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Slowing Progression of Cardiovascular
Calcification With SNF472 in Patients on

Hemodialysis
Results of a Randomized Phase 2b Study

Editorial, see p 740

BACKGROUND: The high cardiovascular morbidity and mortality in patients with
end-stage kidney disease could be partially caused by extensive cardiovascular
calcification. SNF472, intravenous myo-inositol hexaphosphate, selectively inhibits
the formation and growth of hydroxyapatite.

METHODS: This double-blind, placebo-controlled phase 2b trial compared
progression of coronary artery calcium volume score and other measurements
of cardiovascular calcification by computed tomography scan during 52 weeks
of treatment with SNF472 or placebo, in addition to standard therapy, in adult
patients with end-stage kidney disease receiving hemodialysis. Patients were
randomized 1:1:1 to SNF472 300 mg (n=92), SNF472 600 mg (n=91), or placebo
(n=91) by infusion in the hemodialysis lines thrice weekly during hemodialysis
sessions. The primary end point was change in log coronary artery calcium
volume score from baseline to week 52. The primary efficacy analysis combined
the SNF472 treatment groups and included all patients who received at least 1
dose of SNF472 or placebo and had an evaluable computed tomography scan
after randomization.

RESULTS: The mean change in coronary artery calcium volume score was
11% (95% Cl, 7-15) for the combined SNF472 dose group and 20% (95%
Cl, 14-26) for the placebo group (P=0.016). SNF472 compared with placebo
attenuated progression of calcium volume score in the aortic valve (14% [95%
Cl, 5-24] versus 98% [95% Cl, 77-123]; P<0.001) but not in the thoracic aorta
(23% [95% Cl, 16-30] versus 28% [95% Cl, 19-38]; P=0.40). Death occurred
in 7 patients (4%) who received SNF472 and 5 patients (6%) who received
placebo. At least 1 treatment-emergent adverse event occurred in 86%, 92%,
and 87% of patients treated with SNF472 300 mg, SNF472 600 mg, and
placebo, respectively. Most adverse events were mild. Adverse events resulted
in discontinuation of SNF472 300 mg, SNF472 600 mg, and placebo for 14%,
29%, and 20% of patients, respectively.

CONCLUSIONS: Compared with placebo, SNF472 significantly attenuated

the progression of coronary artery calcium and aortic valve calcification in
patients with end-stage kidney disease receiving hemodialysis in addition to
standard care. Future studies are needed to determine the effects of SNF472 on
cardiovascular events.
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Clinical Perspective
What Is New?

e Patients with end-stage kidney disease receiving
hemodialysis have very high cardiovascular morbid-
ity and mortality rates.

e Part of their excess risk is explained by extensive
calcification of the cardiovascular system that is
caused by a combination of atherosclerosis and
mineralization of the arterial media.

® SNF472, a selective inhibitor of hydroxyapatite for-
mation and growth, attenuated the progression
of cardiovascular calcification in a phase 2b trial in
patients receiving long-term hemodialysis.

What Are the Clinical Implications?

¢ Meta-analytical data suggest that slowing the pro-
gression of calcification may improve survival.

e Future research is needed to determine whether
SNF472 reduces cardiovascular morbidity and mor-
tality in patients receiving long-term hemodialysis.

e SNF472 is administered thrice weekly as an infusion
during hemodialysis, ensuring high compliance.

mong patients with end-stage kidney disease
A(ESKD) requiring dialysis, the relative risk of

death resulting from cardiovascular causes is 5
to 30 times higher than in the general population.’ Al-
though traditional risk factors such as diabetes mellitus
and hypertension are highly prevalent in patients with
chronic kidney disease,? they account for only a por-
tion of the increased cardiovascular risk. In clinical prac-
tice, at least 80% of patients who receive maintenance
hemodialysis have evidence of cardiovascular calcifica-
tion.>* This marker of vasculopathy has been linked to
morbidity and mortality in the general population>® and
in patients receiving maintenance hemodialysis.”*

In patients with advanced chronic kidney disease,
cardiovascular calcification is likely secondary to a com-
bination of accelerated atherosclerosis and perhaps
more so to arteriosclerosis related to derangements of
mineral metabolism.™"" Cardiovascular calcification is a
highly regulated process that resembles bone formation
and ultimately depends on hydroxyapatite nucleation
and crystal growth. Patients with chronic kidney disease
and cardiovascular calcification have increased morbid-
ity and mortality through several pathways, including
coronary atherosclerosis,'? arterial stiffness,'>' left ven-
tricular hypertrophy,™ myocardial ischemia,'® and elec-
trocardiographic abnormalities.™

There is evidence that attenuating the progression
of vascular calcification in chronic kidney disease is
associated with a reduction in mortality."”” The phos-
phate binder sevelamer' and the calcimimetic cinacal-
cet,' used to treat hyperphosphatemia and secondary
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hyperparathyroidism, respectively, may reduce the pro-
gression of vascular calcification in ESKD, but they do
not fully address the complex biology responsible for
this pathological phenomenon. SNF472, an intrave-
nous formulation of myo-inositol hexaphosphate, acts
through a novel pathway to selectively and directly in-
hibit the formation and growth of hydroxyapatite crys-
tals,?%?" the final common step in the pathophysiology
of vascular calcification. Infusing SNF472 during each
dialysis session achieves therapeutic levels,?? ensuring
treatment adherence without additional burden to the
patient. A phase 1 clinical trial showed that in patients
receiving maintenance hemodialysis, administration of
a single dose of SNF472 at 9 mg/kg inhibited hydroxy-
apatite crystallization potential by 80% compared with
9% with placebo.?

CaLIPSO (Cal for calcium and ipso meaning the item
itself) is the first multicenter, randomized, double-blind
placebo-controlled clinical trial to test the hypothesis
that SNF472 attenuates the progression of cardiovas-
cular calcification compared with placebo in patients
receiving maintenance hemodialysis and contemporary
adjunct therapies, including non-calcium-containing
phosphate binders and cinacalcet. In this report, we
describe the primary and secondary efficacy end points
and the safety results of the CalLIPSO trial.

METHODS
Study Design and Participants

The design and overall baseline patient characteristics of the
CaLIPSO trial (NCT02966028) have been reported previously.?*
The full data, methods used in the analyses, and materials
used to conduct the research are not available at this time
for the purposes of reproducing the results or replicating the
procedure. Briefly, CaLIPSO is a multinational, randomized,
placebo-controlled, double-blind phase 2b trial among adult
patients (18-80 years of age) receiving hemodialysis for >6
months who had a coronary artery calcium (CAC) Agatston
score between 100 and 3500 units at trial entry, as measured
on a non-contrast multidetector computed tomography
(CT) scanner. Initially, the trial recruited patients with a CAC
Agatston score between 100 and 2000 units; however, an
amendment to the protocol increased the upper limit for CAC
Agatston score to 3500 units, which is more fully representa-
tive (and inclusive) of this complex patient population. Calcium
Agatston scores were used for study eligibility because they
are commonly used for risk stratification in clinical practice.
Younger patients (18-54 years of age) were also required to
have a history of diabetes mellitus (either type 1 or type 2).
Key exclusion criteria were scheduled kidney transplantation,
weight >136 kg, recent (within 3 months) hospitalization for
cardiovascular events (unstable angina, myocardial infarction,
stroke, transient ischemic attack, amputation, peripheral or
coronary bypass surgery, or unstable heart failure), hypocalce-
mia (serum calcium <8.0 mg/dL [2.0 mmol/L]), extreme eleva-
tion in serum phosphate (>10 mg/dL [3.23 mmol/L] within
the last 2 months), uncontrolled hypertension (=2 consecutive
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postdialysis diastolic blood pressure values >100 mmHg
within the last 2 months), or expected survival of <2 years per
the investigator.

After screening, eligible patients were randomized 1:1:1
to receive SNF472 300 mg, SNF472 600 mg, or placebo
3 times weekly, infused over 2.5+0.5 hours during each
hemodialysis session for 52 weeks. To maintain blinding,
randomization was performed with a centralized electronic
randomization system, and the study drug was packaged in
identical vials containing either SNF472 or physiological saline.
Randomization was stratified by baseline CAC Agatston score
(100-399, 400-1000, or >1000 units). Investigators man-
aged blood pressure, calcium, phosphate, parathyroid hor-
mone, lipids, and anemia according to current guidelines or
standard practices at their centers.

At screening and week 52 (or at the time of early discon-
tinuation), imaging of the coronary arteries, aortic valve,
and thoracic aorta was performed with multidetector CT,
with a minimum of 64 slices. A central expert who was
blinded to the patient’s assigned treatment group reviewed
each scan and quantified each calcified area using both
the volume?® and Agatston score.?® A postrandomiza-
tion scan was considered evaluable if the expert image
reviewer considered it of sufficient quality to be compared
with the baseline scan and could calculate a CAC volume
score without being hampered by artifact. Patients who
discontinued before week 52 without withdrawal of con-
sent were asked to undergo CT scanning for assessment
of efficacy to pursue maximal available follow-up and to
minimize missing data.

An external, independent Data and Safety Monitoring
Board monitored subject safety and data integrity. Ethics
approval was obtained from an institutional review board
for each study site, in accordance with the local/national
processes for each study site. Participants provided writ-
ten informed consent before enroliment, and the trial was
conducted according to the principles of the Declaration of
Helsinki. Enrollment began in December 2016 and continued
through July 2018. Follow-up ended in August 2019.

End Points

The primary efficacy end point was the change from baseline
to week 52 in log CAC volume score, which has a known
lower variability than the Agatston score.?® The primary effi-
cacy analysis combined the 2 SNF472 treatment groups com-
pared with placebo. Secondary efficacy end points described
in this report include change from baseline to week 52 for
log CAC Agatston score and changes from baseline to week
52 for log calcium volume score and log calcium Agatston
score at the aortic valve and the thoracic aorta level, as well
as the proportion of patients with <15% progression in CAC
Agatston score at week 52.27 Each end point was analyzed
for the combined SNF472 dose groups versus placebo and for
each SNF472 dose group versus placebo. Other end points
included a composite safety end point for cardiovascular out-
comes (death resulting from cardiovascular causes, nonfatal
myocardial infarction, nonfatal stroke, or heart failure), all-
cause mortality, incidence of adverse events (overall, serious,
or leading to study drug discontinuation), and changes from
baseline to week 52 for clinical laboratory tests.
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Statistical Analysis

Analyses were conducted with SAS version 9.4. The safety
population included all randomized patients who received at
least 1 dose of SNF472 or placebo. The modified intention-to-
treat (mITT) analysis population, which was used for efficacy
analyses, consisted of all randomized patients who received at
least 1 dose of SNF472 or placebo and had a postrandomiza-
tion CT scan with a CAC volume score. The mITT excluded
patients who did not have an evaluable follow-up scan. For
the primary analyses of calcification progression at week 52,
we used the last observation (the postrandomization scan)
carried forward (LOCF) in the mITT population.

The primary efficacy analysis model was an ANCOVA with
the change in log score (log[week 52]-log[baseline]) as the
dependent variable, a fixed-effect term for randomized treat-
ment group, and log(baseline) as covariates; the model was
stratified by baseline CAC Agatston score. The primary com-
parison of interest was the SNF472 combined dosing groups
versus placebo; supportive comparisons examined differences
between each dose and placebo. Geometric least squares
means and 95% Cls were estimated and back-transformed
before presentation to provide the mean percent change from
baseline to week 52. For each comparison between SNF472
and placebo, geometric least squares mean and 95% Cls for
treatment differences were calculated. We considered 2-tailed
values of P<0.05 as statistically significant. For secondary effi-
cacy end points, we used similar ANCOVA models to compare
SNF472 combined dosing groups with placebo and SNF472
300 and 600 mg doses with placebo individually. Zero calcium
scores for the aortic valve and thoracic aorta were imputed
with the next smallest value in the relevant treatment arm.

We also analyzed progression of calcification and the pro-
portion of patients with <15% progression in CAC Agatston
score at week 52 in the per-protocol population of patients
who met all inclusion/exclusion criteria, had an evaluable
baseline CT scan, received 80% of scheduled treatment,
completed the study and the week 52 dosing visit, and had
a week 52 evaluable CT scan (up to 120 days after the last
dose of study drug).

In prespecified sensitivity analyses, multiple imputation
was implemented to explore the effect of missing data. In
multiple imputation 1, we imputed missing data in each
group using distribution implied by the nonmissing patient
data for that treatment group. In multiple imputation 2, we
imputed missing data for all groups using distribution implied
by the nonmissing patient data in the placebo arm. We did
not adjust for multiple comparisons.

For the composite safety end point, we used proportional
hazards (Cox) regression to compare SNF472 with placebo,
stratified by baseline CAC Agatston score.

The planned sample size of 270 patients provided 80%
power to test the hypothesis that the log-transformed true
difference in progression between the SNF472 combined
dosing groups and the placebo group was 0.130, corre-
sponding to a true ratio of 1.139, or 18.5% progression
for the SNF472 combined dosing groups and 35% pro-
gression for the placebo group. These assumptions were
based on results from the ADVANCE study (A Randomized
Study to Evaluate the Effects of Cinacalcet Plus Low Dose
Vitamin D on Vascular Calcification in Subjects With Chronic
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Kidney Disease Receiving Hemodialysis), a similarly designed
52-week study in patients with cardiovascular calcification
receiving hemodialysis.™

Role of the Funding Source

Sanifit Therapeutics provided financial support and study
treatment for the trial. Coauthors of this work included
employees of Sanifit Therapeutics who participated in the
trial design, data analysis, data interpretation, and writ-
ing of the article. All authors had full access to all the
data and final responsibility for the decision to submit for
publication.

RESULTS

Enrollment and Disposition

Of 645 patients who were screened for enrollment
from 65 centers in 3 countries (United States, Spain,
and United Kingdom; see Appendix A in the online-
only Data Supplement), 274 patients were random-
ized to 1 of the 3 treatment groups: SNF472 300 mg
(n=92), SNF472 600 mg (n=91), or placebo (n=91).
Patient disposition was similar across the treatment
groups (Table | in the online-only Data Supplement).
Safety evaluations included 92, 91, and 90 patients
in the SNF472 300 mg, SNF472 600 mg, and place-
bo groups, respectively, who received at least 1 dose
of study drug (Figure 1). Follow-up CT scans were

Slowing Cardiovascular Calcification With SNF472

available for evaluation of calcium volume score pro-
gression in the mITT population for 142 patients in
the SNF472 combined dosing groups and 77 patients
in the placebo group.

Baseline Characteristics

A previous report described the baseline character-
istics for all randomized patients combined.?* After
the randomization codes were unblinded for this
analysis, patient demographics and clinical charac-
teristics at baseline were shown to be similar across
the 3 treatment groups (Table 1). At baseline, geo-
metric mean scores in the SNF472 300 mg, SNF472
600 mg, and placebo groups were 621, 636, and
634 units, respectively, for CAC Agatston scores,
and 573, 583, and 584, respectively, for CAC vol-
ume scores. Baseline calcium scores for the coronary
arteries, aortic valve, and thoracic aorta are summa-
rized by treatment group in Table 2. A sample image
of a patient with extensive calcification of the coro-
nary arteries at baseline is provided in Figure | in the
online-only Data Supplement.

Coronary Artery

For the primary end point, SNF472 (combined dos-
ing groups) significantly attenuated the progression

645 Screened

239 Failed inclusion criteria*
30 Failed exclusion criteria
1 Failed both inclusion/exclusion

A4

A 4

| 274 Randomized

42 Withdrew consent
59 Othert

v v
91 Placebo | 92 SNF472 300 mg I | 91 SNF472 600 mg |

-b| 1 No study drug given |

A4 A 4

L 4

I 90 Safety population | | 92 Safety population l | 91 Safety population |

13 No evaluable
H  follow-up CT scan >

15 No evaluable 26 No evaluable
follow-up CT scan i follow-up CT scan
available available

available
h A
| 77Tm | TTmITT

A A

r r
| |
r r L 4
49 Per protocol 61 Per protocol | 50 Per protocol I

Figure 1. Patient disposition.
Modified intention-to-treat population (mITT) indicates at least 1 dose of study

drug and postbaseline evaluable scan; per-protocol population includes patients

who met entry criteria, completed the week 52 visit, had a week 52 evaluable scan, and had at least 80% exposure to study drug. *Two hundred thirty-one
patients did not have a coronary artery calcium score in the required range at screening. tOther reasons for screening failure included computed tomography (CT)
scan not completed/not evaluable, kidney transplantation, or screening/enroliment closed.
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Table 1. Baseline Patient Characteristics
E;:’ Placebo SNF472 300 mg SNF472 600 mg
E (n=90) (n=92) (n=91)
‘I.ﬁ E Age, y 64.1+8.2 63.0+£9.5 63.6+8.9
[~ =—
E| E Sex, n (%)
% Male 57 (63.3) 54.(58.7) 55 (60.4)
g Female 33(36.7) 38 (41.3) 36 (39.6)
Race, n (%)
White 62 (68.9) 59 (64.1) 67 (73.6)
Black or African American 19(21.1) 27 (29.3) 15 (16.5)
Asian 4(4.4) 2(2.2) 4(4.4)
Other 0 2(2.2) 1(1.1)
Not reported 5(5.6) 3(3.3) 4 (4.4)
Hispanic or Latino ethnicity, n (%) 32 (35.6) 31(33.7) 36 (39.6)
Dialysis duration, mo* 34.5 (6-263) 48.5 (7-521) 40.0 (7-339)
Time receiving dialysis, n (%)
<2y 31(34.4) 26 (28.3) 30 (33.0)
2-<5y 37 (41.1) 27 (29.3) 31(34.1)
>5y 22 (24.4) 39 (42.4) 30 (33.0)
Blood pressure, mmHg
Systolic 135.3+22.6 140.4+26.3 135.8+24.9
Diastolic 68.1£13.2 70.2+13.8 68.3+12.7
Medical history, n (%)
Hypertension 87 (96.7) 88 (95.7) 83(91.2)
o Diabetes mellitus 60 (66.7) 60 (65.2) 54 (59.3)
% Coronary artery disease 23(25.6) 29 (31.5) 17 (18.7)
§ Peripheral vascular disease 22 (24.4) 11(12.0) 17 (18.7)
% Stroke 12 (13.3) 11(12.0) 15(16.5)
g Myocardial infarction 10 (11.1) 13 (14.1) 9(9.9)
-% Heart failure 19 (21.1) 26 (28.3) 15(16.5)
§ Baseline medications, n (%)
§' Calcimimetic 26 (28.9) 39 (42.4) 21(23.1)
a Sevelamer 42 (46.7) 48 (52.2) 47 (51.6)
é Lanthanum 5(5.6) 7 (7.6) 8(8.8)
g Iron-based phosphate binder 16 (17.8) 8(8.7) 9(9.9)
g Non-calcium-based phosphate bindert 55(61.1) 57 (62.0) 62 (68.1)
% Calcium-based phosphate binder 26 (28.9) 26 (28.3) 29 (31.9)
_:\‘T Statin 53 (58.9) 56 (60.9) 59 (64.8)
§ Warfarin 5(5.6) 8(8.7) 5(5.5)
Activated vitamin D 47 (52.2) 53 (57.6) 44 (48.4)

Data are expressed as mean+SD or number (percent) for the safety population.

*Dialysis duration is expressed as median (range).

tIncludes sevelamer, lanthanum, and iron-based phosphate binders.

of CAC compared with placebo; the mean change in
CAC volume score from baseline to week 52 was 11%
(95% Cl, 7-15) and 20% (95% Cl, 14-26), respectively
(P=0.016; Figure 2A). The mean change from baseline
to week 52 in CAC volume score was 12% (95% Cl,
6-18) for the 300-mg dose group (P=0.052 versus pla-
cebo) and 10% (95% Cl, 4-17) for the 600-mg dose

732 March 3, 2020

group (P=0.029 versus placebo; Figure IIA in the online-
only Data Supplement).

Corresponding results using the CAC Agatston score
were a mean change of 11% (95% Cl, 6-17) for the
SNF472 combined dosing groups and 20% (95% Cl,
12-28) for placebo (P=0.075; Figure 2B). The mean
change in CAC Agatston score was 10% (95% Cl,

Circulation. 2020;141:728-739. DOI: 10.1161/CIRCULATIONAHA.119.044195



0202 ‘/ Yyore N uo Aq Bio'sfeuno feye//:dny wouy papeojumoq

Raggi et al

Table 2. Baseline Calcium Scores (Volume and Agatston)

SNF472 SNF472
Placebo 300 mg 600 mg
(n=77) (n=77) (n=65)
Coronary artery calcium score
Volume 584+0.88 573+0.83 583+0.89
Agatston score, units 634+0.96 621+0.91 636+0.98
Aortic valve calcium score
Volume 15.3+1.94 27.9£2.04 | 15.5+1.90
Agatston score, units 8.1x2.47 17.5+2.56 8.5+2.44
Thoracic aorta calcium score
Volume 1138+1.82 1095+1.87 981+1.91
Agatston score, units 1276+2.00 1210+2.08 | 1096+2.14

Data are expressed as geometric mean+log(SD) for the modified intention-
to-treat population.

3-17) for the 300-mg dose group (P=0.055 versus pla-
cebo) and 13% (95% Cl, 6-22) for the 600-mg dose
group (P=0.24 versus placebo; Figure IIB in the online-
only Data Supplement).

Similar results for progression of calcium volume and
Agatston scores were obtained in the per-protocol pop-
ulation of patients who completed 52 weeks of treat-
ment (Figure 3A and 3B) and in sensitivity analyses that
used multiple imputation for missing data in the mITT
population (Figure IlIA and llIB in the online-only Data
Supplement).

The proportion of patients with <15% progression
in CAC Agatston score at week 52 was 61% for the
SNF472 combined dosing groups and 48% for the
placebo group in the mITT population (P=0.030; Fig-
ure 4A) and 64% and 43%, respectively, in the per-
protocol population (P=0.002; Figure 4B).

Aortic Valve

Changes from baseline to week 52 in calcium volume
scores in the aortic valve were 14% (95% Cl, 5-24)
for the SNF472 combined dosing groups and 98%
(95% Cl, 77-123) for placebo (P<0.001; Figure 2C).
The mean change from baseline to week 52 was 28%
(95% Cl, 14-43) for the 300-mg dose group (P<0.001
versus placebo) and 1% (95% Cl, =10 to 14) for the
600-mg dose group (P<0.001 versus placebo; Figure IIC
in the online-only Data Supplement).

Corresponding results for calcium Agatston scores
were 14% (95% Cl, 2-28) for the SNF472 combined
dosing groups and 186% (95% Cl, 145-235) for the
placebo group (P<0.001; Figure 2D). The mean change
from baseline to week 52 was 33% (95% Cl, 14-54)
for the 300-mg dose group (P<0.001 versus placebo)
and —=2% (95% Cl, —16 to 16) for the 600-mg dose
group (P<0.001 versus placebo; Figure IID in the online-
only Data Supplement).
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Similar results for progression of calcium volume and
Agatston scores were obtained in the per-protocol pop-
ulation of patients who completed 52 weeks of treat-
ment (Figure 3C and 3D) and in sensitivity analyses that
used multiple imputation for missing data in the mITT
population (Figure lIC and IlID in the online-only Data
Supplement).

Thoracic Aorta

Changes from baseline to week 52 in calcium volume
scores in the thoracic aorta were 23% (95% Cl, 16—
30) for the SNF472 combined dosing groups and 28%
(95% Cl, 19-38) for the placebo group (P=0.40; Fig-
ure 2E). The mean change from baseline to week 52
was 25% (95% Cl, 16-35) for the 300-mg dose group
(P=0.63 versus placebo) and 21% (95% Cl, 11-32) for
the 600-mg dose group (P=0.34 versus placebo; Figure
IIE in the online-only Data Supplement).

Corresponding results for calcium Agatston scores
were 29% (95% Cl, 20-38) for the SNF472 combined
dosing groups and 32% (95% Cl, 21-45) for the pla-
cebo group (P=0.66; Figure 2F). The mean change
from baseline to week 52 was 30% (95% Cl, 19-43)
for the 300-mg dose group (P=0.82 versus placebo)
and 28% (95% Cl, 15-42) for the 600-mg dose group
(P=0.61 versus placebo; Figure IIF in the online-only
Data Supplement).

Similar results for progression of calcium volume
and Agatston scores were obtained in the per-protocol
population of patients who completed 52 weeks of
treatment (Figure 3E and 3F) and in sensitivity analyses
that used multiple imputation for missing data in the
mITT population (Figure IlIE and IlIF in the online-only
Data Supplement).

Composite Safety End Point

The incidence of the composite safety end point in the
SNF472 300 mg, SNF472 600 mg, and placebo groups
was 8%, 7%, and 11%, respectively (Table 3). The
hazard ratio for the composite safety end point for the
SNF472 combined dosing groups versus placebo was
0.60 (95% Cl, 0.26-1.37; P=0.22).

Adverse Events

Adverse events occurred in 79 of 92 patients (86%) in
the SNF472 300 mg group, 84 of 91 patients (92%)
in the SNF472 600 mg group, and 78 of 90 patients
(87%) in the placebo group (Table 4). Serious adverse
events occurred in 38 patients (41%) in the SNF472
300 mg group, 55 patients (60%) in the SNF472 600
mg group, and 49 patients (54%) in the placebo group.
An investigator considered 1 serious adverse event
(acute hepatic failure in the SNF472 300 mg group) to
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Figure 2. Mean (95% Cl) change from
baseline to week 52 for calcium scores in
the SNF472 combined dosing groups vs
placebo.

Modified intention-to-treat population with
last observation carried forward (mITT LOCF).
A, Coronary artery calcium volume score. B,
Coronary artery calcium Agatston score. C,
Aortic valve calcium volume score. D, Aortic
valve calcium Agatston score. E, Thoracic aorta
calcium volume score. F, Thoracic aorta calcium
Agatston score.

P <0.001
vs placebo

SNF472
(n=138)

P=0.664
vs placebo

SNF472
(n=134)

be related to study drug. The patient had a history of
HIV and multiple comorbidities. The event resolved, and
the patient completed the week 52 visit. The Data and
Safety Monitoring Board reviewed the event and con-
sidered it to be unrelated to study drug.

Adverse events led to study drug discontinuation
for 13 patients (14%) in the SNF472 300 mg group,
26 patients (29%) in the SNF472 600 mg group, and
18 patients (20%) in the placebo group. A majority
of these study drug discontinuations were for kidney
transplantation in 27 patients overall (6 [7%] SNF472
300 mg, 12 [13%] SNF472 600 mg, and 9 [10%] pla-
cebo). No other event led to study drug withdrawal
for >2 patients.
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No clinically significant abnormalities were identified
from analyses of clinical laboratory values (hematology
and chemistry) with SNF472 compared with placebo
(Table Il in the online-only Data Supplement).

Death occurred in 1 patient in the SNF472 300 mg
group (multiple organ dysfunction syndrome), 6 pa-
tients in the SNF472 600 mg group (1 each resulting
from aortic stenosis, arteriosclerosis, hypotension, car-
diac arrest, septic shock, and epilepsy), and 5 patients
in the placebo group (1 each resulting from congestive
heart failure, multiple organ dysfunction syndrome, sep-
sis, postprocedural complication, and renal transplanta-
tion). Investigators considered none of the deaths to be

Circulation. 2020;141:728-739. DOI: 10.1161/CIRCULATIONAHA.119.044195
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related to study drug. The Data and Safety Monitoring

Board did not identify any safety signals.

DISCUSSION

In this international, multicenter, randomized, double-
blind placebo-controlled clinical trial, we showed that
SNF472, a selective inhibitor of the formation and
growth of hydroxyapatite crystals, when infused dur-
ing each hemodialysis session for 1 year, attenuated
the progression of coronary artery and aortic valve cal-
cification relative to placebo. These results are remark-
able in view of the concomitant use of drugs shown in
previous studies to potentially attenuate CAC such as
the non-calcium-based phosphate binder sevelamer

Circulation. 2020;141:728-739. DOI: 10.1161/CIRCULATIONAHA.119.044195

and the calcimimetic cinacalcet.’?82° In those previ-
ous studies, patients receiving hemodialysis assigned
placebo demonstrated a 35% to 40% average rate of
progression of CAC per year, nearly double the rate
of progression seen in placebo-treated patients in this
study. Our power calculations assumed a CAC volume
score progression of 18.5% for SNF472-treated pa-
tients and 35% for placebo-treated patients (a 47%
relative difference in progression). These assumptions
were based on previous published rates of progres-
sion. Although the observed progression of CAC in
placebo-treated patients in CaLIPSO was slower than
expected, in part because of the use of non—calcium-
based phosphate binders and calcimimetics in many
patients, the relative difference of 45% was very close
to what we expected.

March 3,2020 735

10114V

(=]
=
=
=
=
-
=
m
(7]
m
=
=
o
=




=
S
<
<<
Ll
7]
Ll
=
—
=
=
=
=
S

0202 ‘2 Yo\ uo Aq Blio'sfeulnofeye//:diy woly papeojumod

Raggi et al

Slowing Cardiovascular Calcification With SNF472

>
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Figure 4. Proportion of patients with <15%
progression from baseline to week 52 in
coronary artery calcium Agatston score.

A, Modified intention-to-treat population with
last observation carried forward (mITT LOCF). B,
Per-protocol population.

SNF472
(N=111)

At baseline, all patients had coronary calcium with
CAC Agatston scores between 100 and 3500 units. In
addition, 57% of patients had calcification of the aortic
valve, and 96% had calcification of the thoracic aorta.?*
Because the primary aim of the study was to show that
SNF472 effectively inhibits progression of coronary calcifi-
cation, we enrolled patients with moderate to high CAC
scores who generally show a faster progression. These re-
sults should be seen in the context of the current knowl-
edge of cardiovascular calcification and clinical practice.

Previous meta-analyses showed that the prescription
of non—calcium-based phosphate binders is associated
with attenuation of the progression of cardiovascular
calcification and improved survival.'”'® The association
between cardiovascular calcification and morbidity and
mortality has been shown in the general population in
numerous previous publications.®3032 As a result, CAC
has been recognized as a risk-modifying marker in the
most recent guidelines from the American Heart Asso-
ciation and American College of Cardiology for the pri-
mary prevention of atherosclerotic cardiovascular dis-
ease.® The evidence is less extensive but nonetheless
convincing in patients with ESKD. Both CAC measured
on CT®&2343% and simple measures of calcification such

Table 3. Composite Safety End Point

Placebo SNF472 300 mg | SNF472 600 mg
(n=90), n (%) | (n=92), n(%) | (n=91), n (%)

Any composite safety 10 (11.1) 7 (7.6) 6 (6.6)
end-point event

Cardiovascular 0 0 1(1.1)

death

Nonfatal 4 (4.4) 4(4.3) 1(1.1)

myocardial

infarction

Nonfatal stroke 2(2.2) 1(1.1) 0

Heart failure 4(4.4) 1(1.1) 22.2)

Nonfatal cardiac 0 1(1.1) 2(2.2)

arrest

Data are expressed as number (percent) of patients for the safety population.
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as radial and femoral artery, as well as aortic calcifica-
tion seen on planar x-rays,?’*? have been shown to be
strongly associated with adverse events in ESKD.

It is well established that patients with ESKD develop
cardiovascular calcifications well in excess of patients with
normal or near-normal kidney function and that there are
2 distinct sites of arterial calcification in these patients:
intimal and medial. The former is linked to traditional risk
factors for atherosclerosis and inflammation, whereas the
latter is found mostly (if not exclusively) in arteries of me-
dium and large caliber and is more closely associated with
the mineral and bone disorder typical of ESKD.** Calcifi-
cation of medium and large arterial conduits is respon-
sible for reduced vascular compliance, which can induce
left ventricular hypertrophy and systolic/diastolic dysfunc-
tion in the long term. Reduced compliance, as measured
by increased pulse pressure velocity, can result in reduced
diastolic filling of the coronary arteries with a state of rela-
tive ischemia of the myocardium even in the absence of
obstructive luminal disease.* Hence, arterial calcifica-
tion in ESKD should be interpreted as a harbinger of se-
vere complications and therefore worth pursuing as a tar-
get of therapy. Equally important is the impact of valvular
calcification in ESKD,* particularly calcification of the
aortic valve. Numerous patients have severe calcification
of the left-sided cardiac valves with subsequent regurgi-
tation or restriction of the mobility of the valve leaflets.
These conditions in turn are associated with progressive
left ventricular fibrosis, left ventricular hypertrophy, and
dysfunction, as well as endocarditis and severe conduc-
tion abnormalities. In addition, surgical and interventional
treatments proven efficacious in the general population
may not exert a similar benefit in patients with ESKD. The
reduction in progression of calcification of the aortic valve
seen in this study is therefore encouraging.

Independently of the pathophysiology of cardiovas-
cular calcification, the final step entails the formation
of crystals of hydroxyapatite through active processes
mimicking bone assembly. SNF472 is a selective inhibi-
tor of hydroxyapatite crystallization and was effective at

Circulation. 2020;141:728-739. DOI: 10.1161/CIRCULATIONAHA.119.044195
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Table 4. Adverse Events

SNF472 SNF472
Placebo 300 mg 600 mg
(n=90), (n=92), (n=91),
n (%) n (%) n (%)
Any adverse event 78 (86.7) 79 (85.9) 84 (92.3)
Adverse events in >5% of patients in any group
Renal transplantation 9(10.0) 6 (6.5) 14 (15.4)
Diarrhea 10(11.1) 7 (7.6) 12(13.2)
Abdominal pain upper 2(2.2) 11 (12.0) 2(2.2)
Cough 8(8.9) 10(10.9) 9(9.9)
Arteriovenous fistula site 8(8.9) 7 (7.6) 9(9.9)
complication
Chest pain 9(10.0) 2(2.2) 3(3.3)
Pneumonia 8(8.9) 5(5.4) 4(4.4)
Pain in extremity 8(8.9) 7 (7.6) 8(8.8)
Dyspnea 8(8.9) 5(5.4) 7(7.7)
Vomiting 4 (4.4) 1(1.1) 8(8.8)
Musculoskeletal pain 5(5.6) 3(3.3) 7(7.7)
Hyperphosphatemia 0 0 7(7.7)
Atrial fibrillation 2(2.2) 5(5.4) 7(7.7)
Upper respiratory tract 6(6.7) 2(2.2) 4(4.4)
infection
Fluid overload 6(6.7) 4 (4.3) 3(3.3)
Nasopharyngitis 6(6.7) 3(3.3) 1(1.1)
Fall 6(6.7) 6 (6.5) 3(3.3)
Bronchitis 5 (5.6) 1(1.1) 4 (4.4)
Hypoglycemia 1(1.1) 6 (6.5) 6(6.6)
Arthralgia 4(4.4) 6 (6.5) 2(2.2)
Back pain 4(4.4) 6 (6.5) 2(2.2)
Dizziness 4(4.4) 6 (6.5) 5(5.5)
Hyperkalemia 3(3.3) 6 (6.5) 5(5.5)
Pain 5(5.6) 4(4.3) 3(3.3)
Headache 5(5.6) 3(3.3) 3(3.3)
Nausea 4 (4.4) 2(2.2) 5(5.5)
Gastrointestinal 0 0 5(5.5)
hemorrhage
Hypertension 4 (4.4) 3(3.3) 5(5.5)
Bradycardia 3(3.3) 5(5.4) 0
Any serious adverse event 49 (54.4) 38 (41.3) 55 (60.4)
Any adverse event leading to 18 (20.0) 13(14.1) 26 (28.6)
study drug withdrawal
Any adverse event leading to 10 (11.1) 7 (7.6) 13 (14.3)
study discontinuation
Any grade >3 adverse event 41 (45.6) 38 (41.3) 48 (52.7)

Data are expressed as number (percent) of patients for the safety population.

delaying the progression of coronary artery and aortic
valve calcification. Although the effects on calcification
in the thoracic aorta were directionally consistent, be-
tween-group changes were not statistically significant.
The thoracic aortas of patients included in the study

Circulation. 2020;141:728-739. DOI: 10.1161/CIRCULATIONAHA.119.044195
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were generally heavily calcified at baseline, and it may
be difficult to delay further calcification at a late and very
advanced stage of disease. The mere size of the arterial
territory to be imaged may cause an increased measure-
ment error with reduced reproducibility compared with
the smaller coronary arteries and aortic valve.

Healthy bone continually undergoes quantitatively
matched resorption and formation of its principal miner-
al phase hydroxyapatite.®4° An agent such as SNF472,
which inhibits the growth of hydroxyapatite crystals, has
the potential to affect bone formation and bone mineral
density. Further studies of sufficient size and duration
are necessary to determine whether SNF472 significant-
ly reduces bone density or modifies the risk of fracture.

A small difference in calcification progression was
evident between the 2 doses of SNF472. However, the
study was not powered to address the efficacy differ-
ence between 300 and 600 mg of SNF472.

A few limitations in the CaLIPSO trial limit the direct
extension of our findings to patients with ESKD with
different baseline characteristics and the general popu-
lation. By restricting inclusion to patients with preexist-
ing CAC, we could not determine whether SNF472 pre-
vents the initial development of CAC. The study sample
was relatively small but on par with previous trials ad-
dressing the progression of cardiovascular calcification
in patients with ESKD. The trial was not designed to
test whether SNF472 reduced the frequency of cardio-
vascular events. Therefore, although the reported rates
of events in the CalIPSO trial support the safety of
SNF472, its efficacy in preventing cardiovascular events
needs to be tested in future trials. The study results are
remarkable because the comparison was performed on
top of standard of care for the management of cardio-
vascular disease and disorders of mineral metabolism.

Conclusions

Compared with placebo, 52 weeks of treatment with
SNF472 significantly attenuated the progression of coro-
nary artery and aortic valve calcification in patients with
ESKD receiving hemodialysis. These results were obtained
on a background of contemporary management of min-
eral metabolism disorder in patients receiving hemodial-
ysis, including drugs with the potential to attenuate, at
least partially, the progression of cardiovascular calcifica-
tion in patients with ESKD. Further studies are needed to
determine the effects of SNF472 on cardiovascular events.

ARTICLE INFORMATION

Received October 25, 2019; accepted November 8, 2019.

Continuing medical education (CME) credit is available for this article. Go
to http://cme.ahajournals.org to take the quiz.

The online-only Data Supplement, podcast, and transcript are available with
this article at https:/Awww.ahajournals.org/doi/suppl/10.1161/circulationaha.
119.044195.

March 3,2020 737

(=)
=
=
=
=
=
=
m
(7]
m
>
)
()
=




=
S
<
<<
Ll
7]
Ll
=
—
=
=
=
=
S

0202 ‘2 Yo\ uo Aq Blio'sfeulnofeye//:diy woly papeojumod

Raggi et al

Correspondence

Paolo Raggi, MD, Professor of Medicine, Division of Cardiology, University of
Alberta 5A9-014, 11220 83rd Ave NW, Edmonton, AB T6G 2B7, Canada. Email
raggip@gmail.com

Affiliations

Department of Medicine, Mazankowski Alberta Heart Institute and University
of Alberta, Edmonton, Canada (PR.). Research, Innovation and Brand Repu-
tation Unit, ASST Papa Giovanni XXIll, Bergamo, Italy (A.B.). Department of
Medicine, University of Rochester Medical Center, NY (D.B.). Department of
Nephrology, Fundacié Puigvert and Universitat Autonoma, IIB Sant Pau, REDin-
REN, Barcelona, Spain (J.B.). Nephrology Unit, Hospital Universitario Reina So-
fia, IMIBIC, REDInREN, Cérdoba, Spain (M.R.). Department of General Internal
Medicine and Nephrology, Robert-Bosch-Krankenhaus, Stuttgart, Germany
(M.K.). Department of Renal Medicine, Salford Royal NHS Foundation Trust,
UK (S.S.). Research and Development, Sanifit Therapeutics, Palma, Spain (C.S.,
J.P). Research and Development, Sanifit Therapeutics, San Diego, CA (K.G., C.P,
R.G., A.G.). Department of Medicine, Stanford University, Palo Alto, CA (A.G.,
G.M.C.). University of the Balearic Islands, Palma, Spain (J.P).

Acknowledgments

The authors thank Dr Kevin Carroll of KJC Statistics Ltd for assistance with the
statistical analyses.

Sources of Funding

CaLIPSO was sponsored by Sanifit Therapeutics. SQN Clinical performed the
statistical analyses with funding from Sanifit Therapeutics. Clinipace, a contract
research organization, assisted with study management, site monitoring, and
data collection. Editorial assistance for manuscript preparation was provided by
Jonathan Latham of PharmaScribe, LLC and was funded by Sanifit Therapeutics.

Disclosures

Dr Raggi has served as a consultant to Sanifit. Dr Bellasi has served as a consul-
tant to Sanifit and received lecture fees from Sanofi-Genzyme, Vifor-Fresenius-
Renal Pharma, Abbvie, and Amgen. Dr Bover has served as a consultant to and
received lecture fees from Sanifit, Sanofi-Genzyme, Vifor-Fresenius-Renal Phar-
ma, Abbvie, and Amgen, as well as lecture fees from SHIRE. Dr Rodriguez has
received lecture fees from Amgen, Kyowa-Kirin, Sanofi, and Vifor. Dr Ketteler
has served as a consultant to Sanifit, Amgen, Medice, Sanofi, and Vifor. Dr Sinha
has served as a consultant to Sanifit, Vifor Fresenius, and Napp. Dr Chertow has
served as a consultant to Akebia, AMAG, Amgen, Ardelyx, AstraZeneca, Gilead,
Reata, Sanifit, and Vertex; has stocks or options in Ardelyx, CloudCath, Cricket,
Durect, Outset, and Physiowave; and has received research funding from Amgen
and Janssen. Dr Bushinsky has served as a consultant to Sanifit, Tricida, Relypsa/
Vifor/Fresenius, Sanofi/Genzyme, and Amgen; has stocks or options in Tricida
and Amgen; and currently receives grants from the National Institutes of Health
and the Renal Research Institute. Drs Padgett, Garg, and Gold and K. Gillotti are
employees of and have stocks or options in Sanifit Therapeutics. Drs Salcedo and
Perello are employees of Sanifit Therapeutics, have stocks or options in Sanifit
Therapeutics, and have patents related to SNF472.

REFERENCES

1. Foley RN, Parfrey PS, Sarnak MJ. Clinical epidemiology of cardiovascular
disease in chronic renal disease. Am J Kidney Dis. 1998;32(suppl 3):5112—
S119. doi: 10.1053/ajkd.1998.v32.pm9820470

2. Cozzolino M, Mangano M, Stucchi A, Ciceri P, Conte F, Galassi A. Cardio-
vascular disease in dialysis patients. Nephrol Dial Transplant. 2018;33(sup-
pl 3):iii28-iii34. doi: 10.1093/ndt/gfy174

3. Raggi P Boulay A, Chasan-Taber S, Amin N, Dillon M, Burke SK,
Chertow GM. Cardiac calcification in adult hemodialysis patients: a link
between end-stage renal disease and cardiovascular disease? J Am Coll
Cardiol. 2002;39:695-701. doi: 10.1016/50735-1097(01)01781-8

4. Bellasi A, Ferramosca E, Muntner P, Ratti C, Wildman RP, Block GA,
Raggi P. Correlation of simple imaging tests and coronary artery calcium
measured by computed tomography in hemodialysis patients. Kidney Int.
2006;70:1623-1628. doi: 10.1038/s.ki.5001820

738  March 3, 2020

20.

21.

22.

Slowing Cardiovascular Calcification With SNF472

. Blaha MJ, Budoff MJ, DeFilippis AP, Blankstein R, Rivera JJ, Agatston A,

O’Leary DH, Lima J, Blumenthal RS, Nasir K. Associations between C-reac-
tive protein, coronary artery calcium, and cardiovascular events: implica-
tions for the JUPITER population from MESA, a population-based cohort
study. Lancet. 2011;378:684-692. doi: 10.1016/50140-6736(11)60784-8

. Erbel R, M&hlenkamp S, Moebus S, Schmermund A, Lehmann N, Stang A,

Dragano N, Grénemeyer D, Seibel R, Kalsch H, et al; Heinz Nixdorf Re-
call Study Investigative Group. Coronary risk stratification, discrimination,
and reclassification improvement based on quantification of subclinical
coronary atherosclerosis: the Heinz Nixdorf Recall study. / Am Coll Cardiol.
2010;56:1397-1406. doi: 10.1016/j.jacc.2010.06.030

. Bellasi A, Block GA, Ferramosca E, Ratti C, Raggi P. Integration of clinical

and imaging data to predict death in hemodialysis patients. Hemodial Int.
2013;17:12-18. doi: 10.1111/j.1542-4758.2012.00709.x

. Block GA, Raggi P, Bellasi A, Kooienga L, Spiegel DM. Mortality effect of

coronary calcification and phosphate binder choice in incident hemodialy-
sis patients. Kidney Int. 2007;71:438-441. doi: 10.1038/sj.ki.5002059

. Chen J, Budoff MJ, Reilly MP, Yang W, Rosas SE, Rahman M, Zhang X,

Roy JA, Lustigova E, Nessel L, et al; CRIC Investigators. Coronary artery
calcification and risk of cardiovascular disease and death among pa-
tients with chronic kidney disease. JAMA Cardiol. 2017;2:635-643. doi:
10.1001/jamacardio.2017.0363

. Johnson RC, Leopold JA, Loscalzo J. Vascular calcification: pathobiological

mechanisms and clinical implications. Circ Res. 2006;99:1044-1059. doi:
10.1161/01.RES.0000249379.55535.21

. Raggi P, Giachelli C, Bellasi A. Interaction of vascular and bone disease in

patients with normal renal function and patients undergoing dialysis. Nat
Clin Pract Cardiovasc Med. 2007;4:26-33. doi: 10.1038/ncpcardio0725

. Brown AJ, Teng Z, Evans PC, Gillard JH, Samady H, Bennett MR. Role of

biomechanical forces in the natural history of coronary atherosclerosis.
Nat Rev Cardiol. 2016;13:210-220. doi: 10.1038/nrcardio.2015.203

. Raggi P, Bellasi A, Ferramosca E, Islam T, Muntner P, Block GA. Association

of pulse wave velocity with vascular and valvular calcification in hemodi-
alysis patients. Kidney Int. 2007;71:802-807. doi: 10.1038/sj.ki.5002164

. Dilorio B, Nargi O, Cucciniello E, Bellizzi V, Torraca S, Russo D, Bellasi A; IN-

DEPENDENT Study Investigators. Coronary artery calcification progression
is associated with arterial stiffness and cardiac repolarization deterioration
in hemodialysis patients. Kidney Blood Press Res. 2011;34:180-187. doi:
10.1159/000325656

. Kitamura K, Fujii H, Nakai K, Kono K, Goto S, Nishii T, Kono A, Nishi S.

Relationship between cardiac calcification and left ventricular hypertrophy
in patients with chronic kidney disease at hemodialysis initiation. Heart
Vessels. 2017;32:1109-1116. doi: 10.1007/s00380-017-0969-4

. Karohl C, D’Marco L, Bellasi A, Raggi P. Hybrid myocardial imaging for risk

stratification prior to kidney transplantation: added value of coronary cal-
cium and epicardial adipose tissue. J Nuc/ Cardiol. 2013;20:1013-1020.
doi: 10.1007/5s12350-013-9761-8

. Jamal SA, Vandermeer B, Raggi P, Mendelssohn DC, Chatterley T,

Dorgan M, Lok CE, Fitchett D, Tsuyuki RT. Effect of calcium-based ver-
sus non-calcium-based phosphate binders on mortality in patients with
chronic kidney disease: an updated systematic review and meta-analysis.
Lancet. 2013;382:1268-1277. doi: 10.1016/S0140-6736(13)60897-1

. Patel L, Bernard LM, Elder GJ. Sevelamer versus calcium-based binders

for treatment of hyperphosphatemia in CKD: a meta-analysis of random-
ized controlled trials. Clin J Am Soc Nephrol. 2016;11:232-244. doi:
10.2215/CJN.06800615

. Raggi P, Chertow GM, Torres PU, Csiky B, Naso A, Nossuli K, Moustafa M,

Goodman WG, Lopez N, Downey G, et al; ADVANCE Study Group. The
ADVANCE study: a randomized study to evaluate the effects of cina-
calcet plus low-dose vitamin D on vascular calcification in patients on
hemodialysis. Nephrol Dial Transplant. 2011;26:1327-1339. doi:
10.1093/ndt/gfq725

Ferrer MD, Pérez MM, Canaves MM, Buades JM, Salcedo C, Perellé J. A
novel pharmacodynamic assay to evaluate the effects of crystallization
inhibitors on calcium phosphate crystallization in human plasma. Sci Rep.
2017,7:6858. doi: 10.1038/541598-017-07203-x

Ferrer MD, Ketteler M, Tur F, Tur E, Isern B, Salcedo C, Joubert PH,
Behets GJ, Neven E, D'Haese PC, et al. Characterization of SNF472 phar-
macokinetics and efficacy in uremic and non-uremic rats models of cardio-
vascular calcification. PLoS One. 2018;13:e0197061. doi: 10.1371/journal.
pone.0197061

Perell6 J, Gomez M, Ferrer MD, Rodriguez NY, Salcedo C, Buades JM,
Pérez MM, Torregrosa JV, Martin E, Maduell F. SNF472, a novel inhibitor of

Circulation. 2020;141:728-739. DOI: 10.1161/CIRCULATIONAHA.119.044195


mailto:raggip@gmail.com

0202 ‘2 Yo\ uo Aq Blio'sfeulnofeye//:diy woly papeojumod

Raggi et al

23.

24,

25.

26.

27.

28.

29.

30.

31.

32

33.

34.

35.

vascular calcification, could be administered during hemodialysis to attain
potentially therapeutic phytate levels. J Nephrol. 2018;31:287-296. doi:
10.1007/540620-018-0471-9

Perell6 J, Joubert PH, Ferrer MD, Canals AZ, Sinha S, Salcedo C. First-time-
in-human randomized clinical trial in healthy volunteers and haemodialy-
sis patients with SNF472, a novel inhibitor of vascular calcification. Br J
Clin Pharmacol. 2018;84:2867-2876. doi: 10.1111/bcp.13752

Bellasi A, Raggi P, Bover J, Bushinsky DA, Chertow GM, Ketteler M,
Rodriguez M, Sinha S, Salcedo C, Garg R, et al. Trial design and base-
line characteristics of CaLIPSO: a randomized, double-blind placebo-
controlled trial of SNF472 in patients receiving hemodialysis with cardio-
vascular calcification [published online October 30, 2019]. Clin Kidney J.
doi:10.1093/ckj/sfz1144.  https://academic.oup.com/ckj/advance-article/
doi/10.1093/ckj/sfz144/5610159.

Callister TQ, Cooil B, Raya SP, Lippolis NJ, Russo DJ, Raggi P. Coronary
artery disease: improved reproducibility of calcium scoring with an elec-
tron-beam CT volumetric method. Radiology. 1998;208:807-814. doi:
10.1148/radiology.208.3.9722864

Agatston AS, Janowitz WR, Hildner FJ, Zusmer NR, Viamonte M Jr,
Detrano R. Quantification of coronary artery calcium using ultrafast
computed tomography. / Am Coll Cardiol. 1990;15:827-832. doi:
10.1016/0735-1097(90)90282-t

Budoff MJ, Hokanson JE, Nasir K, Shaw LJ, Kinney GL, Chow D, Demoss D,
Nuguri V, Nabavi V, Ratakonda R, et al. Progression of coronary artery cal-
cium predicts all-cause mortality. JACC Cardiovasc Imaging. 2010;3:1229-
1236. doi: 10.1016/j.jcmg.2010.08.018

Chertow GM, Burke SK, Raggi P; Treat to Goal Working Group.
Sevelamer attenuates the progression of coronary and aortic calcifi-
cation in hemodialysis patients. Kidney Int. 2002;62:245-252. doi:
10.1046/).1523-1755.2002.00434 x

Sadek T, Mazouz H, Bahloul H, Oprisiu R, El Esper N, El Esper I, Boitte F,
Brazier M, Moriniere P, Fournier A. Sevelamer hydrochloride with or with-
out alphacalcidol or higher dialysate calcium vs calcium carbonate in di-
alysis patients: an open-label, randomized study. Nephrol Dial Transplant.
2003;18:582-588. doi: 10.1093/ndt/18.3.582

Arad Y, Goodman KJ, Roth M, Newstein D, Guerci AD. Coronary calcifica-
tion, coronary disease risk factors, C-reactive protein, and atherosclerotic
cardiovascular disease events: the St. Francis Heart Study. / Am Coll Car-
diol. 2005;46:158-165. doi: 10.1016/j.jacc.2005.02.088

Detrano R, Guerci AD, Carr JJ, Bild DE, Burke G, Folsom AR, Liu K, Shea S,
Szklo M, Bluemke DA, et al. Coronary calcium as a predictor of coronary
events in four racial or ethnic groups. N Engl J Med. 2008;358:1336—
1345. doi: 10.1056/NEJM0a072100

Malik S, Zhao'Y, Budoff M, Nasir K, Blumenthal RS, Bertoni AG, Wong ND.
Coronary artery calcium score for long-term risk classification in indi-
viduals with type 2 diabetes and metabolic syndrome from the Multi-
Ethnic Study of Atherosclerosis. JAMA Cardiol. 2017;2:1332-1340. doi:
10.1001/jamacardio.2017.4191

Arnett DK, Blumenthal RS, Albert MA, Buroker AB, Goldberger ZD,
Hahn EJ, Himmelfarb CD, Khera A, Lloyd-Jones D, McEvoy JW, et al. 2019
ACC/AHA guideline on the primary prevention of cardiovascular disease: a
report of the American College of Cardiology/American Heart Association
Task Force on Clinical Practice Guidelines. Circulation. 2019;140:e596—
e646. doi: 10.1161/CIR.0000000000000678

Cano-Megias M, Guisado-Vasco P, Bouarich H, de Arriba-de la Fuente G,
de Sequera-Ortiz P, Alvarez-Sanz C, Rodriguez-Puyol D. Coronary calci-
fication as a predictor of cardiovascular mortality in advanced chronic
kidney disease: a prospective long-term follow-up study. BMC Nephrol.
2019;20:188. doi: 10.1186/512882-019-1367-1

Xie Q, Ge X, Shang D, Li Y, Yan H, Tian J, Hao CM, Zhu T. Coronary artery
calcification score as a predictor of all-cause mortality and cardiovascular

Circulation. 2020;141:728-739. DOI: 10.1161/CIRCULATIONAHA.119.044195

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Slowing Cardiovascular Calcification With SNF472

outcome in peritoneal dialysis patients. Perit Dial Int. 2016;36:163-170.
doi: 10.3747/pdi.2014.00124

Shantouf RS, Budoff MJ, Ahmadi N, Ghaffari A, Flores F, Gopal A, Noori N,
Jing J, Kovesdy CP, Kalantar-Zadeh K. Total and individual coronary artery
calcium scores as independent predictors of mortality in hemodialysis pa-
tients. Am J Nephrol. 2010;31:419-425. doi: 10.1159/000294405
Blacher J, Guerin AP, Pannier B, Marchais SJ, London GM. Arterial calci-
fications, arterial stiffness, and cardiovascular risk in end-stage renal dis-
ease. Hypertension. 2001;38:938-942. doi: 10.1161/hy1001.096358
Adragao T, Pires A, Birne R, Curto JD, Lucas C, Gongalves M, Negrao AP. A
plain X-ray vascular calcification score is associated with arterial stiffness
and mortality in dialysis patients. Nephrol Dial Transplant. 2009;24:997-
1002. doi: 10.1093/ndt/gfn584

Disthabanchong S, Vipattawat K, Phakdeekitcharoen B, Kitiyakara C,
Sumethkul V. Abdominal aorta and pelvic artery calcifications on plain
radiographs may predict mortality in chronic kidney disease, hemodialy-
sis and renal transplantation. Int Urol Nephrol. 2018;50:355-364. doi:
10.1007/s11255-017-1758-9

Kwon HY, Lee OH, Kim MJ, Joo WC, Lee SY, Kim MJ, Song JH, Lee SW.
The association between mortality and abdominal aortic calcification
and relation between its progression and serum calcium concentration
in chronic hemodialysis patients. Kidney Res Clin Pract. 2014;33:95-102.
doi: 10.1016/j.krcp.2014.04.003

Okuno S, Ishimura E, Kitatani K, Fujino Y, Kohno K, Maeno Y, Maekawa K,
Yamakawa T, Imanishi Y, Inaba M, et al. Presence of abdominal aortic calci-
fication is significantly associated with all-cause and cardiovascular mortal-
ity in maintenance hemodialysis patients. Am J Kidney Dis. 2007;49:417—
425. doi: 10.1053/).ajkd.2006.12.017

Verbeke F Van Biesen W, Honkanen E, Wikstrom B, Jensen PB,
Krzesinski JM, Rasmussen M, Vanholder R, Rensma PL; CORD Study In-
vestigators. Prognostic value of aortic stiffness and calcification for car-
diovascular events and mortality in dialysis patients: outcome of the Cal-
cification Outcome in Renal Disease (CORD) study. Clin / Am Soc Nephrol.
2011;6:153-159. doi: 10.2215/CIN.05120610

Sarnak MJ, Amann K, Bangalore S, Cavalcante JL, Charytan DM, Craig JC,
Gill JS, Hlatky MA, Jardine AG, Landmesser U, et al; Conference Par-
ticipants. Chronic kidney disease and coronary artery disease: JACC
state-of-the-art review. J Am Coll Cardiol. 2019;74:1823-1838. doi:
10.1016/j.jacc.2019.08.1017

Watanabe H, Ohtsuka S, Kakihana M, Sugishita Y. Coronary circulation
in dogs with an experimental decrease in aortic compliance. J Am Coll
Cardiol. 1993;21:1497-1506. doi: 10.1016/0735-1097(93)90330-4
Ohtsuka S, Kakihana M, Watanabe H, Sugishita Y. Chronically decreased
aortic distensibility causes deterioration of coronary perfusion during
increased left ventricular contraction. J Am Coll Cardiol. 1994;24:1406—
1414. doi: 10.1016/0735-1097(94)90127-9

Leung MC, Meredith IT, Cameron JD. Aortic stiffness affects the
coronary blood flow response to percutaneous coronary interven-
tion. Am J Physiol Heart Circ Physiol. 2006;290:H624-H630. doi:
10.1152/ajpheart.00380.2005

Marwick TH, Amann K, Bangalore S, Cavalcante JL, Charytan DM,
Craig JC, Gill JS, Hlatky MA, Jardine AG, Landmesser U, et al; Confer-
ence Participants. Chronic kidney disease and valvular heart disease:
conclusions from a Kidney Disease: Improving Global Outcomes (KDIGO)
Controversies  Conference.  Kidney Int. 2019;96:836-849. doi:
10.1016/).kint.2019.06.025

Omelon S, Ariganello M, Bonucci E, Grynpas M, Nanci A. A review of
phosphate mineral nucleation in biology and geobiology. Calcif Tissue Int.
2013;93:382-396. doi: 10.1007/s00223-013-9784-9

Hadjidakis DJ, Androulakis Il. Bone remodeling. Ann NY Acad Sci.
2006;1092:385-396. doi: 10.1196/annals.1365.035

March 3,2020 739

(=)
=)
=
F—
=
=
=
m
(7]
m
=
=
()
=






