 4. Adynamic bone disease showing marked reduction
of bone volume and trabecular connectivity and absence of
osteoid. (T: trabeculae)

considering using anti-osteoporotic pharmacologic
agents designed to improve bone strength and reduce
the risk of fracture.

Nonetheless, there is an impressive lack of evidence
for the efficacy and safety of these therapeutic agents in
patients with more advanced CKD stages, which are
the ones who present ROD more frequently.

Although available data shows a reduction in the rate
of hip fractures and stabilization and even a slight de-

[ Bone biopsy ]

Low bone turnover ]
Anabolic agents ]
Teriparatide
Abaloparatide

[ Normal to high bone turnover

[ Antiresorptive agents ]

Biphosphonates
Denosumab
Raloxifene

FIGURE 5. A conceptual model for selection of anti-fracture treatment based on bone biopsy histomorphometry. Drugs are men-

tioned as examples for each mode of action.
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crease in the rate of hip and vertebral fractures between
2004 and, respectively, 2010 and 2009°7% in
hemodialysis patients, the risk of fracture is still very
high in this group of patients: 4-13 times higher in
dialysis patients compared to the general population®.
This suggests that these patients have unmet needs in
relation to bone disease.

Overall treatment decisions should be guided by the
presence of fractures and results from BMD as mea-
sured by DXA, and ideally the choice of agent should
be based on transiliac bone biopsy (Figure 5)***.

It should be highlighted that before initiating any
antifracture therapy, CKD-MBD should be managed as
recommended??, and nonpharmacologic measures
should be implemented in all patients, including ade-
quate nutrition and sun exposure, fall prevention, regu-
lar weight-bearing exercise, avoidance of excessive al-
cohol intake and smoking cessation®”.

LOW BONE TURNOVER

As previously stated, low bone turnover states, name-
ly adynamic bone disease, are steadily increasing®. Al-
though there are no objective data to confirm it, ad-
ministering an antiresorptive therapy in these context
would, in theory, be harmful and deteriorate bone
quality?'.

Conceptually, anabolic agents, such as teriparatide,
a recombinant form of PTH could have a beneficial
effect and improve bone remodelling in patients with
low turnover bone disease®*°. However, the use of teri-
paratide is limited to up to 24 months and should be
followed by the prescription of an antiresorptive, but
that the latter will be contraindicated in the patient with
low turnover bone disease, which renders teriparatide
use difficult and perhaps explains the absence of en-
thusiasm for this drug in this context. Also the evidence
supporting teriparatide use in patients with CKD 3-5D
is anedoctal and comes from case reports and small
observational studies**. Palcu et al. * reported a case
of a patient under dialysis with multiple fractures and
low turnover bone disease on biopsy that was treated
with teriparatide 20 g/day for 24 months, with reso-
lution of pain, increased BMD in femoral neck and to-
tal hip and improvements in histomorphometric pa-
rameters.

Cejka et al. administered teriparatide 20 g/day for
6 months to 7 patients with on haemodialysis with
biopsy-proven adynamic bone disease, and showed a

significant increase in lumbar BMD in 6 of the 7 pa-
tients*. In another study, lumbar spine BMD also in-
creased after teriparatide was administered once week-
ly to patients on dialysis with hypoparathyroidism and
a T score <-2.5 at the spine, hip, or forearm ora T score
between -2.5 and -1.0 with a prevalent fragility frac-
ture®.

It is important to highlight that all but one of the
cases included in the cited studies **** were associated
with true hypoparathyroidism, as well as the exception
related to functional hypoparathyroidism.

Nevertheless, teriparatide effect on fractures is un-
known. Regarding safety, patients may be more prone
to hypercalcemia and cardiovascular security has not
been evaluated®.

Abaloparatide, an analogue of PTH-related peptide,
is another promising osteoanabolic agent, with less risk
of hypercalcemia. However, is has not been studied in
patients with CKD-MBD*.

NORMAL TO HIGH TURNOVER

On the other hand, the presence of normal to high bone
turnover on bone biopsy would support treatment with
an antiresorptive agent **%.

Bisphosphonates, which are the most commonly
used antiresorptive drugs, have a high affinity for bone
hydroxyapatite, and persist in the skeleton for many
years. As their clearance depends on renal excretion,
excessive accumulation of the drug in the skeleton in
CKD is a particular concern*. There is limited data on
bisphosphonates effects on BMD, fractures and safety
in CKD 3-5D°. A randomized trial in stage 3—4 CKD
comparing 18 months of alendronate 70 mg/week with
placebo reported an increase in lumbar spine T-score®.
However, this was a small study with 51 patients in
which the primary endpoint was the effect of alen-
dronate on vascular calcification, with BMD evaluated
as secondary endpoint. Also, patients with creatinine
clearance <25ml/min were excluded, resulting that
mean GFR in the patients included was 35.1mL/
/min/1.73m?. Thus, the population would be mostly
in CKD stage 3. It is also important to remember that
the observed effect on spine BMD as measured by an-
teroposterior DXA could potentially be affected by the
presence of extensive abdominal aortic calcifications
common in these patients®. Considering a dose re-
duction by 50% and shorter duration of treatment (2-
-3 years) has been recommended when administering
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these drugs™*.

Denosumab, the monoclonal antibody against re-
ceptor activator of NF- B ligand (RANK-L), also inhibits
osteoclast activity and proliferation, but has the advan-
tage of not having GFR restrictions as it is not cleared
by the kidney**. In small open-label uncontrolled pilot
study, 12 patients on haemodialysis associated with
severe secondary hyperparathyroidism (PTH
> 1000pg/mL) and low BMD (T-score < —1.0) received
a single 60 mg subcutaneous dose of denosumab and
after 6 months both lumbar spine and femoral neck
BMD significantly increased *. Jamal et al. * showed
that 73 and 2817 women in the FREEDOM Trial were
in CKD stage 4 and 3, respectively. There was no in-
teraction between treatment effect and kidney func-
tion, and adverse events did not differ by CKD stage.
Denosumab increased BMD at the spine and hip and re-
sulted in lower incidence of vertebral fractures in all
patients except for CKD 4. Moreover, the incidence of
nonvertebral fractures was lower among those ran-
domized to denosumab compared with placebo but
was not statistically significant for stages 3 and 4 CKD.
It should be noted that the number of patients with
CKD 4 was limited and there were no patients with
stage 5.

There are some safety concerns with denosumab.
The risk of hypocalcaemia, which can be more severe
and prolonged, seems to be higher*®. Therefore, prior
to its administration, these patients must be supple-
mented with vitamin D, have adequate calcium intake
and during treatment serum calcium levels must be
carefully monitored®. It appears that infections and
diarrhoea are also more common in these patients®.

Raloxifene, a selective oestrogen receptor modulator
with antiresorptive action, has been studied in post-
menopausal women with varying degrees of CKD
severity, including stage 5D**°. One study*, which was
a subgroup analysis of a randomized, controlled trial,
reported a significantly higher annualized percentage
change in femoral neck BMD in the raloxifene group
than in the placebo group. However, the other 2 stu-
dies did not report any statistically significant differen-
ces in femoral neck BMD absolute scores, T-scores, or
Z scores *°° One study compared raloxifene with
placebo and reported reduced risk of vertebral fractu-
res in postmenopausal women®. However this effect
was only statistically significant for patients with GFR
> 45 ml/min/1.73m*.

None of these studies reported statistically signifi-
cant differences between raloxifene and placebo in

lumbar spine BMD, or incident nonvertebral fractures.

Regarding safety, there is the special concern of in-
creased risk for venous thrombosis when using this
drug .

CONCLUSION

CKD patients are particularly prone to fragility frac-
tures, not only in the context of osteoporosis, whose
diagnosis represents a true challenge in advanced
stages, but also due to the presence of ROD. Tetracy-
cline double-labelled transiliac bone biopsy with quan-
titative histomorphometric analysis is currently the
only tool to differentiate between the various forms of
ROD and to establish the diagnosis of osteoporosis,
often by exclusion.

Although it has been recognized that management
of patients with stages 1-3a CKD with fragility fractures
can be similar to that of the general population, in more
advanced CKD a bone biopsy should be considered
prior to initiating treatment, in order to accurately re-
cognize the type of bone disease present.

Additionally, there is little evidence to guide anti-
fracture treatment in these patients, as this drugs have
not been developed or conveniently studied in CKD-
-MBD, so there is an urgent need for further research
in this area.
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Porto, Portugal
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