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ABSTRACT

Background. Calcific uraemic arteriolopathy (CUA; calciphylaxis) is a rare disease seen predominantly in patients receiving
dialysis. Calciphylaxis is characterized by poorly healing or non-healing wounds, and is associated with mortality,
substantial morbidity related to infection and typically severe pain. In an open-label Phase 2 clinical trial, SNF472, a
selective inhibitor of vascular calcification, was well-tolerated and associated with improvement in wound healing,
reduction of wound-related pain and improvement in wound-related quality of life (QoL). Those results informed the design
of the CALCIPHYX trial, an ongoing, randomized, placebo-controlled, Phase 3 trial of SNF472 for treatment of calciphylaxis.

Methods. In CALCIPHYX, 66 patients receiving haemodialysis who have an ulcerated calciphylaxis lesion will be randomized
1:1 to double-blind SNF472 (7 mg/kg intravenously) or placebo three times weekly for 12 weeks (Part 1), then receive open-
label SNF472 for 12 weeks (Part 2). All patients will receive stable background care, which may include pain medications and
sodium thiosulphate, in accordance with the clinical practices of each site. A statistically significant difference between the
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SNF472 and placebo groups for improvement of either primary endpoint at Week 12 will demonstrate efficacy of SNF472:
change in Bates-Jensen Wound Assessment Tool-CUA (a quantitative wound assessment tool for evaluating calciphylaxis
lesions) or change in pain visual analogue scale score. Additional endpoints will address wound-related QoL, qualitative
changes in wounds, wound size, analgesic use and safety.

Conclusions. This randomized, placebo-controlled Phase 3 clinical trial will examine the efficacy and safety of SNF472 in
patients who have ulcerated calciphylaxis lesions. Patient recruitment is ongoing.

Keywords: calciphylaxis, controlled clinical trial, design, SNF472, rationale

INTRODUCTION

Calcific uraemic arteriolopathy (CUA or calciphylaxis) is a rare
disease seen predominantly in patients with end-stage kidney
disease (ESKD) [1, 2]. The annual incidence of calciphylaxis is
<1% among patients on dialysis [3–5]. Calciphylaxis lesions,
which most commonly appear in the truncal area and lower
limbs, need to be differentiated from peripheral arterial disease
that tends to be more distally distributed [6].

Calciphylaxis results from progressive calcification of skin arte-
rioles, typically in areas with abundant adipose tissue such as the
abdomen and thighs [1]. Subsequent subintimal fibrosis and
thrombosis lead to arteriole occlusion and progressive necrosis,
eventually resulting in skin ulceration [1]. These ulcerations are ex-
tremely painful, with pain often refractory to analgesics [7].
Ulcerated lesions are also susceptible to wound infection and sep-
sis, both of which can lead directly or indirectly to mortality [8–11].

Several studies have reported 1-year mortality rates in patients
with calciphylaxis at 40–50% or higher [11–14]. A recent analysis of
the UK Calciphylaxis Registry reported a 1-year mortality rate of
67% versus 10% in patients receiving dialysis without calciphylaxis
[10]. Patients with calciphylaxis also have a high morbidity burden
and poor quality of life (QoL) related to painful wounds, ambula-
tory difficulties and frequent hospitalizations [15, 16].

There are no specific treatment guidelines and no approved
therapeutics or devices for the treatment of calciphylaxis.
Current treatment strategies are based on anecdotal evidence
and evidence from retrospective chart reviews and case series [1].
Three randomized clinical trials of sodium thiosulphate (STS) for
calciphylaxis were previously attempted (NCT03150420,
NCT02527213 and ISRCTN73380053) but all were terminated, and
no results have been published from those studies.

We previously reported the results of a prospective open-
label, single-arm Phase 2 clinical trial of 14 patients receiving di-
alysis who had calciphylaxis, all of whom received SNF472 by
intravenous infusion during thrice-weekly haemodialysis for up
to 12 weeks [17]. SNF472, the hexasodium salt of myo-inositol
hexaphosphate (IP6), is a first-in-class inhibitor of vascular
calcification. SNF472 has a novel mechanism of action: it
physiochemically blocks formation and progression of vascular
hydroxyapatite crystals, selectively inhibiting vascular calcifica-
tion [18, 19]. SNF472 may also inhibit differentiation of vascular
smooth muscle cells into osteoblast-like cells [19]. The Phase 2
clinical trial of SNF472 was the first prospective interventional
clinical trial in patients with calciphylaxis to be published [17].
Patients treated with SNF472 experienced improvement in
wound healing as measured with the 13-item Bates-Jensen
Wound Assessment Tool (BWAT) [20], reduction in wound-
related pain severity using a visual analogue scale (VAS) and
improvement in wound-related QoL using the 17-item Wound-
QoL questionnaire [21, 22]. SNF472 was well-tolerated, with no
serious treatment-related adverse events.

These results informed the design and conduct of this larger
Phase 3, randomized, placebo-controlled clinical trial to investi-
gate the safety and efficacy of SNF472 treatment in patients
with calciphylaxis. Herein we describe the design of this study
and discuss elements of the study design implemented to
overcome the challenges of conducting prospective, controlled
clinical trials in this patient population.

MATERIALS AND METHODS
Study design

This Phase 3, global, multicentre clinical trial (NCT04195906;
CALCIPHYX) will examine the efficacy and safety of SNF472 in
adult patients receiving maintenance haemodialysis who have
at least one ulcerated calciphylaxis lesion. The study will in-
clude a screening period of up to 5 weeks, a 12-week double-
blind, randomized, placebo-controlled treatment period (Part 1)
followed by a 12-week open-label treatment period (Part 2) in
which all patients will receive SNF472, and a 4-week follow-up
period (Figure 1). This study will be conducted in accordance
with the declaration of Helsinki and the International Council
for Harmonisation Guidelines on Good Clinical Practice. The
first patient was enrolled in February 2020 and study comple-
tion is expected in approximately April 2022.

Patients meeting all eligibility criteria will be randomized in
a 1:1 ratio to receive either SNF472 or matching placebo in a
double-blind manner. Randomization will be stratified based
on the provision of intravenous STS use (yes/no). Planned
enrolment is 66 patients from �60 sites globally. The number of
patients may be adjusted up to a maximum of 99 based on
results of a sample size re-estimation, as discussed in Statistical
analyses below. SNF472 solution (30 mg/mL) and matching pla-
cebo will be diluted in physiological saline and infused via the
dialysis circuit over a period of �2.5–3 h thrice weekly (TIW) dur-
ing regular dialysis sessions. Patients must be on stable back-
ground care, including pain medications and/or STS, during
screening; no changes will be made after randomization unless
medically indicated in the opinion of the Investigator. The
Investigators should also consider whether these measures are
appropriate for their patients during screening: replacement of
warfarin with another anticoagulant, withdrawal of calcium-
based phosphate binders (unless being used for hypocalcaemia),
reduction in vitamin D administration and a haemodialysis reg-
imen of 4 h TIW. Wound care will be at the Investigator’s discre-
tion. Patients completing the study will return for a follow-up
visit 4 weeks after the last dose of study medication.

Eligibility

Inclusion and exclusion criteria are provided in Table 1. Patients
must be at least 18 years of age and receiving maintenance
haemodialysis in a clinical setting for at least 2 weeks.
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The clinical diagnosis of calciphylaxis will be made by the site
Investigator, based on the criteria of livedo reticularis, plaques
or nodules, necrotic lesions covered by eschar or full thickness
open wounds in a patient withESKD. Inclusion criteria require
at least one calciphylaxis lesion with ulceration of the epithelial
surface and a pain VAS score at least 50 of 100 at screening.
Patients will be excluded from study participation if the primary
lesion is due to causes other than calciphylaxis, life expectancy
is <6 months, or kidney transplantation or parathyroidectomy
is expected to occur within 6 months.

Schedule of assessments

Study visits will occur twice during screening, TIW during each
treatment period and once 4 weeks after the last dose of study
medication. Key efficacy and safety assessments will occur at
the times shown in Figure 1.

Wound healing will be assessed with the BWAT, which
measures 13 items: size, depth, edges, undermining, necrotic
tissue type, necrotic tissue amount, exudate type, exudate
amount, skin colour surrounding wound, peripheral tissue
oedema, peripheral tissue induration, granulation tissue and
epithelialization (Table 2) [20]. Nine items will be rated from 1 to
5 and four items from 0 to 5, yielding a total score from 9 (best)
to 65 (worst). Because the BWAT was originally developed to
assess pressure ulcers, one of the primary endpoints of this
study will use BWAT-CUA, an 8-item modification specifically
developed by experts to evaluate eight prototypical features of
calciphylaxis lesions (Table 2) [23, 24].

The other primary endpoint, wound-related pain using the
VAS, will be administered electronically: the patient will mark a
position on a 10-cm horizontal line to indicate the worst
wound-related pain experienced during the previous 24 h. The
Wound-QoL questionnaire will be administered electronically
and will consist of 17 questions on impairments during the
previous 7 days [21, 22]. Patients will also complete a daily pain
medication diary.

Adverse events will be recorded at each visit. Clinical labora-
tory assessments for safety (haematology, chemistry, ionized
calcium, parathyroid hormone, high-sensitivity C-reactive
protein) will be collected at baseline and every 6 weeks. Holter
monitoring will be performed during dialysis during screening
and at Weeks 1, 6, 12, 13 and 24. Electrocardiograms (ECGs) will
be acquired during screening and at Weeks 1, 12, 13 and 24.
An external Independent Data and Safety Monitoring Board will
review unblinded safety data periodically.

Central wound rating group

A blinded central wound rating group will be responsible for
confirming lesions are due to calciphylaxis and completing
BWAT rating and qualitative review of lesion progress using
the images collected by the sites. The study site will use a stan-
dardized tablet and Tissue Analytics Software (NetHealth,
Pittsburgh PA, USA) to acquire images (both photos and videos)
of calciphylaxis lesions. All images will be centrally reviewed
for quality within 48 h of collection by an image quality reviewer
(L.J.G.). Two wound experts (L.J.G. and T.E.S.) will evaluate all
screening lesions for confirmation of patient inclusion.

Sites will receive training on BWAT and rating of the three
items that rely on bedside evaluation: undermining, peripheral
tissue oedema and peripheral tissue induration. The video will
record the process of the site staff rating these three items. The
central wound rating group will rate the remaining BWAT items
based on the review of the wound photos and videos and will
review the site’s ratings of undermining (erosion under the
wound edges), peripheral tissue oedema and peripheral tissue
induration, updating these ratings if necessary. The video will
show removal of the wound dressing (if present) and the under-
side of the dressing to allow the central raters to score exudate
type and amount. Size rating will be aided by automated meas-
urements from imaging software for the wound size.

Ratings of images will occur after the patient completes Part
1 of the study. Central BWAT raters will not be aware of the se-
quence of visits or dates the images were acquired. Each central

Screening
up to 5 weeks

Part 1
Double-Blind Treatment

12 weeks

Part 2
Open-Label Treatment

12 weeks

Follow-Up
Period

4 weeks

Day 1 Week 12 Week 24 Week 28

Informed 
consent & 
eligibility

1:
 1

 R
an

do
m

iz
at

io
n

SNF472  7 mg/kg TIW

Placebo TIW

Background care for calciphylaxis continued in all patients

E
nd

 o
f S

tu
dy

SNF472  7 mg/kg TIW

Tr
ea

tm
en

t E
nd

Week Baseline

BWAT/imaging
Pain VAS

Wound-QoL
Holter
ECG

2Screening 4 6 8 10 12 14 16 18 20 22 24 28

X
X
X
X
X

X
X
X
X
X

X
X
X

X
X
X

X
X
X
X

X
X
X

X
X
X

X
X
X
X
X

X
X
X

X
X
X

X
X
X
X

X
X
X

X
X
X

X
X
X
X
X

X
X
X
X
X

13

X
X

FIGURE 1: Study design. After a screening period of up to 5 weeks, eligible patients will be randomized 1:1 to receive an infusion of SNF472 or placebo TIW, during hae-

modialysis. Double-blind study treatment will be administered for 12 weeks, followed by open-label SNF472 treatment for an additional 12 weeks, and a 4-week safety

follow-up period. Background care, including pain medications and/or STS, will be stabilized during screening and no changes to the background care regimen will be

made after randomization unless medically indicated in the opinion of the Investigator.

S. Sinha et al.138 |



BWAT rater will successfully complete BWAT training and an
examination (given by T.E.S.) before rating images from study
patients. A second member of the central wound rating group
(T.E.S. or a central BWAT rater) will perform a quality control re-
view of each image.

In addition, two other reviewers will separately determine
whether lesions have improved, worsened or remained the
same between Week 1 (baseline) and Week 12, and between
Weeks 1 and 24 based on qualitative review of the images.
These reviewers will be blinded to study treatment and
visit order, and they will not be involved in confirmation of
calciphylaxis lesions or BWAT rating during the study. If
needed, a third qualitative reviewer may be consulted to reach
consensus.

Statistical analyses

The modified intention-to-treat (mITT) population, which will
be used as the primary analysis set for efficacy, will consist of
all enrolled patients who are randomized, receive at least one
dose of study drug and have at least one post-randomization ef-
ficacy evaluation. The per-protocol population of patients in the

mITT population who do not have major protocol violations,
have evaluable primary efficacy data and with a pre-specified
minimum study drug exposure will be used for supportive anal-
yses of efficacy endpoints.

Study endpoints are listed in Table 3. This study will have
two alternate primary efficacy endpoints, each considered of
equal clinical relevance: absolute change from baseline to Week
12 in BWAT-CUA score for the primary lesion, and absolute
change from baseline to Week 12 in pain VAS score. The study
will be considered successful if there is a statistically significant
improvement with SNF472 compared with placebo for at least
one of these endpoints. To control Type I error inflation, a modi-
fied Hochberg procedure with two-sided alpha of 4% will be
used for the alternate primaries. If both primary endpoints are
met, then the alpha apportioned will be recycled and the sec-
ondary endpoints will be assessed hierarchically at the 5% alpha
level, two-sided, as follows: Wound-QoL score, then BWAT total
score for the primary lesion, then qualitative wound image eval-
uation for the primary lesion and then rate of change in opioid
use. If only one primary endpoint is met, then these secondary
endpoints will be assessed hierarchically at the 1% alpha level,
two-sided. The comparisons of absolute change from baseline

Table 1. Study eligibility criteria

Inclusion criteria

�18 years of age
Receiving maintenance haemodialysis in a clinical setting (i.e. excluding home haemodialysis) for at least 2 weeks prior to screening
Clinical diagnosis of calciphylaxis by the Investigator including �1 calciphylaxis lesion with ulceration of the epithelial surface. A central

wound rating group will review wound images to confirm the primary lesion is due to calciphylaxis
Calciphylaxis wound-related pain shown by a pain VAS �50 of 100
Primary lesion that can be clearly photographed for the purpose of protocol-specified wound healing assessments
Willing and able to understand and sign the informed consent form and willing to comply with all aspects of the protocol

Exclusion criteria

Patients whose primary lesion is due to causes other than calciphylaxis
History of treatment with bisphosphonates within 3 months of baseline (Week 1, Day 1)
Severely ill patients without a reasonable expectation of survival for at least 6 months based on the assessment of the Investigator
Patients with a scheduled parathyroidectomy during the study period
Expectation for kidney transplant within the next 6 months based on Investigator assessment or identification of a known living donor
Pregnant or trying to become pregnant, currently breastfeeding or of childbearing potential (including perimenopausal women who have had

a menstrual period within 1 year) and not willing to either completely avoid sexual intercourse with a person of the opposite sex or use a
highly effective method of birth control from screening through at least 30 days after last dose of study drug

Significant non-compliance with dialysis treatment evidenced by repeated missed dialysis sessions (including if due to hospitalizations where
dialysis treatment is unavailable) or significant non-compliance with medication regimen, in the judgement of the Investigator

Any history of active malignancy within the last year (history of localized basal cell or squamous cell carcinoma that has been excised/appro-
priately treated or a fully excised malignant lesion with a low probability of recurrence will not be considered exclusionary)

Clinically significant illness other than calciphylaxis within 30 days prior to screening that, in the judgment of the Investigator, could interfere
with interpretation of study results, impair compliance with study procedures or impact the safety of the patient (e.g. unstable angina, un-
stable heart failure, stroke, uncontrolled hypertension or other illness requiring hospitalization)

Participation in an investigational study and receipt of an investigational drug or investigational use of a licensed drug (with the exception of
intravenous STS) within 30 days prior to screening. If participating in an investigational study of intravenous STS, all visits of that study
must be completed prior to screening for this study. Note: off-label use of intravenous STS outside of an investigational study is not
restricted

Past or current participation in another clinical study with SNF472
History or presence of active alcoholism or drug abuse as determined by the Investigator within 6 months before screening or concurrent social

conditions that, in the opinion of the Investigator, would potentially interfere with the patient’s study compliance
Mental impairment or history of or current significant psychiatric disease that, in the opinion of the Investigator, may impair ability to provide

informed consent or impact compliance with study procedures
Any other condition or circumstance that, in the opinion of the Investigator, may make the patient unlikely to complete the study or comply

with study procedures and requirements or may pose a risk to the patient’s safety and well-being
Patients whose calciphylaxis lesions exhibit significant improvement, in the opinion of the Investigator, between the first and second screen-

ing visit
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Table 2. Components of the BWAT total score and BWAT-CUA

BWAT item/scores
BWAT
total

BWAT-
CUA

Necrotic tissue type Yes Yes
1¼None visible – –
2¼White/grey non-viable tissue and/or
non-adherent yellow slough

– –

3¼ Loosely adherent yellow slough – –
4¼Adherent, soft, black eschar – –
5¼ Firmly adherent, hard, black eschar – –

Necrotic tissue amount Yes Yes
1¼None visible – –
2¼<25% of wound bed covered – –
3¼ 25–50% of wound covered – –
4¼>50% and <75% of wound covered – –
5¼ 75–100% of wound covered – –

Exudate type Yes Yes
1¼Non – –
2¼Bloody – –
3¼Serosanguineous: thin, watery, pale
red/pink

– –

4¼Serous: thin, watery, clear – –
5¼Purulent: thin or thick, opaque, tan/
yellow, with or without odour

– –

Exudate amount Yes Yes
1¼None, dry wound – –
2¼Scant, wound moist but no observ-
able exudate

– –

3¼Small – –
4¼Moderate – –
5¼ Large – –

Skin colour surrounding wound Yes Yes
1¼Pink or normal for ethnic group – –
2¼Bright red and/or blanches to touch – –
3¼White or grey pallor or
hypopigmented

– –

4¼Dark red or purple and/or non-
blanchable

– –

5¼Black or hyperpigmented – –
Peripheral tissue oedema Yes Yes

1¼No swelling or oedema – –
2¼Non-pitting oedema extends <4 cm
around wound

– –

3¼Non-pitting oedema extends >4 cm
around wound

– –

4¼Pitting oedema extends <4 cm
around wound

– –

5¼Crepitus and/or pitting oedema
extends >4 cm around wound

– –

Peripheral tissue induration Yes Yes
1¼None present – –
2¼ Induration <2 cm around wound – –
3¼ Induration 2–4 cm extending <50%
around wound

– –

4¼ Induration 2–4 cm extending >50%
around wound

– –

5¼ Induration >4 cm in any area around
wound

– –

Granulation tissue Yes Yes
1¼Skin intact or partial thickness
wound

– –

2¼Bright, beefy red; 75–100% of wound
filled and/or tissue overgrowth

– –

– –

(continued)

Table 2. (continued)

BWAT item/scores
BWAT
total

BWAT-
CUA

3¼Bright, beefy red; <75% and >25% of
wound filled
4¼Pink, and/or dull, dusky red and/or
fills �25% of wound

– –

5¼No granulation tissue present – –
Undermining Yes No

0¼Healed, resolved wound – –
1¼None – –
2¼Undermining <2 cm in any area – –
3¼Undermining 2–4 cm involving <50%
wound margins

– –

4¼Undermining 2–4 cm involving >50%
wound margins

– –

5¼Undermining >4 cm or tunnelling in
any area

– –

Size Yes No
0¼Healed, resolved wound – –
1¼ Length�width <4 cm2 – –
2¼ Length�width 4 to <16 cm2 – –
3¼ Length�width 16.1 to <36 cm2 – –
4¼ Length�width 36.1 to <80 cm2 – –
5¼ Length�width >80 cm2 – –

Depth Yes No
0¼Healed, resolved wound – –
1¼Non-blanchable erythema on intact
skin

– –

2¼Partial thickness skin loss involving
epidermis and/or dermis

– –

3¼ Full thickness skin loss involving
damage or necrosis of subcutaneous tis-
sue; may extend down to but not
through underlying fascia; and/or
mixed partial and full thickness and/or
tissue layers obscured by granulation
tissue

– –

4¼Obscured by necrosis – –
5¼ Full thickness skin loss with exten-
sive destruction, tissue necrosis or
damage to muscle, bone or supporting
structures

– –

Edges Yes No
0¼Healed, resolved wound – –
1¼ Indistinct, diffuse, none clearly
visible

– –

2¼Distinct, outline clearly visible, at-
tached, even with wound base

– –

3¼Well-defined, not attached to wound
base

– –

4¼Well-defined, not attached to base,
rolled under, thickened

– –

5¼Well-defined, fibrotic, scarred or
hyperkeratotic

– –

Epithelialization Yes No
1¼ 100% wound covered, surface intact – –
2¼ 75% to <100% wound covered and/or
epithelial tissue extends >0.5 cm into
wound bed

– –

3¼ 50% to <75% wound covered and/or
epithelial tissue extends to <0.5 cm into
wound bed

– –

4¼ 25% to <50% wound covered – –
5¼<25% wound covered – –

S. Sinha et al.14 |0



to Week 12 between treatment groups for each of the primary
endpoints will be achieved using a mixed model for repeated
measures analyses to estimate the difference in least squares
means. Models will be stratified for STS use at baseline.

Sample size calculation

The calculation of sample size for this Phase 3 clinical trial was
based upon the effect sizes and standard deviations observed
for changes in BWAT-CUA and pain VAS from baseline to Week
12 in the Phase 2 study [17]. The effect sizes for BWAT-CUA and
pain VAS were 6.3 and 24 U, respectively, with standard devia-
tions of 6.5 and 31.4 U. Assuming similar results and based on
1 000 000 trial simulations, a sample size of 66 patients (33 per
group) will provide an overall power of between 95.1% and
99.0% (corresponding to correlations between the BWAT-CUA
and VAS test statistics of between 0.90 and 0) when the alter-
nate primary endpoints are tested using a Hochberg closed test
procedure with a 4% alpha level, two-sided. A sample size re-
estimation will occur when primary endpoint data are available
from approximately half of the initial sample (approximately 33
patients total). Conditional power will be calculated, and the
sample size may be increased by up to 50% (maximum of 99
patients total) based on pre-specified rules [25]. To guard
against Type I error inflation, the pre- and post-interim data
will be combined using the approach of Cui et al. [26]. The sam-
ple size re-estimation will be completed by an external,

independent statistical service provider. The sponsor, study
sites and patients will continue to be blinded.

DISCUSSION

This Phase 3, double-blind, randomized, placebo-controlled,
global, multicentre study will investigate whether SNF472
added to usual care for treatment of calciphylaxis in patients re-
ceiving maintenance haemodialysis improves wound healing,
reduces wound-related pain and improves wound-related QoL.
Informed by the Phase 2 open-label clinical trial, we designed
and initiated this randomized, placebo-controlled Phase 3 clini-
cal trial to further evaluate the safety and efficacy of SNF472
treatment for calciphylaxis. The study will be led by a Steering
Committee composed of academic experts in nephrology and
wound care, physician researchers and medical leaders in this
field from major haemodialysis organizations who have exten-
sive experience in treating patients with calciphylaxis.

There are currently no approved treatment options for
calciphylaxis and a lack of other promising agents and clinical
development programmes, while morbidity and mortality
remain high. In addition, recruitment and execution of clinical
trials are challenging in this patient population. Several clinical
trials of STS were terminated early (NCT03150420, NCT02527213
and ISRCTN73380053). Except for the Phase 2 clinical trial with

Table 3. Study endpoints

Alternate primary
efficacy endpoints
(Part 1)

Absolute change from baseline to Week 12 in BWAT-CUA score for the primary lesion

Absolute change from baseline to Week 12 in pain VAS score
Secondary efficacy

endpoints (Part 1)
Absolute change from baseline to Week 12 in Wound-QoL score
Absolute change from baseline to Week 12 in the BWAT total score for the primary lesion
Qualitative wound image evaluation for the primary lesion (worsened, equal to or improved relative to baseline) at

Week 12
Rate of change in opioid use as measured in MME from baseline to Week 12

Exploratory efficacy
endpoints (Part 1)

Absolute change from baseline to Week 12 in wound size for the primary lesion
Absolute change from baseline to Week 12 in each BWAT item for the primary lesion
Absolute change in BWAT-CUA, BWAT total, pain VAS and Wound-QoL score by visit
Proportion of patients with new calciphylaxis lesions between baseline and Week 12
Absolute change from baseline to Week 12 in the BWAT-CUA score for the secondary and tertiary lesions
Proportion of patients requiring an increase in pain medication related to their calciphylaxis lesion(s) between base-

line and Week 12
Proportion of patients with a decrease in pain medication related to their calciphylaxis lesion(s) between baseline

and Week 12
Absolute change from baseline to Week 12 in opioid use as measured in MME

Exploratory efficacy
endpoints (Part 2)

Absolute change from baseline to Week 24 versus Week 12 in the BWAT-CUA score for the primary lesion
Absolute change from baseline to Week 24 versus Week 12 in the pain VAS score
Absolute change from baseline to Week 24 versus Week 12 in the Wound-QoL score
Absolute change from baseline to Week 24 versus Week 12 in the BWAT total score for the primary lesion
Proportion of patients within each category of the wound image evaluation at Week 24 versus Week 12 (worsened,

equal to or improved relative to baseline) for the primary lesion
Absolute change from baseline to Week 24 versus Week 12 in wound size for the primary lesion
Absolute change from baseline to Week 24 versus Week 12 in each BWAT item for the primary lesion
Absolute change from Week 24 to the follow-up visit in the BWAT-CUA score for primary lesion
Absolute change from Week 24 to the follow-up visit in the pain VAS score

Safety endpoints Proportion of patients with adverse events, serious adverse events and deaths
Changes from baseline in laboratory parameters; QTc interval and other ECG parameters; Holter monitoring results;

and vital signs
Proportion of patients with a calciphylaxis wound-related infection, sepsis, hospitalization or any calciphylaxis

wound-related complication

BWAT (13 items), BWAT-CUA (8 items); MME, morphine milligram equivalents.
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SNF472 [17], we are not aware of a prior rigorous assessment of
calciphylaxis wound healing that has been published.

The sample size of 66 patients will provide power of >95%
to demonstrate clinically meaningful improvement in wound
healing and/or pain with SNF472 as compared with placebo.
Given limited prior data, a sample size re-estimation is planned
after approximately half of the initial sample provides evaluable
data for the alternate primary endpoints. An independent data
monitoring committee will review these data and will make a
recommendation if the sample size should be increased based
on pre-specified rules. Patients, study sites and the study spon-
sor will remain blinded until study completion. Increasing the
sample size later, if needed, maximizes the likelihood that the
study will achieve its enrolment goals while providing enough
patients to achieve adequate statistical power for the primary
endpoints.

Primary study endpoints for wound healing and wound-
related pain will be used to demonstrate the efficacy of SNF472
if either of those endpoints shows a statistically significant ben-
efit of SNF472 versus placebo. Use of both primary endpoints
will provide a comprehensive and clinically relevant assess-
ment of the efficacy of SNF472. Wound complications such as
infection and sepsis are major contributors to mortality [8–11],
and wound-related pain is of great importance to patients; im-
provement in either would be clinically meaningful. The 13-
item BWAT is a validated tool to assess pressure ulcers and
other chronic wounds [20], but BWAT was initially developed
neither to assess changes in wounds over time, nor to assess
calciphylaxis wounds. Clinician–researchers with expertise in
calciphylaxis and wound healing collaborated to develop
BWAT-CUA [23, 24], which will be used for the primary endpoint
of calciphylaxis wound healing in this study. BWAT-CUA is a
modified 8-item version of the tool focusing on prototypical and
clinically relevant features of calciphylaxis at diagnosis and
during healing. The other primary endpoint for wound-related
pain will use the pain VAS, which has been validated exten-
sively and is a commonly used assessment tool for pain in clini-
cal practice and clinical trials [27].

Because calciphylaxis is a rare condition, numerous dialysis
centres will participate in this study. Most study sites might en-
rol one or two patients each. To establish rigorous endpoint as-
sessment, an expert central wound rating group will be
responsible for wound evaluations to ensure consistency and
accuracy of ratings across patients and across sites. Images
(photos and videos) will be collected at each site with a stan-
dardized device and software. Site staff will rate three BWAT
items (undermining, peripheral tissue oedema and peripheral
tissue induration). A central wound rating group will rate the
other 10 BWAT items and review the site’s ratings, revising if
needed. Extensive training and standardized procedures will be
used to ensure quality and consistency of both quantitative and
qualitative wound ratings. Central BWAT raters will be blinded
to both the study medication assignment and the sequence of
images, each rater will be trained and verified by a calciphylaxis
wound expert (T.E.S.) before rating images, and quality review
of all ratings will be performed by another person in the central
rating group.

The secondary efficacy endpoints will provide additional as-
sessment of the effects of SNF472 on clinically meaningful out-
comes of calciphylaxis. Wound-QoL is a validated 17-item
questionnaire that assesses the effects of the wound on QoL
and function [21, 22]. QoL is a key consideration in patients with

calciphylaxis but is underreported in this population [15]. We
previously used the Wound-QoL questionnaire to examine
changes in wound-related QoL in the SNF472 Phase 2 clinical
trial [17]. The results for this endpoint, combined with the pri-
mary endpoint for wound-related pain, will provide a compre-
hensive examination of patient-reported outcomes of
calciphylaxis wounds, as well as the effect of SNF472 treatment
on these outcomes. The central wound rating group will be re-
sponsible for the secondary efficacy endpoint of qualitative
wound image evaluation for the primary lesion (worsened,
equal to or improved relative to baseline). This endpoint will be
included to further support results of quantitative wound heal-
ing assessments. Change in opioid use measured from baseline
to Week 12 will also be a secondary endpoint. Opioid use will be
based on daily pain medication diaries that each patient will
maintain throughout the study. Sites will conduct weekly
reviews of the diary, both to monitor changes and to ensure pa-
tient compliance with the diary. Opioids are commonly used to
manage the severe pain associated with calciphylaxis, but
patients receiving dialysis are at high risk of opioid overdose or
toxicity due to opioid accumulation [28]. The potential to man-
age pain with less exposure to opioids could be particularly ben-
eficial in these patients.

The study will also provide important data on the safety of
SNF472 in patients with calciphylaxis. A recent randomized,
placebo-controlled Phase 2 study of 274 patients with ESKD and
cardiovascular calcification (CaLIPSO; Cal for calcium and IPSO
for the item itself) reported that SNF472 treatment TIW for
52 weeks significantly reduced the progression of coronary ar-
tery calcium and aortic valve calcification compared with pla-
cebo, with similar adverse event profiles in the SNF472 and
placebo groups [29].

No medication has been approved for the treatment of calci-
phylaxis; therefore, the study will be appropriately placebo con-
trolled. To obtain additional efficacy and safety data, all
patients completing 12 weeks of randomized double-blind treat-
ment will be eligible to receive open-label SNF472 in Part 2 of
the study, also 12 weeks in duration. All patients will receive
standard background treatment as per treating physician, in-
cluding pain medication and/or STS, throughout this study.
Because STS is used to treat calciphylaxis in some regions, de-
spite the lack of randomized clinical trials demonstrating effi-
cacy [1, 10, 30], patients in this study may receive it and
randomization will be stratified by baseline STS use. To mini-
mize the influence of background treatment on study outcomes,
doses of these background medications, including analgesics,
will be stabilized at screening and modified only if clinically in-
dicated during the study.

In summary, this rigorously designed study will provide evi-
dence about the efficacy and safety of SNF472 in patients with
ESKD and calciphylaxis. To achieve this goal, this study will use
a double-blind placebo-control design, with standard back-
ground care in both groups, clinically meaningful primary and
secondary endpoints, a sample size re-estimation during the
study, a digital tool for imaging and a central wound rating
group to standardize wound assessments, a quantitative as-
sessment scale (BWAT-CUA) for wound healing that was specif-
ically optimized for the evaluation of calciphylaxis lesions, and
patient-reported outcomes for other clinically meaningful end-
points of wound-related pain and wound-related QoL. Patient
recruitment is currently ongoing with additional study sites be-
ing added.
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