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GRAPHICAL ABSTRACT

Intravenous sodium thiosulphate treatment for vascular calcification
of hemodialysis patients—a systematic review and meta-analysis

Vascular calcification is common in patients with chronic kidney disease (CKD) and indicative of poor cardiovascular

chkground outcomes. Sodium thiosulfate, used in calciphylaxis, may ameliorate vascular calcification. Evaluation and safety
profile of sodium thiosulfate (STS) in treating vascular calcification among dialysis patients.
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Intravenous STS may attenuate the progression of vascular calcification and arterial stiffness in

Eanclusica hemodialysis patients. Large and well-designed randomized controlled trials are warranted.
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KEY LEARNING POINTS

What is already known about this subject?
consequences and a shorter lifetime.

What this study adds?

to be caused by STS.

What impact this may have on practice or policy?

o Vascular calcification (VC) is widely prevalent in patients with chronic kidney disease and indicative of poor cardiovascular

o There is a dearth of treatment that can reverse or stabilize the progression of VC.

o This systemic review and meta-analysis found that intravenous sodium thiosulphate (STS) may reduce the progression of
VC and help ameliorate arterial stiffness in hemodialysis patients.

o Gastrointestinal symptoms (e.g. nausea) and increased anion gap acidosis were noted in the trials included, but no
prolonged adverse effect was noted after the completion of STS therapy. No change in bone mineral density was found

o A lack of large and well-conducted randomized control trials (RCTs) was noted.

« Our findings may prompt the use of intravenous STS in treating VC among hemodialysis patients. Clinicians should be
cautious in adverse effects monitoring due to the paucity of evidence in the area.
o RCTs with larger populations and higher quality should be conducted in the future.

ABSTRACT

Background. Vascular calcification (VC) is a common
comorbidity among patients with chronic kidney disease
(CKD), indicating major cardiovascular events. This study
aimed to evaluate the effects and safety of intravenous sodium
thiosulphate (STS) for VC in CKD patients.

Methods. Electronic databases were searched for clinical
trials that provided data comparing outcomes among patients
treated with and without STS. The PRISMA guidelines were
followed. Efficacy was assessed using calcification scores and
arterial stiffness. Safety was examined by analyzing adverse
symptoms, electrolytes and bone mineral density (BMD).
Random-effects models were performed. Meta-regression and
sensitivity analysis were done. The risk of bias was assessed
using the Cochrane tools.

Results. Among the 5601 publications, 6 studies involving
305 participants (mean age: 56 years, male: 56.6%) with
all participants on maintenance hemodialysis met eligibility
criteria. For efficacy, the progression in Agatston scores in
the coronary arteries [107 patients, mean difference (MD):
—241.27, 95% confidence interval (95% CI): —421.50 to
—61.03] and iliac arteries (55 patients, MD: —382.00, 95%
CIL: —751.07 to —12.93) was lower in the STS treated group
compared with controls. The increase in pulse wave velocity
was lower in the STS group (104 patients, MD: —1.29 m/s, 95%
CI: —2.24 to —0.34 m/s). No association was found between
the change in calcification scores and STS regimen. For safety,
gastrointestinal symptoms (e.g. nausea) and increased anion
gap acidosis were noted. No reduction in BMD by STS was
observed.

Conclusions. Intravenous STS may attenuate the progression
of VC and arterial stiffness in hemodialysis patients. Large and
well-designed randomized controlled trials are warranted.

Keywords: arterial stiffness, bone mineral density, chronic
kidney disease, sodium thiosulphate, vascular calcification
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INTRODUCTION

Vascular calcification (VC) is a strong indicator of stroke,
myocardial infarction and cardiovascular (CV) mortality [1,
2]. The incidence of VC in patients with chronic kidney disease
(CKD) is 2- to 5-fold that of the age-matched non-CKD
population [3]. Inflammation, calcium-phosphate disturbance
and uremic toxins could catalyze transformation from vascular
smooth muscle cells and adventitial cells to osteoblast-like
cells, which eventually results in VC [4]. VC can affect all levels
of arteries, valves and heart structures but mainly indicates
calcification in macrovascular circulation, primarily consisting
of large- and medium-sized arteries (e.g. aorta, coronary artery
and iliac artery).

In recent years, several calcification scores [e.g. Kauppila
index, Agatston score, calcium volume score (CVS), etc.]
have been linked to CV risks. For instance, coronary artery
calcification (CAC) score is independently associated with CV
consequences (heart failure, sudden cardiac death, stroke, etc.)
in the general population, while abdominal aortic calcification
score (AACS) has comparable values in patients treated with
hemodialysis (HD) [5, 6]. However, there is a dearth of
studies examining the reversal or stabilization of VC for CKD
patients.

Sodium thiosulphate (STS) presents a plausible option for
CKD patients with VC [7]. It was suggested as a potential
treatment for calciphylaxis (featured calcification in subcuta-
neous arterioles and small vessels) in 2004 in a case report and
was shown to prevent macrovascular calcification in uremic
rats in 2008 [8, 9]. Since 2010, it has been generalized to and
tested in patients with VC [10, 11]. STS has been posited
to chelate calcium deposits into soluble calcium thiosulphate
complexes and has vasodilatory and antioxidant activities
[12]. However, severe side effects related to STS treatment
have been reported anecdotally in some studies, including
severe metabolic acidosis and bone mineral density (BMD)
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reduction, given its potential role in inhibiting hydroxyapatite
formation [13, 14].

We performed a systematic review and meta-analysis to
evaluate the efficacy and safety of ST'S for VC in CKD patients.

MATERIALS AND METHODS

We followed the “Preferred reporting items for systematic
reviews and meta-analyses (PRISMA)” guidelines and the
recommendations of the Cochrane collaboration to conduct
this systematic review and meta-analysis. The protocol was
registered and published on PROSPERO (CRD42021235860).

Eligibility criteria

We searched for clinical trials that met the following
criteria: (i) included adult patients (>18 years old) diagnosed
with CKD (defined as either kidney damage or a decreased
glomerular filtration rate of <60 mL/min/1.73 m? for at least
3 months [15]); (ii) having VC in macrovascular circulation
(e.g. coronary artery, iliac artery and aorta) as the main com-
plication studied and the primary indication for STS treatment;
and (iii) included both the patients treated with and without
intravenous ST'S to provide a comparison between intervention
and control groups. Studies were excluded if (i) they reported
outcomes only from non-intravenous administration of STS
(e.g. oral, intra-peritoneal, intra-lesional, etc.) or (ii) the data
among CKD patients could not be extracted from the study.

Data sources and search strategy

MEDLINE/PubMed, EMBASE, Cochrane Library, Web of
Science and ClinicalTrials.gov were searched using relevant
terms and synonyms including “sodium thiosulphate” and
“calci*” without language restriction. The controlled vocab-
ulary terms, synonyms and the complete search strategy are
listed in Supplementary data, Tables S1 and S2. We contacted
the authors of eligible articles to retrieve missing data. Our data
search included studies published before the end of August
2021.

Study selection and data collection process

Two authors (WW. and IP.-C.) screened the records
independently using Endnote X20 to identify eligible studies.
From the eligible studies, data were independently extracted
by two authors (W.W. and L.P-C.) regarding characteristics
of studies (e.g. trial design, randomization, blinding, etc.),
participants (e.g. population, age, gender, sample size, etc.),
intervention and outcome measures. Discrepancies among
the reviewers were rechecked by a third author (S.UN.) and
discussed to obtain a consensus.

Risk-of-bias assessment

For the studies included, risk of bias was assessed using
Cochrane tools. The risk of bias in the randomized control
trials (RCTs) was evaluated using “Revised Cochrane risk-of-
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bias tool for randomized trials (RoB 2) [16]”. The risk of bias
in the non-RCTs was assessed using “Risk of bias in non-
randomized studies of interventions (ROBINS-I) [17]”. Two
authors (W.W. and L.P.-C.) independently graded the risk of
bias in the studies and consulted the third author (S.U.N.) when
discrepancies arose.

Outcomes

Targeted outcomes regarding VC were collected and ana-
lyzed. For efficacy assessment, calcification scores (Agatston
score, CVS and Kauppila index) and arterial stiffness mea-
surements [pulse wave velocity (PWV) and cardio-ankle
vascular index (CAVI)] were examined. For safety assessment,
adverse symptoms, chronic kidney disease-mineral and bone
disorder (CKD-MBD) parameters [calcium, phosphate, intact
parathyroid hormone (iPTH) and 25-hydroxyvitamin Dj
(25(OH)VitDs)], electrolytes and BMD were studied.

Data synthesis

The results were tabulated and synthesized quantitatively by
performing the random-effects model. Mean difference (MD)
and standard deviation (SD) of continuous variables (e.g. Agat-
ston score, CVS, PWYV, CAVI], electrolytes, etc.) were calculated
and synthesized to compute a weighted MD [18]. Hedge’s g
as the standard mean difference was used when analyzing
data from different measurements. All pooled estimates with
their 95% confidence intervals (Cls) were displayed. Subgroup
analyses regarding different locations of VC and BMD, as well
as laboratory tests at different time points, were performed. In
each subgroup analysis, difference among the group-specific
overall effect size was examined using the Q, test. A sensitivity
analysis was performed to test the influence of the statistical
model, effect measurements and main outcomes in our study.
Meta-regression was performed to examine the impact of
dose and duration of STS administration and publication
year on VC measurements. Egger’s test was used to measure
publication bias. Heterogeneity was assessed using the I test.
An P index >50% indicates obvious to high heterogeneity.
Stata IC 16 was used for statistical analyses.

RESULTS
Description of the included studies

In total, 5601 publications were retrieved from the targeted
databases among which 514 full-texts were screened. Six
studies [19-24] (five RCTs and one non-randomized trial)
involving 305 participants (mean age: 56 years, male: 56.6%)
met our eligibility criteria. The detailed flow diagram of
literature search and screening is listed in Fig. 1.

Characteristics of the six clinical trials, including popu-
lation, age, gender, dialysis vintage, complicated disease, lab
results and medications, are summarized in Table 1 and
Supplementary data, Table S3. The six trials [19-24] were all
focused on patients treated with HD. None of the patients
had complicated calciphylaxis. The STS dosage ranged from
5 to 25 g, during or after dialysis, and was administrated
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FIGURE 1: Flow chart of study inclusion.

2-3 times a week. Treatment duration ranged from 3 to
12 months. Medications were documented in five of the six
studies. Notably, patients in the five trials only received active
vitamin D and calcium-based phosphate binders for iPTH and
phosphate control.

Efficacy of intravenous STS among CKD patients

Calcification scores. Comparisons of the calcification
scores were categorized into subgroups according to the
location of their involvement (aorta, coronary artery and iliac
artery). Both the post-interventional level and the change
of calcification scores from four trials [19, 21, 23, 24] were
analyzed (Fig. 2). As displayed in Fig. 2B, the progression
of Agatston score for coronary artery (107 patients, MD:
—241.27, 95% CI: —421.50 to —61.03) and iliac artery (55
patients, MD: —382, 95% CI: —751.07 to —12.93) was lower in
the STS group compared with the control group, whereas the
change of Agatston score for aorta did not show a difference
between the two groups (55 patients, MD: —108, 95% CI:
—491.30 to 275.30). No difference between the two groups was
found in each subgroup for the post-interventional Agatston
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Cochrane Library
(n=35)
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(n=4196) (n=3)

Records identified through
electronic database searching
(n=5601)
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Records excluded by
titles and abstracts
(n=4672)

Studies eligible
(n=514)

Excluded with reasons (n=508):
« Single case reports = 353

» Without targeted population = 73
* Reviews =48

» Without final results = 12

» CKD diagnosis not specified = 2
» Without targeted age group = 1

» Microvascular calcification = 19

Final included in meta-analysis
(n=6)

score, the post-interventional CVS and the change of CVS
(shown in Fig. 2A, C and D, respectively). Meanwhile, no
group difference was noticed among the overall effect sizes in
subgroup analysis for all the four endpoints (P > .05) (Fig. 2A-
D).

After Messa et al. [20], which utilized the Kauppila
index to evaluate aortic calcification, was added to the
meta-analysis using Hedges g function, no difference
was noted between the STS group and the control group
(Supplementary data, Fig. S1). In meta-regression analyses,
no correlation was found between the assessed characteristics
of STS therapy and change in calcification scores
(Agatston score and CVS) (P > .05) (Supplementary data,
Table S4).

Arterial stiffness. Two RCTs [22, 23] studied the effect of
STS on arterial stiffness. As shown in Fig. 3, the increase of
PWYV was lower in the STS group compared with the control
group (104 patients, MD: —1.29 m/s, 95% CI: —2.24 to
—0.34 m/s). No difference between the two groups was found
in the post-interventional level (49 patients, MD: —0.51, 95%
CI: —1.03 to 0.01) or the change (49 patients, MD: —0.46, 95%
CI: —0.98 to 0.06) of CAVI.
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FIGURE 2: Meta-analysis of the effect of STS on Agatston score and CVS in patients with VC. Calcification scores in different locations were
synthesized. No difference was found in both post-interventional Agatston score and CVS (A and C). The increase in Agatston score was lower
in the STS group compared with the control group for coronary artery (107 patients, MD: -241.27, 95% CI: —421.50 to —61.03) and iliac artery
(55 patients, MD: —382, 95% CI: —751.07 to —12.93) (B). The change in CVS was not different between the two groups (D).

Safety of intravenous STS among CKD patients

Adverse symptoms. In the four studies [19, 21-23], which
reported adverse symptoms related to STS treatment, gas-
trointestinal (GI) symptoms (e.g. anorexia, poor appetite,
nausea and vomiting) were the most commonly observed
(25.9%), followed by hypotension (4.7%), sneezing (4.7%),
flushing (2.3%), dizziness (2.3%) and excessive thirst (1.2%)
(Table 2). The study [19] with the highest frequency of GI
symptoms (75%) employed post-dialysis administration and
short infusion times (15-20 min).

CKD-MBD parameters. As shown in Fig. 4, four RCTs
[21-24] measured calcium, phosphate and iPTH levels, while
two of them [21, 22] documented 25(OH)VitD; levels as
well. The laboratory values were measured before dialysis at
baseline, while on STS treatment (during the trials) and at
the completion of the trials (after the trials). The point values
(during or after the trials) and the changes from the baseline
were compared between the STS group and the control group,
respectively. During the trials, calcium, phosphate and iPTH
were comparable between the ST'S group and the control group,
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and there were no significant changes in these parameters. The
mean level of 25(OH)VitDs in the STS group is less than that
of the controls (49 participants, MD: —5.80 ng/mL, 95% CIL:
—9.59 to —2.01 ng/mL) during the trials, but no difference
was noticed in the changes from baseline between the two
groups (49 participants, MD: —0.40 ng/mL, 95% CI: —4.19 to
3.39 ng/mL). After the trials, the post-interventional levels
and the change of serum calcium, serum phosphate, blood
iPTH and blood 25(OH)VitD; in the STS group showed no
difference between the two groups.

Electrolytes. In Adirekkiat et al. [19], serum sodium,
chloride, bicarbonate and anion gap were found to be changed
immediately after the infusion of STS. When comparing the
electrolyte levels during the entire STS therapy with baseline
levels, Adirekkiat et al. [19] found an elevation in pre-dialysis
serum anion gap and sodium in 16 patients treated with HD
undergoing a 4-month STS therapy. Serum electrolytes in
the control group were also reported in three trials [21-23]
during or after the trials. As displayed in Fig. 5, no significant
difference was found between the STS group and the control
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A Post-interventional PWV (m/s) B Change in PWV (m/s)

Treatment Control Mean Diff. Weight Treatment Control Mean Diff. Weight
Study N Mean SD N Mean SD with 85% CI (%) Study N Mean SD N Mean SD with 85% CI (%)
Saengpanit, D. 2018 24 1221 198 25 12.94 254 —f———  -0.73[-200, 0.54] 5578  Saengpanit,D.2018™ 24 -8 198 25 -02 2.54 —l—-088[-2.15, 0.39] 5579
Dijurie, P. 2020 * 26 96 27 29 104 27 —f——— -0.80[-223, 0.83] 44.21 Diuric, P. 2020% 2 18 27 29 0 27———— -1.80([-3.23, -0.37] 44.21
Overall ——e—— -0.76[-1.71, 0.19] Overall —EEE—— -1.29[ -2.24, -0.34]

Heterogeneity: 12 = 0.00, |2 = 0.00%, H2 = 1.00
Testof 6, = 6: Q(1) = 0.01,p = 0.94
Testof 8=0:z=-1.57,p=0.12

2 1 (1] 1
Random-effects REML model
Sorted by: _meta_id
C Post-interventional CAVI
Treatment Control Mean Diff. Weight
Study N Mean SD N Mean SD with 95% CI (%)
Saengpanit, D. 2018” 24 893 89 25 944 97 — W ———— 051 [-1.03, 0.01] 100.00
Overall e — 051 [ -1.03, 0.01]
Heterogeneity: 12 = 0.00, I? = .%, H2 =
Test of =6 Q(0) =0.00,p=.
Testof8=0:2=-1.92, p=0.06
1 -5 o

Random-effects REML model
Sorted by: _meta_id

Heterogeneity: 12 = 0.00, I? = 0.00%, H* = 1.00
Testof 6,=8:Q(1) =0.89,p=0.35
Testof 8 =0:z=-2.65 p=0.01

3 2 1 o
Random-effects REML model
Sorted by: _meta_id
D Change in CAVI
Treatment Control Mean Diff. Weight
Study N Mean SD N Mean SD with 95% CI (%)
Saengpanit, D. 201824 -4 89 25 06 87 — M -0.46[-0.98, 0.06] 100.00
Overall e —— ()46 [ -0.98, 0.06]
Heterogeneity: T2 = 0.00, I2 = .%, H=.
Testof ;=8 Q(0) =-0.00,p =
Testof 8=0:z=-1.73, p=0.08
—
-1 -5 ]

Random-effects REML model
Sorted by: _meta_id

FIGURE 3: Meta-analysis of the effect of STS on PWV and CAVT in patients with VC. No difference was found in the post-interventional PWV
between the two groups (A). The increase in PWV was lower in the STS group compared with the control group (104 patients, MD: —1.29 m/s,
95% CI: —2.24 to —0.34 m/s) (B). No difference in the post-interventional level or the change of CAVI was found between the two groups

(P> .05) (Cand D).

Table 2. Adverse symptoms related to STS treatment among included studies

Study ID No. of participants GI symptoms Hypotension Sneezing Flushing Dizziness Thirsty
Adirekkiat et al. [19] 20 15 (anorexia and poor appetite) 2 3 1

Yu et al. [21] 15 3 (nausea and vomiting) 1 1
Saengpanit et al. [22] 24 3 (anorexia and poor appetite) 2 2

Djuric et al. [23] 26 1 (nausea)

Total 85 (100%) 22 (25.9%) 4 (4.7%) 4 (4.7%) 2(2.3%) 2(2.3%) 1(1.2%)

ID: identity; No.: number.

group in serum sodium, potassium, chloride and bicarbonate
during or after the trials. During the trial period, a higher
anion gap (49 participants, MD: 3.00 mmol/L, 95% CI: 1.03 to
4.97 mmol/L) and a larger increase in the anion gap (49
participants, MD: 2.50 mmol/L, 95% CI: 0.53 to 4.47 mmol/L)
were noted in the STS group compared with the control group.
However, anion gaps showed no difference between the two
groups after the trials.

BMD. Two studies [19, 21] reported BMD in the STS and
control groups. Yu et al. [21] showed that no significant change
was observed in both groups, but the data were not retrievable.
Adirekkiat et al. [19] reported a decline in the total hip BMD
in the treatment group, but no comparison between the two
groups was conducted. The lumbar and the total hip BMD in
Adirekkiat et al. [19] were extracted and compared between
the STS group and the control group. As presented in Fig. 6,
the post-trial levels and the changes were not significantly
different between the STS group and the control group for
both the lumbar and total hip BMD values. In addition, no
significant difference was found in the effect size between the
two locations (lumbar and total hip).

Sensitivity analysis

Analyses were repeated using a fixed-effect model in
which little differences were noted in the overall effect sizes.
Furthermore, we performed sensitivity analyses on the impact
of single studies. The overall effect size and its 95% Cls when

omitting the denoted study are presented in Supplementary
data, Fig. S2. For the change in Agatston score using Hedge’s g,
omitting Messa et al. [20] resulted in lower progression in the
STS group. No change in the conclusion or direction of other
results was noticed.

Heterogeneity

Various sources of heterogeneity were noted among the
studies included in this analysis, mainly from different coun-
tries of origin, diverse study designs, various dosages, timing
and duration of STS administration and distinct outcome
measures. Based on the I test, obvious or high heterogeneity
was observed in data related to blood 25(OH)VitD3;, serum
calcium, serum bicarbonate and serum anion gap.

Risk-of-bias assessment

Risk-of-bias assessment for the five RCTs [20-24] using the
RoB 2 tool is shown in Fig. 7. The study by Bian et al. [24] had
a low risk of bias, while the others were with some concern
[20] or high risk of bias [21-23]. Based on the ROBINS-I tool,
the non-RCT [19] was evaluated as having a low risk of bias
(Fig. 8).

Egger’s tests were performed to evaluate publication bias.
As presented in Supplementary data, Table S5, no small study
effect was discovered in our study.
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A Post-interventional Serum Calcium (mmolfl)

Treatment Control MeanDif.  Weight
Study N Mean SO N Mean SD with 95% CI (%)
After trial .

Saengpanit, D.2018° 24 22 .02 25 22 .02 ] 000[-001, 0.01] 84.29
Djuric, P. 20203 26 225 229 228 2 -0.08[-0.14, 0.08] 0.95
Yu, Y. 2018 15 254 22 10 241 22 013[-0.05, 0.31] 034

Bian, Z 20217 25 219 2125 218 21 ———— 001[-0.11, 0.13] 078
Heterogeneity: 17 = 0.00, I = 0.08%, H? = 1.00 [} 0.00[-0.01, 0.01]
Test of § = 8; Q(3) = 2.43, p = 0.49

B Change in Serum Calcium (mmol/l)

Treatment ‘Control Mean Diff. Weight
Study N Mean SO N Mean SD with 85% CI (%)
After trial
Saongpani, D.2018° 24 16 39 25 03 .42 . 0.13[-0.10, 0.36] 1563
mun:.azog‘o"”\ 2 26 4829 01 .29 . 0.25[ 0.04, 0.46] 1659
Yu, ¥. 2018 15 16 .71 10 -03 45 @ ——@—— 019026, 0.64] 641
Bian,lmzlw 25 08 .23 25 06 .29 E B 0.00[-0.15, 0.15] 21.74

Heterogeneity: v = 0.01, = 35.03%, Hi = 154 =
Test of 8,= 8; Q(3) =395, p =027

0.11[-002, 0.25]

During trial - During trial -
Saengpanit, D. 2018 24 22 .07 25 22 .02 - 000[-0.03, 0.03] 1257  Saengpent,D,2018 24 -05 26 25 1 .26 M- 016031, 0.01] 2189
Bian,z 201" 25 220 .8 25 222 48— 001[-008, 0.11] 107  Banzzeel 25 08 2625 .1 42— 004[023, 0.15] 17.94
.00%, H? = 1.00 - 0.00[-0.03, 0.03] Heterogeneity: 1 = 0.00, F = 0.00%, H = 1.00 - -0.12 [ 023, -0.00]
04, p=0.85 Testof 8= 8; Q1) = 0.94, p =0.33
. 0.00[-001, 0.01] Overall - 003[-0.10, 0.16]
0.04%, H = 1.00 Heterogeneily: 1= 0.01, F = 59.85%, Ht = 2.49
47,p=078 Test of 8, = 0; Q5 = 12.04, p = 0.0
Test of group differences: Q,(1) = 0.00, p = 0.97 Tast of group differences: Q,(1) = 6.26, p = 0.01
-0 04 2 3 5 o 5 1
Random-effects REML model
o g ! Sorted by: _mela_id
c Post: SerumP (mmol/) D Change in Serum Phosphate (mmol/l)
Treatment Gontrol MeanDil.  Weight Treatment ol MeanDifl.  Weight
Study N Mean SD N Mean SD with 85% C1 (%) Study N Mean SO N Mean SD with 85% CI (%)
After trial After trial
Saengpanit, D.2018° 24 184 39 25 187 .42 — 0.03[-026,020) 11.72  Saengpanit,D.2018 24 16 39 25 .03 42 N 0.13[-0.10, 0.36] 15563
Djuric, .2020%" 26 168 5 20 145 3 —®—  023[ 001,045 1234  Djuric,P2020°" 26 26 .48 20 .01 .20 —E— 0.25[ 0.04, 0.46] 1658
Yu, v.2018" 15 241 72 10 229 46 ———e——— 0.12[-034,0.58) 282  Yu, Y.2016" 15 18 7110 -03 45 2 ——=—— 019[-026, 084] 641
gian, 2. 2021 25 175 24 25 176 28 —— 0.01[-018, 0.14) 2769  Bian,Z 2021 25 06 2325 06 29 - 0.00[-0.15, 015] 21.74
Heteragenaity: T = 0.01, I! = 20.27%, H = 1.41 - 0.06[-0.08, 0.19) Haterogeneity: 7 = 0.01, I = 35.03%, H = 1.54 - 0.1[-0.02, 025
Tostot 6= 6;Q(3) =3.74,p=029 Test of 8,= 8 (3) = 3.95, p=0.27
During trial - During trial -
Saengpanit, D.2018 24 178 .26 25 178 26 —— 0.00[-0.15, 0.15] 2843  Sasngpanit,D.2018 24 -06 26 25 .1 .26 0.16[-031, -001] 21.69
5‘!!’!.2.2(!2"}‘j 25 175 25 25 1.78 41 —— -0.03[-0.22, 0.16] 17.01 -0.04[-0.23, 0.15] 1794
Heterogenaity: 12 = 0.00, F = 0.00%, H: = 1.00 - -0.01 [-0.13, 0.10] Haterogenaity: 72 = 0.00, FF = 0.00%, H* = 1.00 0.12[-0.23, -0.00]

Testof 6, = 8: Q(1) = 0.06, p = 0.80

-
Bianz2021™ 25 08 2625 1 42 —M—
-
Test of 8, = 8; Q(1) = 0.94, p = 0.33

->

Overall - 0.02(-0.08, 0.10) Overall 0.03(-0.10. 0.16]
Heterogensity: T = 0.00, I = 0.00%, H! = 1.00 Heterogeneity: T = D.01, I = 59.85%, HE = 2.49

Test of 8, = 8: Q(S5) = 434, p = 0.50 Testof 8,= 8 Q(5) = 12.04, p = 0.03

Test of group differences: Q,(1) = 0.57, p = 0.45 Tost of group differences: Q,(1) = 6.26, p = 0.01

-5 o 5 -5 o 5 1

Fandom-effects REML model Random-eflects REML model
Sorted by: _meta_id meta_id

E Post-interventional intact parathyroid hormone (pg/ml) Change in intact parathyroid hormone (pg/ml)

Treatment Control ‘Mean Ditf. Weight Treatment Control Mean Diff. Weight

Study N Mean SO N Mean SD with 85% CI %) N _Mean SD N Mesn SO with 95% C1 %)
After trial

Saengpant, 0. 2018° 24 2087 3022 25 237 2088 - -2830(-17430, 117.70] 8.0t
Djuric, P- 20207 26 206 2627 20 1332 1626 - B7.40[ -29.64, 204.44] 1246
Yu, Y. 2016 2" 15 10935 9489 10 11125 8932 -19.00 [ -751.85, 713.85] 032
sanz oo™ 25 3077 1267 25 aaas 1287 | | 430( 6649, 7500 34.05
Helerogeneity: 1 = 0.00, F = 0.00%, H' = 1.00 + 18.20[ -37.50, 74.07)
Testof 8,= B, Q(3) = 1.89, p = 0.60

During trial .

Saengpani, D, 2018 24 1613 2143 25 1976 241 - -38.30 (16387, 9127] 1049
Bian, Z. 20217 25 3547 1262 25 3454 1269 [ ] 930[ -60.85, 79.45 34.68
Heterogeneity: 17 = 0.00, F = 0.00%, H* = 1.00 + <128 -6276, 60.19]
Testol 8= 8; O(1) = 0.38, p = 0.54

Overall (] 9.45( -31.87, 50.76]

Heterogeneity: 1° = 0.00, F = 0.00%, H* = 1.00
Test ol 0, = B; O{5) = 248, p = 0.78
Test of group differences: Q,(1) = 0.21, p = 0.64
100 50 0 w0 1000

)

Sasngpanit, D.2018° 24 47 3022 25 103 2088 - 36.70( -109.30, 182.70]  8.01
Djuric, P.2020°% 26 721 2627 20 19 1626 - 5310 -63.94, 170.14] 1246
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Heterogeneity: T* = 0.00, I = 0.00%, H' = 1.00 * 1687 -3881, 72.86]
Testof 8 = 8;: Q(3) = 0.79, p = 0.85
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S0 0 500 1000

Random-affects AEML madal
J Random-effects REML model
Sorted by: _mela_id Sorted by _meta_id
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Treatment Control MeanDifl.  Waight Treatment Control Mean Dift.  Weight
Study N Mean SD N Mean SD with 95% C1 ) Study M Mean SD N Mean SD with 85% CI (%)
After trial - After trial -
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——— -0.94[-5.73, 384] Heterageneity: T = 0.00, I = 0.00%, H? = 1.00 ——— 0.39[-1.84, 2.61]

During trial
Saengpanit, D, 20187724 20 a7 25 258 89 ——— -5.80[-6.59, -2.01] 81.97
Heterogeneity: 1° = 0.00, F =%, H* =, ———— -5.80[-9.59, -2.01)

Test of 8, = 8: Q(0) = 0.00,p =.

Overall ——— -252[-6.79, 1.75
Heterogeneity: 1¢ = 11.11, I = 78.39%, H* = 4.63
Test of 8, = 6 Q(2) = 10.14, p = 0.01

Tost of group differences: 0,(1) =2.43, p=0.12

Random-effects REML model
Sorted by: _mata_id

Test of 8, = 6; (1) = 0.76, p = 0.38

During trial -
Saengpantt, D.2018° 24 17 37 25 21 89 —@—— -0.40[-4.19, 3.39] 2555
—— -D.40[-4.19, 3.39]

Overall g
Heterogeneity: T* = 0.00, I = 0.00%, H* = 1.00
Test of 8 = 8 Q(2) =0.88, p = 0.64

018[-1.73, 2.10]

Tast of group differences: Q,(1) =0.12, p=0.73

Random-eflects REML model
Sorted by: _meta_id

FIGURE 4: Meta-analysis of the effect of STS on CKD-MBD parameters in patients with VC. Calcium, phosphate and iPTH were comparable
between the STS group and the control group there were no significant changes in these parameters during and after the trials (A-F). During
the trials, the mean level of 25(OH)VitD3 in the STS group was less than that of the controls (49 participants, MD: —5.80 ng/mL, 95% CI:

—9.59 to —2.01 ng/mL), but no difference was noticed in the change during the trials between the two groups (G and H).
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A It

B Change in Serum Sodium (mmol/ly

Treatment Coatich MeanDi.  Weight Treatment Control Mean Difl.  Weight
Study N Mean SO N Mean SO wingsnol () Study N Mean SD N Mean SD with 95% CI (%)
“After trial After trial
) an
Djuric, P.2020” 26 137 29 29 1365 2 — @ 050[083, 183 eagz  Diuric, P. 2020 26 5 202 8 2z —@— -040[-1.73, 083] 62.23
Heteroganaity: 1 = 0.00, ——— (.50 -0.83, 1.83] Heterogeneity: 1% = 0.00, F= %, H* = ——— 0.40[-1.73, 0.83]
Test of 8, = 8; Q(0) = 0.00,p = Test of 8 =8;Q(0) = 0.00, p=.
During trial - During trial
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Treatment Control MeanDiff.  Weight
Study N Mean SO N Mean SO WSROI (%) gy N Mean SD N Mean SD with95% C1 (%)
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by meta_d Random-affects REML model
Sorled by: _meta_id
E Post-interventional Serum Chloride (mmol/l) Change in Serum Chloride (mmol/l)
Treatment Control MeanDil.  Weight Treatment Control MeanDiff,  Weight
Study N_Mesn SD N Mean SO Wih95%Cl (%)  Study N Mean SD N Mean SD with 95% CI [
Ater trial After trial
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110m0.00, Fm %, Him . —— RE 3 .
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Tast of 8= §: Q(D) = 0.00, p =
Overall i ~1.16( -2.58, 0.26]
Heterogenaity: % = 0.00, I = 0.00%, H* = 1.00 Overall ——— 99[-2.40, 0.43]
Test of .= 8: (1) = 0.65, p = 0.42 Heterogeneity: * = 0,00, = 0.00%, H* = 1.00
ke =8;Q(1) =0.04,p =
Test of group diflerences: G, (1) = 0.65, p = 0.42 fost of 6,=10; Q1) =0.04, p = 0.4
a 2 o 2 Test of group differences: Q,(1) = 0.04, p = 0.84
‘Random-effects REML model
Sorted by: _meta,_id Aandom-efiects REML model
Sndad by: _meta_id
G Post-nterventional Serum Bicarbonate (mmol) H Change in Serum Bicarbonate (mmol/l)
y Treatment Control MeanDiff.  Weight
Treatment Control Mean Diff. -
Sy N Moo SO N Moo SO i 855 €1 oy Study N Mean SD N Mean SD with 85% CI %)
“After trial After trial
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Heterogeneity: T = 4.89, I = 78.90%, H: = 4.97 ————— 162[-5.05, 180 Heterogeneity: ¢ = 0.77, I = 38.43%, He = 1.62 ———— .1.18(-3.00, 0.73]
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FIGURE 5: Meta-analysis of the effect of STS on electrolytes in patients with macrovascular calcification. Panels (A-J) show the point values
(during or after the trials) and the changes from the baseline of serum sodium, potassium, chloride, bicarbonate and anion gap. During the trial
period, higher anion gaps (49 participants, MD: 3.00 mmol/l, 95% CI: 1.03 to 4.97 mmol/L) and a larger increase in the anion gap (49
participants, MD: 2.50 mmol/l, 95% CI: 0.53 to 4.47 mmol/L) were noted in the STS group compared with the control group

(Iand]).

Intravenous sodium thiosulphate for vascular calcification of hemodialysis patients 741



A Treatment Control
Locaton N Mean SD N Mean SD

Post-interventional BMD

B

Mean Diff. Weight
with 95% CI (%)

Treatment Control

Locaton N Mean SD N Mean SD

Change in BMD

Mean Diff.
with 95% CI

Weight
(%)

lumbar™ 16 918 .175 16 .927 .126 ——l———

hip 16 .739 .144 16 .683 .102
Overall

Heterogeneity: I? = 0.00%, H? = 1.00

Testof 8,=6;: Q(1) =0.87, p=0.35

Testof 8 =0:z=0.88, p=0.38

Fixed-effects inverse-variance model
Sorted by: _meta_id

FIGURE 6: Analysis of the effect of STS on BMD in patients with VC. BMD in different locations was synthesized. Compared with controls, no
difference was noticed in both post-interventional levels (A) and the change (B) of BMD in the STS group in both sites (lumbar and hip)

-0.01[-0.11, 0.10] 40.11
0.06[-0.03, 0.14] 59.89  hip™

0.03[ -0.04, 0.10]

—
i Overall

Heterogeneity: I? = 0.00%, H2 = 1.00
Testof 8 =8: Q(1) =0.04, p=0.84
Testof8=0:2=0.16, p=0.87

Fixed-effects inverse-variance model
Sorted by: _meta_id

Messa, M., 2014

Bian, Z., 20214

(P > .05).
Risk of bias domains
D1 D2 D3 D4 D5 Overall
Djuric, P., 2020 ‘ ‘ ‘ ‘
Saengpanit, D., 2018?? ' ‘ ' ‘
>
§ v e ® @ @ ®
»n

@OOSS®

@OOS®

Domains

D1: Bias arising from the randomization process

D2: Bias due to deviations from intended intervention
D3: Bias due to missing outcome data

D4: Bias in measurement of the outcome

D5: Bias in selection of the reported result

Judgement

® +ion

@ Some concerns
. Low

lumbar™ 16 .004 175 16 -01 .126 ———f———0.01[-0.09, 0.12] 40.11
16 -034 .144 16 -034 .102 —W—
e

0.00[-0.09, 0.09] 59.89
0.01[ -0.06, 0.07]

Bias arising from the randomization process
Bias due to deviations from intended intervention
Bias due to missing outcome data

Bias in measurement of the outcome

Bias in selection of the reported result

Overall risk of bias

0%

25% 50% 75% 100%

‘ [[J Low risk  [] Some concerns [l High risk ’

FIGURE 7: Risk-of-bias assessment of randomized control trials using RoB 2 tool.

DISCUSSION

To date, no medication has been approved to treat VC.
Most of the conventional therapies (e.g. phosphate binders,
calcimimetics, vitamin D therapy, etc.) yielded conflicting or
inconclusive results [25]. Magnesium supplementation showed
attenuation on VC but needs further exploration [25]. SNF472,
as a new agent that directly inhibits calcium phosphate crystal
formation and aggregation, has completed a Phase 2 clinical
trial showing attenuation of coronary artery and aortic valve
calcification in HD patients [26]. In this systematic review and
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meta-analysis, we found that intravenous STS may attenuate
the progression of macrovascular calcification and arterial
stiffness in patients treated with HD.

In clinical trials lacking controls, a reduction or non-
progression for VC was observed among patients receiving
STS. Ghiandai et al. [10] reported a modest reduction of
Kauppila’s index was detected in 18 HD patients administrated
with 6-month intravenous STS. Mathews et al. [11] treated 22
HD patients with CAC with intravenous ST for 5 months, and
no progression in the mean annualized rate of change of VC

W. Wen et al.
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FIGURE 8: Risk-of-bias assessment of the non-randomized control trial using ROBINS-I tool.

was observed. In our meta-analysis, comparisons were made
between patients treated with and without intravenous STS,
and less progression of the Agatston score for coronary artery
and iliac artery in the ST'S group compared with controls was
revealed. However, this finding was not replicated in the aorta,
suggesting that diverse mechanisms might be involved (e.g.
aging, smoking, metabolic disorders [27]). Progression in CVS
was also compared between the two groups, but no difference
was noticed. This could partly be due to the conversion from
median to mean scores in meta-analysis and the fewer number
of studies reporting CVS. Thus, STSs role in CVS scores
may need further investigation. Compared with CVS, more
evidence lies in Agatston scores for predicting CV events [28].
In addition to calcification scores, STS could help ameliorate
arterial stiffness and presented prolonged benefits at 48 weeks
in an extended study of Saengpanit’s trial [29]. Although no
benefit has been shown by current cohort studies, an overall
survival improvement in patients with calciphylaxis has been
reported by Gaisne et al. with an effective therapeutic regimen
of STS for not <2 weeks or with a cumulative STS dose of
no <150 g [30, 31]. For studies examining the effect of STS
on macrovascular calcification, however, a short follow-up
duration and a lack of evidence on long-term survival have
been noted.

Common adverse events in prior studies on STS treatment
included electrolyte disorders, GI symptoms, decreased ap-
petite/anorexia, skin disorders, metabolic acidosis and tran-
sient hypotension/hypertension [32]. These were all noted
in our review. Our study indicates that GI symptoms were
the most commonly seen and might be related to fast

infusion or post-dialysis administration of STS in patients
treated with dialysis. Serum electrolytes and anion gap could
be dramatically altered after infusion and were likely to
change in the middle of a certain period of STS therapy
depending on STS dosage [33]. Our analysis suggests that these
effects might not last after the completion of STS therapy.
However, bicarbonate supplement via dialysates or other routes
might be a key element not adjusted in the included trials.
Whether STS administration casts an impact on calcium-
phosphate metabolism has not been well-defined. For iPTH
and 25(OH)VitDs, although stated in some of the included
trials, are not expected to be directly affected by STS treatment.
Elevated serum calcium or phosphate levels in STS treated
patients have been reported in case studies [34]. In our meta-
analysis, calcium and phosphate levels seemed not impacted
by STS administration both during and after the completion.
BMD seemed not to be impacted by STS use in our analysis, but
a paucity of evidence should be noted. To avoid unnecessary
risks and make the best use of the therapy, close observation
and dynamic regimen adjustment are suggested.

Several limitations should be noted in the present study.
First, the trials included in our analysis only provided per-
protocol data in which the effect size may be exaggerated.
Second, some of the subgroups (e.g. Agatston scores, BMD)
were derived from duplicated participants. Here, we should
concentrate on the subgroup effects and the between-group
differences rather than the overall effects. Third, missing data,
varjous sources of heterogeneity and a high risk of bias are
notable. We reached out to the primary study authors via
email to address the missing data. No reply, however, was

Intravenous sodium thiosulphate for vascular calcification of hemodialysis patients 743

€20z Aenige gz uo 1senb Ag 9091 8G9/EE L/E/8E/AI01E/IPU/WIOO dNO"OILBPEDE//:SAY WOy POPEOJUMOQ



obtained. Of note, the sample size was relatively small in
current studies included given the paucity of randomized
trials in this area. Furthermore, the absence of calcimimetics
or non-calcium-based phosphate binder’s use may make the
participants included less representative of patients with easy
access to those medications. Nonetheless, this meta-analysis is
the first to systematically examine and report the current state
of knowledge on the effects of STS for VC in CKD patients.

In conclusion, intravenous STS may attenuate the pro-
gression of VC and arterial stiffness in individuals on HD.
Future large and well-designed randomized controlled trials
are warranted to further establish the effect of STS.
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