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ABSTRACT

The situation of secondary hyperparathyroidism (SHPT) in
chronic kidney disease patients not on dialysis (ND-CKD) is
probably best characterised by the Kidney Disease: Improving
Global Outcomes Chronic Kidney Disease-Mineral and Bone
Disorder Update 2017 guideline 4.2.1 stating that the optimal
parathyroid hormone levels are not known in these stages.
Furthermore, new caution became recommended with regard
to the routine use of active vitamin D analogues in early CKD
stages and moderate SHPT phenotypes, due to their potential
risks for hypercalcaemia and hyperphosphataemia aggrava-
tion. Nevertheless, there is still a substantial clinical need to
prevent the development of parathyroid gland autonomy, with
its associated consequences of bone and vascular damage,
including fracture risks and cardiovascular events. Therefore
we now attempt to review the current guideline-based and
clinical practice management of SHPT in ND-CKD, includ-
ing their strengths and weaknesses, favouring individualised
approaches respecting calcium and phosphate homeostasis.
We further comment on extended-release calcifediol (ERC)
as a new differential therapeutic option now also available
in Europe and on a potentially novel understanding of a
required vitamin D saturation in more advanced CKD stages.
There is no doubt, however, that knowledge gaps will remain
unless powerful randomised controlled trials with hard and
meaningful endpoints are performed.

Keywords: chronic kidney disease, CKD-MBD, parathyroid
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INTRODUCTION: SHPT FROM THE
GUIDELINE PERSPECTIVE

Biochemical abnormalities, including calcium, phosphate,
parathyroid hormone (PTH) and alkaline phosphatase
(ALP) activity, represent one integral part of chronic kidney
disease-mineral and bone disorder (CKD-MBD) [Grading of
Recommendations Assessment, Development and Evaluation
(GRADE) evidence 1C] [1]. Monitoring these serum levels,
beginning with CKD G3a, has always been recommended
in the Kidney Disease: Improving Global Outcomes
(KDIGO) CKD-MBD clinical practice guidelines [2, 3].
Their deviations have all been frequently associated with hard
kidney and/or cardiovascular outcomes, including increased
mortality [2,3]. Guidelines also recommend that therapeutic
decisions should be based on trends rather than on single
laboratory values, taking into account all available CKD-MBD
parameters and assessments (evidence 1C) [2, 3]. Since high
PTH levels [secondary hyperparathyroidism (SHPT)] are
pathophysiologically closely related to the bodys vitamin
D status, among other factors, guidelines also suggest that
25-hydroxy vitamin D [25(OH)D; calcidiol] levels might be
measured (evidence 2C) [3]. Moreover, it is also recommended
that clinical laboratories inform clinicians of the actual PTH
assay method in use (evidence 1B) [3]. In fact, it is well known
that PTH measurement is subject of important intermethod
varijability owing to pre-analytical sampling errors, antibody
specificity, interference of various PTH fragments and post-
translational PTH forms, as well as the lack of homogeneous
standardization [4-6].
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Table 1: Evolution of guidelines on the treatment and therapy of abnormal PTH levels in non-dialysis CKD patients.

KDOQI 2003 [ |

Guideline 8A.1

In patients with CKD stages 3 and 4, therapy
with an active oral vitamin D sterol
(calcitriol, alfacalcidol or doxercalciferol) is
indicated when serum levels of 25(OH)D are
>30 ng/ml (75 nmol/L) and plasma levels of
iPTH are above the target range for the CKD
stage ?

Guideline 4.2.2

analogues (2C)

KDIGO 2009 [ ]

In patients with CKD stages 3-5 not on
dialysis, in whom serum PTH is
progressively rising and remains persistently
above the ULN for the assay despite
correction of modifiable factors, we suggest
treatment with calcitriol or vitamin D

KDIGO 2017 [ |

Guideline 4.1.4

In patients with CKD stages 3a-5 not on
dialysis, we suggest calcitriol and vitamin D
analogues not be routinely used (2C). It is
reasonable to reserve their use for patients
with CKD stages 4-5 with severe and
progressive hyperparathyroidism (not
graded)

2CKD stage 3: 35-70 pmol/l (opinion); CKD stage 4: 70-110 pmol/l (opinion); CKD stage 5: 150-300 pmol/I (evidence).

Whereas in patients with CKD G5D, it is suggested to
maintain intact PTH (iPTH) levels in the wide range of
approximately two to nine times the upper normal limit
(UNL) for the assay (evidence 2C), in patients with CKD
G3a-G5 not on dialysis, the optimal PTH level to prevent
or attenuate CKD progression, decrease cardiovascular events
and/or improve survival is not known. Thus the 2017 KDIGO
CKD-MBD guidelines suggest that patients with levels of iPTH
progressively increasing or persistently above the UNL for
the assay should be evaluated for modifiable factors (evidence
2C) [3]. However, since the PRIMO (NCT00497146) and
OPERA (NCT00796679) studies [7, 8] failed to demonstrate
improvements in clinically relevant outcomes but demon-
strated increased risks of hypercalcaemia, the 2017 guideline
update no longer recommends routine use of calcitriol or
its analogues in adults with CKD G3a-G5 (evidence 2C)
[3]. However, it should be emphasized that the PRIMO and
OPERA [7, 8] studies focussed on cardiovascular endpoints
and were not specifically targeted at PTH control or any other
hard- or patient-centred outcomes. The fact that active vitamin
D increases the risk of hypercalcaemia is well recognized,
and was recently confirmed in these patients, even excluding
these two studies [9]. Nevertheless, this 2017 recommendation
represented a major paradigm shift with regard to previous
clinical practice. Consequently, we will analyse the current
status of the controversial change on the use of vitamin D
derivatives in non-dialysis CKD patients with SHPT in light
of the new available information.

SHPT MANAGEMENT APPROACHES IN
ND-CKD OVER 20 YEARS

The 2003 Kidney Disease Outcomes Quality Initiative
(KDOQI) guidelines provided arguable opinion-based ranges
for iPTH dependent on CKD stages [10], and therapy with
an active oral vitamin D sterol was indicated in patients with
CKD G3-G4 when serum levels of 25(OH)D were >30 ng/ml
(75 nmol/l) and plasma levels of iPTH were simply above the
target range for subsequent CKD stages (Table 1).

As already indicated above, the results of the PRIMO and
OPERA studies [7, 8] led to the revision and reformulation
of previous KDOQI and KDIGO statements [2, 10], now
considering it reasonable to reserve their use for patients with
CKD G4-G5 with severe and progressive SHPT (Table 1)
[2,3].
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However, due to missing hard endpoints or threshold data,
a clearcut definition of ‘severe and progressive SHPT” could
not be provided and there had been a controversial and
differentiated discussion among the work group members
about this last statement before a consensus was reached [3].
In fact, the primary goal of the PRIMO and OPERA studies
was not the biochemical control of SHPT, but the potential
prevention of left ventricular hypertrophy development [7,
8]. Furthermore, study participants only had moderate SHPT,
comparably quite high doses of paricalcitol were used in these
trials (2 and 1 pg/day, respectively) and a significant percentage
of patients received calcium-based phosphate binders (Table 2)
[7, 8]. These reasons could probably explain the high incidence
of hypercalcaemic episodes. Furthermore, this study design
may have led to ‘oversuppression’ of PTH secretion on
the one hand and to fibroblast growth factor 23 (FGF23)
overstimulation on the other hand, with FGF23’s potential for
negative myocardial remodelling, and thus the lack of efficacy
to improve the cardiovascular study endpoint of left ventricular
hypertrophy amelioration [11].

SHPT IN ND-CKD: CURRENT COHORTS

Some consider that future response to treatments aiming to
control PTH may be compromised by the delay induced
by the guideline update [12, 13]. In fact, it has recently
been shown that increased iPTH before dialysis inception
predicts a higher PTH level 9-12 months later and a greater
use of anti-parathyroid treatments [14]. Untreated SHPT
results in progressively increasing PTH levels, as observed in
randomized clinical trials in placebo-treated patients [15-17],
and parathyroid hyperplasia with progressive SHPT due to
delayed treatment is accompanied by progressive reduction
in sensitivity to calcium and vitamin D regulation and the
consequent risk of treatment resistance later in the disease
course [18]. Therefore, either excessive suppression of PTH,
possibly causing low turnover bone disease, or insufficient
SHPT control resulting in hyperparathyroid bone disease and
osteitis fibrosa should be avoided to improve the long-term
bone (in terms of fractures) and cardiovascular outcomes.
Interestingly, the independent effects and potential inter-
actions of SHPT, hyperphosphataemia and hypercalcaemia
on CKD progression and registered cardiovascular outcomes
were also recently analysed in the Spanish NEFRONA low-
risk CKD G3-G5 cohort [19]. Authors found that SHPT and
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Table 2: Simplified comparison between the PRIMO and OPERA studies [7, 8].

OPERA (Chinese)

Comments

Characteristics PRIMO (Multinational)

n 227 (115/112)

eGFR (ml/min/1.73 m?) 31 (24-43)

LVH Mild moderate or no LVH
Diagnosis MRI/echo

Initial dosing Mostly 2 ug paricalcitol/day

iPTH absolute basal values Paricalcitol group: 100 (66-174);

(pg/ml) placebo group: 106 (71-153)
ALVMI (g/m?) Paricalcitol group 0.34 g/m?
(—0.14-0.83) versus placebo
group —0.07 g/m?
(—0.55-0.42 g/m?); adjusted least
squares mean (95% CI)
Hypercalcaemia 23%
Other Lower hospitalization rate

N =60 (30/30)

19.7 (16-30.6)
Moderate to severe LVH
Echo MRI (primary endpoint)
Mostly 1ug paricalcitol/day (2 ug 48 weeks PRIMO; 52 weeks
if >500 pg/ml) OPERA

Paricalcitol group: 156 (108-235)

Placebo group: 129 (121-176)

Post-paricalcitol: 51 (37-78)

Paricalcitol group —2.59 g/m? NS

(—6.13-0.32) versus placebo

group —4.85 g/m? (—9.89-1.10);

median (IQR)

Opera mean (IQR)

43.3 versus 3.3% OPERA 70% on calcium-based

phosphate binders
Lower hospitalization rate (no Underpowered for events
CV events in paricalcitol group) (OPERA 0 versus 6)

IQR: interquartile range; LVMI: left ventricular mass index; MRI: magnetic resonance image; NSL not significant.

hyperphosphataemia (as defined by the KDOQI guideline
targets) and higher iPTH and/or phosphate levels as continu-
ous variables were independently associated with an increased
risk of both CKD progression and/or cardiovascular events
(a trend for SHPT in the fully adjusted model). These results
offer support for the claim that iPTH levels higher than those
previously recommended by the KDOQI for non-dialysis CKD
patients were indeed associated with clinically significant hard
outcomes [12, 19]. Although these interesting results are flawed
by the observational nature of the study and that an important
impact on clinical practice and guidelines is out of the question
[12], they do underline the need to improve, or at least better
define, the control of SHPT in non-dialysis patients in order
to improve outcomes. Moreover, these results stress the need
to establish cut-off targets for safe upper PTH levels in non-
dialysis patients and whether reservation of active vitamin
D analogues only for severe SHPT is exceedingly cautious
[12]. It should also be considered that optimal PTH targets
may be quite different depending on whether bone, renal or
cardiovascular parameters are taken into account [12, 20, 21].

A REMINDER: IN ND-CKD THE OPTIMAL PTH
LEVELS ARENOT KNOWN

In any case, it cannot be forgotten that a certain degree of SHPT
may represent an adaptive clinical response and therefore
some recent clinical guidelines underline that clinicians should
neither wait until severe SHPT is present nor aim to completely
normalize PTH levels in CKD non-dialysis patients [12, 13].
The presence of bone hyporesponsiveness to PTH in CKD
[22, 23] and the phosphaturic properties of PTH explain,
at least in part, this last recommendation. On the other
hand, PTH is recognized as an uraemic toxin, increases
FGF23 and is independently associated with fractures, atrial
fibrillation, cardiovascular events, progression to dialysis, more
rapid decline in residual renal function, healthcare resource
utilization and death in observational studies [24-28]. PTH
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is also associated with arrhythmias and cardiovascular events
in normocalcaemic and/or hypercalcaemic primary HPT [29,
30] and a significant risk for nephrocalcinosis and graft failure
censored for death in renal transplant patients [31, 32].

HOW TO ADDRESS SHPT IN ND-CKD IN
CLINICAL PRACTICE

Since the current KDIGO 2017 guidelines do not indicate
target values for PTH or for serum calcium and phosphate,
simply suggesting to pursue normal-range values, clinicians
lack solid reference biomarkers to tailor their therapeutic
choices to the individual patient. Alternatively, bone biomark-
ers could be evaluated to determine bone lesions and SHPT
in renal patients. However, a major problem is represented by
the renal excretion of most of these biomarkers, so that only
a few [like bone-specific alkaline phosphatase (BALP), intact
purine nucleoside phosphorylase (PNP) and tartrate-resistant
acid phosphatase 5b (TRAPS5b)] are generally considered
sufficiently reliable in renal insufficiency. Also, combinations
of these biomarkers (i.e. PTH and ALP or bone-specific ALP)
seem to better reflect bone activity (versus isolated parathyroid
activity) [33, 34]. Moreover, isolated ALP is linearly associated
with survival, as opposed to the U-shaped curve of survival
versus PTH [35]. In any case, no recommended reference range
is available for these bone biomarkers that is useful for daily
clinical decisions.

Importantly, besides biochemical parameters, in more
recent years there is growing attention to the issue of bone
fragility and fractures, while their prevalence increases along
with estimated glomerular filtration range (eGFR) reduction
and carries significant morbidity and mortality burdens [36].
Accordingly, beyond metabolic balance, mechanical com-
petence of bone deserves new appreciation when treating
SHPT [37]. With this complex scenario, the diagnostic and
therapeutic approach to SHPT in the nephrologic commu-
nity is frequently empirical, with therapeutic dilemmas in
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non-dialysis CKD patients among the available choices within
two categories of drugs: phosphate binders and vitamin D
compounds. Not surprisingly, in daily clinical practice, diag-
nostic and therapeutic strategies appear to be suboptimal. For
example, a recent survey in the USA [38] used a large electronic
health records database that included >50 million patients and
spanned from 2010 to 2019 to identify incident cohorts of CKD
patients in stages 3-5. In these cohorts, the rate of laboratory
testing for PTH, calcium, phosphate and vitamin D, although
increasing in the three worsening CKD stages, was limited
to 26, 46 and 41%, respectively, for PTH and to 34, 38 and
25%, respectively, for vitamin D, while higher prevalences were
observed for phosphate (54, 74 and 73%, respectively), calcium
(94, 94 and 87%, respectively) and ALP (88, 86 and 73%,
respectively). Along with worsening renal failure, abnormal
values became progressively more frequent and, in particular,
averaged pretreatment values of PTH were high: 154, 221 and
352 pg/mlin the three CKD stages, respectively, which suggests
a reactive more than a preventive and proactive intervention.
Therapeutic strategies in this study were reported as rates per
100 person-years (PY) due to follow-up variability and in-
cluded mainly cholecalciferol as native vitamin D (rates: 20, 30
and 50% per 100 PY in the three CKD stages, respectively) and
calcitriol as active vitamin D (with an average rate limited to
<25% per 100 PY). Phosphate binders were almost exclusively
calcium-based drugs in stages 3 and 4 and, among non-calcium
based, included sevelamer, but only in stage 5. Rates of treat-
ment with any binder increased from 5 to 12 to 55% per 100 PY,
respectively. Taken together, these diagnostic and therapeutic
patterns, in particular in the two earlier stages of renal failure,
appear to be suboptimal for prevalence rates and mainly
focused on SHPT suppression, which is considered when PTH
levels increase without any attempt at prevention. However, we
now know that the target of therapy should include not only
biochemical targets, but also osteopenia and osteoporosis.

For this reason, it is interesting to compare the results
of this study with the observation by Portales-Castillo et al.
[39], who analysed the prescriptive patterns of osteoporosis
medications in CKD stages 2-5 patients who were diagnosed
as osteoporotic by dual-energy X-ray absorptiometry scan. The
average attention of the nephrologist to the specific aspect of
bone disease is thus described. In this population, among the
anti-osteoporosis drugs, only anti-resorptives were prescribed,
mainly in CKD stages 2-3 (71%) and less frequently in stages
4-5 (52%). This reduction is due to the current restrictions on
the use of bisphosphonates in more advanced stages of CKD.
Notably, compared with the previous study, prescription rates
of calcium supplements or vitamin D were sensibly higher
and stable in the two different levels of renal insufficiency
(87 and 89%, respectively), along with lower PTH values
(average 65 pg/ml in CKD 2-3 and 92 pg/ml in CKD 4-
5 non-vitamin D), which points to empirical therapeutic
choices aimed at counteracting the biochemical effects of anti-
resorptive therapies (namely hypocalcaemia) or as adherence
to standard anti-osteoporotic therapy. Ideally, instead, therapy
should be based on more precise knowledge of bone disease

1400

obtained with bone biopsy. In any case, it is necessary to
underline that the clinical efficacy of these strategies is not
supported by specific randomized controlled trial (RCT) data,
in particular in more advanced stages of renal insufficiency
[40, 41], given the risk of excessive bone turnover suppression.
A further issue to consider, when deciding therapy for SHPT
is the complex link between bone and vessels. In fact, severe
suppression of PTH may result in reduced buffering capacity
by bone cells with regard to excessive calcium and phosphate
loads, which may favour extraosseous and specifically vascular
calcification [42], although PTH or bone turnover suppression
per se is not always associated with negative outcomes [41].

PERSONALISED MEDICINE IN SHPT

Thus personalising treatment of CKD-MBD represents the
new therapeutic challenge. Besides considering age, sex, race
and comorbidities, traditional and novel markers should
be evaluated aimed at recognising possibly different patient
phenotypes, as suggested for example by Block et al. [43]
in a prevalent population of dialysis patients. In this study,
the contemporary occurrence of either low, within or above
empirically identified reference range values for the three most
frequently assayed biomarkers (namely, calcium, phosphate
and PTH) allowed identification of 36 possible CKD-MBD
phenotypes, with possibly different cardiovascular or any-
cause mortality risk. As an example, having the three parame-
ters all in the categories identified as ‘high’ (PTH >600 pg/ml,
calcium >10.2 mg/dl and phosphate >5.5 mg/dl) carried
significantly greater risk of death and of pooled cardiovascular
hospitalization or death as compared with the reference
phenotype (PTH 150-300 pg/ml, calcium 8.2-10.2 mg/dl and
phosphate 3.5-5.5 mg/dl) [43]. Notably, PTH >600 pg/ml
alone was not associated with any adverse risk if calcium and
phosphate were well controlled in this analysis.

Also, there is evidence in incident dialysis patients that
changes over time of these same parameters may have
significant implications in the clinical outcome of a patients
[44]. As illustrated by Vervloet [45] in a commentary, besides
therapeutic interventions, a number of other factors (e.g. in-
flammation, microbiota etc.) may be responsible for modifica-
tions occurring during follow-up in the concentration of MBD
biomarker serum levels, independent of the therapies adopted
for SHPT. For this reason, prospective observational studies
examining the trajectory of biomarkers are warranted, but, to
the best of our knowledge, no similar studies are available in the
early phases of CKD, which are the phases where SHPT starts.
Recently a retrospective clinical observation in CKD stages
3-4 clearly demonstrated that the abnormalities of mineral
metabolism accelerate their development ~5 years before
patients reach end-stage kidney disease [46], thus suggesting
a time frame for prompt therapeutic choices. Clinical research
and large databases are necessary to evaluate the complexity
of SHPT development in CKD and to select the best available
therapy for the individual patient. Also, new therapeutic
strategies, if available, deserve exploration.

M. Ketteler et al.
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Figure 1: Plasma iPTH levels at weeks 20-26 as a function of post-treatment calcidiol [25(OH)D] quintile. Calcidiol levels >50 ng/ml were
associated with significant reductions in iPTH. Adapted from Strugnell et al. [47]. SE: standard error.

EXTENDED-RELEASE CALCIFEDIOL (ERC) AS
A FUTURE OPTION?

As already pointed out above, prevention of early autonomy
of SHPT and good PTH control at the time of transfer of
ND-CKD patients into the dialysis stage appears to be of
great importance. Both native vitamin supplementation (due
to its limited effect on PTH levels) and active vitamin D
treatment (due to its inherent risk of hypercalcaemia and
hyperphosphataemia) have been suboptimal options in this
regard.

ERC was approved in the USA in 2016 and may become an
interesting alternative treatment option for ND-CKD patients
in stages G3-G4 who develop progressive SHPT. ERC is an
orally administered prohormone of calcitriol in an extended
(or prolonged) release formulation. This formulation creates
specific pharmacokinetic properties—as a consequence, a slow
and steady release of calcifediol over its full intestinal transport
confers a steady low-level uptake of the prohormone [47,
48]. Therefore ERC does not cause peaks of 25(OH)D and
calcitriol levels, avoiding the induction and upregulation of
24-hydroxylases and thus overcoming rapid inactivation and
degradation [47], especially of subsequently and constantly
rising calcitriol concentrations [48]. By this kind of substrate
availability, endogenous calcitriol remains in charge of vitamin
D receptor activation in target tissues to a much greater degree
than otherwise possible in these stages of CKD, effectively
contributing to suppressing PTH synthesis and secretion by the
parathyroid glands.

The efficacy and safety of oral ERC in patients with CKD
stages G3-G4 was demonstrated in phase 3 clinical trials
[48]. A total of 429 patients with established SHPT and
accompanying vitamin D insufficiency were treated with 30 g
ERC or placebo daily for 12 weeks, followed by potential up-
titration to 60 ug plus an open-label extension study. In this
protocol, one-third of patients achieved the primary endpoint
of a >30% reduction in PTH after 6 months [49]. In the
open-label extension phase of the study, placebo patients were
switched to ERC and showed a decrease in serum PTH levels
of the same magnitude as those under active treatment in
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the RCTs. ERC treatment appeared to be stable and effective
for the whole 12 months of observations under these trial
settings. A key and critical point was the requirement that
mean serum total 25(OH)D levels had to increase to >50 ng/ml
in order to demonstrate full efficacy to suppress SHPT (and
bone turnover biomarkers; Figure 1) [50]. In this study, along
with increasing 25(OH)D quintiles, 24,25-dihydroxyvitamin D
[24,25(0OH),D] levels increased as well, so that the 24,25(0OH),
D:25(OH)D ratio increased. These data suggest that a more
complete evaluation of vitamin D therapy could be obtained
by assaying all the three metabolites.

Concerning safety, treatment-emergent adverse events were
not different between the ERC and placebo arms of the phase
3 trials. In particular, no overt events of hypercalcaemia
and hyperphosphataemia were observed, which seems to
distinguish ERC from recent observations in trials such
as PRIMO and OPERA with active vitamin D analogues
[7, 8]. Even elevations of 25(OH)D serum levels to as high as
92.5 ng/ml over a 6-month period did not show safety signals
[45]. Emerging real-world data support the findings of the
randomised controlled phase 3 trials on ERC in US routine
clinical practice settings. Retrospective analyses from 18 US
nephrology clinics including patients in CKD stages G3-G4
with a history of SHPT and vitamin D insufficiency presented
data on subsets receiving either ERC (n = 174), active vitamin
D or its analogues (n = 55) and nutritional vitamin D (n = 147)
[51]. ERC lowered PTH serum levels by >30% in more
than one-third of exposed subjects without an impact on
calcium and phosphate levels, while patients treated with active
vitamin D analogues had small but statistically significant
increases in serum calcium levels. Nutritional vitamin D
was more commonly used in earlier CKD, making data less
comparable.

Nevertheless, and despite promising biochemical endpoint
data on SHPT progression in ND-CKD patients, it needs
to be emphasised that there are no hard endpoint data
available on ERC with regard to meaningfully ameliorating the
clinical disease burden (fractures, cardiovascular events etc.) of
affected patients.
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UNANSWERED QUESTIONS AND DATA GAPS

It remains undisputable that stable and good control of SHPT
in CKD stages G3-G4 enables a smoother entry into stage
G5D. As already briefly pointed out above, a Dialysis Outcomes
and Practice Patterns Study (a prospective observational study
program in selected centres worldwide) report recently anal-
ysed incident dialysis patients for 1 year, grouped according
to their baseline PTH levels, and revealed a lesser pill burden
(vitamin D analogues, calcimimetics) for the individual patient
and an improved economic impact with regard to prescriptions
for PTH management the better their initial PTH control [14].

Nevertheless, there is still significant uncertainty
concerning PTH target levels and dynamics, when to start
intervention and with what intensity and aim. ERC possesses
the potential to better enable PTH control in non-dialysis
stages, but what we might have learned from the above-
mentioned trials is that we may have aimed for too low
25(OH)D serum levels in the past. One elephant in the room
may thus be the question, how achieving such 25(OH)D levels
by increasing native vitamin D3 supplementation impacts on
PTH measures? As an estimate, this would probably require
doses close to or >4000 IU/day, which would go beyond the
upper levels of safety as recommended by the Institute of
Medicine in 2011 in the majority of patients [52, 53]. Or is
this unique formulation of ERC the only way and ultimate
clue to detour vitamin D-degrading feedback mechanisms by
24-hydroxylases? Head-to-head comparisons could be a viable
approach to find an answer.

Above all, the key issue is how to best prevent and improve
any morbidity and mortality outcomes in CKD patients,
including fractures, cardiovascular risks and death. The pos-
sible modulatory effect of ALP on the association of PTH
with unfavourable outcomes could be evaluated in trials with
combined ALP and PTH targets. However, straightforward
study designs are difficult to construct in this context, because
even significant mismanagement of SHPT development in
CKD stages G3-G4 will see its consequences and endpoints
after 5-10 years, or even later. It seems imperative to strictly
demand performances of such hard outcome RCTs, with
endpoints including fracture protection, impact on CKD-
MBD management in CKD stage 5D, cardiovascular events
and cardiovascular and all-cause mortality.

For the time being, we may be limited to keep on relying
on biological plausibilities and surrogate parameters when
making treatment decisions in these ND-CKD stages. Such pa-
rameters will then include avoidance of overt hypercalcaemia
and hyperphosphataemia, vitamin D and PTH (trends) serum
levels and possibly control of (high turnover) bone biomarkers.
Prospective large and long-term registry approaches are cer-
tainly inferior and suboptimal data resources when compared
with RCTs, especially with regard to potential cause-and-effect
relationships, but they will still provide some valuable infor-
mation when started in the earliest stages of progressive CKD.

CONCLUSIONS

There is still no uniform approach towards the manage-
ment of SHPT in ND-CKD in 2022 [3,54]. Safety is-
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sues (hypercalcaemia, hyperphosphataemia) must be weighed
against the necessity of efficient prevention of severe and
progressive SHPT development and parathyroid gland auton-
omy. Current guidelines favour a combined look at the key
biomarkers of CKD-MBD (calcium, phosphate, PTH, ALP)
and at parameter trends when making treatment decisions.
ERC might become an additional useful tool for controlling
SHPT prior to the start of dialysis, while the general impor-
tance of the optimal vitamin D setting and supply remains to be
better understood and determined in all stages of CKD. Such
an understanding may then pave the way to also better define
the optimal PTH level in ND-CKD than is currently expressed
in KDIGO guideline 4.2.1.
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