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Abstract: Background: Secondary hyperparathyroidism (SHPT) is a common complication in uremic hemodialysis
patients, associated with disordered calcium (Ca) and phosphorus (P) metabolism. The long-term efficacy of cinacalcet
(Cin) versus calcitriol (Cal) in achieving composite control of parathyroid hormone (iPTH) and Ca x P product remains
unclear. Objectives: To compare the 12-month efficacy and safety of Cin versus Cal in treating SHPT and to explore
correlations between treatment outcomes and changes in iPTH, Ca and P. Methods: This retrospective cohort study
included SHPT patients on maintenance hemodialysis from June 2023 to June 2025. After propensity score matching
(1:1), 75 patients were assigned to each Cin or Cal group. The primary endpoint was the composite response rate (iPTH
<300 pg/mL and Ca x P <55 mg?/dL?) at 12 months. Correlation analyses assessed associations between achieving the
composite endpoint and changes in biochemical parameters. Results: At 12 months, the composite response rate was
significantly higher in the Cin group than in the Cal group (42.67% vs. 16.00%, P < 0.001). Cin produced greater
reductions in iPTH and P and lower Ca and Ca x P levels (all P < 0.05). Achieving the composite endpoint correlated
positively with greater reductions in iPTH (r = 0.453) and Ca (r = 0.463). AiPTH was moderately correlated with AP (r =
0.604, P < 0.001). Hypocalcemia was more frequent with Cin (16.00% vs. 4.00%, P=0.014), but no serious adverse
events led to treatment discontinuation. Conclusion: Cin is more effective than Cal in helping uremic hemodialysis
patients achieve composite control of iPTH and Ca x P. Therapeutic success correlates with reductions in iPTH and Ca
and iPTH decline is closely linked to improved P levels, highlighting the importance of integrated management of SHPT.
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INTRODUCTION

Secondary hyperparathyroidism (SHPT) is a prevalent
and clinically consequential complication observed in
individuals with stage 5 chronic kidney disease,
particularly those on maintenance hemodialysis. Its
prevalence is high and increases significantly with longer
dialysis duration (Chan et al., 2026; Elhadedy et al.,
2023). SHPT is not only a central component of mineral
and bone disorders but also a key independent risk factor
for cardiovascular calcification and increased all-cause
and cardiovascular mortality, imposing a heavy burden on
patient prognosis and healthcare resources (Haffner and
Leifheit-Nestler, 2021; Hiramitsu et al., 2023; Tuna et al.,
2025). The underlying pathophysiology is complex,
primarily stemming from Ca and P metabolism, skeletal
resistance to PTH and hyperplasia and hyperfunction of
the parathyroid glands themselves due to renal failure
(Dream et al., 2022; lorga et al., 2023). Effectively
controlling serum iPTH levels while managing the
balance of Ca and P metabolism is a core therapeutic goal
for improving long-term outcomes in SHPT patients
(Brandenburg and Ketteler, 2022; Magagnoli et al., 2024).

*Corresponding author: e-mail: WN943513633@hotmail.com

Current pharmacological management of SHPT primarily
targets two key pathways. On one hand, active vitamin D
and its analogs [e.g., calcitriol (Cal)] have long served as
foundational therapy by activating the vitamin D receptor
(VDR) to directly suppress PTH gene transcription and
synthesis in the parathyroid glands (Liu et al., 2024;
Shigematsu et al., 2022; Xiang et al., 2022). On the other
hand, the calcimimetic Cinacalcet (Cin) represents an
innovative agent that allosterically activates the calcium-
sensing receptor (CaSR) on parathyroid cell membranes,
directly inhibiting PTH secretion without raising serum
Ca (Alvarado et al., 2022; Gulcan-Kersin et al., 2020;
Ngamkam et al., 2021). However, their long-term impact
patterns on key biochemical parameters are fundamentally
different. While suppressing PTH, active vitamin D
enhances intestinal absorption of Ca and P, often leading
to or exacerbating hypercalcemia and hyperphosphatemia,
which may increase the risk of vascular calcification. In
contrast, Cin reduces iPTH while also lowering P and the
Ca-P product (Ca x P), though it may induce
hypocalcemia (Wang et al., 2025). Although the short-
term efficacy of both agents is well established, high-level
evidence from strictly controlled comparisons on the
more stringent composite endpoint of "achieving both
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iPTH target and controlled Ca % P" in long-term treatment
remains scarce. Furthermore, SHPT management should
not focus solely on reducing a single parameter but should
also consider the dynamic changes in key indices (iPTH,
Ca, P) during therapy and their relationship with ultimate
efficacy (Ruifang et al., 2025). Currently, few studies
investigate the correlation between the magnitude of
reductions in iPTH, Ca and P during treatment and the
final composite response rate.

To address this, this study aims to conduct a single-center,
retrospective cohort study wusing propensity score
matching (PSM) to minimize baseline confounding bias.
It systematically compares the 12-month long-term
efficacy and safety of Cin versus Cal in maintenance
hemodialysis patients with SHPT. The core focus extends
beyond assessing the difference between the two groups
in achieving the composite endpoint of "iPTH < 300
pg/mL and Ca x P <55 mg?/dL?*". It emphasizes analyzing
the correlation between the overall treatment efficacy and
the magnitude of change in iPTH, Ca and P over the 12-
month treatment period. This aims to provide more robust
and detailed evidence for optimizing long-term
pharmacological management strategies in SHPT patients
and achieving a more comprehensive risk-benefit balance.

Through a rigorously PSM-adjusted retrospective cohort
study, this research systematically compares the
comprehensive efficacy of Cin versus active vitamin D in
treating SHPT and associates treatment outcomes with the
longitudinal changes in iPTH, Ca and P. The study
provides important evidence-based insights for optimizing
long-term pharmacologic management strategies for
SHPT.

MATERIALS AND METHODS

Study design

This research constitutes a single-center, retrospective
cohort analysis. Clinical data were extracted from the
hospital's electronic medical record system for patients
who underwent maintenance hemodialysis at the blood
purification center between June 2023 and June 2025,
were diagnosed with SHPT and received treatment with
either Cin or Cal for at least 12 months. Based on the
treatment regimen, patients were categorized into the Cin
and the Cal. PSM was employed to balance baseline
differences, ultimately including 75 patients in each group
for analysis. The design and operational workflow are
illustrated in figure 1.

Ethical statement

This investigation received approval from the institutional
ethics committee of Nanjing Pukou District Hospital of
Traditional Chinese Medicine and was conducted in strict
compliance with the ethical guidelines outlined in the
Declaration of Helsinki and prevailing international
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standards for biomedical research. As this retrospective
study analyzed archived clinical data, the ethics
committee approved an exemption from informed
consent. All study data were anonymized and participants'
privacy and identity were maintained at all times.

Inclusion and exclusion criteria

Inclusion criteria: (1) Receiving regular maintenance
hemodialysis (dialysis duration > 3 months); (2) Age > 18
years; (3) Meeting the diagnostic criteria for SHPT: serum
iPTH level > 300 pg/mL; (4) Initiating treatment with Cin
or Cal as the primary therapy to lower PTH for the first
time and continuing treatment for at least 12 months; (5)
Complete clinical medical records.

Exclusion  criteria: (1) Suffering from primary
hyperparathyroidism or parathyroid cancer; (2) Having
undergone parathyroidectomy or parathyroid
interventional treatment during the study period; (3) Co-
existing with a malignant tumor or severe liver
dysfunction; (4) Pregnant or lactating; (5) Allergic to any
component of the study medication; (6) Documented
treatment interruption for more than 1 month during the
study period, as verified by monthly prescription refill
records, dialysis nursing notes and pill count assessments.
Patients with missing follow-up visits without confirmed
medication records were also excluded.

Treatment methods

Both groups received standard maintenance hemodialysis
treatment (three times per week, four hours per session),
with dietary education and the routine use of phosphate
binders (primarily Ca-based binders) (Weng et al., 2025).
The following dialysis parameters were standardized
across both groups: dialysate calcium concentration (1.5
mmol/L), polysulfone high-flux dialyzers (surface area
1.5-1.8 m?) and individualized ultrafiltration based on
interdialytic weight gain. Dialysis adequacy (Kt/V) was
monitored regularly and showed no significant difference
between groups at baseline or during follow-up.

Cin (Al-Homrany et al., 2022; Li et al., 2023): On top of
background therapy, patients received oral Cin. The initial
dose was 25 mg daily, taken after dinner or at bedtime.
Dose adjustments followed the product labeling and
clinical practice: serum iPTH and corrected Ca levels
were monitored every 2 to 4 weeks. If iPTH > 300 pg/mL
and serum Ca > 8.4 mg/dL, the daily dose could be
increased by 25 mg. If iPTH decreased to 150-300
pg/mL, the current dose was maintained. If symptomatic
hypocalcemia (Ca < 8.4 mg/dL with clinical symptoms)
or intolerable gastrointestinal side effects occurred, the
dose was reduced or temporarily discontinued as
appropriate. The maximum daily dose did not exceed 100
mg.
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Evaluated for eligibility (n=178)

Excluded (n=8)
Not meeting inclusion

v

criteria
A 4 y
Cin Group (n=83) Cal Group (n=87)
Conventional therapy plus Active vitamin D (calcitriol)
Cinacalcet shock or conventional therapy
L 2 y
Excluded (n=8) Excluded (n=12)
Propensity score matching 1:1 Propensity score matching 1:1
nearest neighbor matching nearest neighbor matching
method method
A 4 A 4
Cin Group (n=75) Cal Group (n=75)

Analysed

Primary outcomes:

Rate of achieving the composite endpoint at 12 months.
Secondary outcomes :

Serum iPTH levels at 3, 6, and 12 months.

Serum Calcium levels at 3, 6, and 12 months.

Serum Phosphorus levels at 3, 6, and 12 months.
Calcium-Phosphorus product at 3, 6, and 12 months.
Singular endpoint achievement rates: iPTH and CaxP.
Safety analysis.

Correlation analysis.

QPOEWE®

Fig. 1: Research flowchart.

Note: A total of 178 patients with uremic hemodialysis and secondary hyperparathyroidism (SHPT) were initially
screened. After applying exclusion criteria (primary hyperparathyroidism or parathyroid cancer, n = 2;
parathyroidectomy or interventional treatment during study period, n = 3; malignancy or severe liver dysfunction, n = 1;
missing follow-up or treatment interruption >1 month, n = 2), 170 patients were included and divided into the Cin (n =
83) and the Cal (n = 87). Propensity score matching (1:1 nearest-neighbor matching, caliper width = 0.2 SD of the
propensity score) was performed to balance baseline characteristics, resulting in 75 patients in each group for final
analysis.
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Cal (Cardoso et al., 2023; Shen et al., 2023) (control
group): Active vitamin D (Cal) was the primary iPTH-
lowering therapy. Dosing was individualized based on the
patient's iPTH level and serum Ca. For patients with
markedly elevated iPTH (usually > 600 pg/mL), oral Cal
was given at 1.0-2.0 pg per dose, 2-3 times per week; or
intravenous Cal was administered at 1.0-2.0 pg per dose
at the end of each dialysis session. When iPTH decreased
to near the target range, a "conventional maintenance"
regimen was adopted, consisting of oral Cal 0.25-0.5 pg.
In the matched cohort (n=75), 51 patients (68.0%)
received oral Cal and 24 (32.0%) received intravenous
Cal. Ca and P levels were closely monitored. If
hypercalcemia or hyperphosphatemia occurred, the Cal
dose was reduced or withheld and P-lowering therapy was
intensified.

During the 12-month treatment period, the mean
maintenance dose of Cin was 44.67 = 15.32 mg/day
(range: 25-100 mg/day). For Cal, the mean maintenance
dose was 1.12 = 0.54 pg per session (range: 0.25-2.0
pg/session, three times weekly). Standardized treatment
was continued for 12 consecutive months. Throughout the
study, all relevant medication adjustments (e.g., type or
dose of phosphate binders, dose of Cin or Cal) were made
by the same team of specialists according to the
established protocol and patient response and were fully
documented in the medical records.

Assessment measures

Data for all measures were collected retrospectively by
reviewing the hospital's electronic medical records,
associated communication logs [which contained detailed
records of medication dose adjustments, patient-reported
adverse events (e.g., gastrointestinal symptoms,
hypocalcemia) and dietary or adherence counseling] and
standardized nursing documentation.

Baseline data

Patient demographic data (age, gender, body mass index),
dialysis characteristics (primary etiology, dialysis
vintage), comorbidities (diabetes, cardiovascular disease,
history of prior fractures), concomitant medications (use
of Ca-based phosphate binders) and baseline laboratory
parameters—including hemoglobin, serum albumin and
serum ferritin—were collected. All baseline data were
sourced from the initial medical records and archived test
reports from before the start of treatment.

Efficacy and safety indicators

(D) Primary efficacy indicator: The composite
response rate at 12 months of treatment, defined as the
simultaneous fulfillment of: (1) iPTH < 300 pg/mL; (2)
Ca x P < 55 mg¥dL? These thresholds were selected
based on the KDIGO 2017 Clinical Practice Guideline for
the Diagnosis, Evaluation, Prevention and Treatment of
Chronic Kidney Disease—Mineral and Bone Disorder
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(CKD-MBD), which recommends an iPTH target of 2 to
9 times the upper normal limit for patients on dialysis
(with 300 pg/mL representing a commonly adopted upper
bound) and a CaxP product < 55 mg?dL? to reduce
vascular calcification risk(Group, 2017).

2) Secondary efficacy indicators: (1) iPTH, Ca, P
and Ca x P levels at baseline, 3, 6 and 12 months. (2) The
individual response rates at 12 months for iPTH < 300
pg/mL and for Ca x P <55 mg?/dL>.

3) Safety indicators: Adverse events occurring
during the treatment period were recorded, including
nausea, vomiting, upper respiratory tract infections,
dizziness/headache, cardiovascular events, etc.

@) Correlation analysis indicators: The analysis
examined the correlation between achieving the
composite outcome at 12 months and the magnitude of
change (A values) from baseline to 12 months for the
following parameters: iPTH, Ca and P.

Sample size calculation

Based on preliminary experiments and literature data(Platt
et al., 2024), the estimated composite response rate at 12
months was approximately 16% for the Cal and 42% for
the Cin, with a = 0.05 (two-sided) and B = 0.10 (90%
power), the minimum required sample size per group was
calculated using PASS 15.0 software to be 68 cases.
Accounting for potential attrition during the matching
process, the sample size was increased by approximately
10%, resulting in a planned enrollment of 75 cases per

group.

Statistical analysis

Statistical analysis was conducted with SPSS 26.0. The
Shapiro-Wilk test evaluated normality, while Levene's test
assessed homogeneity of variance. Normally distributed
continuous data are reported as mean + SD and compared
via independent t-tests. Categorical data are shown as
number (%) and compared with chi-square or Fisher’s
exact tests, as appropriate. PSM was performed on
baseline variables that could potentially influence efficacy
or adherence, including age, sex, body mass index,
dialysis  vintage, primary etiology, diabetes,
cardiovascular disease, history of prior fractures, use of
calcium-based phosphate binders, hemoglobin, serum
albumin, serum ferritin and baseline iPTH. The matching
was performed using a logistic regression model with a
caliper width of 0.2 of the standard deviation of the
propensity score, applying 1:1 nearest-neighbor matching
without replacement. Repeated-measures analysis of
variance (ANOVA) was used to compare changes in
biochemical parameters over time (baseline, 3, 6 and 12
months) between the two groups, as the data met the
assumptions of sphericity and normality. For missing
data, complete-case analysis was used given the low
proportion (<5%). Effect sizes are reported as partial n2.
Post hoc multiple comparisons were adjusted using the
Bonferroni method to control the Type I error rate.
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Recurrence rates between groups were compared using
the chi-square test. Correlation analyses were conducted
using Pearson or point-biserial correlation. All analyses
were two-tailed, with statistical significance defined as P
<0.05.

RESULTS

Comparison of baseline characteristics

This study initially included a total of 178 patients. After
exclusions, 170 patients were included and divided into
the Cin and the Cal. Following PSM, 75 cases were
included in each group. As shown in table 1, before
matching, a significant imbalance existed between the Cin
and the Cal regarding dialysis vintage (P < 0.001). After
matching, all characteristics were balanced (P > 0.05).
Specifically, there were no statistically significant
differences between the two groups in terms of age (P =
0.801), gender distribution (P = 0.624), body mass index
(P = 0.879), distribution of primary etiology (P = 0.964),
prevalence of comorbidities such as diabetes (P = 0.726)
and cardiovascular disease (P = 0.697), usage rate of Ca-
based phosphate binders (P = 0.675), or key laboratory
indicators including hemoglobin (P = 0.785), serum
albumin (P = 0.936) and serum ferritin (P = 0.746). These
results indicate that PSM effectively balanced baseline
characteristics across groups, providing a comparable
basis for subsequent efficacy and safety comparisons.

Changes in serum iPTH levels

Changes in iPTH levels before and after treatment in both
groups are presented in table 2. A significant main effect
of time was observed (F'= 154.762, P <0.001), indicating
that iPTH levels decreased significantly over the
treatment period in both groups. The main effect of group
(F=1714.919, P <0.001) and the group x time interaction
(F=18.394, P <0.001) were also significant, suggesting
differences in both the overall iPTH levels and their
patterns of reduction between the two groups. Intergroup
comparisons revealed no statistically significant
difference in baseline iPTH levels between the groups (¢ =
-0.251, P = 0.802). Starting from the third month of
treatment, iPTH levels in the Cin were already
significantly lower than those in the Cal (¢ = -7.530, P <
0.001). This advantage became more pronounced at 6 and
12 months (both P < 0.001). These results indicate that
Cin demonstrates a faster onset and stronger effect in
reducing iPTH and its efficacy advantage continues to
increase over the course of treatment.

Changes in serum Ca levels

In table 3, significant main effects of time (F = 58.838, P
< 0.001) and group (F = 20.784, P < 0.001), along with a
significant interaction effect (F = 8.931, P < 0.001).
Between-group comparisons showed no difference in
baseline Ca levels (¢ = -1.192, P = 0.234). By the third
month of treatment, Ca in the Cin was already lower than

that in the Cal (t = -6.794, P < 0.001) and this difference
persisted at 6 and 12 months (all P < 0.05). At the 12-
month mark, Ca in the Cin remained lower than those in
the Cal (¢t = -2.446, P = 0.016). These results indicate that
Cin exerts a clear Ca-lowering effect, while Cal treatment
is associated with higher serum Ca.

Changes in serum P levels

In table 4, repeated measures analysis of variance
indicated significant main effects of time (' = 29.305, P <
0.001) and group (F = 13.092, P < 0.001), as well as a
significant interaction effect (F = 2.957, P = 0.032).
Between-group comparisons showed no difference in
baseline P levels (¢ = -0.370, P = 0.712). At the 3-, 6- and
12-month treatment time points, P in the Cin group was
consistently lower than that in the Cal group (all P <
0.01). These findings demonstrate that Cin is more
effective in lowering serum P, providing a clear advantage
in improving hyperphosphatemia in SHPT patients.

Changes in Ca x P

The changes in Ca x P for the two patient groups are
detailed in table 5. Repeated-measures analysis of
variance showed significant main effects of time (F =
62.469, P < 0.001) and group (F = 22.759, P < 0.001),
along with a significant interaction (F = 7.787, P <
0.001). Between-group comparisons indicated no
difference in baseline Ca x P (¢ = -0.453, P = 0.651).
Starting from the third month of treatment, Ca x P in the
Cin was significantly lower than that in the Cal (all P <
0.001). At the 12-month treatment point, Ca x P in the Cin
remained lower than that in the Cal (¢ = -2.918, P =
0.004). These results suggest that Cin reduces Ca x P
earlier and more effectively, which is crucial for lowering
the risk of vascular calcification.

Response rate for the primary efficacy endpoint

The achievement of the primary efficacy endpoint at 12
months of treatment is shown in table 6. In the Cin, 53
patients (70.67%) met the individual criterion of iPTH <
300 pg/mL, which was significantly higher than in the
Cal, where 23 patients (30.67%) met the Criterion (y*> =
24.004, P < 0.001). Regarding the individual response
rate for Ca x P < 55 mg?dL? the rates were 64.00%
(48/75) and 65.33% (49/75) for the two groups,
respectively, with no significant difference (> = 0.029, P
= 0.864). However, for the composite response rate of
simultaneously achieving iPTH < 300 pg/mL and Ca x P
< 55 mg?dL? the Cin was higher than the Cal, with a
highly significant difference (> = 12.864, P < 0.001).
These results clearly demonstrate that, compared to Cal,
Cin significantly improves the rate of achieving dual
control of PTH and Ca-P metabolism in SHPT patients,
with its key advantage being superior iPTH control.
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Table 1: Comparison of baseline characteristics before and after PSM.
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Before PSM After PSM
Characteristic Cin Cal , Cin Cal 5
n=83) (m=87) X P (=75 (n=75) e P
Demographics and
dialysis characteristics
56.12 £ 58.89 + 57.33 ¢
A =+, -
ge (s, years) 10.87 11.34 1625 0.106 |7 56.89+11.07  0.253  0.801
43 46 41
V)
Male (n, %) (51.81) (52.87) 0.019 0.889 (54.67) 38 (50.67) 0.241 0.624
BMI (=+ ; ke/ 2 23.15+ 23.78 + ) 23.45 + -
(s, kg/m?) 350 381 L118 0265 75 23.53+3.29 o153 0879
Dialysis vintage (3+s, 5.62+ 4.65+ < 516+
years) 501 141 3.656 0.001 134 4.89+1.17 1.301 0.195
Primary etiology (n, %) 0.135 0.987 1.000 0.964
Chronic 41 43 35
glomerulonephritis (49.40) (49.43) (46.67) 36 (48.00)
Diabetic nephropath 29 29 27 26 (34.67)
tabetic nepiropatiy (34.94)  (33.33) (36.00) :
Hypertensive nephropath 10 12 10 11 (14.67)
YPETIEnsIve Neparopaity 12,05y (13.79) (13.33) :
Others 3 (3.61) 3(3.45) 3(4.00) 2(2.67)
Comorbidities and
medical history (n, %)
. 32 26 25
Diabetes (38.55) (29.89) 1.420 0.233 (33.33) 23 (30.67) 0.123  0.726
. . 19 21 18
Cardiovascular disease (22.89) (24.14) 0.037 0.848 (24.00) 16 (21.33) 0.152  0.697
History of prior fractures 7 (8.43) 5(5.75) 0.467 0.494 6 (8.00) 5(6.67) 0.098 0.754
Concomitant medications
(n, %)
Use of Ca-based 71 69 62
phosphate binders (85.54) (79.31) 1133 0.287 (82.67) 60 (80.00) 0.176 ~ 0.675
Baseline laboratory
parameters
. 106.89+ 107.95+ 106.76 + -
H lobin (=ts, g/L -
emoglobin (s, g/L) 14.12 13.45 0.501  0.617 {379 107331255 .. 0.785
. 37.89+ 3847+ 3831+
S b —£s, g/L -
erum albumin (s, g/L) " 4.05 0.913 0362 350 3825+£4.11  0.081 0.936
e 208.34+  285.67 + 28523+ 28745+ -
S tin (s, ug/L
erum ferritin (s ng/l) - yo 78 agon 1724 0087 33 4167 0325 0746
Table 2: Comparison of serum iPTH levels (pg/mL).
Time Cin (n =75) Cal (n=75) t P
Baseline 605.41 £78.32 608.57 = 75.87 -0.251 0.802
Month 3 330.28 £67.94 415.36 £ 70.41 -7.530 <0.001
Month 6 265.19 +£58.46 37836 £61.17 -11.584 <0.001
Month 12 247.44 + 60.04 316.85+57.58 -7.226 <0.001
Main effect of group F=714.919, P<0.001,n*>=0.728
Main effect of time F=154.762, P<0.001, n>=0.053
Interaction effect time X group F=18.394,P<0.001,71>*=0.019
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Table 3: Comparison of serum Ca levels (mg/dL).

Time Cin (n=175) Cal (n=75) t P
Baseline 9.98 £0.95 10.04 £ 0.92 -1.192 0.234
Month 3 9.25+0.87 10.32 £ 1.06 -6.794 <0.001
Month 6 9.08 £0.77 9.89 +0.94 -5.705 <0.001
Month 12 9.04+0.96 9.41+0.88 -2.446 0.016
Main effect of group F=20.784, P<0.001,n1>=0.084
Main effect of time F=158.838, P<0.001,n?=0.080
Interaction effect time X group F=8.931, P<0.001,1>=0.036

Table 4: Comparison of serum P levels (mg/dL).
Time Cin (n=175) Cal (n=75) t P
Baseline 5.82+£0.97 5.87+0.98 -0.370 0.712
Month 3 5.06+0.92 5.65+1.04 -3.692 <0.001
Month 6 4.87+0.85 5.52+1.01 -4.301 <0.001
Month 12 5.13+0.94 5.54+0.97 -2.666 0.009
Main effect of group F=13.092, P<0.001,n>=0.059

Main effect of time F=29.305,P<0.001,n*=0.044

Interaction effect time x group F=20957,P=0.032,n*=0.013

Table 5: Comparison of serum Ca x P (mg”/dL?*).
Time Cin (n=175) Cal (n=175) t P
Baseline 58.04 +11.53 58.86 £ 10.64 -0.453 0.651
Month 3 46.83 £9.94 58.31+12.24 -6.304 <0.001
Month 6 4422 +8.62 54.71 £11.50 -6.303 <0.001
Month 12 46.86 + 11.65 52.11+10.34 -2.918 0.004
Main effect of group F=22759,P<0.001,n*>=0.092
Main effect of time F=62.469, P<0.001,1>*=0.084
Interaction effect time X group F=17.787, P <0.001,0>=0.031

Table 6: Comparison of primary efficacy endpoint achievement [n (%)].
Indicator Cin (n=175) Cal (n=175) X’ P
iPTH < 300 pg/mL 53 (70.67) 23 (30.67) 24.004 <0.001
Ca x P <55 mg?/dL? 48 (64.00) 49 (65.33) 0.029 0.864
Composite response rate 32 (42.67) 12 (16.00) 12.864 <0.001

Safety analysis

Regarding safety, the two treatment regimens exhibited
similar profiles of adverse events. As shown in table 7,
there were no statistically significant differences between
the Cin and the Cal in the incidence of nausea (P =
0.440), vomiting (P = 0.513), upper respiratory tract
infection (P = 0.675), dizziness/headache (P = 0.575), or
cardiovascular events (P = 0.547). Notably, hypocalcemia
occurred in 12 patients (16.00%) in the Cin group,
compared with 3 patients (4.00%) in the Cal group (P =
0.014). All recovered after calcium supplementation and
dose adjustment. No patient in the Cal group required
treatment modification for hypocalcemia. All adverse
events were managed symptomatically or resolved
spontaneously and none led to treatment discontinuation.
These results suggest that over the 12-month treatment
period, the overall safety and tolerability profiles of Cin
and Cal are comparable.

Correlation analysis

The correlation analysis between achieving the composite
endpoint at 12 months and the changes in various
parameters from baseline to 12 months is presented in
table 8. Achieving the composite endpoint showed a
significant positive correlation with AiPTH (» = 0.453, P
< 0.001) and a significant positive correlation with ACa (r
= 0.463, P < 0.001). It also showed a positive correlation
with AP ( = 0.203, P = 0.013). Furthermore, there were
significant positive correlations among changes in these
parameters. Specifically, AiPTH demonstrated moderate
positive correlations with both ACa (r = 0.644, P < 0.001)
and AP (r = 0.604, P < 0.001). Similarly, ACa and AP
showed a moderate positive correlation with each other (r
=0.624, P <0.001).
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Table 7: Comparison of adverse between the two groups [n (%)].

Adverse events Cin (n=175) Cal (n=75) e P

Nausea 10 (13.33) 7(9.33) 0.597 0.440
Vomiting 6 (8.00) 4(5.33) 0.429 0.513
Upper respiratory tract infection 13 (17.33) 15 (20.00) 0.176 0.675
Dizziness/headache 8 (10.67) 6 (8.00) 0.315 0.575
Cardiovascular events 5(6.67) 7(9.33) 0.362 0.547
Hypocalcemia 12 (16.00) 3 (4.00) 6.000 0.014

Table 8: Correlations between composite endpoint achievement and changes in parameters.

Indicator Composite endpoint achievement AiPTH ACa AP
Composite endpoint achievement 1 0.453** 0.463** 0.203*
AiPTH 1 0.644%* 0.604**
ACa 1 0.624%**
AP 1

Note: *P < 0.05, **P < 0.001.

These results indicate that a significant reduction in both
iPTH and Ca levels is a key factor associated with
achieving the  composite  treatment  endpoint.
Concurrently, the magnitude of iPTH reduction is closely
linked to the degree of improvement in both Ca and P
levels and the changes in Ca and P exhibit a synergistic
relationship. This collectively underscores the importance
of integrated intervention in the management of SHPT.

DISCUSSION

This PSM-based retrospective cohort study systematically
compared the 12-month efficacy and safety of Cin versus
Cal in treating SHPT among MHD patients. The core
finding is that Cin achieves a significantly higher
composite response rate in dual control of iPTH and Ca x
P than Cal, with the advantage primarily reflected in more
effective iPTH control. Furthermore, achieving the
composite  endpoint shows  significant  positive
correlations with AiIPTH and ACa and AiPTH is closely
associated with AP. These findings provide important data
to support precise clinical management of SHPT and the
optimization of treatment strategies.

While the statistical differences in Ca and P between the
two groups reached significance, the clinical implications
of these absolute differences warrant careful
interpretation. In this study, the mean serum Ca difference
between groups at 12 months was approximately 0.37
mg/dL and the mean serum P difference was
approximately 0.41 mg/dL. Whether such modest
biochemical changes translate into meaningful long-term
clinical benefits—such as reduced progression of vascular
calcification, cardiovascular events, or mortality—cannot
be directly inferred from the data presented. Previous
studies suggest that larger reductions in Ca X P may be
required to alter hard outcomes significantly. Therefore,
the findings should be interpreted primarily as evidence of
biochemical efficacy rather than definitive proof of long-
term clinical benefit.

The findings demonstrate that the composite response rate
at 12 months in the Cin was 2.67 times that in the Cal, a
difference of significant clinical and statistical
importance. Analysis suggests this advantage is primarily
attributable to Cin's superior efficacy in reducing iPTH
levels (Nakamura et al., 2021). Starting from the third
treatment month, iPTH concentrations in the Cin were
already markedly lower than in the Cal and this advantage
continued to increase over time. This is closely related to
Cin's unique pharmacological mechanism, which directly
activates the CaSR (Chavez-Abiega et al., 2020; Fung et
al., 2023; Okada et al., 2025). The CaSR serves as a
critical "sensor" regulating PTH secretion. By mimicking
a high-Ca state to activate this receptor continuously, Cin
potently and directly suppresses PTH synthesis and
secretion. This mechanism is particularly advantageous
for patients with severe SHPT who have developed
resistance to vitamin D therapy(Goodman et al., 2022;
Liu et al., 2022; Nakai et al., 2024). In contrast, Cal acts
through the VDR pathway and its PTH-lowering effect
may be limited by VDR downregulation and the risk of
inducing hypercalcemia.

At the level of Ca and P metabolism, this study clearly
reveals distinct metabolic patterns between the two
groups, which influenced the achievement of the
composite endpoint. The Cin demonstrated a more
desirable profile of "reducing P with moderate Ca
reduction." The effect on lowering P is partly attributable
to the indirect improvement in bone P release and renal P
excretion following the decrease in PTH and may also be
related to its direct pharmacological action (Koiwa et al.,
2021; Sun et al., 2020). Meanwhile, the moderate
reduction in Ca induced by Cin, while requiring clinical
monitoring and management, avoids hypercalcemia and
creates favorable conditions for controlling Ca x P (Alpay
and Yildiz, 2023; Eddington ef al., 2021). In contrast, Cal
significantly increased Ca levels while suppressing PTH
and exhibited limited ability to control P, resulting in a
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smaller improvement in Ca x P and ultimately making it
difficult to simultaneously meet the dual criteria for both
iPTH and Ca x P control. This finding highlights that in
the management of SHPT, solely focusing on PTH
reduction while neglecting its concomitant effects on Ca
and P metabolism may lead to a deviation from
therapeutic goals.

Correlation analysis provides statistical support for the
mechanisms described above. The significant positive
correlations between achieving the composite endpoint
and both AiIPTH and ACa suggest that substantial
reductions in iPTH and Ca during treatment may
represent a key pathway to therapeutic success (Guo et
al., 2025). Furthermore, the moderate positive correlation
between AIPTH and AP reasonably reflects the central
regulatory role of PTH in P metabolism and explains the
superior P-lowering performance observed in the Cin
(Warady et al., 2020). The positive correlation between
ACa and AP likely indicates coordinated changes within
the Ca-P metabolic system under pharmacological
intervention.

In terms of safety, the two groups exhibited adverse event
profiles with distinct characteristics but overall
comparable incidence rates, consistent with the known
properties of each drug. The gastrointestinal reactions and
risk of hypocalcemia observed in the Cin highlight the
clinical need to initiate treatment at a low dose, administer
with meals, closely monitor serum Ca levels and promptly
supplement with Ca and vitamin D as necessary (Ni et al.,
2023). The hypercalcemia risk associated with the Cal
necessitates more frequent Ca monitoring and flexible
dose adjustments (Pan et al., 2025). The absence of
significant differences in serious adverse events between
the groups indicates that, with standardized management,
both regimens provide a foundation for safe long-term
application.

Several limitations are present in this investigation. First,
despite the use of PSM to balance observed confounders,
the retrospective single-center design still carries a risk of
residual confounding due to unmeasured or unknown
variables (e.g., dietary phosphate intake, medication
adherence, socioeconomic status), as well as potential
selection bias. Second, medication doses were adjusted
individually rather than fixed, which may introduce
variability in efficacy comparisons. Third, the Cal
included both oral (68.0%) and intravenous (32.0%)
regimens with different dosing schedules; intravenous Cal
may provide more potent PTH suppression but also a
higher risk of hypercalcemia, potentially affecting the
composite endpoint and complicating direct comparisons
with Cin. Fourth, the study primarily focused on
biochemical outcomes. Future research could draw on
study models, such as those examining the relationship
between sleep quality and anemia treatment, to further
explore whether biochemical improvements achieved

with Cin translate into enhanced patient-reported
outcomes—such as sleep quality, pruritus symptoms and
fatigue levels (Elif and Cihan, 2025).

CONCLUSION

In summary, during the 12-month treatment period, Cin
demonstrated greater efficacy than Cal in helping
hemodialysis patients with uremic SHPT achieve dual
control of both iPTH and Ca x P. The ultimate therapeutic
success was correlated with AiPTH, ACa and AP. These
findings suggest that when formulating pharmacologic
strategies for SHPT, consideration should be given to
selecting regimens that synergistically improve iPTH and
Ca-P metabolism, with personalized adjustments based on
the patient's specific biochemical changes and tolerance,
so as to explore more effective long-term management
pathways.
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