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Summary
Background In the CALCIPHYX trial, we investigated hexasodium fytate, an inhibitor of vascular calcification, for the
treatment of calcific uraemic arteriolopathy (calciphylaxis), a rare condition characterised by painful, non-healing skin
lesions.

Methods In this international, phase 3, randomised, double-blind, placebo-controlled trial, adults with an ulcerated
calciphylaxis lesion and pain visual analogue scale (VAS) score ≥50/100 were randomised 1:1 to hexasodium
fytate 7 mg/kg or placebo intravenously during maintenance haemodialysis. Primary efficacy outcomes were an
8-item modification of the Bates-Jensen Wound Assessment Tool (BWAT-CUA) and Pain VAS in the intention-to-
treat population. ClinicalTrials.gov number: NCT04195906.

Findings Overall, 34/37 patients randomised to hexasodium fytate and 26/34 patients randomised to placebo
completed the 12-week randomised treatment period. At Week 12, both groups (hexasodium fytate versus placebo)
showed similar improvements in BWAT-CUA (mean [standard deviation (SD)], −5.3 [5.2] versus −6.0 [6.2]; least
squares mean difference, 0.3 [96% confidence interval (CI): −2.5, 3.0]; p = 0.88) and Pain VAS (mean [SD], −19.5
[26.9] versus −32.2 [38.5]; least squares mean difference, 11.5 [96% CI: −4.8, 27.8]; p = 0.15). One patient
randomised to placebo briefly received hexasodium fytate in error. Serious adverse events through Week 12
included: calciphylaxis-related events leading to hospitalisation (2/38 [5%] versus 11/33 [33%]) and death (1/38
[3%] versus 5/33 [15%]). During the subsequent 12 weeks of open-label hexasodium fytate and 4 weeks of follow-
up, there were no additional calciphylaxis-related events leading to hospitalisation. Over the course of the entire
trial, deaths were 2/38 [5%] for the hexasodium fytate group and 7/33 [21%] for the placebo group.

Interpretation In patients with calciphylaxis, BWAT-CUA and Pain VAS improved similarly in hexasodium fytate- and
placebo-treated patients; over the course of the entire trial, there were fewer deaths and calciphylaxis-related events
leading to hospitalisation in the hexasodium fytate group.
*Corresponding author. Renal Medicine, Salford Royal Hospital, Northern Care Alliance NHS Foundation Trust, Salford, UK.
E-mail address: smeeta.sinha@nca.nhs.uk (S. Sinha).
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Research in context

Evidence before this study
Current clinical practice has not been underpinned by a strong
evidence base and has been primarily influenced by case
studies and observational studies. Sodium thiosulphate has
frequently been used as a treatment for calciphylaxis;
however, randomised clinical trials evaluating efficacy have
never completed recruitment and results have not been
published.
Searches of clinicaltrials.gov, clinicaltrialsregister.eu, pubmed.
ncbi.nlm.nih.gov, and scholar.google.com were conducted on
9 July 2024 with the terms “calciphylaxis OR calcific uremic
arteriolopathy” and the filter “Phase 3/Phase III.” These
searches identified three phase 3 trials that were initiated
previously in this area; all studied sodium thiosulphate
treatment and all were terminated early due to the inability to
accrue subjects.
Hexasodium fytate, a novel agent designed to inhibit vascular
calcification by binding to hydroxyapatite, has shown promise
in preclinical studies. Phase 1 and 2 trials demonstrated the

safety and potential efficacy of hexasodium fytate in reducing
hydroxyapatite crystallisation in patients receiving
haemodialysis. This provided an evidence base to evaluate the
efficacy of hexasodium fytate in the treatment of
calciphylaxis.

Added value of this study
The CALCIPHYX trial was the first phase 3, placebo-controlled,
randomised trial completed in patients with calciphylaxis. The
trial did not meet either of its primary efficacy outcomes. The
trial highlights the feasibility of undertaking global, placebo-
controlled, randomised clinical trials for this devastating
disease which does not have an approved treatment.

Implications of all the available evidence
The findings of the trial prompt further investigation into the
mechanisms of action and potential therapeutic benefits of
hexasodium fytate, as well as the exploration of novel
treatment strategies for calciphylaxis.
Introduction
Calciphylaxis (also referred to as calcific uraemic arte-
riolopathy or CUA) is a rare but life-threatening con-
dition with an estimated incidence <1% of patients on
maintenance dialysis,1–5 characterised by severely
painful, ulcerated skin lesions, predominantly on the
trunk or lower limbs.6 The prognosis is poor, with
estimated 1-year mortality ranging from approximately
40–70%.5,7,8 There are no approved therapies for calci-
phylaxis.6 Sodium thiosulphate is often used off-label,
based largely on evidence derived from case reports
and series.9–12 A recently published meta-analysis
showed no benefit of sodium thiosulphate on survival
or healing of skin lesions.13 Treatment goals in calci-
phylaxis include pain control, prevention of infection
(wound and systemic), wound healing and closure, and
ultimately, survival.6

It is believed that medial calcification of arterioles in
the dermis and subcutaneous adipose tissue in calci-
phylaxis leads to ischaemia, tissue infarction, and skin
necrosis.6 Analysis of skin samples from patients
with calciphylaxis has demonstrated the presence of
hydroxyapatite in the microvascular and extravascular
subcutis, thereby implicating hydroxyapatite
crystallisation in the extracellular matrix as a key
contributor to disease pathogenesis.14

Myo-inositol hexaphosphate (IP6, phytate) is a natu-
rally occurring substance that binds to hydroxyapatite;
IP6 is found in foods with high fibre content but has poor
oral bioavailability.15 Hexasodium fytate (also known as
SNF472), the hexasodium salt of IP6, was developed as
an intravenously administered inhibitor of vascular
calcification. Preclinical studies showed that hexasodium
fytate binds to hydroxyapatite and prevents the formation
and growth of hydroxyapatite crystals ex vivo.16 Phase 1
and phase 2 trials showed that hexasodium fytate had
acceptable safety and tolerability. These studies also
demonstrated that hexasodium fytate significantly re-
duces hydroxyapatite crystallisation in patients receiving
haemodialysis.17,18 In an open-label, single-arm, phase 2
trial of patients with calciphylaxis, improvements in
wound healing, pain, and health-related quality of life
were observed in patients treated with hexasodium fytate
three times weekly for 12 weeks during each haemo-
dialysis session.19 Herein we describe the primary find-
ings of CALCIPHYX, a randomised, placebo-controlled
phase 3 trial of hexasodium fytate in patients with calci-
phylaxis on maintenance haemodialysis.
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Methods
Study design and participants
Protocol details are available online at https://www.
clinicaltrialsregister.eu/ctr-search/trial/2018-001301-90/
results and https://www.clinicaltrials.gov/study/
NCT04195906; a summary of the CALCIPHYX study
design was published previously.20 Adult patients on
maintenance haemodialysis for at least 2 weeks who had
at least one ulcerated calciphylaxis lesion and a pain
visual analogue score ≥50/100 provided informed writ-
ten consent to participate and entered the random-
isation. Refer to the protocol for the full list of eligibility
criteria. The study included a screening period during
which pain medication, wound care, and other back-
ground care regimens were stabilised; a 12-week,
randomised, double-blind treatment period; a 12-week,
open-label treatment period; and a 4-week follow-up
period after completion of study treatment (Figure S1).

Ethics
We conducted this international, phase 3, randomised,
double-blind, placebo-controlled trial in accordance with
the declaration of Helsinki and the International
Council for Harmonisation Guidelines on Good Clinical
Practice. The study was also conducted in accordance
with applicable regional, national, and local regulatory
and legal requirements. Before the start of the study, the
protocol and other relevant documents were approved
by the Institutional Review Board/Independent Ethics
Committee for each study centre and relevant regulatory
authorities in accordance with local regulatory re-
quirements. Informed consent was obtained from all
participants.

Randomisation and masking
Participants were randomly assigned in a 1:1 ratio to
receive hexasodium fytate 7 mg/kg or matching placebo.
Study drug was administered intravenously over 2.5–3 h
during haemodialysis sessions. Patients, investigators,
and the analysis team were fully masked to treatment
allocation before database lock. To maintain masking,
trial medication appearance, packaging, and labelling
were identical in both the active treatment and placebo
groups, and unique kit codes were used. Off-label use of
intravenous sodium thiosulphate was permitted during
the study, as were all other usual care treatments except
bisphosphonates or intralesional sodium thiosulphate.
Randomisation was stratified by use of intravenous so-
dium thiosulphate.

Outcomes
The study investigator made the clinical diagnosis of
calciphylaxis at screening, and at least one calciphylaxis
lesion with full thickness ulceration was required for
inclusion. A central wound rating group reviewed
wound images (photos and videos) collected by sites to
confirm that lesions were ulcerated and due to
www.thelancet.com Vol 75 September, 2024
calciphylaxis and to evaluate wound appearance over
time.

The central wound rating group assessed wounds
quantitatively with the 13-item Bates-Jensen Wound
Assessment Tool (BWAT) and qualitatively (improved,
worsened, or stayed the same).21 Because the BWAT was
originally developed to assess pressure ulcers and there
are no validated assessment tools for calciphylaxis-
related wounds, we also used an 8-item modification
(BWAT-CUA) adapted specifically for this study to
attempt to assess prototypical features of calciphylaxis.22

Patients self-reported wound-related pain using a
visual analogue scale (VAS). Patients also completed a
17-item Wound–QoL (Quality-of-Life) questionnaire at
study visits to rate impairments during the previous
7 days and a daily pain medication diary.

The study had two alternate primary efficacy out-
comes, each considered of equal clinical relevance:
BWAT-CUA score for the primary lesion and Pain VAS
score. The four secondary efficacy outcomes, evaluated
hierarchically, were as follows: Wound-QoL score; total
BWAT score for the primary lesion; qualitative wound
image evaluation for the primary lesion; and opioid use.
Safety outcomes included adverse events, serious
adverse events, deaths, and calciphylaxis wound-related
adverse events (when reporting adverse events, in-
vestigators indicated whether they thought an event was
calciphylaxis wound-related).

Statistical analysis
The planned enrolment was 66 patients based on a
sample size calculation informed by results for wound
healing and pain from the phase 2 trial of hexasodium
fytate in calciphylaxis.19 The study included a pre-
planned sample size reassessment when approximately
half of the planned number of patients had been treated
for 12 weeks.

We used SAS (Cary, NC) Version 9.4 or higher for all
analyses. For both alternate primary efficacy outcomes,
we compared the absolute change from baseline to
Week 12 between treatment groups with a mixed model
for repeated measures analysis in the modified
intention-to-treat population. The hexasodium fytate
intervention was to be considered successful if there
were a statistically significant improvement relative to
placebo in at least one of these outcomes. Sensitivity
analyses for the alternate primary efficacy outcomes
included jump-to-placebo and tipping-point approaches
to assess the extent to which missing data might have
influenced results. To control Type I error inflation, we
planned a modified Hochberg procedure with two-sided
alpha of 4% for the alternate primary outcomes with 1%
alpha retained for testing of secondary outcomes.
Further details for planned statistical methods are pro-
vided in the Supplementary materials.

Upon review of the prespecified safety analyses, the
CALCIPHYX Steering Committee recommended
3
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additional post-hoc analyses of death and calciphylaxis-
related events. These analyses followed the intention-
to-treat principle. We plotted cumulative incidence
curves, calculating hazard ratios and 95% confidence
intervals (CI). Because of small total numbers of events
(all analyses have events totalling ≤15) and early sepa-
ration of survival curves in each of the time-to-event
analyses, the exact Wilcoxon test p-value based on the
permutation test was provided. Since the permutation
test does not provide an estimated hazard ratio and
confidence intervals (CIs), bootstrapping the Cox pro-
portional regression methods was applied to provide the
estimated hazard ratio and CIs, adjusting for small
numbers of events. Since a sizeable fraction of the
population required multiple hospitalisations during the
randomised treatment period and there were differ-
ences in exposure (higher study retention among
patients randomised to hexasodium fytate), we also
compared exposure-adjusted event rates between treat-
ment groups, calculating rate ratios and 95% CI using
negative binomial regression. Finally, given the
extended duration of several hospitalisations, we calcu-
lated days alive and out of hospital weighted for expo-
sure and compared treatment groups using the
Wilcoxon rank sum test.

Role of the funding source
Authors employed by the funder of the study, CSL Vifor,
participated in study design, data collection, data anal-
ysis, data interpretation, and writing of the report.
Results
Patient population
Between February 2020 and April 2022, we screened
148 patients at 74 centres, of whom 77 did not meet
study eligibility criteria. The central wound rating group
primarily excluded patients due to the presence of po-
tential alternative diagnoses that could explain the ulcers
(Table S2). We randomly assigned 71 patients to hex-
asodium fytate (n = 37) or placebo (n = 34). All rando-
mised patients were included in the modified intention-
to-treat population for efficacy and the safety population.
One patient in the placebo group, who inadvertently
received double-blind hexasodium fytate during Weeks
11 and 12, was analysed for efficacy in the placebo group
and for safety in the hexasodium fytate group (Fig. 1).

Baseline demographic and clinical characteristics of
the patients were similar in both groups (Table 1). Mean
(standard deviation [SD]) age was 57.5 (11.7) years and
44 patients (62%) were women. At baseline, intravenous
sodium thiosulphate was administered to 49 patients
(69%) and opioids were administered to 50 patients
(70%); these medications could be continued during the
study. A higher proportion of patients randomised to
hexasodium fytate completed the 12-week randomised
treatment period (34/37 [92%] versus 26/34 [76%]).
Alternate primary efficacy outcomes
For the alternate primary efficacy outcomes (Fig. 2),
BWAT-CUA and Pain VAS scores improved from
baseline to Week 12 in both treatment groups. Mean
(SD) changes for BWAT-CUA were −5.3 (5.2) in the
hexasodium fytate group and −6.0 (6.2) in the placebo
group, corresponding to least squares mean (±SE) dif-
ference of 0.3 ± 1.3 (96% CI, −2.5 to 3.0; p = 0.88). Mean
(SD) changes for Pain VAS were −19.5 (26.9) in the
hexasodium fytate group and −32.2 (38.5) in the placebo
group, corresponding to least squares mean (±SE) dif-
ference of 11.5 ± 7.9) (96% CI, −4.8 to 27.8; p = 0.15).
Sensitivity analyses did not yield materially different
results.

Secondary efficacy outcomes
The least squares mean difference in Wound-QoL from
baseline to week 12 (hexasodium fytate versus placebo)
was 0.1 (96% CI, −0.4 to 0.6; p = 0.71) and for BWAT
total score −0.0 (96% CI, −5.3 to 5.2; p = 0.99) (Table S3).
For qualitative wound image evaluation of the primary
lesion at Week 12, the odds of relative improvement
(hexasodium fytate versus placebo) were 1.5 (95% CI,
0.6–4.1; p = 0.38). For rate of change in daily opioid use,
the corresponding difference in slope estimates was 0.6
(95% CI, −0.8 to 1.9; p = 0.41).

Safety outcomes
Incidences of treatment-emergent adverse events in
each part of the study are summarised in Table 2.
Treatment emergent adverse events led to treatment
discontinuation for fewer patients in the hexasodium
fytate group (2/38 [5%]) than the placebo group (6/33
[18%]). The proportion of patients during the double-
blind period with calciphylaxis-related infections (1/38
[3%] versus 7/33 [21%]), calciphylaxis-related events
leading to hospitalisation (2/38 [5%] versus 11/33 [33%])
and death (1/38 [3%] versus 5/33 [15%]) were lower in
patients randomised to hexasodium fytate versus pla-
cebo (Fig. 3, panels A–D). During the 12-week open-
label and 4-week follow-up periods, there were no
further calciphylaxis-related events leading to
hospitalisation.

Post-hoc efficacy endpoints
The hazard ratio for the composite of death or
calciphylaxis-related hospitalisation was 0.13 (95% CI,
0.00–0.46; nominal p = 0.002) at Week 12 and 0.18 (95%
CI, 0.00–0.55; nominal p = 0.004) at end of study. The
hazard ratio for death was 0.15 (95% CI, 0.00–0.89;
nominal p = 0.043) at Week 12 and 0.22 (95% CI,
0.00–0.90; nominal p = 0.040) at end of study. During
the randomised treatment period, the total number of
deaths and calciphylaxis-related hospitalisations was 2 in
the hexasodium fytate group and 19 in the placebo
group, yielding exposure-adjusted event rates of 0.018
www.thelancet.com Vol 75 September, 2024
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Fig. 1: Enrolment and disposition of study participants. ITT, intention-to-treat analysis set; mITT, modified intention-to-treat analysis set.
†One subject randomised to the placebo group received hexasodium fytate during Week 11 and Week 12 in Part 1. The subject was included in
the placebo group of the ITT and mITT populations for efficacy analyses and in the hexasodium fytate group of the Safety Analysis Population
for safety analyses. ‡Other reasons for discontinuation of treatment in Part 2: hexasodium fytate, expired study drug (1 patient); placebo,
unable to administer study drug, ampule broken, and scheduling issues (1 patient each).

Articles
and 0.248, corresponding to a rate ratio of 0.074 (95%
CI, 0.022–0.253; nominal p < 0.001). The total number
of deaths and calciphylaxis-related events (including
non-hospitalised events) was 14 in the hexasodium
fytate group and 35 in the placebo group, yielding
exposure-adjusted event rates of 0.111 and 0.371, cor-
responding to a rate ratio of 0.298 (95% CI, 0.133–0.668;
nominal p = 0.003). From randomisation until end of
study, the cumulative number of death or calciphylaxis-
related hospitalisations was 3 in the hexasodium fytate
group and 23 in the placebo group, yielding exposure-
adjusted event rates of 0.013 and 0.204, respectively,
corresponding to a rate ratio of 0.063 (95% CI,
0.018–0.217; nominal p < 0.001). From randomisation
until end of study, the cumulative number of death or
calciphylaxis-related events (including non-hospitalised
events) was 18 in the hexasodium fytate group and 44
www.thelancet.com Vol 75 September, 2024
in the placebo group, yielding exposure-adjusted event
rates of 0.061 and 0.263 respectively, corresponding to a
rate ratio of 0.231 (95% CI, 0.096–0.554; nominal
p = 0.001). Mean (SD) days alive and out of hospital
were 78.9 (12.0) and 71.4 (20.6) in the hexasodium fytate
and placebo groups, respectively, during the rando-
mised treatment period (nominal p = 0.07), and 182.8
(34.6) and 156.7 (58.8), respectively, until the conclusion
of the study (Wilcoxon-Mann-Whitney test p = 0.007)
(Fig. 3, panels E–G).
Discussion
This randomised, placebo-controlled trial of hexasodium
fytate in patients receiving maintenance haemodialysis
with calciphylaxis was designed to compare BWAT-CUA
and/or Pain VAS scores and did not yield improvements
5
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Hexasodium
fytate
(n = 37)

Placebo
(n = 34)

Total
(n = 71)

Mean age, SD 57.7 (12.1) 57.2 (11.3) 57.5 (11.7)

Female sex 23 (62%) 21 (62%) 44 (62%)

Race

White 20 (54%) 18 (53%) 38 (54%)

Black or African American 14 (38%) 12 (35%) 26 (37%)

Other 3 (8%) 4 (12%) 7 (10%)

Region

North America 32 (86%) 32 (94%) 64 (90%)

Europe 5 (14%) 2 (6%) 7 (10%)

Mean BMI (kg/m2), SD 33.2 (9.3) 34.3 (9.0) 33.7 (9.2)

Mean time on haemodialysis (years), SD 5.0 (5.1) 4.6 (4.7) 4.8 (4.9)

Mean time since ESKD diagnosis (years), SD 5.7 (4.9) 4.9 (4.5) 5.3 (4.7)

Use of other medications at baselinea

Sodium thiosulphate 26 (68%) 23 (70%) 49 (69%)

Calcimimetics 20 (53%) 16 (48%) 36 (51%)

Non–calcium-based phosphate binder 29 (76%) 26 (79%) 55 (78%)

Calcium-based phosphate binder 8 (21%) 8 (24%) 16 (23%)

Vitamin D compound 16 (42%) 20 (61%) 36 (51%)

Warfarin 4 (11%) 4 (12%) 8 (11%)

Opioids 25 (66%) 25 (76%) 50 (70%)

Mean baseline BWAT-CUA scoreb (8–40), SD 18.9 (5.3) 20.8 (5.0) 19.8 (5.2)

Mean baseline Pain VAS score (0–100), SD 67.0 (27.0) 71.3 (29.0) 69.1 (27.9)

BMI, body mass index; BWAT, Bates-Jensen Wound Assessment Tool; CUA, calcific uraemic arteriolopathy; ESKD,
end-stage kidney disease; SD, standard deviation; VAS, visual analogue scale. Data are presented as n (%).
aPercentages for baseline medication use were calculated for the safety analysis population (n = 38 hexasodium
fytate; n = 33 placebo). bBaseline values for each component of the BWAT are provided in the Supplementary
materials.

Table 1: Baseline demographic and clinical characteristics.
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in its alternate primary efficacy outcomes, as patients in
both groups experienced improvements in both pa-
rameters. No significant differences were observed in
prespecified secondary efficacy outcomes, including the
Wound-QoL questionnaire, total BWAT score, a quali-
tative assessment of wound healing, and use of narcotic
analgesics.

Hexasodium fytate was well tolerated compared with
placebo. Treatment-emergent adverse events were
typical of the patient population. Patients randomised to
hexasodium fytate were more likely to remain on study
drug. The proportion of patients who died or who
experienced calciphylaxis-related events, including
infection and hospitalisation, was numerically lower in
the hexasodium fytate group. In the post-hoc analysis of
composite endpoints of time to death or first
calciphylaxis-related hospitalisation, time to death or any
hospitalisation, or days alive and out of hospital, patients
randomised to hexasodium fytate showed clinically
meaningful improvements that were of nominal statis-
tical significance. Patients with calciphylaxis are at
increased risk of bacteraemia,7 which is usually
managed by hospitalisation. Post hoc analysis indicated
patients treated with SNF472 had fewer calciphylaxis
wound-related hospitalisations. The primary outcome
measures of BWAT-CUA and Pain VAS had not been
previously validated as endpoints in calciphylaxis. Due
to the medical complexity of the patient population,
these endpoints may not be sensitive enough to detect
potential improvements specific to the calciphylaxis
wounds and the impact on important clinical outcomes
such as calciphylaxis-associated hospitalisation and
death. This may also be influenced by the pre-specified
methodology to handle missing data; the increased
number of deaths and calciphylaxis hospitalisations
seen in the placebo group led to a substantially larger
amount of missing data in the placebo group. The study
duration may also not have been long enough to see a
difference in the primary endpoints. The improvement
in BWAT-CUA and Pain VAS may reflect better than
usual standard of care of the wound and pain manage-
ment in the context of a clinical trial.

Favourable effects of hexasodium fytate on vascular
calcification are plausible based on prior experience. In a
randomised, placebo-controlled trial of 274 patients
receiving maintenance haemodialysis with coronary ar-
tery calcification at baseline (but without calciphylaxis),
hexasodium fytate significantly attenuated the progres-
sion of coronary artery and aortic valve calcification
relative to placebo and was safe and well tolerated.23 The
role of vascular calcification in calciphylaxis has been
described for more than 60 years,24 but the precise
pathogenesis continues to be investigated and eluci-
dated.6 In patients undergoing haemodialysis, progres-
sive calcification of skin arterioles, typically in areas with
abundant adipose tissue such as the abdomen and
thighs, can result in subintimal fibrosis and thrombosis,
arteriolar occlusion, ischaemia, and progressive necro-
sis, which cause the painful skin ulcerations of calci-
phylaxis.6 The Evaluation of Cinacalcet Hydrochloride
Therapy to Lower Cardiovascular Events (EVOLVE) trial
investigated the effects of cinacalcet on cardiovascular
outcomes associated with vascular calcification in pa-
tients receiving maintenance haemodialysis with sec-
ondary hyperparathyroidism.25 A multivariable analysis
of EVOLVE safety data showed that randomisation to
cinacalcet resulted in a 75% lower risk of calciphylaxis
(hazard ratio, 0.25; 95% CI, 0.10–0.67), suggesting that
the risk of calciphylaxis may be reduced when vascular
calcification is attenuated.26 Cinacalcet has not been
evaluated as a treatment for calciphylaxis.

Hexasodium fytate, an intravenously administered
salt of naturally occurring IP6, was specifically devel-
oped to treat dystrophic calcification including calci-
phylaxis by binding to hydroxyapatite with high affinity,
thereby preventing formation and growth of the hy-
droxyapatite crystals responsible for medial calcifica-
tion.16 Hexasodium fytate does not chelate free calcium,
supporting its specificity to modulate vascular
www.thelancet.com Vol 75 September, 2024
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Fig. 2: Primary efficacy outcomes. BWAT, Bates-Jensen Wound Assessment Tool; CUA, calcific uraemic arteriolopathy (calciphylaxis); LS, least
squares; SE, standard error and VAS, visual analogue scale. *Shown are results in the modified intention-to-treat population for alternate
primary outcomes of mean ± SE change from baseline to Week 12 in BWAT-CUA score (Panel A) and mean ± SE change from baseline to Week
12 in Pain VAS Score (Panel B).
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Outcome Part 1: double-blind Part 2: open-label Follow-up

Hexasodium
fytate
(n = 38)

Placebo
(n = 33)

Hexasodium
fytate (n = 60)

Off treatment
(n = 71a)

Any TEAE 33 (87%) 31 (94%) 48 (80%) 20 (28%)

Calciphylaxisb 10 (26%) 11 (33%) 4 (7%) 0 (0%)

Cellulitis 3 (8%) 4 (12%) 1 (2%) 2 (3%)

Pain in extremity 4 (11%) 3 (9%) 5 (8%) 2 (3%)

Headache 3 (8%) 3 (9%) 0 (0%) 1 (1%)

Nausea 2 (5%) 4 (12%) 3 (5%) 0 (0%)

Vomiting 5 (13%) 1 (3.0%) 2 (3%) 0 (0%)

Arthralgia 5 (13%) 0 (0%) 1 (2%) 1 (1%)

Fall 3 (8%) 2 (6%) 5 (8%) 0 (0%)

Hypervolemia 4 (11%) 0 (0%) 2 (3%) 0 (0%)

Serious TEAEs 13 (34%) 17 (52%) 18 (30%) 6 (8%)

TEAE related to study drug 0 (0%) 1 (3%) 5 (8%) 0 (0%)

TEAE leading to treatment
discontinuation

2 (5%) 6 (18%) 2 (3%) 1 (1%)c

TEAE leading to death 1 (3%) 6 (18%) 1 (2%) 1 (1%)

Calciphylaxis wound-related TEAE 11 (29%) 16 (49%) 3 (5%) 1 (1%)

Calciphylaxis-related infection/
infestation

1 (3%) 7 (21%) 1 (2%) 0 (0%)

TEAE, treatment-emergent adverse event that was new or worsened in that part of the study. Preferred terms
are shown for TEAEs reported in >2 patients in either group during double-blind treatment. Data are presented
as n (%). aIncludes all 71 randomised patients from Part 1, regardless of whether they entered Part 2.
bWorsening of calciphylaxis after randomisation was reported as a TEAE. cOne patient received last dose of study
drug in the 12-week randomisation period and did not complete Part 1 due to a serious TEAE. The patient
withdrew from the study due to a TEAE leading to death in the follow-up period.

Table 2: Safety outcomes.
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calcification.16 Binding of hexasodium fytate to hy-
droxyapatite occurs rapidly (within minutes) and per-
sists for days, which allows for administration of
hexasodium fytate 3 times weekly during haemodial-
ysis.16 Many other treatments are commonly adminis-
tered empirically to treat calciphylaxis, including
bisphosphonates, sodium thiosulphate, vitamin K,
phosphate binders, and calcimimetics, but none target
hydroxyapatite formation and growth, and none have
been shown to improve outcomes compared with pla-
cebo in a clinical trial. Before this study, available data
on calciphylaxis and its treatment were limited to
observational and single-arm interventional studies, and
as a result, treatment strategies for calciphylaxis are
unproven and vary widely.4,5,7

Given the relatively low prevalence of calciphylaxis,
we did not believe that an event-driven trial would be
feasible due to anticipated challenges in recruitment.
Thus, we needed to design a trial of modest size to test
whether hexasodium fytate could improve clinically
relevant features of calciphylaxis. We settled on a
quantitative assessment of the primary calciphylaxis
lesion and a patient-reported assessment of pain as
alternate primary outcomes. The BWAT was developed
initially as a tool for assessment of pressure ulcers; we
developed the BWAT-CUA (a subset of questions from
the BWAT) for this trial in an effort to adapt it for cal-
ciphylaxis wounds.22 While the BWAT-CUA has face
validity, and appeared to be sensitive to change when
applied to Phase 2 study results, it had not been pro-
spectively tested before its use here. With respect to the
Pain VAS, pain is perceived differently by different pa-
tients, and the provision of, and response to, narcotic
analgesic and other analgesic agents and agents aimed
to manage different types of pain may vary, losing
specificity.27 Validated markers of disease progression
and/or pragmatic trial design28 could facilitate future
clinical trials in calciphylaxis.

CALCIPHYX was the first phase 3, randomised,
controlled trial to achieve recruitment targets and
complete double-blinded treatment in patients with
calciphylaxis. Patients were enrolled and treated at sites
across the United States and Europe, with close
collaboration among study investigators and large
dialysis organisations. These achievements are notable
not only because the trial was conducted successfully
during the global COVID-19 pandemic, but also
because three randomised clinical trials of sodium
thiosulphate for calciphylaxis were previously attemp-
ted; all were terminated during patient recruitment
(NCT03150420, NCT02527213, ISRCTN73380053), the
most recent of which recruited 29 patients over three
years before the pandemic. Given the frequent,
empirical use of sodium thiosulphate to manage cal-
ciphylaxis, randomisation was stratified by sodium
thiosulphate use. Results for primary efficacy out-
comes were similar among patients treated and not
treated with sodium thiosulphate.

The major limitation of CALCIPHYX was the small
sample size related primarily to its application in a rare
disease. Thinking that an event-driven trial would be
infeasible, we employed two patient-centred alternate
primary efficacy outcomes, neither of which had been
prospectively validated in calciphylaxis. This trial was
conducted in patients receiving maintenance hemodi-
alysis. Further studies are warranted in other suscepti-
ble patient groups including those receiving peritoneal
dialysis and those with advanced, non-dialysis-requiring
chronic kidney disease.

In sum, among patients receiving maintenance
haemodialysis with calciphylaxis, a 12-week intervention
with hexasodium fytate did not yield improvements in
the alternate primary efficacy outcomes—a quantitative,
unvalidated, assessment of the primary calciphylaxis
lesion and a patient-reported visual analogue scale for
pain—and did not achieve its prespecified secondary
efficacy outcomes. However, results of the safety anal-
ysis showed numerically lower rates of death and
calciphylaxis-related events in patients treated with
hexasodium fytate, which were further supported by
post-hoc, hypothesis-generating, intention-to-treat ana-
lyses of composite endpoints, including days alive and
out of hospital.
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