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Parathyroidectomy versus cinacalcet in the treatment of
tertiary hyperparathyroidism after kidney
transplantation: a retrospective study
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Background: Hyperparathyroidism is common in patients with chronic kidney disease with reduced renal function and has been ob-
served after kidney transplantation. The optimal treatment for cases in which hyperparathyroidism persists after kidney transplanta-
tion has not been determined.

Methods: This retrospective study included 83 patients with tertiary hyperparathyroidism who underwent kidney transplantation be-
tween 2000 and 2018 at a single tertiary center in Korea. Sixty-four patients underwent parathyroidectomy and 19 patients were
treated with cinacalcet following renal transplantation. Biochemical parameters and clinical outcomes were compared between the
two groups.

Results: Serum calcium and parathyroid hormone (PTH) levels improved in both the parathyroidectomy and cinacalcet groups. One
year after treatment, parathyroidectomy resulted in a lower mean serum calcium level than cinacalcet (9.7 £ 0.7 mg/dL vs. 10.5 *
0.7 mg/dL, p = 0.001). Regarding serum PTH, the parathyroidectomy group showed a significantly lower PTH level than the cinacalcet
group at 6 months (129.1 = 80.3 pg/mL vs. 219.2 £ 92.5 pg/mL, p = 0.002) and 1 year (118.8 £ 75.5 pg/mL vs. 250.6 + 94.5 pg/
mL, p < 0.001). There was no statistically significant difference in the incidence of kidney transplant rejection, graft failure, cardiovas-
cular events, fracture risk, or bone mineral density changes between the two groups.

Conclusion: Parathyroidectomy appears to reduce PTH and calcium levels effectively in tertiary hyperparathyroidism. However, creati-
nine level and allograft rejection should be monitored closely.

Keywords: Cinacalcet, Hyperparathyroidism, Kidney transplantation, Parathyroidectomy

Introduction rum parathyroid hormone (PTH) level, is a phenomenon
caused by decreased renal function in chronic kidney
Secondary hyperparathyroidism, which increases the se-  disease (CKD) [1]. A persistent increase in the serum PTH
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level is associated with CKD-mineral bone disease, soft tis-
sue and vascular calcification, and cardiovascular disease
(CVD); as a result, it reportedly increases the mortality rate
of patients [2].

Secondary hyperparathyroidism usually shows improve-
ment after successful kidney transplantation (KT) [3]. Nev-
ertheless, hyperparathyroidism has been observed to per-
sist for up to 1 year after KT in more than 25% of patients.
Tertiary hyperparathyroidism refers to the persistence of
high serum PTH levels after KT [3,4].

Following tertiary hyperparathyroidism associated with
hypercalcemia and hypophosphatemia, the risks of renal
allograft dysfunction, graft failure, osteoporosis, and bone
fracture increase [5-8]. Persistent hypercalcemia after
transplantation causes various problems. According to a
study, hypercalcemia can threaten graft function, and the
incidence of CVD was noted to increase as the corrected
calcium level rose [7]. A study of large cohorts derived from
the Assessment of Lescol in Renal Transplantation trial
reported that posttransplant persistent hyperparathyroid-
ism is an independent risk factor for renal graft loss and
all-cause mortality [9]. A longitudinal study showed that
persistent hyperparathyroidism after KT increases the risk
of fracture. Other research concurs that the hypophospha-
temia associated with KT can induce osteomalacia and
increase the risk of fracture [8,10,11].

Medical treatment with cinacalcet or surgical treatment
with parathyroidectomy (PTX) are both viable options for
addressing tertiary hyperparathyroidism [12]. Cinacalcet
is a calcimimetic drug that suppresses the production of
PTH by enhancing the sensitivity of the calcium-sensing
receptors of the parathyroid gland to calcium [13]. This
drug has been reported to be effective in reducing calcium
and PTH levels after KT [14-16]. The other axis of treat-
ment, PTX, is generally performed when hypercalcemia
that does not respond to medical treatment persists [17].
PTH and serum calcium levels are significantly reduced
after PTX; however, the long-term effect of this treatment
has not been well-studied [18]. In addition, some studies
have reported that renal graft function is impaired after
PTX [19,20].

Since the introduction of cinacalcet, few studies have
compared its efficacy to that of PTX. Therefore, there is
still debate as to which treatment is better. Most of the
studies that compared the efficacies of these treatments
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were retrospective investigations with short follow-up pe-
riods [21-25]. The only existing prospective randomized
controlled trial had a small sample size [26]. There is a
paucity of data available, especially from Korea; thus, this
study sought to compare the efficacies of cinacalcet and
PTX in patients with tertiary hyperparathyroidism of a sin-
gle center in Korea.

Methods
Study design and population

This study was performed in accordance with the Declara-
tion of Helsinki. It was approved by the Institutional Review
Board of Asan Medical Center (No. 2020-0774), and written
informed consent was waived due to its restrospective na-
ture.

This retrospective cohort study initially included 178 pa-
tients who either took cinacalcet or underwent PTX after
KT between 2000 and 2018 at a tertiary medical center in
Korea. The inclusion criteria were persistent PTH elevation
(>65 pg/mL) with hypercalcemia (>10.5 mg/dL) after KT
and an age of at least 19 years at the time of KT. Among the
178 patients, cases with missing or insufficient follow-up
data were excluded. In addition, patients who underwent
PTX or took cinacalcet after starting dialysis for end-stage
renal disease (ESRD) after KT were excluded. Finally, 83
patients were evaluated altogether.

Outcomes

The biochemical outcomes were serum PTH, calcium,
phosphorus, creatinine levels, and estimated glomerular
filtration rate (eGFR) at 3 and 6 months and 1, 2, and 3
years after the start of treatment or surgery. The clinical
outcomes were the incidence of graft rejection, graft fail-
ure, cardiovascular events, fracture, and bone mineral
density (BMD) between the PTX group and the cinacalcet

group.
Data collection
We collected patient data through electronic charts. Pa-

tient baseline characteristics included age, sex, etiology of
ESRD, dialysis type before KT, and the duration of dialysis.
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KT-related data included the type of KT, ABO incompat-
ibility, human leukocyte antigen (HLA) mismatch, and
HLA-sensitization. HLA-sensitized KT was defined as a
case in which at least one of the following characteristics
was present: B-cell flow cytometry crossmatch, T-cell flow
cytometry crossmatch, and complement-dependent cyto-
toxicity crossmatch. PTX-related data included laboratory
data until 3 years after PTX (PTH, albumin-corrected calci-
um, phosphorus, creatinine, and eGFR), indication of PTX,
complications, and medication(s) before PTX. PTH levels
were measured using a second-generation assay (Nich-
ols Institute Diagnostics, San Juan Capistrano, CA, USA).
The eGFR used the Modification of Diet in Renal Disease
equation. Cinacalcet (Regpara; Kyowa Hakko Kirin Co.,
Ltd.,Tokyo, Japan) administration group data also included
laboratory data until 3 years after treatment.

Treatment of tertiary hyperparathyroidism

Cinacalcet was administered at an average dose of 25 mg
per day. Subtotal PTX was performed in 58 patients (90.6%)
and total PTX was performed in six patients (9.4%). We dis-
cussed the advantages, disadvantages, and costs of the two
treatments with patients having persistently elevated PTH
(>65 pg/mL) and hypercalcemia (>10.5 mg/dL) after KT
and considered surgical treatment. The immunosuppres-
sive drugs utilized were calcineurin inhibitors (tacrolimus
or cyclosporine), corticosteroids (prednisolone or meth-
ylprednisolone), and antimetabolites (mycophenolate or
azathioprine).

Statistical analysis

Statistical analyses were conducted using R (version 3.5.1;
R Foundation for Statistical Computing, Vienna, Austria;
http:// www.R.project.org) and GraphPad Prism version
5.0 (GraphPad Software, San Diego, CA, USA; http://www.
graphpad.com). Continuous variables were presented as
mean * standard deviation values and categorical vari-
ables were presented as frequencies (percentages). We
used the t test to compare continuous variables and the
chi-square test or Fisher exact test to compare categorical
variables. A p-value of less than 0.05 was considered statis-
tically significant.

Results
Study population

From 2000 to 2018, a total of 178 patients underwent PTX
or took cinacalcet from among those who underwent KT.
Among the 178 patients, nine patients under the age of 19
years, 46 patients with missing or insufficient follow-up
data, and 40 patients who underwent treatment with ESRD
after failed KT were excluded (Fig. 1). We identified 83 pa-
tients who had tertiary hyperparathyroidism and met all
the selection criteria. Nineteen patients were included in
the cinacalcet group and 64 patients were included in the
PTX group.

Baseline characteristics

Baseline characteristics of the patients in both groups at
the time of KT are shown in Table 1. The mean age of pa-
tients in the cinacalcet group (45.7 + 7.4 years) was lower
than that of patients in the PTX group (50.2 + 8.6 years, p
=0.04). Considering dialysis duration before KT, the mean
duration for patients in the cinacalcet group was shorter

178 Tertiary HPT patients
who underwent PTX
or taken cinacalcet after KT
between 2000 and 2018

Exclude 95 patients

- Under 19 yr of age (n =9)

| - Loss or insufficient follow-up data
(n =46)

- Start intervention after dialysis
with ESRD (n = 40)

A4

83 Patients
|

A 4 A4

PTX group
(n=64,77.1%)

Cinacalcet group
(n=19, 22.9%)

Figure 1. Flowchart of the selection process of the study par-
ticipants.

ESRD, end-stage renal disease; HPT, hyperparathyroidism; KT,
kidney transplantation; PTX, parathyroidectomy.
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Table 1. Baseline characteristics

Table 2. The characteristics of PTX group

Characteristic Cir1gargalget P?éegr;)g%ﬂgc— p-value

No. of patients 19 64

Age (yr) 457+ 74 50.2+ 8.6 0.04

Sex 0.61
Male 12 (63.2) 34 (53.1)

Female 7 (36.8) 30 (46.9)

Body mass index (kg/m?) 225+31 223+28 0.78

Etiology of ESRD 0.59
Hypertension 7 (36.8) 23 (35.9)

Diabetes 2(10.5) 3(4.7)
Glomerulonephritis 6 (31.6) 16 (25.0)
Others 4(21.1) 22 (34.4)

Dialysis type >0.99
Hemodialysis 15 (78.9) 51 (79.7)
Peritoneal dialysis 4(21.1) 13 (20.3)

Dialysis duration (yr) 8.1+3.7 11.2+5.1 0.01

Baseline lab data before KT
Corrected calcium (mg/dL) 10.0+ 1.0 10.3+1.0 0.30
Phosphorus (mg/dL) 59+1.9 58+ 1.3 0.72
Parathyroid hormone 702.1£511.9 761.4 +606.1 0.70

(pg/mL)

No. of transplants received 0.55
1 16 (84.2) 59 (92.2)

2 3(15.8) 5(7.8)

Donor age (yr) 50.7 + 8.6 46.6+12.8 0.19

Donor sex >0.99
Male 13 (68.4) 45 (70.3)

Female 6(31.6) 19 (29.7)

Type of KT 0.56
Living-donor 7 (36.8) 17 (26.6)
Deceased-donor 12 (63.2) 47 (73.4)

ABO incompatibility of KT 0.92
ABO-compatible 18 (94.7) 58 (90.6)

ABO incompatible 1(5.3) 6(9.4)

HLA mismatch 0.29
0-3 11 (57.9) 26 (40.6)

4-6 8(42.1) 38 (59.4)

HLA-sensitized KT >0.99
Non-sensitized 19 (100) 62 (96.9)
Sensitized 0(0) 2(3.1)

Time interval between KT 231+299 232+226 0.99

and treatment (mo)

Data are expressed as number only, mean * standard deviation, or num-

ESRD, end-stage renal disease; HLA, human leukocyte antigen; KT, kidney

ber (%).
transplantation.
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Characteristic PTX group (n = 64)
Complication of PTX
Hematoma 2(3.1)
Postoperative hypocalcemia 2(3.1)
Recurrent laryngeal nerve injury 0(0)
Medication before PTX
None 50(78.1)
Vitamin D analog 14 (21.9)
Cinacalcet 0(0)

Data are expressed as number (%).
PTX, parathyroidectomy.

than that of patients in the PTX group (8.1 + 3.7 years vs.
11.2 + 5.1 years, p = 0.01). There were no differences in oth-
er baseline characteristics. Among all cases of KT, the kid-
neys were obtained from deceased donors in 71.1% cases,
91.6% of the recipients were ABO-compatible, and 97.6% of
the cases were non-sensitized KT. The mean time from KT
to PTX in 64 patients was 23.2 + 22.6 months, and the mean
time from KT to cinacalcet administration in 19 patients
was 23.1 + 29.9 months (p = 0.99).

Details of the PTX group are summarized in Table 2.
Complications occurred in four of 64 patients (6.3%),
with half of these complications being hematoma and the
remaining half being postoperative hypocalcemia. No re-
current laryngeal nerve injury occurred in any of the study
participants. Before PTX, 50 of 64 patients (78.1%) were
not taking medications for hyperparathyroidism, while 14
(21.9%) were taking vitamin D analogs. After PTX, half of
the patients were given vitamin D or calcium to prevent hy-
pocalcemia or hungry bone syndrome.

Biochemical outcomes

Posttreatment laboratory values are presented in Table 3.
There was no significant difference in serum-corrected
calcium levels between the two groups before treatment (p
= 0.20); however, these values were higher in the cinacal-
cet group throughout the follow-up period at 6 months
(p < 0.001), 1 year (p = 0.001), and 3 years (p = 0.002) after
the start of treatment. Although normocalcemia was not
achieved in the cinacalcet group, it was achieved and main-
tained from three months after surgery in the PTX group.
Both groups showed a trend of decreasing calcium levels
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Table 3. Biochemical outcomes: laboratory data during the fol-
low-up period

Cinacalcet group Parathyroidectomy

Variable p-value

(n=19) group (n = 64)
Corrected calcium (mg/dL)
Pretreament 11.0+0.8 11.3+0.8 0.20
3 Mo 10.6 £ 0.9 94+09 <0.001
6 Mo 10.6 + 0.7 95+0.7 <0.001
1Yr 10.5+ 0.7 9.7+0.7 0.001
2Yr 10.8+ 1.0 9.3+0.5 0.001
3Yr 10.9£0.7 9.4+09 0.002
Parathyroid hormone (pg/mL)
Pretreament 2679 +118.5 334.7 +240.0 0.15
3 Mo 225.8+91.3 1248+ 75.4 <0.001
6 Mo 219.2+£92.5 129.1 £+ 80.3 0.002
1Yr 250.6 +94.5 1188+ 75.5 <0.001
2Yr 247.7 +88.2 102.0+411 <0.001
3Yr 205.6 £ 103.3 107.8+71.2 0.03
Phosphorus (mg/dL)
Pretreament 25+0.6 24+04 0.51
3 Mo 26+0.6 3.0+0.7 0.08
6 Mo 28+04 3.0+£0.7 0.23
1Yr 26+0.5 29+0.6 0.11
2Yr 26+0.7 29+0.5 0.31
3Yr 25+0.4 3.1+0.7 0.06
Creatinine (mg/dL)
Pretreament 1.0+0.3 1.0+0.3 0.96
3 Mo 1.0+0.2 1.3+1.0 0.03
6 Mo 1.0+0.2 1.3+1.2 0.22
1Yr 1.0+0.3 13+1.2 0.30
2Yr 1.1+0.3 1.1+0.3 0.99
3Yr 09+0.2 1.6+2.0 0.22
eGFR (mL/min/1.73 m?)
Pretreament 78.0 +£26.3 71.9+21.0 0.33
3 Mo 75.3+20.2 63.3+21.6 0.08
6 Mo 80.1+20.1 69.2 +21.0 0.12
1Yr 75.9 +27.8 69.9 £ 23.6 0.46
2Yr 76.5 +27.2 72.4+19.9 0.67
3Yr 84.7 £25.0 60.9 £ 27.9 0.11
AeGFR (%)
3 Mo -41+258 -15.6 + 271 0.19
6 Mo 6.3+225 -15.7 +22.0 0.008
1Yr 6.5 +22.0 -6.0+284 0.18
2Yr 1.1 +20.5 -9.1+32.0 0.43
3Yr 1.8+24.8 4.4 +34.7 0.73

Data are expressed as mean + standard deviation.

eGFR, estimated glomerular filtration rate; KT, kidney transplantation.

*The delta eGFR (AeGFR, %) was calculated as the difference between the
current eGFR and baseline eGFR [100 x (current eGFR — baseline eGFR)/
baseline eGFR].

after treatment compared to those before treatment. The
mean serum PTH level was lower in the cinacalcet group
than in the PTX group before treatment (267.9 + 118.5 pg/
mL vs. 334.7 + 240.0 pg/mL, p = 0.15). Following the initia-
tion of treatment, PTH levels in the cinacalcet group were
higher than the PTH group at all follow-up visits, i.e., at 6
months (p = 0.002), 1 year (p < 0.001), and 3 years (p = 0.03).
The phosphorus levels did not differ significantly between
the groups. Creatinine levels were significantly higher in
the PTX group than in the cinacalcet group at three months
after treatment (p = 0.03); however, this difference was not
significant thereafter. No significant difference was found
in the eGFR values between the two groups. Because the
baseline eGFR values of the two groups were different,
delta eGFR analysis was further performed to compensate
for this difference. At 6 months after intervention, the delta
eGFR was higher in the cinacalcet group than in the PTX
group (6.3% + 22.5% vs. —15.7% + 22.0%, p = 0.008). Despite
the lack of significance, the delta eGFR value in the PTX
group was continuously negative. Short-term laboratory
data collected within 1 month after PTX are presented in
Supplementary Fig. 1 (available online).

Clinical outcomes

The rejection, graft failure, cardiovascular event, and frac-
ture rates of the two groups are presented in Table 4. Rejec-
tion occurred in 11 of 64 patients (17.2%) in the PTX group
but none of the patients in the cinacalcet group; however,
the difference in the occurrence of rejection between the

Table 4. Clinical outcomes after management of tertiary hyper-
parathyroidism

Cinacalcet group  Parathyroidectomy

Variable (n=19) group (n = 64) p-value
Rejection 0.06
None 19 (100) 53(82.8)
21 time 0 (0) 11 (17.2)
Graft failure 1(5.3) 3@4.7) >0.99
Cardiovascular event >0.99
None 18 (94.7) 62 (96.9)
21 time 1(5.3) 2(3.1)
Fracture 0.55
None 18 (94.7) 62 (96.9)
21 time 1(5.3) 2(3.1)

Values are expressed as frequency (%).
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two groups was not statistically significant (p = 0.06). There
were no statistically significant differences between the two
groups in terms of the rates of graft failure, cardiovascular
events, and fracture. The incidence rates of fracture during
follow-up were 5.3% (n = 1) and 3.1% (n = 2) in the cinacal-
cet and PTX groups (p = 0.55), respectively. In all three
cases, steroids were administered after transplantation.
According to Kaplan-Meier curve analysis, renal transplant
allograft survival was not statistically significant (p = 0.77)
(Fig. 2). In both groups, no significant difference was found
in the change in BMD between the pretreatment and post-
treatment periods (Table 5).

Discussion

In this retrospective cohort study, serum calcium and PTH
levels decreased in both the PTX and cinacalcet groups.

—L— Cinacalcet

-L. PTX
100 __l_l.-l.l.I.I.I.l_l.I.l.I_l_l
1
by
L
= 4
S 90+
_g T T Wy S S T N Y . |
5
(2]
‘© 80 A
G p=077
I E—
70 T T T T T T T T 1

Follow-up (yr)

Figure 2. Kaplan-Meier curve of the renal transplant graft sur-
vival.
PTX, parathyroidectomy.

Table 5. Changes in BMD between before and after treatment

Cinacalcet Parathyroidectomy

T-score change group (n=3)  group (n = 21) p-value
Lumbar spine 04+1.0 0.3+0.7 0.97
Femur total -0.2+0.2 0.1+£0.6 0.42
Femur neck -0.2+0.3 0.0+0.7 0.49

BMD was evaluated in 24 patients whose pre- and post-BMD data were
available.
BMD, bone mineral density.
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Serum calcium level was maintained within normal range
from three months after PTX. The cinacalcet group showed
the lowest serum calcium levels at 1 year after administra-
tion compared to that before administration but did not
demonstrate normocalcemia during the follow-up period.
Renal function showed higher serum creatinine levels in
the PTX group at three months after treatment; however,
these levels were maintained thereafter without a statisti-
cally significant difference between the two groups. In the
analysis performed by delta eGFR, the PTX group showed
a significant decrease in eGFR compared to the cinacalcet
group at 6 months after treatment. The rate of rejection was
higher in the PTX group; however, there was no significant
difference in the rate of graft survival between the groups.
The rates of CVD and fracture events did not differ between
the two groups.

Surgical treatment of tertiary hyperparathyroidism was
more effective than the administration of cinacalcet in
correcting hypercalcemia and lowering PTH levels. Similar
findings were confirmed in several other studies [22,23,27].
A randomized controlled trial compared surgical treatment
with cinacalcet in two cohorts of 15 patients with normo-
calcemia at 12 months as the primary endpoint. In com-
parison with 67% of patients treated with cinacalcet, 100%
of patients achieved normocalcemia after PTX [26].

There are several concerns about surgical treatment.
One of them is the rate of postoperative complications. In
this study, postoperative complications occurred in only
6% of the participants, and all of these complications were
temporary. In another study, Finnerty et al. [23] reported
that complications, all of which were temporary, occurred
in eight patients (24%). Another concern is the deteriora-
tion of graft function following PTX. Although the cause is
unclear, the mechanism is a rapid decrease in serum PTH
levels after PTX reduces renal perfusion, which results in
renal function impairment. Because PTH has a favorable
influence on hemodynamics in terms of the glomerular
filtration rate and renal blood flow, this deterioration of
renal graft function is likely caused by the resultant rela-
tive hypoparathyroidism that occurs after PTX [19,20,28].
Therefore, Littbarski et al. [29] suggested that PTX should
be performed at least 1 year after KT to improve long-term
outcomes. In our study, the mean time-lapse from KT to
PTX in 64 patients was 23.2 + 22.6 months. Sixteen of 64
patients underwent surgery within 1 year after KT, and two
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of them experienced acute rejection.

With regard to graft outcome, although there was no graft
rejection in the cinacalcet group, it occurred in 11 patients
(17.2%) in the PTX group. Although no significant differ-
ence was observed in the rate of graft rejection between
the two groups (p = 0.06), the cinacalcet group included a
small number of patients; thus, it was difficult to conclude
about the lack of significant difference. There was no signif-
icant difference in the rates of graft failure between the two
groups. A 5-year follow-up study revealed that there was no
significant difference in kidney function between the two
groups [30]. Although our study did not show any signifi-
cant results with respect to the graft outcome between the
two groups, other studies have reported the existence of
such differences [23,26]. One retrospective review revealed
that the overall rate of transplant allograft failure was lower
in the PTX cohort (9% vs. 33%, p = 0.007) [23]. A random-
ized controlled trial by Cruzado et al. [26] found that both
groups experienced a 12-month decline in eGFR, although
the cinacalcet group experienced a more severe decline
than the PTX group. However, there were no rejection ep-
isodes to account for this result. To date, there remains a
paucity of studies demonstrating the differences between
the two groups in the rates of graft outcome; therefore, fur-
ther research is needed.

In the case of cinacalcet, the Evaluation of Cinacalcet
Hydrochloride Therapy to Lower Cardiovascular Events
trial revealed that it does not significantly reduce the rate
of major CVD events compared to the placebo in patients
with secondary hyperparathyroidism who were undergo-
ing hemodialysis [31]. However, studies on the effects of
cinacalcet on CVD events in patients with tertiary hyper-
parathyroidism remain lacking. PTX was associated with a
decreased incidence of significant CVD events after surgery
in patients with secondary hyperparathyroidism [32,33].
In a study comparing the effects of PTX and cinacalcet in
secondary hyperparathyroidism, PTX decreased the risk
of new CVD events by 86% compared to cinacalcet [34].
In our study, there was no significant difference in the in-
cidence of CVD events between the two groups. Because
there are few studies comparing the rates of CVD events in
both groups undergoing treatment for tertiary hyperpara-
thyroidism, more studies are needed in the future.

Tertiary hyperparathyroidism is associated with an in-
creased risk of osteoporosis and a major risk of fractures

[8,10]. PTX and cinacalcet lower the risk of fracture in sec-
ondary hyperparathyroidism [35,36]. PTX, which was effec-
tive for controlling tertiary hyperparathyroidism, improved
BMD 12 months after surgery, whereas cinacalcet did not
[26]. In a randomized trial conducted among patients who
underwent KT, although cinacalcet improved the biochem-
ical parameters, there was no significant improvement
in BMD in the cinacalcet group compared to the placebo
group [37]. It is not yet clear whether PTX and cinacalcet
lower the fracture risk in KT patients with tertiary hyper-
parathyroidism. In our study, three patients experienced
fractures; however, there was no statistically significant
difference in the incidence of fractures between the two
groups.

This study had several limitations. First, it was a retro-
spective study conducted at a single center, which means
there is a possibility of selection bias. Second, because of its
small sample size, definitive conclusions cannot be drawn,
which is the case in many studies on tertiary hyperparathy-
roidism. Despite the large number of KTs conducted at our
medical center, we were only able to identify 83 patients
who met the selection criteria for this study over a period of
18 years. To overcome these limitations, our study included
patients with a longer follow-up duration than that found in
previously reported retrospective studies. Third, in Korea,
the use of cinacalcet in KT is not covered by insurance; thus,
a sufficient dose to normalize serum calcium and PTH may
not have been administered in some cases. Fourth, regard-
ing the BMD results, there was difficulty in deriving signifi-
cant results because the data of only very few patients were
available from both before and after treatment. For future
studies, we are currently planning to set up a protocol to
measure BMD before and after treatment.

In conclusion, PTX appears to lower PTH and calcium
levels effectively in tertiary hyperparathyroidism. However,
creatinine level and allograft rejection should be moni-
tored closely. More prospective randomized studies are
warranted to determine the appropriate first-line therapy
in patients with tertiary hyperparathyroidism based on
clinical outcomes.
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