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1  |  INTRODUC TION

Haemophilia B (HB) is a bleeding disorder caused by factor IX 
(FIX) deficiency because of an X chromosome mutation,1 charac-
terized by frequent and spontaneous bleeding into joints, muscles 
and body cavities. The current globally accepted standard of care 

is intravenous (IV) FIX replacement therapy administered prophy-
lactically, at regular intervals, to prevent the onset of bleeding epi-
sodes.2- 5 Intravenous infusions are a significant barrier to prophylaxis 
adherence, especially in paediatric patients and adults with poor ve-
nous access.6- 8 Extended half- life recombinant FIX (rFIX) products 
that allow for weekly to every- 2- week dosing have been introduced 
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Abstract
Aim: Phase 2b study to assess efficacy, safety, thrombogenicity, immunogenicity and 
tolerability with 28 days of daily dosing of subcutaneous (SQ) dalcinonacog alfa as 
prophylaxis for haemophilia B (HB).
Methods: Adult males with a confirmed diagnosis of congenital HB (factor IX [FIX] activ-
ity <2%) received daily dalcinonacog alfa 100 IU/kg SQ until day 28. The primary efficacy 
endpoint was the number of participants who achieved a steady- state FIX activity level 
≥12%. Tolerability, thrombogenicity and immunogenicity were study safety endpoints.
Results: Of 6 participants who received study drug, one discontinued the study on 
day 7 due to injection- site reactions (ISR). Of the 5 participants completing the study, 
FIX activity level exceeded 12% in 3 participants at day 7, increasing to 4 participants 
on days 14, 21 and 28 and all 5 at day 29. Pharmacokinetic findings (including mean 
alpha and beta half- life of 5.3 days and 3.9 days, respectively, and mean residence 
time of 6.2 days) supported prolonged effects. Thrombogenicity markers remained 
normal throughout prophylactic injections or showed some initial increases followed 
by decreases with continued dosing. Two participants had anti- drug antibodies to dal-
cinonacog alfa at study end, none had neutralizing antibody. Two participants had 
ISR, both resolved. Reports of redness, swelling, tenderness or pain among the first 3 
participants prompted dose- splitting for the last 3 participants, leading to fewer ISR.
Conclusion: Subcutaneous dalcinonacog alfa is effective in raising FIX levels into the mild 
haemophilia range, comparable to intravenous extended half- life FIX clotting factors.
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in recent years, conferring a 4-  to 6- fold increase in half- life and re-
ducing infusions by 60% relative to standard half- life products but 
have had variable bleed prevention.9 Subcutaneous (SQ) administra-
tion of rFIX with a large volume of distribution would provide major 
advantages over IV administration by improving quality of life and 
reducing healthcare costs.10

Dalcinonacog alfa is a novel rFIX variant developed using a ra-
tional design approach with three- point substitutions (Arg318Tyr; 
Arg338Glu; Thr343Arg) that confer a 3- fold higher catalytic speed 
of factor X activation than that of wild- type FIX of factor X, 10- fold 
affinity for activated factor VIII (FVIIIa), and 15- fold resistance to 
inhibition by antithrombin III.11,12 Pharmacokinetic (PK) obser-
vations in murine models and early clinical studies collectively 
support that the potency of dalcinonacog alfa is >20- fold that of 
recombinant wild- type FIX dosed at the same mass, thereby allow-
ing for higher activity at equal dosing.13,14 Dalcinonacog alfa was 
evaluated in a Phase 1/2, open- label, multicentre, dose- escalation 
study in patients with previously treated HB.14 In a cohort receiv-
ing SQ dosing, activity levels after 6 daily doses in 5 participants 
reached a median of 15.7%, with 4 of these participants having 
FIX levels >12%. Median half- life was 63.2 h. Initial IV dosing was 
also shown to increase SQ dalcinonacog alfa bioavailability by in-
creasing extravascular compartment saturation, resulting in activ-
ity levels greater than those expected from simple addition of SQ 
to IV activity.

Here we report the findings of a Phase 2b study of SQ ad-
ministration of dalcinonacog alfa in adults with congenital HB, 
primarily designed to assess efficacy (based on the proportion 
of participants achieving steady- state FIX activity levels ≥12%), 
thrombogenicity, immunogenicity and tolerability with 28 days of 
daily dosing.

2  |  MATERIAL AND METHODS

2.1  |  Study design

This was a single centre, open- label Phase 2b study of SQ proph-
ylaxis with dalcinonacog alfa in adults with HB. The screening 
period duration was up to 4 weeks, and SQ prophylaxis with dal-
cinonacog alfa was given over a 28- day treatment period, with a 
goal of achieving steady- state levels ≥12% FIX activity. The study 
(NCT03995784) was conducted from 18 June 2019 until 20 March 
2020 in accordance with the Declaration of Helsinki and was ap-
proved by the independent ethics committee/institutional review 

board at the study site. All patients provided informed consent 
prior to enrolment.

Dalcinonacog alfa is produced by a recombinant Chinese ham-
ster ovary cell clone in suspension culture that co- expresses rFIX 
and recombinant human wt- furin, which is extensively character-
ized. Stored cell banks are free of human blood or plasma prod-
ucts. No additives of animal or human origin are used during the 
cell culture, purification and formulation processes. Recombinant 
FIX is purified by a four- step chromatography purification pro-
cess. Dalcinonacog alfa is formulated as a sterile, non- pyrogenic, 
lyophilized powder preparation intended to be reconstituted for 
administration by IV infusion or SQ injection. Each eligible partic-
ipant in the current study received an IV dose of 50 IU/kg to in-
crease the saturation of collagen IV and maintain higher FIX levels 
until steady- state levels are reached, followed 35 (±5) min later by 
SQ dosing of 100 IU/kg. Daily SQ doses of 100 IU/kg were admin-
istered until day 28 (28 total SQ doses). Half- life was calculated 
from FIX levels on days 29– 33 (after administration of the last SQ 
dose). An end- of- study visit occurred 30 (±2) days after the last 
dose of study drug (Figure 1). Participants were instructed to use 
their currently prescribed FIX replacement product and regimen 
for treatment of any spontaneous or traumatic bleed while on 
study drug, with immediate reporting to the clinical investigative 
team for further measures, including decisions regarding continu-
ation of daily study drug administration. There were no concomi-
tant medication restrictions.

Study drug administration was to be interrupted for a thrombotic 
event, clinical evidence of inhibitor formation, laboratory results sug-
gesting a high titre antibody may have been developing, or trough 
activity levels >80% where subsequent dosing was determined in 
consultation with the Sponsor. If interruption had occurred, study du-
ration may have been extended to include a full dosing schedule. If an 
urgent need for a surgical procedure or an event required extended 
hospitalization (>48 h), a FIX activity level was to be urgently obtained 
and measured to determine the need for any additional treatment 
and/or whether the event required study drug interruption.

2.2  |  Patient population

Eligible patients included adult males (age ≥18 years) with a con-
firmed diagnosis of congenital HB (FIX activity <2%) at a single clini-
cal investigation site in South Africa. Patients with a history or family 
history of FIX inhibitors, or with positive antibody testing at screen-
ing, absolute CD4 count <200 cells/μl, platelet count <100,000, 

F I G U R E  1  Study schema
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compromised hepatic or renal function, FIX gene mutation 128G>A, 
history of other clinically relevant coagulation disorders, or ad-
vanced atherosclerotic disease, known deep- vein thrombosis, or 
high risk of venous thromboembolism were excluded from partici-
pation. Treatment in a clinical trial within the previous 30 days or 3 
half- lives (whichever was greater) and current immunomodulatory 
therapy were also exclusion criteria.

2.3  |  Assessments

The primary objective was to determine the number of participants 
who achieved a steady- state FIX activity level ≥12% with daily dos-
ing. Secondary endpoints included occurrences of clinically signifi-
cant thrombogenicity marker levels resulting from SQ administration 
of dalcinonacog alfa and a confirmed antibody response with high 
titre to dalcinonacog alfa (and whether it was inhibitory and cross- 
reactive to BeneFIX), as well as pharmacokinetic variables, immuno-
genicity and safety. On day 1, FIX activity levels, coagulation assays, 
thrombogenicity markers and safety assessments were performed at 
pre- IV dose and repeated 35 (±5) min later prior to the first SQ dose. 
Subsequent assessments were performed predose on days 2, 3, 7, 14, 
21 and 28 (treatment period) and on days 29– 33 (washout period), 
which included measurement of daily FIX activity levels, unless FIX 
activity level was known to be <5% as measured by local laboratory.

Dalcinonacog alfa activity measurement variability between 
platforms and reagents has been published, including data that the 
chromogenic assay should not be used.15 FIX activity was assayed at 
Haemtech Biopharma Services (Essex Junction, Vermont, USA), with 
an activated partial thromboplastin time (aPTT) FIX one- stage clot-
ting assay on an ACL- TOP instrument (Instrumentation Laboratory) 
applying the recommended SynthASil® (Instrumentation 
Laboratory) reagents and calibrators. Clearance, volume of distri-
bution at steady- state and half- life (t1/2) (alpha and beta phase) were 
determined from day 28 and subsequent samples during washout. 
Pharmacodynamic (PD) assessments included the results of specific 
coagulation assays (prothrombin time and aPTT) and thromboge-
nicity biomarkers: fibrinogen (HemosIL Fibrinogen- C), D- dimer 
(HemosIL D- Dimer HS), prothrombin fragments 1 + 2 [F1 + 2] 
(Siemens Enzygnost F1 + 2 kit) and thrombin- antithrombin [TAT] 
(Siemens Enzygnost TAT kit) were performed at the central labora-
tory. Anti- drug antibodies (ADA) to dalcinonacog alfa and BeneFIX 
were detected through a direct binding enzyme- linked immunosor-
bent assay (ELISA). ADA titres were compared to the assay cut point 
that was set to 5% false positive for screening, and 1% false posi-
tive for confirmation, and then, titres were obtained if confirmed. 
Neutralizing antibodies (NAb) to dalcinonacog alfa and BeneFIX 
were sought through the Nijmegen modified Bethesda assay. Safety 
was assessed on the basis of adverse events (AEs), haematology and 
chemistry, electrocardiograms, physical examinations, vital signs, 
occurrence of a confirmed antibody response to dalcinonacog alfa 
or occurrence of thrombotic events.

2.4  |  Statistical analysis

As this study was not inferential, no formal sample size calculation 
was required; however, 6 participants were sufficient to provide 
guidance on the dose range required to achieve steady- state activity 
≥12% and starting SQ dose for subsequent studies. Continuous and 
categorical variables were summarized descriptively.

All analyses were based on available data, with no imputation 
of missing data. The analysis sets included a safety population (all 
participants who received ≥1 dose of study drug), PK population 
(any participant who was administered ≥1 week of daily SQ dosing 
and had FIX activity values analyzed at ≥4 time points at day 28 and 
after) and PD population (any participant who was administered 
≥1 week of daily SQ dosing and who had ≥1 non- missing PD parame-
ter). In the event that thrombogenicity markers were below the limit 
of quantification, all analyses were performed with the imputed mid-
point of the potential values for this observation. For coagulation 
assays, the limit of quantification was used for the analysis.

Pharmacokinetic analysis was performed using compartmental 
and non- compartmental analysis with Demitasse 2000 (programme 
created by M Lee), and other statistical outputs were produced 
using SAS statistical package version 9.4 or higher. A semiparametric 
model described by Lee et al16 was used to calculate the equilibra-
tion (alpha phase) and terminal (beta phase) t1/2. Other parameters 
were calculated using a standard non- compartmental approach 
based on the trapezoidal rule.

All AE were coded using MedDRA Version 20.1. A treatment- 
emergent AE (TEAE) was defined as an AE that either began after 
the first dose of study drug or worsened after the first dose of study 
drug, but not later than the date of last dose +30 days.

3  |  RESULTS

3.1  |  Study patient population

Of 11 patients screened, 4 did not meet the eligibility criteria and 1 
withdrew consent before receiving any study medication. A total of 
6 participants received study drug (0.72– 0.9 ml SQ), comprising the 
safety population. One of these participants, who received 0.83 ml 
SQ injections, discontinued the study on day 7 due to injection- site 
reactions (ISR) on days 1, 2 and 3, but not days 4, 5 or 6, resulting in 
5 participants in the PK and PD populations. The other 5 participants 
completed treatment and the study.

Demographics for the 6 treated participants are presented in 
Table 1. The median age was 33 years. Overall, the median num-
ber (range) of bleeds reported within the prior 6 months and prior 
50 days upon entering the study were 1.5 (0– 8) and 0.5 (0– 2), 
respectively.

Median (IQR) study drug exposure was 28 days (2.0), ranging 
from 6 days (n = 1) to 29 days (n = 2), and mean compliance was 
99.4%.
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3.2  |  Primary efficacy

All participants achieved FIX activity levels >12% during treatment 
(Figure 2). FIX activity level >12% was achieved by 3 of 5 participants 
at day 7; 4 of 5 participants on days 14, 21 and 28; and all 5 participants 
at day 29 (Figure 2). No bleeding events occurred during the study.

3.3  |  Pharmacokinetic parameters

Pharmacokinetic parameters are summarized in Table 2. Mean alpha 
and beta t1/2 were 5.3 days and 3.9 days, respectively, and the mean 
residence time was 6.2 days, indicating a prolonged effect with SQ 
administration of dalcinonacog alfa.

3.4  |  Coagulation and thrombogenicity markers

No thrombotic events occurred during the study. Changes in throm-
bogenicity markers are shown in Figure 3. D- dimer values showed an 
increase from baseline throughout the treatment period but decreased 
as dosing continued. Prothrombin fragment F1 + 2 values were ele-
vated for 2 participants, but all values were within the normal range 
after day 14 of dosing. Fibrinogen values remained normal throughout 
the treatment period. TAT values were elevated in 3 participants dur-
ing the first 14 days and then normalized. TAT elevation at a single time 
point (day 28) in one participant and an elevation at day 33 in another 
were believed to be artefactual. There was no correlation at any given 
time point for abnormal D- dimer, F1 + 2 or TAT values for any indi-
vidual participant or the study population, indicating that these were 
sporadic changes and did not indicate evidence for thrombogenicity. 
There was no correlation between ISR and thrombogenicity markers.

3.5  |  Immunogenicity

No NAb to dalcinonacog alfa were detected throughout the study 
period. Two participants had ADA to dalcinonacog alfa at study end. 

One participant had titres of 156 and 182 (repeat assay) with nega-
tive NAb (Bethesda <0.48). The participant's BeneFIX end- of- study 
ADA titre was 112, increasing from 62 at screening. This participant 
had negative ADA specimens at intervening time points, reflecting 
that these titres were close to the assay cut- off. Another participant 
had an increase in titre from baseline 235 to 1103 at study end with 
negative NAb (Bethesda <0.48). The participant's screening BeneFIX 
ADA titre was 224, increasing to 298 at day 28.

3.6  |  Safety

Two participants reported TEAE. Both were ISR and considered 
study drug related and were of moderate severity. One of these 
participants experienced reactions that included localized bleeding 
following the first, second and third injections, and the other devel-
oped haematomata on the abdomen at the injection site. Outcomes 
for both TEAE were considered resolved; however, the events in the 
former participant led to study discontinuation on day 7.

Overall, among the first 3 participants enrolled, ISR of redness, 
swelling, tenderness or pain occurred. Subsequently, the last 3 par-
ticipants enrolled split the dose of 100 IU/kg into 2 equal volume 
adjacent injections: 1 had no ISR, 1 reported pain with the IV and 
first SQ injection only, and 1 had sporadic reports of pain on day 7 
and pain and redness on days 17 and 18.

There were no serious TEAE, deaths or adverse or abnormal 
findings reported for clinical laboratory, chemistry, vital signs or 
other safety measurements during the study.

4  |  DISCUSSION

This open- label Phase 2b study explored the efficacy, PK, PD and 
safety of SQ dalcinonacog alfa over a 4- week treatment period in 
achieving steady- state FIX activity levels ≥12% when dosed daily. 
The premise was that a potent novel FIX variant administered SQ 
could provide therapeutic levels of FIX without the development 

TA B L E  1  Demographic characteristics of study participants

Parameter N = 6

Age (y)

Mean ± standard deviation 34.5 ± 11.5

Median (minimum, maximum) 33 (19, 53)

Race n (%)

Black or African American 5 (83.3)

White (not Hispanic or Latino) 1 (16.7)

Weight (kg)

Median (minimum, maximum) 62.8 (57.8, 72.7)

Body mass index (kg/m2)

Median (minimum, maximum) 21.6 (19, 26.7) F I G U R E  2  Factor IX activity levels with daily subcutaneous 
dalcinonacog alfa dosing for the six study participants [Colour 
figure can be viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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of ADA. The primary efficacy endpoint in this study was met. With 
28 days of daily dosing of SQ dalcinonacog alfa, all participants 
achieved steady- state FIX activity levels >12% and no bleeding 
events occurred. Washout PK data collectively support a pro-
longed half- life and mean residence time with SQ administration. 
Dalcinonacog alfa was also safe and well tolerated, and no partici-
pant developed NAb.

Overall, dalcinonacog alfa appeared to be an effective preven-
tive treatment for the study duration, based on its ability to achieve 
FIX activity levels ≥12% in all participants. Steady- state levels of FIX 
were documented after 2 weeks of dosing, and by day 29, or earlier, 
the mean FIX activity was 19.4%, exceeding the 12% goal. The mean 
beta t1/2 of 3.9 days was consistent with the prior Phase 1/2 study 
of dalcinonacog alfa where SQ beta t1/2 was 66‒ 103 h.14 On day 1, 
participant 109 received a higher IV dose than allowed per protocol 
(150 IU/kg); however, the IV dose would have been eliminated within 
6 days and therefore did not affect any later results. No bleeding 
events or thrombotic events were reported during the treatment or 
washout period. In addition to no reported blood clotting events, 
no relevant alterations in blood clotting markers were observed. 
Sporadic increases in biomarker D- dimer decreased with continued 
dosing and were not synchronous with changes in F1 + 2 or TAT.

Approximately 150 SQ injections were administered during 
this study, with only 2 participants developing moderate ISR, both 
resolving without sequelae (although 1 participant discontinued 
on day 7 of the study after ISR from the first 3 doses). The last 3 
subjects (with split dosing) had no, or only sporadic, mild ISR. In the 
Phase 1/2 study, mild pain, erythema and redness were reported 
at the injection site in initial injections of a greater dose (140 IU/
kg) but not at later injections. One participant reported their AE to 
be moderate for the first 2 injections and mild thereafter.14 No NAb 
were detected. As NAb typically emerge within 10 exposure days 
(ED) and the majority within 20 ED, this study reinforces the con-
clusion of analyses that have collectively found that dalcinonacog 
alfa is no more immunogenic than wild- type FIX, but longer periods 

of observation are desirable. In the Phase 1/2 trial of 2 participants 
who received dalcinonacog alfa IV followed by dalcinonacog alfa SQ, 
both developed NAb (transiently in 1 participant) that did not in-
hibit BeneFIX and safely returned to wild- type FIX treatment.14 The 
most likely cause was the human leucocyte antigen (HLA) signature 
of these 2 participants, who were cousins and shared a rare gene 
mutation of the propeptide region (1 participant had all 3 HLA types 
predictive for immunogenicity and the other had 1 HLA type).17

It is important to highlight that any molecular modifications of 
therapeutic proteins, such as FIX, may create a non- self- epitope 
which can stimulate innate immune responses. Consequently, such 
alterations could trigger the development of ADA, with or without 
neutralizing activity, hypersensitivity reactions, or breakdown of 
immune tolerance to the endogenous protein. NAb may, therefore, 
be reported following administration of novel therapies. However, 
antibodies to a therapeutic protein may not have clinical effects 
as shown by Whelan et al, who found that approximately 30% of 
haemophilia A patients have antibodies binding to FVIII without 
any effect on treatment outcome.18 We found that low- titre ADA 
to FIX that were not neutralizing were detected during screening, at 
baseline or during the safety follow- up period in 2 treated subjects, 
with approximately 150 ED collectively recorded by participants. 
Immunogenicity should continue to be monitored in future studies 
with dalcinonacog alfa.

We acknowledge the small sample size of 6 participants and 
additional study design limitations, including that this was a sin-
gle centre study that evaluated only 28 days of dosing. A Phase 
2 study, with an increased number of participants, longer dura-
tion of dosing and exploration of less frequent dosing regimens, 
is warranted.

These results support SQ dalcinonacog alfa reaching high levels 
of FIX and continuous protection because of stable levels and high 
volume of distribution, as seen with wild- type- FIX compared with 
extended half- life alternatives. These attributes could provide effi-
cacious prophylaxis for patients with HB.

TA B L E  2  Summary of pharmacokinetic parameters (pharmacokinetic population) n = 5

Mean (SD)
CV
(%)

Median
(IQR)

Minimum, 
Maximum

GM
(CV%)

Maximum concentration (IU/dl) during SQ 
dosing

20.7 (5.6) 26.9 22.6 (8.6) 13.9, 26.8 20.1 (29.2)

Half- Life- 1(alpha) (day) 5.3 (3.0) 57.3 5.3 (4.3) 3.2, 7.5 4.9 (66.8)

Half- Life- 1(beta) (day) 3.9 (1.1) 29.3 4.2 (1.7) 2.5, 5.1 3.7 (32.1)

Mean residence time (day) 6.2 (1.6) 26.1 6.7 (2.3) 4.3, 8.1 6.0 (27.7)

AUC infinity observation (IU/dl × day) 126.0 (26.8) 21.3 122.2 (10.9) 99.1, 170.5 124.0 (20.2)

AUC to last non- zero concentration (IU/
dl × day)

75.4 (17.2) 22.9 71.9 (26.0) 58.0, 98.5 73.9 (22.9)

Volume of distribution at steady- state 
observed (dl/kg)

5.0 (1.5) 30.8 4.1 (2.8) 3.8, 6.7 4.8 (30.7)

Clearance (dl/day/kg) 0.82 (0.15) 18.7 0.82 (0.08) 0.59, 1.0 0.81 (20.17)

Abbreviations: AUC, area under curve; CV, coefficient of variation; GM, geometric mean; IQR, interquartile range; SD, standard deviation; SQ, 
subcutaneous.
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