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Abstract

For more than 6 decades, many patients with advanced chronic kidney disease (CKD) have
undergone surgical parathyroidectomy (sPTX) for severe secondary hyperparathyroidism
(SHPT) mainly based historical clinical practice patterns, but not on evidence of outcome.

We aimed in this meta-analysis to evaluate the benefits and harms of sSPTX in patients with
SHPT. We searched MEDLINE (inception to October 2016), EMBASE and Cochrane Library
(through Issue 10 of 12, October 2016) and website clinicaltrials.gov (October 2016) without
language restriction. Eligible studies evaluated patients reduced glomerular filtration rate
(GFR), below 60 mL/min/1.73 m? (CKD 3-5 stages) with hyperparathyroidism who underwent
sPTX. Reviewers working independently and in duplicate extracted data and assessed the risk
of bias. The final analysis included 15 cohort studies, comprising 24,048 participants. Com-
pared with standard treatment, sPTX significantly decreased all-cause mortality (RR 0.74 [95%
Cl, 0.66 to 0.83]) in End Stage Kidney Disease (ESKD) patients with biochemical and / or clini-
cal evidence of SHPT. sPTX was also associated with decreased cardiovascular mortality (RR
0.59[95% Cl, 0.46 to 0.76]) in 6 observational studies that included almost 10,000 patients.
The available evidence, mostly observational, is at moderate risk of bias, and limited by indirect
comparisons and inconsistency in reporting for some outcomes (eg. short term adverse
events, including documented voice change or episodes of severe hypocalcaemia needing
admission or long-term adverse events, including undetectable PTH levels, risk of fractures
etc.). Taken together, the results of this meta-analysis would suggest a clinically significant
beneficial effect of sSPTX on all-cause and cardiovascular mortality in CKD patients with SHPT.
However, given the observational nature of the included studies, the case for a properly con-
ducted, independent randomised controlled trial comparing surgery with medical therapy and
featuring many different outcomes from mortality to quality of life (QoL) is now very strong.
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Introduction

For many decades surgical parathyroidectomy (sPTX) has been a well-recognised potential
clinical intervention for patients with chronic kidney disease (CKD) with unremitting second-
ary hyperparathyroidism (SHPT), especially for those patients receiving long-term renal
replacement therapy [1, 2]. Approximately 5-10 percent of patients with end-stage kidney dis-
ease (ESKD) undergo sPTX for severe SHPT [3]; this percentage significantly increases for
long-term dialysis survivors. Typically, such patients have biochemical and radiological abnor-
malities related to SHPT, and important extra skeletal pathology, mostly cardiovascular [4].
Over the last two decades, with the widespread and targeted use of different types of vitamin D
therapy, and / or oral calcimimetics, which represent the “medical management” of SHPT, the
sPTX rate was expected to fall substantially[5] [6], Two recent reports present contradictory
findings in this respect. The first one coming from the DOPPS cohort shows a general trend
for increased serum PTH concentrations over the time period covered, while the sPTX rates
declined in all regions (1996-2011) [7]. The second study derived from the Healthcare Cost
and Utilization Project’s Nationwide Inpatient Sample—a representative national database on
hospital stay, coupled with parathyroidectomy data from the US Renal Data System (2002—
2011) shows a fairly static rate of sPTX in the US between 2002 and 2011[8].

Currently, it is not yet clear if there is a morbidity-mortality benefit following sPTX for
severe SHPT in ESKD. There is a clear potential anaesthetic-surgical risk involved and the
DOPPS data referred to above also showed an increased mortality hazard ratio with low serum
PTH concentrations (the natural outome of successful parathyroid gland surgery). At the same
time, recent guideline recommendations by latest European Renal Best Practice (ERBP) state-
ment downgraded the use of calcimimetics [9]; thus the optimal therapeutic strategy for
patients with biochemical changes but without clinical symptoms of SHPT, remains unclear.
Whether or not to perform sPTX in CKD and ESKD patients remain a current, controversial
and challenging issue. Therefore, clinicians may benefit from a critical systematic summary of
the best available evidence regarding the benefits and risks associated with this intervention, to
advise their patients accordingly. We conducted a meta-analysis of available evidence to assess
the impact of sPTX on the outcomes of CKD /ESKD patients with SHPT compared with
matched patients not undergoing sPTX.

Methods

The systematic review and meta-analysis was performed according to a previously published
protocol (registration number:CRD42017067736). https://www.crd.york.ac.uk/PROSPERO/
display_record.asp? ID = CRD42017067736

Purpose

This review aims to evaluate the benefits and harms of performing PTX in CKD/ESKD
patients with secondary hyperparathyroidism.

Data sources/search strategy

We searched MEDLINE (inception to October 2016), the Cochrane Library (Issue 10-12,
October 2016) and the website clinicaltrials.gov (October 2016) and EMBASE without lan-
guage restriction. Hand search for relevant articles was done on reference lists from textbooks,
articles, and scientific proceedings. The search terms used and a detailed search strategy is
available in the S1 Table.
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Study selection

We conducted a systematic review and meta-analysis on observational cohorts studies and ran-
domized controlled trials (RCTs) in adults with CKD 3-5 stages (GFR below 60 mL/min/1.73
m?)) that evaluated the role of parathyroidectomy in determining clinical outcomes in patients
with CKD-MBD. Studies enrolling any patient with CKD stages 3-5 (as defined by the Kidney-
Disease Outcomes and Quality Initiative [K-DOQI] guidelines: stage 3 = GFR 30-59 ml/min/1.73
m?2; stage 4 = GFR 15-29 ml/min/1.73 m2; stage 5 = GFR <15 ml/min/1.73 m2 including those
requiring dialysis) with evidence of secondary hyperparathyroidism who had undergone para-
thyroid surgery were included in this analysis. The surgery itself could be (1) total parathyroidec-
tomy without auto transplantation, (2) total parathyroidectomy with auto transplantation, or, (3)
subtotal parathyroidectomy. Patients were compared with control CKD/ESKD patients with non-
surgical treatment for SHPT. Patients with CKD/ESKD undergoing surgery for primary hyper-
parathyroidism and also those undergoing re-operative parathyroidectomy, were excluded.

Data extraction and synthesis

Data extraction was done independently by two authors (IN and MA) using standard data
extraction forms. When more than one publication of one study was found, reports were
grouped together and only the publication with the most complete data was included. Data
extracted included identifying information, aim of the study, details of the study protocol and
demographic data. We extracted characteristics of each study including baseline PTH values,
baseline clinical characteristics of the study population, known comorbidities, type of study
design, types of surgery and use of agents interfering with PTH release and total duration of
follow-up. Any unclear or missing information was requested from the authors by written cor-
respondence and any relevant information obtained was included in the review. Disagree-
ments were resolved by consultation between all authors.

Risk of bias

Two reviewers (MA and IN) evaluated the quality of the selected studies independently with-
out blinding to authorship or journal according to recommendations from the Cochrane Col-
laboration. The quality items assessed were selection bias (random sequence generation,
allocation concealment), performance bias (blinding of patients and investigators), detection
bias (blinding of outcome assessors), attrition bias (incomplete outcome data), reporting bias
(selective reporting) and other forms of bias (significant different group comparisons, funding
sources, early termination of a trial). For the observationa studies, the quality was assessed
using the Newcastle-Ottawa scale (NOS)[10]. The scale used three categories to evaluate: selec-
tion of the study groups, the comparability of the groups and the assesement of outcome. Stars
awarded for each quality item serve as a quick visual assessment. Stars are awarded such that
the highest quality studies are awarded up to nine stars. Disagreements were resolved by con-
sensus. Publication bias was assessed using the funnel plot technique [11].

Main outcomes and measures

Primary outcomes of this analysis were all-cause mortality: short term and long-term and car-
dio-vascular mortality from the time of the surgical intervention to the end of follow-up. Sec-
ondary outcomes were: (1) QoL, (2) short term adverse events, including documented voice
change or episodes of severe hypocalcaemia needing admission, (3) long-term adverse events,
including “aparathyroid state” (undetectable PTH levels), fractures, and, (4) postoperative
PTH levels. These are all outcomes of definite clinical relevance and importance. Summarized
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treatment effects were analysed for mortality and cardiovascular (CV) mortality, both postop-
erative and long-term, using random-effects meta-analysis.

Statistical analysis

We summarized effect estimates using standard and cumulative random effects meta-analysis.
We used a random-effects model for meta-analysis and expressed treatment effects as a risk
ratio (RR) with 95% confidence intervals (CI).[12]. We used the I? statistic to assess for incon-
sistency across individual studies[12]. An I’>50% indicated large inconsistency across studies
(heterogeneity) not explained by chance[13]. We considered a p-value below 0.10 to indicate
significant heterogeneity. In cumulative meta-analysis, outcome data for all-cause mortality
and cardiovascular mortality from all available trials were included sequentially according to
the year in which they first became available. All analyses were performed using Review Man-
ager Version 5.2 (The Cochrane Collaboration 2012) and Stata SE software, version 12 (Stata-
Corp. Stata Statistical Software: Release 12. College Station, TX: StataCorp LP.) [14].

Additional prespecified subgroup analyses were conducted to explore potential causes of
heterogeneity for treatment effect on all-cause mortality. Treatment heterogeneity was ana-
lysed also in relation with prior medical treatment. The following factors were planned to be
investigated in subgroup analyses (1) publication date, (2) use of calcimimetics in the perioper-
ative period, and (3) initial PTH levels (<800 pg/ml vs>>800 pg/ml). For all analyses, a two-
tailed p-value<0.05 indicated statistical significance.

Results

The literature search identified a total of 997 abstracts, of which 15 observational studies com-
prising 24,048 participants were selected (Fig 1). No randomized cotrolled trial was indenti-
fied. The follow-up period varied between 12 and 360 months. Baseline characteristics of the
included studies are listed in Tables 1 and 2. These studies included only prevalent dialyzed
patients diagnosed with SHPT who underwent subtotal or total parathyroidectomy with or
without auto-transplantation. In the majority of included studies, the parathyroidectomy
group was compared to matched controls, who had not undergone parathyroidectomy or
refused surgery for various reasons and were conservatively managed. In other studies a pro-
pensity score matching was used trying to decrease the risk of selection bias, while in others
parathyroidectomy group was compared with control patients identified from different regis-
tries, matched for age, sex, race, diabetes as cause of kidney failure, years on dialysis, and dialy-
sis modality. The main outcome in the included studies was all-cause mortality, defined as
death by any cause. Six studies also reported cardiovascular mortality. In three of them[15-
17], the cardiovascular events included sudden death, heart failure, myocardial infarction,
peripheral vascular disease and cerebrovascular accident, while in two[18, 19] the definition
included only sudden death, cerebrovascular accident and myocardial infarction. Only one
study lacked a precise definition for cardiovascular mortality[19]. Six studies [16-18, 20-22]
reported data regarding treatments that might interfere with parathyroid function (phosphate
binders or vitamin D compounds). No data regarding contemporaneous or parallel-group cal-
cimimetic treatment were reported in any of the included studies. Overall, the 15 included
studied had an averaged NOS score of 6.2 stars (of maximum 9 stars) (Table 1) due to lack of
or unclear description of follow-up time and lost to follow-up in the included studies.

Clinical outcomes

Compared with standard treatment, sSPTX was associated with decreased all-cause mortality
(RR 0.74 [95% CI, 0.66 to 0.83) in ESKD patients with secondary hyperparathyroidism (Fig 2).
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Fig 1. Selection and description of studies.
https://doi.org/10.1371/journal.pone.0187025.9001

Patients undergoing sPTX had decreased cardiovascular mortality (RR 0.59 [95% CI, 0.46 to
0.76]) in 6 observational studies that included almost 10,000 patients (Fig 3). The heterogeneity
across included studies is substantial in the analysis of all-cause mortality (I* = 81%, p < 0.001)
and is 6% in the analysis of cardiovascular mortality. The high I? values for all cause mortality
show that most of the variability across studies is due to heterogeneity rather than chance. Because
the heterogeneity was found to be higher than expected, the model was switched to a random-
effect model by calculating the variance of random-effect components. The funnel plot (Fig 4)
shows an asymmetrical plot. This was expected in the presence of the important heterogeneity
observed for the all-cause mortality outcome, but there is also a suggestion of missing studies in
the middle and right of the plot, broadly in the area of non-significance and this could also imply
the presence of reporting bias, with smaller negative studies not having been published.

These results were further confirmed by cumulative metanalysis performed in attempt to
stratify the studies for trend by time. Cumulative meta-analysis shows that studies conducted
since 2012 have collectively signalled benefits for all-cause mortality and since 2015 for cardio-
vascular mortality (S1 Fig and S2 Fig).

Giving the significant heterogeneity, subgroup analyses were conducted to explore the
effect on mortality for different PTH mean values. Thus, after excluding from the analysis
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studies with lower PTH (n = 3) or non reported baseline PTH (n = 6), we obtained signifi-
cantly lower heterogeneicity (Chi® = 6.01, I = 17%) while maintaining the same significant
association with decreased mortality for the sPTX groups (RR = 0.50[95% CI, 0.38 to 0.67))
(Fig 5) although the subgroup differences weren’t statiscally significant. Finally, even though
no data regarding the actual use of calcimimetics were reported in the included studies, we
assessed the impact of cinacalcet approval and introduction on the market. Thus, knowing
that the prescription of calcimimetics was increasingly being part of standard medical care of
SHPT from the mid 2000s onwards, we performed a subgroup analysis using as a cutoff the
date of calcimimetics introduction in clinical practice for different regions. The results were
statistically significant only for the pre-calcimimetic era (RR = 0.63 [95% CI, 0.50 to 0.79]),
while in the studies performed in the post-calcimimetics era the advantage of SPTX was
smaller and lost statistical significance (RR = 0.81 [95% CI, 0.59 to 1.12])(Fig 6). Once again,
the test for subgroup differences did not reached statistical significance.

Finally we investigated short-term (30 days—peri-operative) mortality which was described
in 2 studies only [23, 24]. Although there were more events reported in the parathyroidectomy
group, this difference was not statistically significant (RR 1.43 [95% CI, 0.45 to 4.55]) (Fig 7).
In one study, the postoperative deaths among PTX patients were mainly cardiovascular
(49.3%) and infectious (18.3%), while in the other study, the main causes of short-term mortal-
ity were also dominated by myocardial infarction and infections. Regrettably, no data relating
to other specific postoperative complications were reported in the included studies.

Discussion

Evidence derived from 15 observational studies including almost 25,000 patients, suggest
that sPTX significantly decreased all-cause mortality in ESKD patients with secondary

Table 1. Demographic and characteristics of studies included in the meta-analysis.

Reference (first author) Country Parients No Age Gender (male%)  Newcastle-Ottawa score

PTX |CTRL |PTX CTRL PTX CTRL |Selection |Comparability |Exposure
Ilvarsson etal. 2015 [23] Sweden 423 1234 55.2 56 48.2 50.1 EX ** **
Komaba et al. 2015 [17] Japan 4428 | 4428 |59.1+11.6 |59.3+12.3 55.8 55.7 *xE ** *xE
Conzo et al. 2013 [20] Italy 30 20 51.5+10.89 | 55+11.2 26.7 40 HxE * *
Sharma et al. 2013 [51] us 150 1044 | 421 42.2 46.7 46.7 wxE ** **
Goldstein et al 2013 [21] Brazil 123 128 46 50 46.3 445 *xE * **
lwamoto et al 2012 [16] Japan 88 88 60.6+8.4 60.5+8.4 53.4 53.4 *xE ** *¥
Kestenbaun et al. 2004 [24] | US 4558 | 4558 | 47.6 47.6 42.5 42.5 i *% *
Trombetti et al. 2007 [44] Switzerland | 40 80 42.6 55 45 51 i *% **
Ho LC et al. 2016 [45] Taiwan 998 | 998 54.7 55 42.9 42.5 i ** e
Moldovan et al. 2015 [22] Romania 26 26 51.62+9.92 |49.65+11.49 |53.84 |23.07 | *** * *%
Li-Wedong et al 2016 [46] China 53 92 63.1+13.8 53.8+15 56.6 70.6 HxE * *
Costa-Hong et al 2007 [18] | Brazil 50 68 52 59 43+10 | 45+12 | ** ** *
Dussol B et al 2007[47] France 19 32 N/A N/A N/A N/A ** ** *
Ma T-L et al 2015[48] Taiwan 60 161 N/A N/A N/A N/A ** ** *
Lin H-C 2014[19] Taiwan 30 23 53.3+13.3 |53.4+13.9 43 61 HxE ** *

Abbreviations: PTX-parathyroidectomy, CTRL- control

*- Stars awarded for each quality item (Newcastle-Ottawa scale). For each domain, either a "star" or "no star" is assigned, with a "star" indicating that study
design element was considered adequate and less likely to introduce bias. For Selection (of the exposed cohort, of the non-exposed cohort, ascertainment
of exposure and outcome of interest) a maximum of four stars may be assigned. A maximum of two stars can be given for Comparability and a maximum of
3 stars can be given for Exposure (assessment of outcome, length of follow-up and adequacy offollow-up). A study could receive a maximum of nine stars.

https://doi.org/10.1371/journal.pone.0187025.t001
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Parathyroidectomy Control

Hazard Ratio

Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE Total Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Conzo G. et al. 2013 0.4418 0.6268 30 20 0.8% 1.56 [0.46, 5.31]

Costa-Hong V. et al. 2007 -0.8239 0.3123 50 68 3.0% 0.44[0.24, 0.81]

Dussol B. et al. 2007 -1.0881 0.4649 19 32 1.5% 0.34[0.14, 0.84]

Goldstein P. et al 2013 -0.8475 0.2265 123 128 4.9% 0.43[0.27, 0.67] I

Ho L-C. et al 2016 -0.324 0.0929 998 998 12.8% 0.72[0.60, 0.87] -
Ivarsson K. et al. 2015 -0.1281 0.0606 423 1234  15.7% 0.88[0.78, 0.99] ]
Iwamoto N. et al 2012 -1.2879 0.3698 88 88 2.2% 0.28 [0.13, 0.57]

Kestenbaun B. et al. 2004 -0.0406 0.0191 4558 4558 18.5% 0.96 [0.92, 1.00] "
Komaba H. et al 2015 -0.4055 0.0907 4428 4428 13.0% 0.67 [0.56, 0.80] -

Li W. et al. 2016 -0.0726 0.0224 53 92 18.3% 0.93[0.89, 0.97] "
Ma T-L. etal 2015 -0.9939 0.5115 60 161 1.2% 0.37[0.14, 1.01] -
Moldovan D. et al 2015 -1.0986 0.5064 26 26 1.2% 0.33[0.12, 0.90] -
Sharma J. et al. 2013 -0.462 0.2192 150 1044 5.2% 0.63 [0.41, 0.97]

Trombetti A. et al 2007 -0.6162 0.4137 40 80 1.8% 0.54 [0.24, 1.21] —
Total (95% CI) 11046 12957 100.0% 0.74 [0.66, 0.83] ¢®

Heterogeneity: Tau? = 0.02; Chi? = 69.92, df = 13 (P < 0.00001); I> = 81%

Test for overall effect: Z = 5.17 (P < 0.00001)

Fig 2. The effect of parathyroidectomy on all-cause mortality.

https://doi.org/10.1371/journal.pone.0187025.9002
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hyperparathyroidism by almost 30 percent (Fig 2). sPTX had also a positive effect on cardio-
vascular mortality—a 40 percent reduction in 6 observational studies that included almost
10,000 patients (Fig 3). This positive impact of sSPTX compared to standard CKD-MBD man-
agement was irrespectively of PTH concentration subgroup at the time of surgery (Fig 5) and
was not different in studies conducted after the start of the calcimimetic period in clinical

practice.

However, no randomized controlled comparing parathyroid surgery with medical therapy

for the treatment of SHPT was found, the final analysis comprising only observational studies
with their inherent risk of bias. Heterogeneity was considerable for all-cause mortality and this
variation between sample estimates may occur for a variety of reasons, including many study
design characteristics, different adjustments for confounding, publication date and real-life
populations differences across studies.

sPTX was often regarded by pioneer nephrologists as a “last but necessary resort” option
for SHPT but one that would very likely be necessary for many patients surviving on dialysis
for more than a few years, without a successful renal transplant. Several observational studies
indicate that severe hyperparathyroidism may be associated with increased mortality in this
population, presumably via a wide range of cardiovascular, metabolic, hematologic, and
immunologic abnormalities induced by high concentrations of the uremic toxin PTH [25-28].

Parathyroidectomy Control Hazard Ratio Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE Total Total Weight 1V, Random, 95% CI IV, Random, 95% CI
Conzo G. et al. 2013 0.2877 0.6455 30 20 4.1% 1.33[0.38, 4.72]
Costa-Hong V. et al. 2007 -0.7911  0.795 50 68 2.7% 0.45[0.10, 2.15] I
Iwamoto N. et al 2012 -1.3863 0.4767 88 88 7.4% 0.25[0.10, 0.64] -
Komaba H. et al 2015 -0.5255 0.1385 4428 4428 62.9% 0.59 [0.45, 0.78] L
Lin H-C. et al. 2014 -0.2657 0.6505 30 23 4.0% 0.77[0.21, 2.74] T
Sharma J. et al. 2013 -0.4005 0.2893 150 1044 18.9% 0.67 [0.38, 1.18] -7
Total (95% CI) 4776 5671 100.0% 0.59 [0.46, 0.76] L 2
Heterogeneity: Tau? = 0.01; Chi? = 5.31, df = 5 (P = 0.38); I2= 6% :O o1 0’1 y 1’0 100’
Test for overall effect: Z = 4.01 (P < 0.0001) ’ Parathy.roidectomy Control

Fig 3. The effect of parathyroidectomy on cardiovascular mortality.

https://doi.org/10.1371/journal.pone.0187025.g003
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Fig 4. Funnel plot for all-cause mortality.
https://doi.org/10.1371/journal.pone.0187025.9004

With the advent of an orally-active calcimimetic—cinacalcet—there was an additional medical
option, besides active vitamin D and surgical interventions to ameliorate progressive SHPT
[29]. Both patients and nephrologists in the “calcimimetic dialysis era” would regard the surgi-
cal subtotal extirpation of parathyroid tissue only as an acceptable option for severe, progres-
sive, symptomatic and medically non-responsive secondary hyperparathyroidism.

However, there has never been an RCT comparing medical versus surgically-induced
reduction in parathyroid activity in dialysis patients. The publication of the EVOLVE study in
2012 was followed in 2015 by a meta-analysis of the medical benefits and risks of using calcimi-
metics in SHPT[30]-there was no impact on patient survival or outcomes using cinacalcet in
largely asymptomatic, biochemically mild-to-moderate, SHPT[31]. There was no similar
meta-analysis assessing the impact of sPTX on hard end-points.

Observational studies, with their obvious risk of bias do not unequivocally prove a clinical
benefit from SHPT, but nevertheless may suggest a positive outcome. All reports included in
our meta-analysed were cohort studies and national databases/ registries. While acknowledg-
ing the important limitations of the current analysis, plausibility of a true beneficial effect on
mortality of sSPTX comes from theoretical and experimental arguments as well, for instance
due to reduction in CV disease following better blood pressure control, and decreased hyper-
phosphataemia [29, 32] [33]. Other potential benefits of parathyroidectomy include: (1)
improvements in mineral bone density and reduced risk of pathological fracture-indeed,
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Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight 1V, Random, 95% ClI IV, Random, 95% CI
1.5.1 PTH > 800 pg/ml
Conzo G. etal. 2013 0.4418 0.6268 6.5% 1.56 [0.46, 5.31] —
Costa-Hong V. et al. 2007 -0.8239 0.3123 12.1% 0.4410.24, 0.81] -
Goldstein P. et al 2013 -0.8475 0.2265 14.0% 0.4310.27, 0.67] -
Ma T-L. etal 2015 -0.9939 05115 8.2% 0.37[0.14, 1.01] I
Moldovan D. et al 2015 -1.0986 0.5064 8.3% 0.33[0.12, 0.90] -
Sharma J. et al. 2013 -0.462 0.2192 14.2% 0.63[0.41,0.97] ]
Subtotal (95% CI) 63.2% 0.50 [0.38, 0.67] <&
Heterogeneity: Tau? = 0.02; Chi2 =6.01, df =5 (P = 0.31); P =17%
Test for overall effect: Z = 4.63 (P < 0.00001)
1.5.2 PTH< 800 pg/ mi
Dussol B. et al. 2007 -1.0881 0.4649  9.0% 0.340.14, 0.84] - -
Iwamoto N. et al 2012 -1.2879 0.3698 10.9% 0.2810.13, 0.57] -
Li W. etal. 2016 -0.0726 0.0224 16.9% 0.9310.89, 0.97] b
Subtotal (95% Cl) 36.8% 0.47 [0.19, 1.19] -
Heterogeneity: Tau? = 0.57; Chi? = 15.48, df = 2 (P = 0.0004); I*>=87%
Test for overall effect: Z=1.58 (P =0.11)
Total (95% CI) 100.0% 0.51 [0.34, 0.76] <o

Heterogeneity: Tau? = 0.25; Chi? = 43.00, df = 8 (P < 0.00001); I> = 81%
Test for overall effect: Z = 3.32 (P = 0.0009)
Test for subgroup differences: Chi? = 0.02, df = 1 (P = 0.90), 1= 0%

0.01 0.1 1 10 100
Favours [experimental] Favours [control]

Fig 5. Subgroup analysis for low and high PTH value at baseline.
https://doi.org/10.1371/journal.pone.0187025.g005

several single-centre case series have reported increased bone mineral density after parathy-
roidectomy[34-36]; improvements in erythropoietin-resistant anaemia in patients with
marked hyperparathyroidism [37-39]; and (3) improvements in nutritional status and
humoral and cellular immunity [14, 40].

Other potential benefits beside “biochemical” improvement might be increased patients
QoL, related to the improvement of pruritus, joint and bone pain, or muscle weakness.
Although these effect were described in some case series, very regrettably none of the studies
included in this meta-analysis specifically and reliably reported important changes in clinical
symptoms. A recently published systematic review reported improved QoL in patients treated
with sPTX for ESKD-related HPT, whereas cinacalcet did not [41]. However, the difference of
impact between sPTx and cinacalcet on QoL has not been compared directly in head-to-head
studies.

The immediate and obvious need now is for a well-conceived, well-conducted, independent
RCT comparing sPTX with non-surgical therapy for SHPT associated with CKD, ideally over a
5 years time horizon, and featuring many different outcome strata, from mortality, major mor-
bidity, to mental and physical health, QoL, and pharmaco-economics. To the best of our knowl-
edge there is only one published RCT compairing cinacalcet with parathyroidectomy, which
included 30 kidney transplanted patients with tertiary hyperparathyroidism and less severe
CKD (eGFR>30 ml/min per 1.73 m?¥) [42]. At the end of the follow-up period (12 month),
surgery induced greater reduction of iPTH and was associated with a significant increase in
femoral neck bone mineral density; vascular calcification remained unchanged in both groups.
Another randomized study comparing ultrasonic ablation for the treatment of SHPT with
active vitamin D has been completed (ClinicalTrials.gov Identifier: NCT01640184), but these
results are not yet published. Currently there is an ongoing RCT comparing cinacalcet with
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Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight 1V, Random, 95% CI IV, Random, 95% ClI
1.6.1 Prior the introduction of calcimimetics
Conzo G. et al. 2013 0.4418 0.6268 0.9% 1.56 [0.46, 5.31] B
Costa-Hong V. et al. 2007 -0.8239 0.3123  3.2% 0.44[0.24, 0.81] -
Goldstein P. et al 2013 -0.8475 0.2265 5.3% 0.431[0.27, 0.67] -
Ho L-C. et al 2016 -0.324 0.0929 13.4% 0.72[0.60, 0.87] -
Ivarsson et al. pre-cinacalcet -0.3147 0.1086 12.0% 0.73[0.59, 0.90] -
Iwamoto N. et al 2012 -1.2879 0.3698 2.4% 0.28 [0.13, 0.57]
Kestenbaun B. et al. 2004 -0.0406 0.0191 19.2% 0.96 [0.92, 1.00] b
Komaba H. et al 2015 -0.4055 0.0907 13.6% 0.67 [0.56, 0.80] -
Ma T-L. etal 2015 -0.9939 0.5115  1.3% 0.37[0.14, 1.01] -
Trombetti A. et al 2007 -0.6162 0.4137  1.9% 0.54[0.24, 1.21] - 1
Subtotal (95% CI) 73.2% 0.63 [0.50, 0.79] L
Heterogeneity: Tau? = 0.08; Chiz = 62.01, df = 9 (P < 0.00001); I> = 85%
Test for overall effect: Z = 3.98 (P < 0.0001)
1.6.2 After the introduction of calcimimetics
Ivarsson et al. pre-cinacalcet -0.2107 0.1975 6.4% 0.81[0.55, 1.19] T
Li W. etal. 2016 -0.0726 0.0224 19.0% 0.93[0.89, 0.97] b
Moldovan D. et al 2015 -1.0986 0.5064 1.3% 0.33[0.12, 0.90] - - _
Subtotal (95% Cl) 26.8% 0.81[0.59, 1.12] <&
Heterogeneity: Tau? = 0.04; Chi? = 4.57, df =2 (P = 0.10); I> = 56%
Test for overall effect: Z = 1.27 (P = 0.20)
Total (95% CI) 100.0% 0.73 [0.65, 0.83] ¢
Heterogeneity: Tau? = 0.02; Chi2 = 66.67, df = 12 (P < 0.00001); 1> = 82% =0_ o of ] ; 1=0 ] oo=

Test for overall effect: Z = 5.08 (P < 0.00001)

Favours [experimental] Favours [control
Test for subgroup differences: Chi? = 1.61, df =1 (P = 0.20), I> = 37.9% fexp ] [ ]

Fig 6. Subgroup analysis according to the moment of calcimimetics introduction.
https://doi.org/10.1371/journal.pone.0187025.9006

parathyroidectomy in peritoneal dialysis patients and is estimated to be completed by the end of
2017 (ClinicalTrials.gov Identifier: NCT01447368). These studies may help to reduce uncer-
tainty in this area.

Despite an increasing PTH level in CKD patients over the last 15 years, recent data from
DOPPS show a decreased rates of parathyroidectomy in all regions[7]. The rise in prescription
rates for medications such as cinacalcet and vitamin D analogs, along with higher PTH targets
and specifying indications for parathyroid surgery in recent nephrology guidelines [29], have
most likely contributed to the decline in sPTX rates. Whether this is an overall benefit to
patients remains unclear. Conversely, in Japan there was an increased trend for parathyroidec-
tomy over time [43], probably due to the lower target range for intact PTH in Japanese

Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight 1V, Random, 95% CI IV, Random, 95% CI
Ivarsson K. et al. 2015 -0.2231 0.1059 50.5% 0.80 [0.65, 0.98] ||
Kestenbaun B. et al. 2004 0.9555 0.1573 49.5% 2.60[1.91, 3.54] . .

Total (95% CI) 100.0% 1.43 [0.45, 4.55]
Heterogeneity: Tau? = 0.68; Chi® = 38.63, df = 1 (P < 0.00001); I>=97% '
Test for overall effect: Z=0.61 (P = 0.54)

0.01 0.1 1 10 100
Parathyroidectomy Control

Fig 7. The effect of parathyroidectomy on short-term (30-days) mortality.
https://doi.org/10.1371/journal.pone.0187025.g007
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guidelines than in guidelines used in other countries or to the fact that calcimimetics were
available in Japan many years after their approval in Europe or in US.

This meta-analysis has several limitations. The most important of these is the observational
design of the included studies with variable duration of follow-up, different indication for
sPTX in different areas around the globe, and the variable matching criteria for the control
group. The latter received “standard” medical therapy, consisting mostly of vitamin D com-
pounds and/or phosphate binders [16-18, 20-22]; regrettably, some studies did not report any
data regarding the treatment of the control group [23, 24, 44-48]. No study mentioned any
data about calcimimetic treatment in the included patients; this though is most likely to be
related to the fact that at the time of enrolment in these studies, cinacalcet was not yet available
in many countries. This meta-analysis was also limited by the methodological quality of studies
included; while there was some degree of heterogeneity between studies included in this meta-
analysis, most of it could be explained by differences in the methodological quality of the trials.
It was not possible to assess thermal, alcohol, or ultrasonographic ablation of parathyroid
glands, or, the different surgical options (total vs. subtotal; autoimplantation) in this analysis.
Renal transplantation was considered criteria of exclusion in all the included individual studies
with one exception where sPTX was not associated with improved survival in patients with
renal allograft [23]. This analysis lacked a detailed patient-level analysis of the clinical impacts
of the surgery itself. There would most likely in real clinical conditions be some offset in overall
benefit of the parathyroidectomy intervention as was showed in a recently analysis of the
USRDS database where parathyroidectomy was associated with significant morbidity in the 30
days after hospital discharge and in the year after the procedure. However, due to the study
design with the lack of a control group, the authors were not able directly to assess the impact
on survival of sSPTX [49].

Relatively the same survival benefit was also reported by Chen L. et al. in a recent metanaly-
sis[50]. However, in contrast with this review, our metanalysis comprises 3 more studies with
almost 5000 patients more, which may allow the decrease of confidence interval and give more
strength to the overall analysis. Furthermore, we also did a analysis of the short-term mortality,
and several subgroup analysis in order to explore heterogeneicity.

sPTX remains even in the modern nephrology era a valid and viable therapeutic interven-
tion especially for long-term dialysis patients[7, 8]. Taken together, the results of this new
meta-analysis suggests a beneficial effect of sSPTX on all-cause and cardiovascular mortality,
and maybe more importantly, challenges current practice that positions sPTX as last resort
option when medical therapy fails. This meta-analysis (the largest to date) has attempted to
gather all available and analyzable data on the impact of parathyroidectomy on hard end-
points—both short and long term all cause and cardiovascular mortality for renal patients with
secondary hyperparathyroidism. The case for a properly conducted trial comparing parathy-
roid surgery with the combination of calcimimetics and vitamin D is now very strong, and the
only way to settle this issue.
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