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Abstract

Purpose Parathyroidectomy to treat tertiary hyperparathyroidism (THPT) is now on a par with calcimimetic treatment.
The effects of cinacalcet and parathyroidectomy on kidney transplant function remain controversial. The aim of this
study was to evaluate kidney transplant function in THPT patients treated either by parathyroidectomy, cinacalcet, or
not treated.

Methods Between 2009 and 2019, 231 patients with functional grafts presenting THPT, defined either by calcaemia superior
to 2.5 mmol/L with elevated PTH level or hypercalcaemia with non-adapted PTH level 1 year after kidney transplantation,
were included. Hyperparathyroid patients treated by cinacalcet and parathyroidectomy were matched for age, sex, graft rank,
and baseline eGFR with cinacalcet-only and untreated patients. Conditional logistic regression models were used to compare
eGFR variations 1 year after parathyroidectomy between operated patients and matched controls. Five-year survivals were
compared with the Mantel-Cox test.

Results Eleven patients treated with parathyroidectomy and cinacalcet were matched with 16 patients treated by
cinacalcet-only and 29 untreated patients. Demographic characteristics were comparable between groups. Estimated
odds ratios for eGFR evolution in operated patients compared with cinacalcet-only and untreated patients were 0.92
[95%C1 0.83—1.02] and 0.99 [0.89-1.10] respectively, indicating no significant impairment of eGFR 1 year after surgery.
Five-year allograft survival was not significantly impaired in operated patients.

Conclusions Parathyroidectomy did not appear to substantially alter or improve graft function 1 year after surgery or 5-year
allograft survival. It could be hypothesized that in addition to its known benefits, parathyroidectomy can be safely performed
vis-a-vis graft function in tertiary hyperparathyroidism.
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Introduction

Chronic kidney disease with altered glomerular filtration rate
(GFR) is often complicated by an adapted increase of serum
parathormone (PTH) concentration owing to several meta-
bolic factors including hyperphosphatemia and low calcitriol
synthesis [1]. Kidney transplantation restores glomerular fil-
tration rate and proximal tubule function that can correct this
secondary hyperparathyroidism (sHPT). However, patients
with persisting sHPT may suffer from an autonomous and
non-adapted secretion of PTH by parathyroid cells which
defines tertiary hyperparathyroidism (THPT). THPT, often
revealed by hypercalcaemia with non-adapted PTH concen-
tration [2, 3], may persist in 25 to 50% of kidney recipients
and is known to lead to mineral bone disorder such as osteo-
porosis or brown tumors [4-6]. Parathyroidectomy (PTX)
is the historical and reference treatment for THPT which is
now counterbalanced with calcimimetics (activating directly
the calcium-sensing receptors in parathyroid cells) that are
widely used in transplanted patients [7].

Although the benefit of PTX and calcimimetics on
serum calcium in THPT is well established, their indica-
tions are not consensual [8] and their deleterious effects
on kidney transplant function remain controversial [9-15].
However, this effect has only been evaluated in small or
non-controlled cohorts. Moreover, the association of PTX
and calcimimetics, used in the vast majority of operated
patients, has not been well evaluated [15].

We recently published a meta-analysis comparing effects
of calcimimetics and PTX on graft function in THPT
patients [16]. We showed that neither calcimimetics nor
PTX alter or improve graft function. However, these results
are limited by a large heterogeneity (defined by Cochran’s
0, P<0.01) between published studies and the lack of con-
trol groups. Heterogeneity was due to a non-consensual
definition of THPT, to the variations of surgical indication
and of mean time between transplantation and PTX.

The aim of this retrospective study was to evaluate the
effects of surgical treatment (PTX) on kidney transplant func-
tion in THPT patients receiving a calcimimetic agent, cina-
calcet, compared with cinacalcet alone and with untreated
THPT patients. In order to limit bias we found in the meta-
analysis, patients were matched to compare similar groups.

Methods
Population characteristics

Adult kidney transplant patients followed up at the Nantes
University Hospital, France, between January 2002 and
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May 2018 were included (2377 patients). Data were
extracted from the French DIVAT cohort (www.divat.
fr, approved by the CNIL, n°914,184). The quality of the
DIVAT data bank is validated by an annual cross-center
audit. All participants gave informed consent.

In patients with functional grafts (glomerular fil-
tration rate superior to 30 mL/min/1.73 m?), 302 pre-
sented persisting THPT 1 year after transplantation,
i.e., elevated PTH level (> 65 pg/mL), serum calcium
(SCa) level > 2.5 mmol/L or significant hypercal-
caemia (> 2.6 mmol/L) with non-adapted PTH level
(> 15 pg/mL), or underwent PTX for THPT during the
first year after transplantation. Patients with histories
of thyroid or parathyroid surgery before transplan-
tation (n =34), with cinacalcet treatment introduc-
tion more than 1 year after transplantation (n =23)
and with missing data on primary outcome (GFR
12 months after transplantation, n = 14) were excluded.
The remaining 231 THPT patients were divided into
3 groups: (i) PTX patients treated by cinacalcet fol-
lowed by PTX (“PTX + cinacalcet” group), (ii) patients
treated with cinacalcet only (“cinacalcet-only” group),
and (iii) patients presenting THPT with no treatment
(“untreated THPT” group). In order to strengthen the
comparability between these non-randomized groups,
another selection between these patients was per-
formed by matching untreated THPT and cinacalcet-
only patients with PTX + cinacalcet patients according
to sex, age (£ 5 years), kidney graft rank, and baseline
estimated GFR (eGFR) (+ 10 mL/min/1.73m?). When
possible, more than one unexposed patient per exposed
patient (patients who underwent PTX) was enrolled
(optimal matching).

Cinacalcet was administered before kidney transplanta-
tion or within 1 year after transplantation at 30 mg per day
and was then adjusted on calcaemia.

Surgical procedures

Indications for PTX were patients displaying persistent
THPT despite cinacalcet treatment, persistent high cal-
cium levels threatening kidney grafts (> 2.7 mmol/L), or
symptomatic THPT (osteoporosis, neuropsychologic trou-
bles, mental status change, history of renal calculi).

All PTX were performed at the Nantes University Hos-
pital by two trained endocrine surgeons who performed
the same procedure: bilateral cervical exploration followed
by subtotal PTX (3 glands excised). Otherwise, a less-
than-sub-total approach was used with the excision of 1
or 2 glands in case of single adenoma (enlarged gland) or
suspected asymmetric hyperplasia. No patient underwent
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total parathyroidectomy. Patients underwent intra-opera-
tive PTH measurement, surgical success being predicted
by a 50% serum PTH decrease 15 min after gland excision,
independently from the raw serum PTH concentration.

Biological measurements

Serum creatinine, SCa (uncorrected with albumin, normal
values: 2.20-2.55 mmol/L), serum phosphate (normal val-
ues: 0.81-1.45 mmol/L), and serum PTH level (normal val-
ues: 15-65 pg/mL) were all measured in the biochemical
laboratory of the Nantes University Hospital using enzy-
matic methods (serum creatinine, SCa, and serum phos-
phate) and immunoradiometric assays (serum PTH) yearly
after kidney transplantation and PTX. Graft function was
estimated by eGFR via the following MDRD equation:
186 X (creatinine (umol/L)x 0.01 13)" 1154 % age'o‘zo3 x 0.7
42 (if female) x 1.21 (if African origin).

The evolutions of eGFR, SCa, and serum PTH levels
were calculated between baseline (the last measured val-
ues before PTX in PTX + cinacalcet group, and the meas-
ure at the same time after kidney transplantation in the
matched patients in cinacalcet-only and untreated THPT
groups) and 1 year after PTX or the corresponding time
in matched patients (Fig. 1).

Outcomes

The main outcome was the effect of PTX on the evolution
of kidney transplant function 1 year after surgery in patients
already treated by cinacalcet, compared with cinacalcet-only
and untreated THPT.

Secondary outcomes were the evolution of THPT bio-
logical parameters (the 1-year variation of SCa and PTH
levels 1 year after PTX compared with cinacalcet only and
untreated THPT patients with the same definition of baseline
as eGFR) and 5-year allograft survival, defined by a func-
tional transplant in a patient being alive.

Statistics

Continuous and categorical variables were described as
mean plus standard deviation and as count plus percentage
respectively. We used one-way analysis of variance (ANOVA
test) to compare means between the groups of interest
with respect to the treatment for multiple comparisons;
otherwise, a Mann—Whitney test was applied. For frequency
distributions between groups, we used Chi-square test with
appropriate degrees of freedom or Fisher’s exact test as
appropriate. We did not perform any imputations. A p-value
<0.05 was deemed as statistically significant.

Kidney 1-year post kidney PTX One year after PTX
transplantation  transplantation
PTX + cinacalcet group ‘ 1 > Time
(n = 11) Cinacalcet introduction Basellit Liyeat eGFR
Kidhey 1-year post kidney
transplantation transplantation
Matched cinacalcet-only group | | > Time
(n=16) | I Baselirie eGFR 1-year eGFR
Cinacalcet introduction
Kidney
transplantation .
Matched untreated THPT group | l —  Time

(n=29)

Baseline eGFR 1-year eGFR

Equivalent time after

Kidney transplantation

Primary outcome:
Comparison of eGFR variation

Fig. 1 Study design. PTX, parathyroidectomy; eGFR, estimated glomerular filtration rate
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In order to estimate the associations between treatments and
eGFR evolution, we built conditional logistic regression models
to account for pairs of matched patients with the treatment group
of interest (PTX and cinacalcet treatment) being the dependent
variable to be explained by eGFR evolution between baseline
and 1 year of follow-up. Models were adjusted according to the
histories of cardiovascular events, diabetes, and dialysis dura-
tion before transplantation. Five-year allograft survival was com-
pared between groups using a Mantel-Cox test. Analyses were
performed using R version 4.0.1 in particular package survival
for conditional logistic regression, tableone for Table 1 prepara-
tion and fidyverse for data manipulation and visualization.

Table 1 Population characteristics

Results
Population characteristics

Among the 231 THPT patients, 25 had PTX, 89 were
treated by cinacalcet only, and 117 were untreated. Six
patients had PTX but no treatment by cinacalcet and were
excluded. After matching, four patients who underwent
end-stage renal disease (ESRD) within the first year of the
follow-up and returned in dialysis were withdrawn from
the analysis of the main outcome with no available 1-year
eGFR with their numbers comparable between groups (1

PTX + cinacalcet Cinacalcet-only (n=16) Untreated THPT P-value
(n=11) (n=29)

Mean age at transplantation, year (SD) 58 (8) 59 (7) 61 (8) 567
Males, N (%) 5(45) 4 (25) 12 (41) 461
Cause of ESRD, number of patients

Glomerulopathies 4 3 5

Kidney tumor 1 1 1

ADPKD 2 1 8

IN 3 1 3

Drug-induced nephropathy 0 2 0

HTN 0 5 5

T1D 0 0 2

Undetermined 1 3 5
Mean time in days on dialysis before transplantation (SD) 1232 (1060) 1679 (1477) 689 (629) .010
History of cardiovascular disease, N (%) 3(27.3) 9(56.2) 12 (41.4) 318
History of diabetes mellitus, N (%) 2 (18) 1(6) 8 (28) 224
Graft rank, N (%)

Ist 9 (81.8) 14 (87.5) 27 (93.1) .567

2nd 2(18.2) 2 (12.5) 2(6.9)
Deceased-donor transplant, N (%) 11 (100) 16 (100) 27 (93) 381
Presence of DSA 12 months after Tx, N (%) 4 (36) 3(19) 8 (28) 591
Cinacalcet initiation, N (%)

Pre-transplant 109 1(7) -

1-year post-transplant 10 (91) 15(93) -
Mean cinacalcet dose at baseline (mg/day) 68.2 (44.7) 38.0 (17.8) - 0.0098
Mean SCa 12 months after Tx, mmol/L (SD) 2.54 (0.14) 2.63 (0.13) 2.57 (0.07) 131
Mean serum phosphate 12 months after Tx, mmol/L (SD) 0.84 (0.12) 0.83 (0.18) 0.97 (0.10) .051
Mean PTH 12 months after Tx, pg/mL (SD) 175.3 (49.1) 196.8 (107.25) 135.5 (87.5) .097
Mean eGFR 12 months after Tx, mL/min/1.73 m? (SD) 46.0 (18.9) 43.74 (15.6) 48.3 (13.6) 613
Mean time of baseline eGFR from Tx, months (SD) 36 (28) 37 (24) 29 (27) 661
Mean SCa 12 months after PTX, mmol/L (SD)* 2.46 (0.17) 2.52(0.14) 2.53(0.13) .396
Mean PTH 12 months after PTX, pg/mL (SD) * 119.3 (59.5) 180.0 (71.0) 126.3 (66.9) .023

ADPKD, autosomal dominant polycystic kidney disease; DSA, donor-specific antibodies; eGFR, estimated glomerular filtration rate; HTN,
hypertension; IN, interstitial nephropathy; MH, malignant hypertension; N, number of patients; SCa, serum calcium; SD, standard deviation;
THPT, thyperparathyroidism; Tx, kidney transplantation; 71D, type 1 diabetes

*Or the corresponding time in the cinacalcet-only and untreated THPT groups

Glomerulopathies comprise focal segmental glomerulosclerosis, IgA nephropathy, proliferative glomerulonephritis, Alport’s syndrome, and
Goodpasture’s syndrome; undetermined comprises unspecified hypoplasia and ESRD of uncertain etiology; interstitial nephropathy comprises
tubulointerstitial nephritis secondary to pyelonephritis or not; drug-induced nephropathy included 1 nephropathy secondary to ciclosporin A and

1 secondary to analgesic
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from the PTX-cinacalcet group, 1 from the cinacalcet-only
group, and 2 untreated THPT patients). Eleven patients
with PTX + cinacalcet were matched with 29 untreated
THPT patients, and 10 PTX + cinacalcet patients were
matched with 16 cinacalcet-only patients (Fig. 2) and were
analyzed for the main outcome.

Sex ratio and mean age at the time of transplantation in
the PTX + cinacalcet, cinacalcet-only, and untreated-THPT
groups were not significantly different (Table 1). The main
causes of ESRD were glomerulopathies (12 patients includ-
ing 7 IgA nephropathies), autosomal dominant polycystic
kidney disease (11 patients), and chronic hypertension (10
patients). The mean duration of dialysis before transplanta-
tion was significantly lower in the untreated THPT group
compared with the PTX + cinacalcet and cinacalcet only
groups (P=0.01). The histories of cardiovascular diseases
(coronaropathy and chronic heart failure), graft rank, and
number of previous transplantations were not significantly
different between groups. The mean cinacalcet dose at
baseline in the PTX + cinacalcet group was significantly
higher than in the cinacalcet-only group (P =0.0098).

The presence of donor-specific HLA antibodies 1 year after
transplantation was equivalent between groups. Two patients
experienced acute cellular rejection needing steroid bolus (1 in
the PTX +cinacalcet group and 1 in the untreated THPT group).

At the time of THPT diagnosis (12 months after trans-
plantation), mean SCa, serum phosphorus, and PTH levels
were not significantly different between groups.

PTX was performed at a mean of 3 years (range: 0.2-7.1)
after kidney transplantation (Table 2). The indications were
hypercalcaemia (n=35), persisting THPT despite cinacalcet
treatment (n=4), or symptomatic (osteoporosis and cogni-
tive impairment THPT, n=2). Four patients underwent one-
gland excision, 3 underwent two-gland excision, and sub-
total PTX was performed in 4 patients. The histopathologic
results revealed adenoma in 2 cases and hyperplastic glands
in 9 cases. Only 1 patient presented postoperative complica-
tion: an alternate treatment with Levothyroxine was adminis-
tered because surgery led to thyroid devascularization.

Effect of THPT treatment on kidney transplant
function

Mean baseline eGFR values were extracted at 36 + 28,
37+24, and 29 + 27 months after transplantation respec-
tively in the PTX + cinacalcet, cinacalcet-only, and untreated
tHPT groups (Table 1).

eGFR variations between baseline and 1 year after PTX
(or the corresponding date in matched patients) were com-
pared between PTX + cinacalcet, matched cinacalcet-only,

Fig.2 Flow chart. Tx, kidney

2377 kidney transplanted patients between January 2002 and May 2018

transplantation; SCa, serum

calcium; THPT, tertiary hyper-
parathyroidism; PTX, parathy-
roidectomy; eGFR, estimated

One year after Tx :
SCa > 2.6 mmol/L and PTH > 15 pg/mL
Or SCa > 2.5 mmol/L and PTH > 65 pg/mL
eGFR > 30 mL/min/1.73 m*

Or PTX for THPT within one year after Tx

glomerular filtration rate

Exclusion :

Thyroid or parathyroid surgery before Tx: n=34
Cinacalcet introduced more 1 year after Tx: n=23
Missing data: n=14

25 PTX

231 THPT patients

89 cinacalcet-only

117 untreated THPT

Exclusion:
PTX without cinacalcet: n=6

Matching for age, sex, graft rank and eGFR at baseline

Not analyzed:
Patients with no possible matching
n=7 PTX, n=72 cinacalcet-only, n=86 untreated THPT

Excluded from the main outcome analysis:

Matched patients returned in dialysis < 1 year from baseline:
n=1 PTX, n=1 cinacalcet-only, n=2 untreated THPT

'

11 PTX + cinacalcet

matched with

29 untreated THPT

'

10 PTX + cinacalcet

matched with

16 cinacalcet-only
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Table 2 Characteristics of
surgery in the PTX group

PTX patients (n=11)

Mean time between Tx and PTX, years (range)

Indications for PTX, N (%)

Persistent THPT despite cinacalcet

Hypercalcaemia > 2.7 mmol/L
Symptomatic THPT

Type of surgery, N, (%)
Single gland excision
Two-gland excision
Sub-total parathyroidectomy

3(0.2-7.1)

4 (36)
5(45)
2 (18)

4 (36)
3(27)
4 (36)

Histology of the resected glands, N (%)

Adenoma
Hyperplasia
Postoperative complications

2 (18)
9(82)

1 thyroid devascularization with
need for substitutive opo-
therapy

N, number of patients; PTX, parathyroidectomy; SD, standard deviation; THPT, tertiary hyperparathy-

roidism; T, kidney transplantation

and untreated THPT patients adjusted according to the
histories of cardiovascular events, diabetes, and dialysis
duration before transplantation.

The mean baseline eGFR was not statistically different
between the matched groups (Fig. 3). The estimated odds
ratio for eGFR evolution between PTX + cinacalcet and
untreated THPT patients was ORgs¢,;=0.92 [0.83-1.02].
When the eGFR evolution of PTX + cinacalcet and cina-
calcet-only groups was compared, the estimated odds ratio
was ORgsqcr=0.99 [0.89-1.10].

Effect of THPT treatment on SCa and PTH evolution

The 1-year biological evolution of THPT after PTX (the variation
of SCa and serum PTH levels between baseline and 1 year after
surgery) was compared with matched patients adjusted accord-
ing to the histories of cardiovascular events, diabetes, and dialy-
sis duration before transplantation (Fig. 3). Mean serum PTH

decreased significantly after PTX (Table 1). The estimated odds
ratios for SCa increase between PTX +cinacalcet and untreated
THPT or cinacalcet-only were respectively ORgs¢,;=0.79
[0.37-1.68] and ORgs¢,;=0.68 [0.16-2.97]. The estimated
odds ratio for serum PTH increase was 1.00 [0.97-1.01] when
compared with the untreated patients, and 0.99 [0.99—-1.00] when
compared with the cinacalcet-only group.

Five-year allograft survival according to THPT
treatment

Five-year allograft survival analysis was performed in
matched patients with a follow-up of at least 5 years from
baseline (n=8/11, 9/16, 17/29 in the PTX + cinacalcet,
cinacalcet-only, and untreated groups respectively) and
the 4 patients excluded for the primary outcome analysis
owing to ESRD (1 patient from the PTX + cinacalcet group
(matched with 1 untreated patient), 1 cinacalcet patient,

eGFR Serum calcium PTH
PTX + cinacalcet versus untreated THPT ' : : :
PTX + cinacalcet versus cinacalcet-only ——— —
r T t T ] t T 1 r T t 1
0.8 0.9 1.0 1.1 1.2 1.0 20 3.0 0.96 0.98 1.00 1.02

Fig.3 Comparison of 1-year eGFR, serum calcium, and PTH level
variations between PTX 4+ cinacalcet patients and matched controls.
Estimated odds ratio for 1-year eGFR, SCa, and PTH variations
between PTX+cinacalcet group and matched untreated and cina-
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eGFR, estimated glomerular filtration rate; THPT, tertiary hyperpar-
athyroidism
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and 2 untreated THPT patients). A total of 9 PTX + cina-
calcet, 10 cinacalcet-only, and 20 untreated THPT were
included. The relevant characteristics of these patients are
shown in Table 3. Patients in the untreated group tended to
be older and have shorter dialysis time before transplanta-
tion. During this 5-year follow-up, cardiovascular events
were noted in 2/9 PTX + cinacalcet patients (two instable
ischemic cardiopathy, one of them leading to angioplasty),
1/10 cinacalcet-only patient (ischemic stroke), and 5/20
untreated patients (three cardiac decompensations due to
conduction or rthythmic anomalies and two due to ischemic
heart disease including one leading to cardiac arrest). Two
out of nine patients in the PTX group displayed persistent
THPT 1 year after PTX, and no recurrence was observed
after this period. At 5 years, the lowest survival with func-
tional graft rate was in the PTX + cinacalcet group (56%)
without significant difference between groups (70% and
80% in the cinacalcet-only and untreated THPT groups
respectively) (Fig. 4).

Discussion

In this observational study, PTX in addition to cinacalcet
treatment did not appear to significantly alter or improve
graft function 1 year after surgery or 5-year allograft sur-
vival, compared with the THPT patients treated with cina-
calcet only or untreated.

In 1997, Rostaing et al. suggested for the first time
that PTX should alter graft function in PTX patients
[17]. Numerous studies have since alternately shown
permanent [9, 10, 18] or transitory [12, 19-21]
impairment of graft function after PTX. However,
these studies included limited numbers of patients
and the only available control group was composed of
transplanted patients without history of THPT which
limits interpretation of the results. In the present study,
we compared for the first time, patients who underwent
PTX with matched patients treated with cinacalcet and
untreated patients with THPT.

Table 3 Transplantation characteristics of patients included in allograft survival analysis

PTX + cinacalcet (n=9) Cinacalcet-only (n=10) Untreated P-value
THPT (n=20)

Mean age at transplantation, year (SD) 55 (6) 55 (5) 61 (7) .023
Males, N (%) 6 (67) 7(70) 9 (45) 334
Mean time in days on dialysis before transplantation (SD) 1498 (1216) 2282 (1538) 766 (619) .003
History of cardiovascular disease, N (%) 4 (44) 6 (60) 9 (45) 710
History of diabetes mellitus, N (%) 1(11) 1(10) 4 (20) 713
Graft rank, N (%)

Ist 7 (78) 8 (80) 17 (85) .879

2nd 2(22) 2 (20) 3(15)
Deceased-donor transplant, N (%) 8 (89) 10 (100) 20 (100) 181
Presence of DSA 12 months after Tx, N (%) 4 (44) 3 (30) 8 (40) 7195
Mean time of baseline eGFR from Tx, months (SD) 45 (33) 38 (27) 33 (30) 493

DSA, donor-specific antibodies; eGFR, estimated glomerular filtration rate; N, number of patients; PTX, parathyroidectomy; SD, standard devia-

tion; THPT, tertiary hyperparathyroidism; 7x, kidney transplantation

Fig.4 Five-year allograft sur-
vival according to THPT treat-
ment. Year O corresponds to the
time of PTX or the equivalent
time from kidney transplanta-
tion in matched cinacalcet-only
and untreated THPT patients
(i.e., baseline). Allograft surviv-
als between groups were com-
pared using Mantel-Cox test.
PTX, parathyroidectomy; THPT,
tertiary hyperparathyroidism

(4] ~
o (3]
1 1

Allograft survival (%)
N
=

— PTX + cinacalcet

100-
_L““‘]. . - -+ Cinacalcet-only

‘ ==+ Untreated THPT

P=0.47

2

3 4 5

Time (years)
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All of the patients in the PTX group were also treated
with cinacalcet. Cinacalcet has been shown to be an effective
treatment for THPT [7] and despite the absence of confirmed
indication following kidney transplantation, is widely used in
these patients [22]. Despite the fact that most THPT patients
are currently treated by calcimimetics, including those who
undergo PTX, the association of PTX and cinacalcet has
not been well studied. In 2019, Finnerty et al. showed in a
cohort of 133 patients including 33 PTX that the association
of surgical and medical treatment could be beneficial for graft
function when compared with cinacalcet alone [15]. However,
these promising results were limited by the fact that the values
were compared without uniformity concerning the time after
kidney transplantation and that most but not all of the PTX
patients were also treated with cinacalcet. In the present study,
comparability between groups was obtained by matching
patients for age, sex, graft rank, and baseline eGFR, which
reinforces our conclusions. Patients in the PTX 4 cinacalcet
group were treated with a higher mean cinacalcet daily dose
than patients with cinacalcet-only, which is not surprising
given that many of them underwent PTX because of cinacalcet
failure despite increasing doses. However, graft function was
compared at the same time after kidney transplantation in the
PTX + cinacalcet patients and the matched cinacalcet and
untreated patients, taking into account the evolution of eGFR
after transplantation. The present study is the first to use such
a comparison between patients to evaluate the effects of PTX
on graft function.

We believe that another strength of the present study is
the clear definition of THPT. The heterogeneity of results
in the literature concerning the evolution of eGFR after
PTX is in part due to significant variations in the defini-
tion of THPT. Indeed, the definition of THPT includes
either hypercalcaemia [9, 10, 21, 23], high serum PTH
level associated or not with elevated SCa [24-26], or no
definition at all [13, 19, 20, 27, 28]. PTH secretion should
progressively decrease after kidney transplantation: a first
drop of 50% is observed within 3 to 6 months after trans-
plantation [2] and PTH continues to decline progressively
thereafter [29, 30]. The required time for diagnosis after
transplantation varies from 6 months [24, 25] to 1 year
[10]. High PTH level associated with hypercalcaemia,
reported in numerous studies, is not sufficient to assure
diagnosis: autonomous PTH secretion can be recognized
by normal PTH level associated with elevated serum
calcium, reflecting the absence of change in response to
calcium level [31], although the “normal” PTH level in
transplanted patients is not well known and the only means
to properly assess the autonomous property of the parathy-
roid glands are dynamic tests [32]. According to the retro-
spective nature of the study, the best definition of THPT
should be that of an inappropriate PTH level regarding
serum calcium level, 6 or 12 months after transplantation.

@ Springer

This definition, however, implies that all patients under-
went PTX after kidney transplantation and present with
functional transplant at the time of diagnosis, limiting our
conclusions to this population of patients only. Previously,
authors suggested that performing PTX for THPT before
kidney transplantation could preserve the graft function
[33].

PTX, performed in 0.6 to 5.6% of transplanted patients
[3], has been shown to treat THPT efficiently with few
complications [34] and increases bone mineral density
[35, 36]. Despite these significant results, the surgical
indications currently remain unclear [8]. PTX should be
discussed in case of severe or persistent hypercalcaemia,
severe osteopenia, or hyperparathyroidism-related symp-
toms (such as fatigue, pruritus, bone pain or fracture, pep-
tic ulcer, mental status changes, or kidney stones) [37].
Surgery for THPT may be total PTX with auto-trans-
plantation [10, 38], sub-total PTX [9, 10, 21, 24, 25], or
removal of a single adenoma when identified [9, 21] since
THPT may be due to four-gland hyperplasia, asymmetric
hyperplasia, or sporadic adenoma [39]. The outcomes of
the various surgical procedures have been poorly stud-
ied. Regarding graft function, Schlosser et al. suggested
in 2007 that total PTX with auto-transplantation may
endanger the graft more than sub-total PTX [10] which is
supported by the results of two other studies [23, 40] with
limited numbers of patients. These results are believed to
be due to the rapid serum PTH drop after surgery which
exists after all types of PTX and is known to decrease the
glomerular filtration rate [41].

In our study, a more conservative treatment was performed,
excising only 1 or 2 glands when asymmetrically enlarged
glands were identified intraoperatively. Otherwise, subto-
tal PTX was performed with the excision of 3 glands. This
approach significantly decreased post-operative serum PTH,
which was lower than in the cinacalcet-only group, as it has
been suggested by others [24]. The fact that post-operative
serum PTH stayed above the upper limit, although in regard
with normal SCa level, suggests participation of secondary
hyperparathyroidism, and highlights the fact that “normal”
PTH laboratory values should be taken with caution in the
context of kidney transplantation.

The principal limitation of our study is the low number of
included patients. Only 24 patients were operated for THPT
between 2002 and 2018 in our institution which is, how-
ever, a tertiary referral center in endocrine surgery. This low
number of patients reflects the reluctance to operate when
cinacalcet can be proposed as an alternative for the treatment
of THPT. However, the long-term effects need to be clarified
and the metabolic benefits appear to be more moderate com-
pared with surgery [24]. Only 11 PTX patients were finally
included at baseline in order to focus on the comparability
between groups which is lacking in the current literature.
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Obtaining a fairly good comparability involved to restrain
the number of included patients.

Patients in the untreated THPT group had significantly
shorter dialysis duration before transplantation compared with
the other groups. This could mean that these patients are less
likely to develop cardiovascular or metabolic conditions that
will impair graft function or survival. However, comparisons
for the main outcome were adjusted on this variable to limit
this bias. Moreover, patients in this group may have milder
THPT as higher phosphatemia and similar PTH values than
the treated patients at the time of THPT diagnosis could sug-
gest (12 months after transplantation), although the difference
did not reach significance. However, these observations may
enhance the absence of negative effect of PTX performed on
patients with more severe THPT with comparable eGFR evo-
lution 1 year after surgery and 5-year allograft survival.

Finally, bone disorders were not systematically assessed on
the present cohort although it potentially provides an argument
in the indication for surgery. Compared with cinacalcet, the
effects of THPT treatments on bone disorders could be an
important benefit for patients. The use of bone mineral density
measurement alone in patients with chronic kidney disease
being debated [42], its measurement in association with
other markers of bone disorders, for example, the trabecular
bone score [43], should be extensively studied with rigorous
methodology and a precise definition of THPT.

Conclusion

In conclusion, PTX is rarely performed in case of THPT, lim-
iting the possibilities of conducting studies on large cohorts.
This observational retrospective study evaluating graft func-
tion in THPT patients operated with PTX and treated with cin-
acalcet matched with control patients treated with cinacalcet-
only or untreated, focusing on a high comparability between
patients, showed that PTX, associated with calcimimetics, did
not appear to substantially alter graft function within 1 year of
surgery or 5-year allograft survival.
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