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Aim: TransCon CNP is a novel prodrug designed to provide sustained release of C-

type natriuretic peptide (CNP) for once-weekly therapy, addressing the pathology

leading to aberrant skeletal development in achondroplasia. This phase 1 trial was ini-

tiated to assess the safety, tolerability, pharmacodynamics (PD) and pharmacokinetics

(PK) of TransCon CNP.

Methods: This randomized, placebo-controlled, single-ascending dose phase 1 trial

was performed at two sites in Australia and enrolled 45 healthy adult males. Subjects

received placebo or TransCon CNP (single-ascending dose cohorts [3, 10, 25, 75 or

150 μg CNP/kg]). The primary endpoint was frequency of adverse events and other

safety outcomes. Other endpoints included PK and PD measured by cyclic

guanosine-monophosphate (cGMP) and amino-terminal propeptide of CNP

(NTproCNP).

Results: TransCon CNP provided continuous systemic exposure to CNP over at least

7 days post-dose. Plasma and urine levels of cGMP were significantly increased in

subjects administered TransCon CNP at 75-150 μg CNP/kg, indicating target engage-

ment of active CNP at the natriuretic peptide receptor-B (NPR-B) for at least 1 week

post-dose. TransCon CNP was well-tolerated, with no serious treatment-emergent

adverse events or discontinuations. Extensive cardiac safety assessments did not

reveal any clinically relevant effects on electrocardiogram parameters, including heart

rate, PR, QRS and QTcF intervals.

Conclusions: Safety and PD data from this phase 1 trial support that TransCon CNP

is well tolerated, with a PK profile compatible with a once-weekly dosing regimen.

Further studies are ongoing to evaluate the potential of TransCon CNP to positively

impact abnormal endochondral ossification in children with achondroplasia.
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1 | INTRODUCTION

Achondroplasia (ACH) is caused by a gain-of-function autosomal

dominant mutation in the fibroblast growth factor 3 receptor

(FGFR3) gene with 100% penetrance. ACH is the most common

skeletal dysplasia and the most frequent form of short-limbed

dwarfism occurring with a frequency of 1 in 10 000 to 30 000 live

births, affecting 250 000 men and women worldwide.1–3 Individuals

with ACH have a phenotypically distinct appearance, including

short stature (but an average size trunk), macrocephaly with frontal

bossing, rhizomelic (proximal) limb shortening, short broad fingers,

impaired elbow extension, limited hip extension, genu varum defor-

mity, vertebral hyperlordosis and thoracolumbar kyphosis.1,2,4–7

Another characteristic feature of individuals with ACH is a nar-

rowed foramen magnum that can result in compression of the spi-

nal cord and neurological complications. The average height of

adult men and women with ACH is 131 ± 5.6 and 124 ± 5.9 cm,

respectively.6,8

The FGFR3 mutations that cause ACH result in a ligand-

independent gain-of-function state of the mutated receptor.9 FGFR3

is a tyrosine-kinase receptor-activating signal transducer and activator

of transcription 1 (STAT1) and the mitogen-activated protein kinase

(MAPK) pathway (RAS-RAF-MEK-ERK), and both have inhibiting

effects on endochondral ossification. The impairment of endochondral

ossification in ACH is mainly related to chondrocyte dysfunction,

manifested as a post-proliferative pre-hypertrophic differentiation

block mediated by the MAPK pathway, thereby hampering the forma-

tion of fully differentiated hypertrophic chondrocytes. STAT1 activity,

on the other hand, mainly inhibits chondrocyte proliferation in the

growth plate.10–12 In FGFR3 mutations relevant for ACH, the MAPK

pathway, but not STAT1, has been documented to be overly active,13

supporting the theory that the condition mainly originates from exces-

sive FGFR3-induced MAPK signalling.

Observations in several nonclinical models have demonstrated

that C-type natriuretic peptide (CNP) influences growth via modula-

tion of the intracellular signalling pathways of FGFR3, through activa-

tion of the natriuretic peptide receptor-B (NPR-B), and is able to

restore the FGFR3-induced stunted growth in ACH mouse models

towards wild-type growth.14-19 Activation of NPR-B in chondrocytes

mediates an increase in cyclic guanosine monophosphate (cGMP) that

induces type II cGMP-dependent protein kinases, resulting in an inhi-

bition of the MAPK pathway.18,19 A daily subcutaneous injection of a

CNP analogue, vosoritide, has recently received accelerated approval

by the US FDA for the treatment of children with ACH who are

5 years or older and have open epiphyses, and marketing authoriza-

tion in the EU for the treatment of children with ACH who are 2 years

or older and have open epiphyses.20

TransCon CNP is an investigational long-acting prodrug of CNP

that has demonstrated pharmacokinetic (PK) properties that provide

long-acting effects on bone growth in both murine and nonhuman pri-

mate models.21 Prolonged suppression of the overactive signalling

pathways seen in ACH, resulting from continuous exposure to CNP,

may provide an even more effective means of alleviating the short

stature seen in ACH.

The current paper describes the first-in-human trial with

TransCon CNP, an investigational prodrug of CNP designed to pro-

vide continuous exposure to CNP on a once-weekly dosing schedule,

evaluating the safety (including immunogenicity), tolerability, pharma-

codynamics (PD) (including effects on systemic levels of NTproCNP

and cGMP) and PK of subcutaneously (SC) administered single-

ascending doses (SADs) of TransCon CNP to healthy male subjects.

2 | MATERIALS AND METHODS

2.1 | Introduction to study drug

TransCon CNP consists of a CNP moiety transiently bound to a

40-kDa branched polyethylene glycol carrier molecule (4 � 10 kDa).

The CNP moiety constitutes the C-terminal 38 amino acids of full-

length human CNP conjugated to a lysine residue at the polyethylene

glycol carrier molecule attachment site. The CNP moiety is essentially

inactive when bound to the carrier.21 Active CNP released from

TransCon CNP is referred to here as CNP-38.

What is already known about this subject

• Achondroplasia is a skeletal dysplasia caused by gain-of-

function mutation in fibroblast growth factor 3 receptor

(FGFR3).

• C-type natriuretic peptide (CNP) modulates the intracel-

lular signalling pathways of FGFR3 and is able to restore

FGFR3-induced stunted growth in achondroplasia mouse

models.

• CNP positively modulates bone growth in children with

achondroplasia.

What this study adds

• TransCon CNP, a novel prodrug that releases native

CNP-38, was tested in healthy adults to determine the

safety, tolerability, pharmacodynamics and pharmacoki-

netics of this agent under investigation for the treatment

of children with achondroplasia.

• Safety and pharmacokinetic data indicate that TransCon

CNP is well tolerated and that CNP remains in systemic

circulation for at least 7 days following a single dose.
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2.2 | Study oversight

The present study is a phase 1, first-in-human, randomized,

double-blind, placebo-controlled, SAD trial in healthy adult male

subjects designed to evaluate the safety, tolerability, PD and PK of

SC administered TransCon CNP (Trial ID: ACTRN126180011

57268).

The trial, protocol amendments, informed consent forms, investi-

gator's brochure, and any other relevant information were reviewed

and approved by the appropriate independent ethics committee at

the sites before initiation of the trial, and International Council for

Harmonisation Guidelines for Good Clinical Practice, E6(R2) were

followed.

The trial was conducted from May to November 2018 at two

sites in Australia. All participants provided written informed consent.

2.3 | Clinical trial design and study end points

The trial design included five dosing cohorts (up to 10 subjects per

cohort, up to eight active and two placebo), with the placebo subjects

pooled to create a sixth treatment arm. Study drug was administered

SC in the abdomen in single doses to ascending dose cohorts (3 μg,

10, 25, 75 and 150 μg CNP/kg). The drug product formulation con-

taining TransCon CNP was a lyophilized powder in single-use vials

(3.9 mg CNP-38/vial) to be reconstituted with sterile water for injec-

tion. The reference to CNP-38 per vial refers to the mass of CNP pep-

tide moiety present in the TransCon CNP within the vial. For dose

volumes higher than 0.85 mL, the dose was given as multiple injec-

tions with equal volume per injection. The placebo product was physi-

ological saline. Safety monitoring included vital signs (including

orthostatics), physical examinations, electrocardiograms with 12-lead

Holter monitors and safety laboratory assessments (haematology,

chemistry and urinalysis), local tolerability assessments and antibodies

against CNP.

The trial consisted of a screening visit (day �28 to day �2) to

assess eligibility, a subsequent check-in period in which screening

was completed and eligibility confirmed (day �2 to day �1) and a

dosing period (day 1). This was followed by a safety observational

period of 4 weeks with 8 days at the site followed by three visits

on days 15, 22 and 28. Up to 10 eligible subjects who had suc-

cessfully completed screening were enrolled into the lowest dose

cohort and randomly assigned (double-blind) to receive TransCon

CNP or matched placebo (4:1). Each cohort was enrolled and com-

pleted in a sequential fashion. Because hypotension has been

reported with CNP exposure, a sentinel pair of subjects (one

receiving TransCon CNP and one receiving placebo) for each of

the five cohorts was dosed first. After a period of approximately

72 hours, and at the discretion of the principal investigator, the

remaining eight subjects were randomized 7:1 (TransCon CNP: pla-

cebo) to achieve a total ratio of 4:1 for each cohort. At the com-

pletion of the inpatient period for each cohort (inclusive of an

inpatient period from day �2 to day 8), blinded clinical safety and

laboratory parameters were assessed by a Data and Safety Moni-

toring Board (DSMB) to provide a recommendation on dose escala-

tion. After the DSMB provided the recommendation, the Safety

Data Review Committee made the decision to continue with dose

escalation or to pause (or stop) the dose escalation.

The primary objective was to determine the safety and tolerability

of single-ascending SC doses of TransCon CNP in healthy adult male

subjects. The secondary objective was to evaluate the PK properties

of TransCon CNP in healthy adult male subjects. Assessment of sys-

temic target engagement by measuring cyclic guanosine monop-

hosphate (cGMP) levels in both urine and plasma and potential impact

on CNP synthesis (measuring plasma CNP amino-terminal propeptide

[NTproCNP]) was conducted on an exploratory basis.

2.4 | Pharmacokinetics: CNP-38

Blood samples for assessment of CNP-38 released from the prodrug

following autocleavage (ie, free CNP-38) were collected on day

1 (pre-dose) and at 21 time points post-dose from day 1 to day 28.

CNP-38 in heparin plasma was quantified using deuterated CNP-38

as an internal standard. Plasma samples were processed using protein

precipitation and solid-phase extraction followed by high-

performance liquid chromatography with tandem mass spectrometry

detection in positive ion mode measuring the intact CNP-38 peptide.

The method was validated according to regulatory guidance docu-

ments on bioanalytical method validation (EMA Guideline on

bioanalytical method validation [EMEA/CHMP/EWP/192217/2009

Rev. 1 Corr. 2 and FDA Guidance for Industry, Bioanalytical method

validation May 2018]).22,23 The lower limit of quantification for CNP-

38 in heparin plasma was 1.38 pM.

2.5 | Pharmacokinetic analysis and dose
proportionality

PK parameters, peak plasma concentration (Cmax), time to peak plasma

concentration (Tmax), time of last measurable concentration (Tlast,),

area under the curve to the time of the last measurable concentration

(AUC0-t), AUC to infinity (AUC0-∞), percentage AUC extrapolated from

Tlast to infinity (%AUCextrap) and the apparent terminal half-life (t½)

were determined from the plasma concentration-time profiles of

CNP-38 using non-compartmental analysis (Phoenix WinNonlin Ver-

sion 6.4, Certara USA, Inc.). AUCs were calculated using the linear

trapezoidal method when concentrations were increasing and the log-

arithmic trapezoidal method when concentrations were decreasing.

PK analyses were carried out using actual post-dose times relative to

the start time of dose administration. Dose proportionality was

assessed by the power model estimating the slope of the log-

transformed dose as the independent variable in a linear regression

model with the log-transformed PK parameter as the response/

dependent variable. The 95% confidence interval (CI) of the slopes

was calculated.
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2.6 | Anti-CNP antibody assay

Serum samples were collected pre-dose and post-dose on days

15 and 28. Samples were analysed using a validated bridging

electrochemiluminescence immunoassay to detect antibodies against

CNP. The assay was developed and validated according to current

regulatory guidelines,24,25 ensuring adequate analytical sensitivity in

the presence of both drug and prodrug.

2.7 | cGMP assay

Both 24-hour urine and plasma samples were collected on day 1 (pre-

dose), and on days 2, 8 and 28 post-dose. Following sample extrac-

tion, a radioimmunoassay (RIA) was applied to measure cGMP in both

plasma and urine.26,27

In urine samples, results were adjusted according to 24-hour

urine volumes and levels of urine creatinine. To minimize the impact

of intra-individual variation in absolute levels of cGMP in both matri-

ces, all post-dose samples (days 2, 8 and 28) were analysed in the

same analytical run and data were baseline-adjusted using individual

pre-dose levels.

For results obtained in both plasma and urine samples, testing for

differences was performed by means of sequential t-tests comparing

changes in cGMP levels in TransCon CNP-treated cohorts relative to

the placebo group.

2.8 | NTproCNP

Plasma samples were collected pre-dose (day �1) and on post-dose

days 2, 8 and 28. Following sample extraction, an RIA was applied to

measure NTproCNP.27,28 To minimize the impact of intra-individual

variations in absolute levels of NTproCNP, all post-dose samples (days

2, 8 and 28) were analysed in the same assay run and baseline-

adjusted using individual pre-dose levels.

Testing for differences was performed by means of sequential t-

tests comparing changes in NTproCNP levels in TransCon CNP-

treated cohorts relative to the placebo group.

2.9 | Electrocardiography

All subjects were fitted with a continuous 12-lead electrocardiogra-

phy (ECG) Holter recorder (M12R, Global Instrumentation, LLC,

Manlius, New York, USA) from 25 hours prior to dosing to

72 hours after dosing. ECGs were evaluated at 45, 30 and

15 minutes prior to dosing and at 2, 4, 8, 12, 15, 24, 30, 36,

48, 54, 60 and 72 hours after dosing, with subjects resting in the

supine position from 10 minutes before to 5 minutes after each

scheduled time point. ECGs were extracted and analysed at a cen-

tral ECG laboratory (ERT, Rochester, New York, USA). At each

timepoint, up to 10 ECG replicates were extracted using TQT Plus,

a computer-assisted algorithm based on quality and heart rate

(HR) stability criteria. All readable cardiac cycles from these ECG

replicates were assessed for multiple quality parameters, including

beat stability, HR changes and noise, and were categorized into

high- and low-confidence beats. All low-confidence beats were

fully reviewed and adjudicated manually by ECG technicians using

pass–fail criteria. The beats found acceptable by manual review

were included together with the high-confidence beats in the anal-

ysis. With lead II as the primary analysis lead, ECG interval mea-

surements were made using the high-precision QT measurement

technique. Categorical T-wave morphology analysis and measure-

ment of PR and QRS intervals were performed manually in three

of the 10 ECG replicates at each timepoint. Additionally, safety

ECGs were obtained at screening, check-in, pre-dose (within 1 hour)

and at approximately 2, 4, 8, 12, 24 and 48 hours post-dose and

on days 15, 22 and 28.

2.10 | Blood pressure and HR

Blood pressure (BP) and HR were recorded in the supine position after

at least 5 minutes of rest. BP and HR were assessed at the same time

points as the ECG parameters. In addition, subjects were examined

for signs of orthostatic intolerance, defined as a decrease of ≥20 mm

Hg systolic BP or >20 bpm increase in HR (considered clinically signifi-

cant or resulting in >120 bpm) at 3 minutes of standing, or symptoms

of lightheadedness, dizziness or fainting on standing. Safety evalua-

tion of adverse events (AEs) focused on treatment-emergent adverse

events (TEAEs).

3 | RESULTS

3.1 | Subjects

A total of 49 healthy male subjects were randomized to the study in a

4:1 ratio (active:placebo). Four subjects (two subjects in the 75 μg

CNP/kg cohort, one in the 25 μg CNP/kg cohort and one in the 10 μg

CNP/kg) cohort were excluded after enrolment but prior to receiving

study drug due to (1) HR < 50 bpm on pre-dose ECG, (2) orthostatic

lightheadedness, (3) significant increase in orthostatic HR and (4)

HR < 50 bpm on pre-dose ECG. One subject randomized to placebo

in cohort 3 was dosed but withdrew due to personal reasons before

completing the trial. Of the 44 subjects who completed the trial,

36 received TransCon CNP and eight received placebo. In cohort

1, six subjects received 3 μg CNP/kg (plus one subject received pla-

cebo). In cohort 2, six subjects received 10 μg CNP/kg (plus two sub-

jects received placebo). In cohort 3, eight subjects received 25 μg

CNP/kg (plus one subject received placebo). In cohort 4, eight sub-

jects received 75 μg CNP/kg (plus two subjects received placebo). In

cohort 5, eight subjects received 150 μg CNP/kg (plus two subjects

received placebo).
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Baseline characteristics are presented in Table 1.

3.2 | Pharmacokinetics

All subjects were included in the PK analysis set, but PK samples for

all subjects from the 3 μg CNP/kg cohort and one subject from the

10 μg CNP/kg cohort were not analysed for CNP-38 due to a sam-

pling error.

3.3 | CNP-38

The mean PK profiles of CNP-38 following SC administration of

TransCon CNP are presented in Figure 1. The CNP-38 PK profile fol-

lowing release from the prodrug was characterized by a slow rise to

peak plasma concentrations with median Tmax ranging from 45 to

66 hours post-dose. After reaching Cmax, CNP-38 concentrations

declined slowly in an apparent monophasic manner. The apparent t½

was estimated to be approximately 120 hours (mean t½ ranged from

112 to 128 hours over the 25-150 μg CNP/kg dose range). No mar-

ked dose-dependent trend for Tmax or t½ was observed. The compiled

PK parameters are provided in Table 2. The between-subject variabil-

ity in exposure ranged from 25% to 46% for Cmax and AUC0-t. The

concentration of CNP-38 in systemic circulation returned to levels

below the lower limit of quantification in all subjects, with median Tlast

ranging from 96 to 338 hours.

Statistical assessment concluded dose proportionality in exposure

to CNP-38 over the 10-150 μg CNP/kg dose range for Cmax and

AUC0-t based on regression slope estimates of 0.973 and 1.09 with

TABLE 1 Summary of baseline demographics for subjects who
received study treatment (CNP or Placebo)

Group n
Age
(years)

Body
weight (kg)

BMI
(kg/m2)

3 μg CNP/kg 6 32.2 (25-50) 73.3 (68-84) 23.1 (21-26)

10 μg CNP/kg 6 29.2 (25-34) 70.5 (60-86) 23.0 (20-26)

25 μg CNP/kg 8 33.4 (26-54) 74.3 (59-88) 23.2 (20-27)

75 μg CNP/kg 8 33.8 (25-56) 80.0 (59-95) 24.6 (20-30)

150 μg CNP/kg 8 35.4 (27-60) 87.1 (75-97) 26.1 (23-28)

Placebo 9 32.8 (25-45) 77.9 (69-93) 24.1 (21-27)

Note: Mean (range). Subjects in the two highest dose cohorts received two

to five injections to receive the assigned dose. In the placebo group, five

subjects received one injection, two subjects received two injections and

the remaining two subjects received four or five injections, respectively.

F IGURE 1 CNP-38 Plasma concentration profiles and dose proportionality between TransCon CNP dose and AUC of CNP-38. Left panel:
CNP-38 plasma concentration (pmol/L) profile (arithmetic means (±SD) and semilogarithmic scale), following single-dose administration of 10, 25,
75 and 150 μg/kg CNP to adult male subjects. Right panel: CNP-38 AUC0-t (h*pmol/L) (geometric means and linear scale), as a function of
TransCon CNP dose level. AUC0-t, area under the curve to the time of the last measurable concentration

TABLE 2 Summary of CNP-38 pharmacokinetic parameters

Dose
(μg CNP/kg) n

Tmax

(hours)
Cmax

(pmol/L)
AUC0-t

(pmol*h/L)
AUC0-∞

(pmol*h/L) %AUCextrap

t½
(hours)

Tlast
(hours)

10 5 60 (54-72) 2.47 (37.7) 218 (40.1) NC NC NC 96 (72-144)

25 8 66 (37-96) 6.33 (45.5) 741 (43.8) NC NC 128 (59.8)n = 4 168 (168-168)

75 8 51 (12-72) 13.7 (36.9) 2180 (24.6) 2570 (22.5) 14.9 (4.48) 112 (20.3)n = 8 337 (315-340)

150 8 45 (8-72) 39.1 (44.6) 4680 (37.3) 5230 (33.8) 10.5 (3.72) 114 (15.3)n = 8 338 (335-509)

Note: Cmax and AUCs are presented as geometric mean (CV%). Tmax and Tlast are presented as median (range). t½ and % AUCextrap are presented as mean

(SD) and includes the number of subjects (n) with an estimated half-life.

Abbreviation: NC, not calculated.
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the 95% CIs ranging from 0.811 to 1.131 and 0.951 to 1.24, respec-

tively, and thereby encompassing 1. Dose proportionality was not

assessed for AUC0-∞ as data were only available for two dose cohorts

(75 and 150 μg CNP/kg) (Figure 1).

3.4 | cGMP

cGMP was measured in both urine and plasma samples. The average

(±SD) baseline level of cGMP in plasma was 4.1 nM (±1.6 nM). No sta-

tistically significant increase in cGMP levels on exposure to CNP was

observed at lower dose levels (3, 10 and 25 μg CNP/kg). Subjects

exposed to TransCon CNP in the highest dose cohorts (75 and 150 μg

CNP/kg) showed statistically significant increases from baseline in

both urine and plasma levels of cGMP (days 2 and 8 post-dose)

(Figure 2). The effect of TransCon CNP on cGMP levels was generally

considered dose-dependent.

3.5 | NTproCNP

The average (±SD) level of NTproCNP at pre-dose was estimated at

24.2 pM (±4.8 pM). Levels of endogenous NTproCNP measured in

post-dose samples collected on days 2 and 8 did not show any statis-

tically significant impact of treatment irrespective of the time point of

sampling or dosing cohort.

3.6 | Injection site reactions

Injection site reactions were assessed daily for the first 8 days

post-dose and then at days 15, 22 and 28. The assessment of local

tolerability at the injection site included redness, bruising, swelling

and pain, and overall findings in subjects receiving TransCon CNP

were comparable to placebo. Overall, no consistent trends in local

tolerability were found with increasing dose level. One severe local

tolerability finding of bruising was reported for one subject in the

150 μg CNP/kg treatment group. One TEAE of mild injection site

discomfort (in a subject dosed with 10 μg CNP/kg) and one TEAE

of mild injection site pain (in a subject dosed with 75 μg CNP/kg)

were reported. Both TEAEs were reported on day 1 and

both resolved on the same day with no action required. Addition-

ally, there were no hypersensitivity reactions or anaphylaxis

reported.

3.7 | ECG

TransCon CNP did not have an effect on HR or cardiac conduction

(PR and QRS intervals) at the studied doses, with mean placebo-

corrected change-from-baseline HR (ΔΔHR) ranging from �6.8 to

5.6 bpm across dose cohorts, without indication of dose dependence.

Mean placebo-corrected change-from-baseline QTcF (ΔΔQTcF)

ranged from �7.7 ms at 8 hours post-dose at the highest dose

(150 μg CNP/kg) to 7.9 ms at 54 hours post-dose at the 25 μg

CNP/kg dose, without an indication of dose dependence. Thus,

TransCon CNP at the studied doses did not have a clinically relevant

effect on the studied ECG parameters.

3.8 | BP, HR and orthostatic changes

Due to the previously reported vasodilatory effect of CNP at high

concentrations,29–32 BP, HR and orthostatic changes were thoroughly

investigated. No dose-dependent patterns or changes from baseline

in supine BP or HR were observed across treatment groups. In con-

cert with this, no correlation was observed between supine BP or

reflex tachycardia and plasma levels of CNP-38 in any dose cohort.

No clinically relevant dose-dependent effects in mean orthostatic

BP or HR changes were observed across treatment groups. As an illus-

tration of this, Figure 3 depicts the mean CNP-38 concentration and

mean changes in orthostatic BP and HR from baseline relative to the

exposure to CNP-38 in the 150 μg CNP/kg treatment group.

No correlations between BP or HR and CNP exposure were

observed, although TEAEs associated with orthostatic changes were

reported. Orthostatic hypotension was reported in four of the 36 sub-

jects treated with TransCon CNP (one in the 3 μg CNP/kg cohort, two

in the 25 μg CNP/kg cohort and one in the 75 μg CNP/kg cohort), of

F IGURE 2 Fold change from
baseline in plasma (A) and urine (B)
cGMP. Normalized levels of cGMP
(fold change from baseline) measured
in both plasma (left panel) and urine
samples collected post-dose at days
2 and 8. **P < .01, *** P < .001. Lower
dose cohorts showed no significant
effects of CNP exposure on cGMP
levels (P > .05)
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which only one subject was symptomatic with lightheadedness on

standing after a blood draw. Orthostatic tachycardia was reported in

six subjects, 1/9 (11%) placebo subjects and 5/36 (14%) TransCon

CNP-treated subjects (two in the 75 μg CNP/kg cohort and three in

the 150 μg CNP/kg cohort), but no associated decrease in systolic BP

(≥20 mm Hg) on standing was observed in any of the subjects. The

events were symptomatic in five subjects; reported symptoms

included mild postural dizziness, feeling lightheaded on standing, feel-

ings of “heart racing” and palpitations. Orthostatic tachycardia in all

six subjects resolved without treatment prior to attainment of Cmax

and thus did not correlate with CNP exposure.

3.9 | Immunogenicity

A total of 135 serum samples were analysed for anti-CNP binding

antibodies. All samples were confirmed negative for anti-CNP

antibodies.

F IGURE 3 Mean orthostatic changes in BP
and HR and associated mean plasma
concentrations of CNP-38 over time in healthy
male subjects dosed at 150 μg/kg

TABLE 3 Summary of treatment-emergent adverse events

AE, n (%)

Dose cohort

3 μg
CNP/kg

(N = 6)

10 μg
CNP/kg

(N = 6)

25 μg
CNP/kg

(N = 8)

75 μg
CNP/kg

(N = 8)

150 μg
CNP/kg

(N = 8)

Placeboa

(N = 9)

Total TransCon
CNP subjects

(N = 36)

Subject experienced any AE 5 (83.3) 4 (66.7) 5 (62.5) 8 (100) 6 (75.0) 7 (77.8) 28 (77.8)

Subject experienced any

drug-related AEb
3 (50.0) 3 (50.0) 2 (25.0) 6 (75.0) 6 (75.0) 2 (22.2) 20 (55.6)

Discontinued trial

participation due to an AE

0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Subject experienced any

moderate/severe AE

2 (33.3) 1 (16.7) 0 (0) 6 (75.0) 3 (37.5) 2 (22.2) 12 (33.3)

Subject experienced any SAE 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Subject death 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Note: Only TEAEs are presented (defined as an event with the date of AE onset being later than or equal to the date/time of the first injection of the dose).
aConsists of pooled dosage placebo groups.
bDefined as the causal relationship being definite, probable or possible as reported by the investigator.
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3.10 | General adverse events

In general, no trends were observed in TEAE incidence rates across

dose cohorts or relative to the placebo group. Overall, 28/36 sub-

jects (77.8%) in the TransCon CNP group and 7/9 subjects (77.8%)

in the placebo group experienced at least one TEAE. A summary

of the TEAEs is presented in Table 3. The majority of TEAEs

reported were assessed to be mild in severity. In the TransCon

CNP group, 12/36 subjects (33.3%) experienced at least one mod-

erate or severe TEAE; 2/9 subjects (22.2%) dosed with placebo

experienced at least one moderate or severe TEAE. Of these, con-

tact dermatitis (four events/three subjects) and headache (two

events/two subjects) were the only moderate/severe TEAEs to be

reported for more than one subject in the TransCon CNP cohorts.

Three TEAEs of moderate contact dermatitis were assessed to be

unrelated to study drug (one event related to “telemetry dots”
from ECGs) and all resolved without medication. The only severe

TEAE was in a subject receiving 75 μg CNP/kg. On day 11, the

subject experienced irritant contact dermatitis. This event was non-

serious, assessed as unrelated to study medication and not at the

site of injection, required no treatment and was resolved on

day 83.

4 | DISCUSSION

The importance of CNP for growth plate activity has been known for

more than 20 years, and exogenous CNP has been shown to be effec-

tive in promoting endochondral bone growth in vivo.15 The clearance

of CNP-22 in human plasma is very rapid, with a calculated half-life of

2.6 minutes, a pharmacological limitation which has been attributed to

the susceptibility of CNP-22 to Neprilysin (NEP) degradation.15,33

CNP-22 has been shown in vitro to be inactivated by neutral endo-

peptidase, and CNP is internalized and degraded by NPR-C.34

Vosoritide is a CNP analogue peptide consisting of 39 amino acids,

including the 37 C-terminal amino acids of the human CNP-53

sequence plus the addition of two amino acids (Pro and Gly) to convey

resistance to NEP degradation, resulting in prolonged half-life in com-

parison to endogenous CNP. The NPR-C clearance receptor binds and

eliminates vosorotide (BioMarin EMEA/H/C/005475-Voxzogo).

Recently, clinical efficacy data for vosoritide has been reported, vali-

dating the important potential of CNP in the treatment of ACH. How-

ever, nonclinical data have demonstrated that sustained suppression

of the overactive FGFR3 signalling pathways may be needed to opti-

mally alleviate the aberrant inhibition of chondrocyte development

seen in ACH.15,21

We have previously reported on the nonclinical data for

TransCon CNP, also supporting a once-weekly dosing and in the

absence of cardiovascular side effects.21

In the current trial, TransCon CNP administration to male human

subjects resulted in continuous exposure to CNP over at least 1 week,

supporting a once-weekly dosing regimen. The average apparent t½ of

approximately 120 hours is in contrast to that of only 2-3 minutes for

endogenous CNP-22 and 19-46 minutes for vosoritide.33,35 The pro-

longation of CNP exposure following TransCon CNP administration

underscores the potential of TransCon technology in supporting

sustained release over more than a week of a molecule that is other-

wise prone to fast systemic elimination.

The in vivo release of CNP was evidenced by a significant

increase from baseline cGMP levels in both plasma and urine. The

measured changes in absolute levels of cGMP were most pro-

nounced in plasma, with a 6- to 7-fold increase from baseline.

Slightly lower increases were observed in urine. However, there

was a good correlation between the plasma and urinary measure-

ments. Notably, the effect on cGMP was sustained throughout the

week, paralleling the sustained systemic CNP exposure. Overall,

the increase in systemic and urinary cGMP levels demonstrates

that the CNP released from the TransCon carrier is active and that

the level of released CNP affords a sustained activation of NPR-B

for at least 7 days post administration. Furthermore, there were no

observed changes in circulating levels of NTproCNP, indicating that

CNP released from TransCon CNP did not interfere with endoge-

nous CNP biosynthesis. These observations are aligned with

unpublished data from a study in which healthy adult males were

exposed to a CNP analogue.36

The dose-proportional PK profile of CNP-38 supports the ability

to titrate the dose based on the individual subject. The circulatory

CNP-38 concentration showed a slow rise to peak, governed by the

PK of the prodrug, and suggests a slow systemic uptake of the

prodrug from the SC compartment.

Despite the vasodilatory effects of CNP reported in the

literature,30-33 no significant injection site reactions were observed

despite CNP being released to some extent in the subcutis, which may

be explained by the slow release of CNP by the TransCon technology.

Even in the higher dose cohorts, no major local tolerability issues were

observed. The use of multiple injections, to the extent used in the phase

1 trial, is not planned for in the ongoing and future clinical trials in chil-

dren with ACH. Because the TransCon CNP drug product formulation

is optimized for children, adult participants in the trial required large

injection volumes that at higher dose levels could not be administered

as a single SC injection. No evidence of an immunogenic response was

observed following a single dose of TransCon CNP.

Overall, no major safety or tolerability concerns were observed

with administration of TransCon CNP in the trial. Bolus administration

of CNP, with Cmax reaching a systemic concentration of 770 pmol/L,

has been reported to result in minor and transient decreases in BP

and an associated increase in HR.37 Cmax of CNP-38 after a single

dose of 150 μg TransCon CNP/kg reached a level of only 39.1 pmol/

L, an exposure where no effects on cardiorenal function have been

observed following infusion of CNP to healthy volunteers.38 The

slow-release profile and low Cmax of CNP-38 with administration of

TransCon CNP was anticipated to mitigate clinically meaningful BP

changes that may be caused by CNP. Accordingly, the HR changes

and associated symptoms observed in the trial do not suggest ortho-

static intolerance, as BP remained relatively unchanged during the

events. On the contrary, they are consistent with physiological
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adaptation to postural changes, particularly in fasted patients.39 Addi-

tionally, given the lack of correlation between symptoms and CNP

exposure, as well as their relationship to time and number of injec-

tions (ie, only occurring shortly after administration in participants

who received multiple injections), vagal response must be considered

in the assessment of contributing factors. Therefore, no indications of

clinically relevant impact on HR or BP or trends on ECG parameters

(including QTcF interval) were observed at any dose level of TransCon

CNP. The only severe TEAE (irritant contact dermatitis) was assessed

as not related to study drug.

As with the majority of studies, the design of the current study is

subject to certain limitations. With regard to the cardiovascular safety,

the potential vasodilatory effect of CNP should to a major extent be

translatable from adults to a paediatric setting, but safety in an ACH

population may be confounded by associated comorbidities related to

the circulatory system in this population. With regard to assessing car-

diovascular safety in adults, a single dose of TransCon CNP should

suffice as the hypotensive potential is regarded as an acute effect.

Any potential adverse effects related to the growth plate will not be

evident from the current study population, as all growth plates are

assumed to be closed. Therefore, any potential PD effect mediated

via growth plate modulation will not be captured in a study in an adult

human population.

5 | CONCLUSIONS

TransCon CNP administered as single doses to healthy adult subjects

up to a dose of 150 μg CNP/kg was well tolerated and the data were

not suggestive of clinically relevant effects on any of the studied

safety parameters, including cardiovascular endpoints. Data to date

do not suggest cardiovascular safety as a major concern. The data

from the phase 1 TransCon CNP trial in healthy male subjects support

that continuous CNP exposure can be achieved over 7 days with a

single dose of TransCon CNP and in the absence of treatment-related

adversities. With the recent clinical validation of the importance of

the CNP pathway in alleviating the impaired skeletal development

seen in ACH, TransCon CNP warrants further exploration in ACH.

Two phase 2 dose-escalation trials of TransCon CNP in children with

ACH are currently ongoing, in addition to a separate longitudinal natu-

ral history study in children with ACH.
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