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ABSTRACT

AIMS LDL-Receptor expression is inhibited by the protease proprotein conver-
tase subtilisin/kexin type 9 (PCSK9), which is considered a pharmacological target
to reduce LDL-C concentrations in hypercholesterolemic patients. We performed
a first-in-human trial with spcsoor, a locked nucleic acid antisense inhibitor of
PCSK9.

METHODS In this randomized, placebo-controlled trial, 2 4 healthy volunteers
received three weekly subcutancous administrations of sPcsoor (0., L5 or s mg/
kg) or placebo (spcsoor:placebo ratio 6:2). End points were safety/tolerability,
pharmacokinetics and efficacy of spcsoor.

RESULTS SPCs5001 plasma exposure (AUCq,4,) increased more than dose
proportionally. At s mg/kg, sPcsoor decreased target protein PCSK9 (day 15 to
day 35: -49% vs. placebo, P < 0.0001), resulting in a reduction in LDL-C concen-
trations (maximal estimated difference at day 28 compared with placebo -0.72
mmol/L, 95% confidence interval -1.2.4, -0.16 mmol/L; P < o0.01). SPC5001 treat-
ment (s mg/kg) also decreased ApoB (P = 0.04) and increased ApoAr (P = 0.05).
spcsoor administration dose-dependently induced mild to moderate injection
site reactions in 44% of the subjects, and transient increases in serum creatinine of
220 pmol/L (15%) over baseline with signs of renal tubular toxicity in four out of
six subjects at the highest dose level. One subject developed biopsy proven acute
tubular necrosis.

CONCLUSIONS SPCsoo1 treatment dose-dependently inhibited Pcsk9 and
decreased LDL-C concentrations, demonstrating human proof-of-pharmacolo-
gy. However, spcsoor caused mild to moderate injection site reactions and renal
tubular toxicity, and clinical development of sPCso01 was terminated. Our find-
ings underline the need for better understanding of the molecular mechanisms
behind the side effects of compounds such as sSPcso01, and for sensitive and rele-
vant renal toxicity monitoring in future oligonucleotide studies.
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INTRODUCTION

Statin therapy is one of the best-proven interventions in patients at high risk for car-
diovascular disease. However, target low density lipoprotein cholesterol (LDL-C)
goal concentrations are not always reached. Increasing statin dose to achieve lower
LDL-C concentrations may cause adverse events such as skeletal muscle achesand in-
creasesin liver enzymesand, very rarely, rhabdomyolysis [1]. Hence, novel treatments
to reduce LDL-C with a different mechanism of action could be of value. Modu-
lation of LDL-Receptor (LDL-R) expression is an attractive mechanism as LDL-C
concentrations depend largely on expression and activity of the hepatic LDL-R [2].

Proprotein convertase subtilisin/kexin type 9 (PCSK9) isa protease that mediates
endosomal/lysosomal degradation of the LDL-R by prolongingits retentionin endo-
somes, resultingin reduced LDL-R recycling to the cell surface [3]. Gain-of-function
mutations in PCSK9 areassociated with asevere phenotype of autosomal dominant
familial hypercholesterolemia [ 4], whereas loss-of-function mutations can resultin
230% loweringof LDL-C [s] and a 47-88% reduction in cardiovascular discaserisk [ 6]
in the absence of any other apparent phenotypic change in humans [7]. Preclinical
datahave shown thatinhibition of PCSK9 resultsin reduction of serum LDL-C con-
centrations [8, 9], and recent clinical studies have demonstrated Pcskg-antibody
mediated reductions in LDL-C concentrations and cardiovascular events [10, 11].

SPC5001 is a 14-mer oligonucleotide with locked nucleic acid (LNA) modifi-
cations. The oligonucleotide contains B-D-oxy-LNA (three locked nucleotides
in both termini), and eight deoxynucleotides, arranged in the sequence s'-TG-
mCracaaaacmCmCA-3' (where upper case letters are LNAs and mC stands for
s-methyl-LNAcytidine). Each of the internucleotide linkages is modified with phos-
phorothioate rather than the native phosphodiester. The LNA modified nucleotides
increase the binding affinity for the target and increase nuclease resistance, there-
by improving the drug-like properties [12]. sPCs001 is complementary to human
PCSK9 MRNA, acts as an antisense inhibitor, and subsequently reduces intra- and
extracellular pcskg protein levels [8]. Subcutaneously (sc) administered spcsoor
for 13 weeks in mice (maximal dose 24 mg/kg/weck) and nonhuman primates
(NHP) (maximal maintenance dose 20 mg/kg/week) demonstrated no rate-lim-
iting toxicity on liver and kidney function, only minimal sc injection site reactions
and no effect on coagulation parameters (Santaris Pharma a/s preclinical package,
data notshown). Aswith otherantisense oligonucleotide (AON) compounds, renal
histopathology showed tubular basophilic granules suggestive of oligonucleotide
drug accumulation at spcsoor dose levels up to 20/24 mg/kg, without signs of
functional nephrotoxicity. The maximum safe starting dose for clinical testing of
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sPCsoor was 2.0 mg/kg/week, based on the absence of adverse effects at the highest
dose tested in a 13 weck NHP study (20 mg/kg). Administration of four sPCs001
doses of 6 mg/kg resulted in reductions of plasma PCSK9 protein concentrations
(37%), hepatic Pcsk9 mRNA levels (40%), and serum lipids (32%) in healthy NHPs.
Alower dose of 1.5 mg/kg, administered once every s days, also induced significant
reductionsin LDL-C (16%), but not in plasma Pcsk9. Based on these observations,
three weekly spcsoor injections of 0.5 mg/kg were considered to be an appropriate
starting dose for a first-in-human (F1H) trial, on which we report here. Ascending
doses of spcsoor were administered to healthy volunteers with slightly increased
fasting LDL-C concentrations (exceeding 2.59 mmol/L or 100 mg/dL), with a view
to enable assessment of the human pharmacology of spcsoor at the earliest clinical
stage. Plasma PCsk9 concentrations and key lipid parameters were evaluated, to-
gether with standard safety end points and pharmacokinetic profiling.

METHODS

The study was approved by the Central Committee on Research involving Human
Subjects of The Netherlands (Centrale Commissic Mensgebonden Onderzock;
CCMO, EUDRACT number of the study is 2011-000 489-36), and conducted
according to the principles of the International Conference on Harmonization
and Good Clinical Practice and the Helsinki Declaration. The volunteers gave
written informed consent prior to screening.

STUDY DESIGN  The study was randomized, ascending dose, double blind and
placebo-controlled, with an spcsoor : placebo ratio of 6 : 2 per cohort conducted
at the foundation Centre for Human Drug Research, Leiden, The Netherlands.
Given the exploratory character of the study, no formal power calculations were
performed to assess sample size. Drug was administered subcutaneously in the
abdominal region as three weekly doses of 0.5, 1.5 or s mg/kg on study days 1, 8 and
15 (150 mg/ml spcsoor dissolved in water for injection; injection volumes <3 ml
administered in a single injection and volumes >3 mlin two injections). The start-
ing dose of 0.5 mg/kg/week was 4-fold lower than the maximum recommended
starting dose of 2.0 mg/kg/week, based on a NOAEL of 20 mg/kg per dose in NHPs
and a human equivalent dose (HED) of 20 mg/kg per dose, with an applied safety
factor of 10. After the first and last sPC5001 or placebo (0.9% saline) administra-
tion, the subjects were confined to the clinical research unit for 24hrs. After the
second administration the subjects were monitored for 4hrs. The last follow-up
visit was conducted on study day 78.
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STUDY PARTICIPANTS Thirty-two healthy volunteers, aged 18 to 65 years with
a fasting LDL-C of 22.59 mmol/L (> 100 mg/dL) and triglycerides < 4.5 mmol/L
(=398 mg/dL),abody mass index (BMI) of 18-33 kg/m?* without ultrasonographic
signs of liver steatosis and not using concomitant medication, were planned to be
enrolled in four subsequent cohorts.

SAFETY AND TOLERABILITY Safety monitoring was performed by adverse
event monitoring, physical examination, assessment of ECG and vital signs, and
laboratory evaluations (routine hematology, chemistry including C-reactive pro-
tein and gamma globulins, coagulation, complement factors, cytokines, and semi
quantitative dipstick urinalysis). In case of clinically significant findings in dipstick
analysis, a microscopic investigation of the urine was performed. Hepatic ultraso-
nography (Siemens Pso) was performed at screening and the last follow-up visit
for exclusion of hepatic steatosis. Dosing for each subsequent cohort commenced
only after satisfactory review of 16 day safety data from the preceding cohort. Post
hoc analysis of exploratory kidney injury biomarkers was performed for urinary
f2-microglobulin (Immulite 2000, a solid-phase two-side chemiluminescent
immunometricassay), aGST (Argutus Medical Alpha GST E1A enzyme immunoas-
say), NAG (Diazyme europe GmbH) and k1M1 (Quantikine human T1M-1/K1M-1/
HAVCR immunoassay). Samples for these biomarkers were collected on study days 1,
8and 15 and stored at -80°C until analysis. Additional blood and urine samples were
collected upon renal safety concerns that appeared during study conduct.

PHARMACODYNAMICS Throughout the study, pharmacodynamic effects of
SPCsoor were assessed in fasting blood samples by measurement of pcskyg, TC,
HDL-C, TG, ApoAr, ApoB and vLDL-C. Total (LDL-bound and -unbound) pcsxg
was measured using the circulex human Pcskg ELISA kit. The sensitivity was
0.154 ng/L and the coefficient of variation was -3%. LDL-C was calculated accord-
ing to the Friedewald formula: LDL-C = TC — HDL-C - (0.456*TG). VLDL-C was
calculated as TC - HDL-C — LDL-C.

PHARMACOKINETICS For the quantification of spcsooi, plasma samples
(collected frequently on dosing days 1 and 15, pre-dose on day 8 and during fol-
low-up visits) were analyzed by a validated hybridization-dependent ELISA
method (Santaris Pharma A/s, Technical Report), with a lower limit of quan-
titation (LOQ) of 0.4 ng/mL. The overall cocflicient of variation was ~9%. In
addition, urine samples collected on dosing days 1 and 15 (pre-dose and 0-4, 4-8
and 8-24 h post-dose) were analyzed by a comparable qualified method. spcsoor
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plasma concentrations were subjected to non-compartmental pharmacokinetic
evaluation in order to determine the maximum observed plasma concentration

and the area under

(Cpnax)> the time to maximum plasma concentration (T,,,,)

the plasma concentration-time curve from dosing to 24 h after dosing (AUCy 4p,,)
using WinNonLin (version 5.3, Pharsight Corporation, Usa). Urine was collected
prior to dose and during 2.4 hrs after the first and the third doses (on days 1 and 15,
respectively) from all subjects (except one subject dosed at 1.5 mg/kg per dose on
day 15). The concentration of SPCsoo1 in the urine was quantified by the hybrid-
ization-dependent ELISA method and the amount of the compound in relation to
the dose was calculated.

STATISTICAL METHODS AND ANALYSIS Descriptive statistics were used
to summarize demographic and baseline characteristics. Statistical analysis was
performed for all pharmacodynamic parameters. To correct for the expected
log-normal distribution, PCSK9, HDL-C, TG and VLDL-C were log-transformed
prior to analysis. All repeatedly measured pharmacodynamic parameters were
analyzed with a mixed model of variance with fixed factors treatment, time and
treatment by time and random factor subject, and with the baseline measurement
on day 1 as covariate. Contrasts between each spcsoor dose level and placebo were
calculated for a study period up to and including day 49 (the time span in which
spcsoor exerted the intended effects, at least at the highest dose level tested),
unless otherwise indicated. All analyses were performed using sas for Windows
Version 9.1.3 (SAS Institute, Inc., Cary, NC, USA).

RESULTS

PARTICIPANT CHARACTERISTICS Twenty-four subjects were enrolled in the
study. Demographics are summarized in Table 1. One subject in the 1.5 mg/kg dose
group was withdrawn after administration of two spcsoor doses due to non-com-
pliance with the study lifestyle rules. Therefore, 23 subjects completed the study,
receiving three doses of spcsoor or placebo.

SAFETY SUMMARY One participant dosed at the highest dose (s mg/kg per
dose) experienced acute tubular necrosis [11]. Therefore, follow-up was intensified
for this subject and all other participants still under follow-up. Upon review of
elevated serum creatinine values together with urine sediment analyses, the Safety
Review Committee decided to stop further dose escalation. For this reason, only 2.4
subjects were enrolled in the study and not the anticipated 32. In addition, a more
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comprehensive set of kidney injury biomarkers was retrospectively analyzed. The
mostfrequentoccurringadverse events wereinjectionsite reactions (ISRs), observed
in 44% of the sPCcso001-treated subjects and in none of the placebo treated subjects.

RENAL EFFECTS SPCsoor dose-dependently increased serum creatinine.
Whereas in the 0.5 and 1.5 mg/kg per dose groups no clinically relevant effects
on serum creatinine levels were observed, spcsoor treatment at 5 mg/kg per
dose induced a transient increase in serum creatinine (Figure 1, Table 2, P =
0.02), which was observed in four out of six subjects. Average serum creatinine
concentrations in that group started to increase after the last spcsoor admin-
istration and peaked approximately 10 days after the final dose (from 84 * 12
to 106 * 15 pmol/L; reference ranges are 64-104 pmol/L for males and 49-90
umol/L for females). Subsequently, serum creatinine gradually declined to
baseline levels. The rise in serum creatinine coincided with the appearance of
urinary granular casts. In addition, one of the subjects developed acute tubular
necrosis s days after the last SPcso01 administration, which has been described
in detail in a case report [13]. Upon appearance of these renal effects, addi-
tional blood and urinary samples were collected in all volunteers who were
still under follow-up. Both the scheduled samples (collected pre-dose, and in
weeks 1, 2 and 11) and the additional samples were analyzed for serum creat-
inine, urinary B2-microglobulin, a-glutathione S-transferase (aGsT), kidney
injury molecule-1 (K1M1) and N-acetyl-3-D-glucosaminidase (NAG). Increases
in serum creatinine (9%), urinary 2-microglobulin (200%), and urinary KIM1
(55%) were observed at the highest spcsoor dose level tested (s mg/kg/week
for 3 weeks) (Table 2), with serum creatinine and urinary KM reaching peak
concentrations at the fourth week (Figures 1 and 2). However, the collection
of these data was not balanced between the treatment groups. In the 5 mg/kg
dosing group, the elevations in serum creatinine, $2-microglobulin and aGsT
reached statistical significance (Table 2). It should be noted that the increas-
es in f2-microglobulin were isolated, transient and highly variable in timing
between subjects and did not correlate with the observed changes in other
tubular markers. No spcsoor-related changes were observed in NaG (Table 2).

INJECTION SITE REACTIONS Injection site reactions (ISRs) developed
dose-dependently in 8/18 (44%) of the sPcsoor-treated subjects (0/6, 3/6 and
5/6 subjects in the 0.5, 1.5 and 5 mg/kg dosing groups, respectively). These skin
reactions presented hours to days after the sc injections as painless erythema at
the site of the injection (approximately s cm by s cm) with or without transient
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pruritus and/or swelling. Most skin lesions became clearly visible 1 week after
the last sPcsoor administration. Subjects either had skin lesions at all three loca-
tions of the abdomen where spcsoor had been administered, or they had no skin
lesions at all. The 1sRs did not worsen with each subsequent injection, and all skin
lesions within a subject were of similar severity. The 1SRs were of mild to moder-
ate severity and caused significant discomfort to a subset of the volunteers. In one
female, a maculopapular rash developed 1 week after the final dose. The patient was
referred to a dermatologist who treated the patient with topical steroids resulting
in resolution of the rash. In general, the 1sRs persisted for several days to weeks and
then diminished in intensity. However, in one female, subcutaneous skin atrophy
developed, which was present at the final visit 2.5 months after dosing. Also, in six
out of cight sPcsoor-treated subjects (three subjects from 1.5 mg/kg group and
three subjects from s mg/kg group) skin hyperpigmentation was present at the last
follow-up visit at 2.5 months.

OTHER SAFETY ASSESSMENTS SPCso001 treatment did not result in clinical-
ly relevant changes in vital signs, ECG parameters, or coagulation, or in (trends
to) increases in complement factors, cytokines or CRP, neither in subjects free of
ISRs nor in subjects developing 1SRs. Also, no clinically relevant changes in liver
biochemistry parameters were observed, and none of the treated subjects had
ultrasonographic signs of steatosis of the liver parenchyma at the last follow-up
visit. Adverse events that were observed more frequently in SPCso01-treated sub-
jects than in placebo treated subjects were mild headache (61vs. 33%) and tiredness
(56 vs. 17%), occurring not dose dependently throughout the complete study
period with a higher incidence within the first 24 h after spcsoo1/placebo admin-
istration, and generally spontaneously resolving within hours to days.

PHARMACOKINETICS Maximal plasma concentrations were reached at
17 £ 05, 1.2 + 0.4, and 2.5 * 2.7 hrs post-dose for 0.5, 1.5 and s mg/kg spcsoo1,
respectively (mean + sD). The maximal plasma concentrations increased dose-pro-
portionally (281 + 43, 757 + 32,and 2424 + 692 ng ml-1 for 0.5, 1.5 and 5 mgkg-1,
respectively), while AUCq.,4y, increased more than dose-proportionally (178 *
0.13,5.01 + 0.46 and 23.0 + 3.8 ug/mL/h for 05, 1.s and s mg/kg, respectively). The
rate constants of the terminal phases describing the decline in sPcsoor plasma
concentration were not formally calculated, but the half-life of the final phase was
estimated to be 7 days. sPCsoor excreted in urine was determined in samples col-
lected during 0-24 h after dosing on days 1 and 15. The total amount of sPcsoo1 in
urine increased more than dose-proportionally (Figure 3).
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PHARMACODYNAMICS SPCs001 treatment resulted in a decrease in PCSK9
plasma concentration, reaching a level of significance when compared with pla-
cebo at the highest dose levels tested (Figure 4, Table 3). The maximal decrease in
PCSK9 concentration was reached 1 week after the last spcsoo1 administration
(Figure 4; from 302 + 80 ng/mL at baseline to 156 + 85 ng/mL on day 21, at s mg/kg
SPCs5001), remaining decreased until at least the last measurement point on day 35
(Figure 4). spcsoor also induced a dose-dependent decrease in LDL-C concentra-
tions, with a maximal effect reached 2 weeks after the last sPcs001 administration
(Figure s, from 3.8 + 0.8 mmol/L at bascline to 2.9 + 1.1 mmol/L on day 29, for
s mg/kg spcsoor). Although the observed effect was not significant for the full
time profile (Table 3), the contrast between s mg/kg spcsoor and placebo was
statistically significant at day 28 (estimated difference -0.72 mmol/L, 95% con-
fidence interval -1.24, -0.16 mmol/L; P < 0.01). LDL-C concentrations returned
to baseline 9 weeks after administration of the last spcsoor dose. Furthermore,
s mg/kg spcsoor decreased apolipoprotein B (ApoB) (Table 3, P = 0.0 vs. pla-
cebo), with a maximal average decrease from baseline of approximately 15% (0.17
g/L) observed 1 week after the last administration (data not shown), and increased
apolipoprotein A1 (ApoAr) (Table 3, P = 0.04 vs. placebo), with a mean maximal
average increase over baseline of 8% (0.13 g/L) observed at study day 14 (data not
shown). High-density lipoprotein cholesterol (HDL-C), triglycerides (TG) and
very low density lipoprotein cholesterol (VLDL-C) concentrations were unaffect-
ed by spcsoor treatment (Table 3).

DISCUSSION

This study explored the pharmacokinetics and LDL-C loweringeffects of spcs oo,
an LNA-based Pcskg-targeted antisense oligonucleotide, in healthy volunteers
with moderately elevated LDL-C concentrations. Proof-of-pharmacology for
sPCsoor was achieved. sPCsoor administration resulted in a reduction of plas-
ma PCSK9 and a lowering of LDL-C and ApoB. However, the top dose (s mg/kg)
not only resulted in a maximal decrease in PCSK9 concentration of approximately
50% and a reduction in LDL-C of maximally 25% compared with baseline, but also
in renal tubular effects. It is unknown whether the more than dose-proportional
increase in SPC5001 plasma exposure (AUCy.,4,,) and urinary excretion, possibly
representinga limitation in sPcsoor’s hepatic uptake/accumulation, relates to the
observed nephrotoxicity.

Healthy cynomolgus monkeys dosed at similar or higher levels displayed the
intended pharmacology (i.c. reduction in LDL-C) but no indications of renal
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toxicity (Santaris Pharma A/s, unpublished observations). In these animals,
spcsoor dosing (loading dose of 20 mg kg, followed by four weekly doses of s
mg/kg) reduced hepatic PCSK9 messenger RNA and plasma PCSK9 protein con-
centrations by up to 85%, and circulating LDL-C by up to s0% without affecting
routine renal markers (urea and creatinine) [9]. Also in a 13-week toxicity study
with a loading phase of up to 20 mg/kg per dose every sth day for 16 days followed
by a maintenance phase of 20 mg/kg/week, neither clinical chemistry nor histo-
pathology pointed to a tubular risk (Santaris Pharma a/s, unpublished GLP study
report). However, interspecies differences in drug sensitivity are not unusual,
hence the safety margins conventionally applied from animals to humans. pcskg
inhibition per se is unlikely to be the cause for the observed renal tubular toxic-
ity observed in our study. Other PCcsK9-inhibiting modalities tested in clinical
studies have not resulted in renal signals. Inhibition of PCsk9-synthesis by a sin-
gle dose of silencing RNA was demonstrated to be a potentially safe and effective
strategy, with a mean 70% reduction in circulating PCSK9 plasma protein (P <
0-0001) and a mean 40% reduction in LDL cholesterol from baseline relative to
placebo (P < 0-0001) [14]. Furthermore, no renal toxicity has been reported for
plasma pcskg-directed antibodies, resulting in decreases in plasma PCSk9 con-
centrations up to 100% and reductions in LDL-C between 60 and 80% in phase
1 trials [15, 16]. Finally, there are no reports to our knowledge of functional renal
changes in people with loss-of-function PCSK9 mutations [17]. The renal effects
of spcsoo1 included a transient increase in serum creatinine, with first onset after
the last spcsoor administration and peaking approximately 10 days after the final
dose. This coincided with the appearance of urinary granular casts, and eleva-
tions of urinary kidney damage markers. One subject in the highest dose group
developed acute tubular necrosis (ATN), which resolved spontaneously within 8
weeks. The observation of ATN is uncommon for unmodified oligodeoxynucle-
otides, 2'-MOE modified and LNA modified oligonucleotides, which have all been
successfully administered to humans without causing clinically meaningful renal
functional changes [18-20]. The target-unrelated toxicity of individual oligonu-
cleotides is diverse and probably driven by a range of factors including backbone
and nucleoside chemistry, sequence and length. The mechanism behind renal tox-
icity associated with some oligonucleotides is currently unknown. It may relate
to accumulation-related degenerative effects on the proximal tubule although in
animal models molecules that accumulate most are not necessarily the most toxic.
For instance, miravirsen accumulated to a 8-fold higher degree than spcsoor in
NHP kidney cortex and showed no renal toxicity in humans (Santaris Pharma A/s,
Technical Reports and [19]). Other factors such as individual susceptibility of the
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patient may be involved as well. It is important to note that adverse renal effects
may also occur in AONs with chemistries other than LNA. There are reports on
second generation AON induced proteinuria in patients with Duchenne’s muscu-
lar dystrophy [21] and ATN in a metastatic cancer patient [22]. It has also been
previously stated in the literature that shorter oligonucleotides have lower plas-
ma protein binding capability and, therefore, a larger proportion of the dose may
pass the glomerulus and accumulate in the proximal tubular cells [23]. However
there is no relation, to our knowledge, between the rate of filtration and the level of
tubular accumulation. Moreover, SPCs0o01 is a relatively short molecule (14-mer)
but shows a high binding (of >95%) to human serum albumin (Santaris Pharma
A/s, internal data). In the current trial, only 1-3% of the dose was excreted in urine
during the first 24 h after administration (approximately corresponding to the
unbound fraction), which is low compared with a 24 h urinary dose recovery of
8-10% for miravirsen, a 1s-mer oligonucleotide that did not induce tubulotoxicity
in early clinical trials [24, 25]. Because oligonucleotides accumulate in the proximal
tubules to varying degrees [26], renal monitoring is performed for investigation-
al compounds of this drug class. Not all clinical adverse events can be predicted
preclinically and it is therefore suggested that extensive renal safety monitoring
for AONs should not be limited to routine measures such as serum creatinine and
urinalysis, but should also include regular urine microscopy. In addition, measure-
ment of the urinary excretion of specific tubular damage markers such as K1mi,
f2-microglobulin, aGST, and possibly NAG may also be informative. Thorough
assessment of renal damage markers may allow early detection of impending
renal damage and possibly provide mechanistic insight [27], which is crucial for
the understanding of why some, but not all, oligonucleotides have been demon-
strated to induce unintended renal effects. These proposed urinary biomarkers are
not fully clinically validated, and while their use is encouraged, they may not yet
be ready to support real-time decision-making. Since the observed renal effects
of spcsoor in this clinical study, the stringency of renal safety screening of LNA
oligonucleotides has increased. A recent rat-based standard study including both
routine and advanced biomarkers reproduced the tubulotoxicity of spcsoor [28].
Further mechanistic studies are in progress to understand the factors causing this
type of toxicity.

spcsoor treatment dose-dependently induced mild to moderate 1SRs. The
occurrence of ISR suggests that SPCsoor, like other charged phosphorothioate oli-
gonucleotides [29], has the potential to induce local (subcutancous) inflammatory
changes. In the present study, there was no evidence for systemic inflammation as
indicated by the absence of elevations in C-reactive protein and gamma globulins,
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circulating cytokines or complement activation (data not shown). It has been
reported that ISRs do occur in rodents and to a lesser extent in primates but also
that animal models poorly predict this risk in humans [30]. Subcutaneous admin-
istration of sPcsoor in preclinical models resulted in only minimal injection
site effects, so the toxicology studies did not predict the magnitude of 1SRs upon
SPCsoo01 treatment in humans. However, the occurrence of AON-induced 1SRs in
humanshasbeen reported before. During the clinical development of mipomersen
(2'-MOE phosphorothioate AON), 84% of all mipomersen-treated patients dis-
played 1sRs compared with 33% of all placebo-treated patients [31]. Furthermore,
PROOsI (a fully modified 2'-O-methyl phosphorothioate AON) administered to
patients with Duchenne’s muscular dystrophy resulted in erythema and inflam-
mation at the injection site in 9 out of 12 treated patients [21]. This shows that
phosphorothioate AONs have the potential to induce injection site reactions. It
is currently unknown how sequence and structure of AON compounds relates to
the nature of skin lesions and dose, concentration and volume are factors that may
modulate these effects. However, a wide range of 1sR-inducing potencies has been
observed across development compounds (Santaris Pharma a/s, unpublished
observations). The increased potency and duration of action of next-generation
antisense oligonucleotides (and related less frequent dosing regimens and smaller
injection volumes) may reduce the risk of ISR development [32-34]. Data need to
be generated more systematically and for that purpose it is essential that injection
site reactions are documented in more detail, preferably following a standardized
(AON-specific) scoring system. Furthermore, the underlying pathophysiology of
ISRs remains poorly understood.

In conclusion, sPcsoor administered to healthy volunteers with mildly elevat-
ed LDL-C resulted in dose dependent reductions in LDL-C and PCsk9. However,
subcutaneous injections of SPC5001 were associated with 1SRs and transient renal
tubular toxicity at 5 mg/kg. It is now recognized that within the LNA chemical
class, these toxicities vary greatly across compound sequences and further screens
have been or are being phased in to reduce those risks at the discovery stage [28].
The ultimate goal is to obtain insights into the molecular mechanisms behind the
side effects of compounds such as sSpcso001, with a view to improve the quality of
compound libraries. In the same spirit, sensitive and relevant monitoring strategies
for renal toxicity should be implemented for future oligonucleotide therapies.
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Table 1. Subject Baseline Demographics, average (SD)

spcsoor (N=18) Placebo (N=6)

0.5 mg/kg (N=6) 1.5 mg/kg(N=6) 5mg/kg(N=6)
Gender (M:F) 5:1 4:2 2:4 1:5
Age (yrs) 36(14) 52 (14) 53(15) 50(15)
Weight (kg) 82 (11) 73(10) 74(16) 70 (13)
BumI (kg/m?) 25(2) 24 (3) 25 (4) 25(3)
tor-c(mmol/L)  3.02(0.56) 400(0.92) 426(0.73) 3.82 (0.44)
Creatinine (umol/L) 78 (14) 84 (11) 80 (14) 70 (8)

Table 2. Serum creatinine and urinary kidney injury markers.
Estimated differences between active treatment and placebo, calculated for scheduled samples over the
complete study period of 78 days, expressed as % change, presented with 95% confidence interval and

corresponding P value.

0.5mg/kgspcsoor 1.5mg/kgspcsoor 5mg/kg Placebo

vs Placebo vs Placebo sPCs5001 vs Placebo  average (sD)

N=6 N=6 N=6 N=6
Serum 7.0% (0.5-14%) 7.5%(0.6-14.8%)  8.6% (1.6-162%) 70
Creatinine p=0.04 p=0.03 p=0.02 (8)
(wmol/L) N=109 ~N=105 N=136 N=115
UrinaryBeta2  41.5%(-35.4-210.2%) 114.4%(-0.3-361%)  197.2%(32.4-566.8%) 46
Microglobulin  p=0.4 p=0.05 p=0.01 (35)
(ug/L) N=25 N=34 N=68 N=38
Urinary -20.6% (-59.2-54.4%) 25.5%(-36.7-149%)  55.3% (-21.5-207.1%) 0.85
KIMI p=0.5 p=05 p=0.2 (0.66)
(ng/mL) N=24 N=28 N=57 N=35
Urinary 77.8%(-0.19-0.70%)  29.0% (-0.6-0.16%)  280.6% (-0.55-0.22%) 9
Alpha-Ggst* p=0.2 p=0.6 p=0.004 (6)
(ug/L) N=21 N=21 N=20 N=20
Urinary 16.1% (-14.82.1%)  52.4% (-7.2-9.8%)  8.6% (-6.1-11.1%) 592
NAG p=05 p=0.09 p=07 (3.82)
(ru/L) N=23 N=26 N=50 N=28

n: number of samples analyzed, N: number of subjects
*Urinary ¢-GST not measured in additional samples for technical reasons.
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Table 3. Effects of sPC5001 treatment on lipid parameters.

Estimated differences between active treatment and placebo, calculated over a period from baseline up
to and including day 49, expressed as absolute change with corresponding unit or as percentage for log
transformed parameters (PCSK9, HDL-C, VLDL-C and triglycerides), presented with 95% confidence
interval and corresponding P value. Estimated difference for Pcskg was calculated from baseline up to

and including day 3s.
0.5 mg/kg spcsoor 1.5 mg/kg sPcsoox 5 mg/kgsprcsoor
Vs Placebo vs Placebo vs Placebo
PCSK9 -2.5(-20.7-20.0) -15.0(-31.0-4.7) -49.0 (-58.5--37.2)
(%) p=0.8 p=0.1 p<0.0001
ApoAl 0.04 (-0.07-0.15) 0.01(-0.09-0.12) 0.11(0.01-0.21)
(g/L) p=0.5 p=0.8 p=0.04
ApoB -0.02 (-0.11-0.07) 0.01 (-0.08-0.09) -0.09 (-0.18-0.00)
(g/L) p=0.6 p=09 p=0.05
Total cholesterol ~ 0.24 (-0.20-0.69) -0.22 (-0.60-0.17) -0.19 (-0.57-0.20)
(mmol/L) p=0.3 p=0.3 p=0.3
HDL-C -6.9(-15.0-1.9) 0.7(-7.5:9.6) 2.8(-5.5-11.8)
(%) p=0.1 p=0.9 p=0.5
LpL-C 0.06 (-0.37-0.50) -0.18 (-0.57-021) 2036 (-0.75-0.03)
(mmol/L)* p=0.8 p=0.4 p=0.07
vLDL-C 34.7(-2.3-85.6) 2.9(-25.8-42.5) 22.8(-11.7-70.8)
(%) # p=0.06 p=0.9 p=0.2
Triglycerides 34.5(-2.2-84.6) 3.2(-25.3-42.5) 23.0(-11.3-70.6)
(%) p=0.07 p=0.8 p=0.2

* calculated with Friedewald formula: LDL-C = (TC)-(HDL-C)-(0.456* Triglycerides).

# calculated as: (total cholesterol)-(HDL-cholesterol)-(indirect LDL-cholesterol).
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Figure 1. Average serum creatinine concentrations (pmol/L), with sD bars.
spcsoor administration was on study days 1, 8 and 15. Averages include both scheduled and unsched-
uled samples, grouped by weck.
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Figure 2. Average urinary kidney injury molecule-1 concentrations (ng/mL), with sD bars.
spcsoo1/placebo administration was on study days 1, 8 and 15. Averages include both scheduled and
unscheduled samples, grouped by week.
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Figure 3. Average SPCs5001 urinary excretion (mg) over 24 h after dosing, with sD bars.
n = 6 subjects/dose level, except for 1.5 mg/kg (n =5).
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Figure 4. Average estimated PCSK9 concentrations (ng/mL), expressed as % change from baseline
with 95% confidence interval bars.
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Figure 5. Average estimated LDL-Cholesterol concentrations in mmol/L (o) and in percentage (B),
expressed as change from baseline with 95% confidence interval bars.
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